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Abstract
The omega-3 fatty acids docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) are orthomolecular, conditionally
essential nutrients that enhance quality of life and lower the risk
of premature death. They function exclusively via cell membranes,
in which they are anchored by phospholipid molecules. DHA
is proven essential to pre- and postnatal brain development,
whereas EPA seems more influential on behavior and mood. Both
DHA and EPA generate neuroprotective metabolites. In doubleblind, randomized, controlled trials, DHA and EPA combinations
have been shown to benefit attention deficit/hyperactivity
disorder (AD/HD), autism, dyspraxia, dyslexia, and aggression.
For the affective disorders, meta-analyses confirm benefits
in major depressive disorder (MDD) and bipolar disorder,
with promising results in schizophrenia and initial benefit for
borderline personality disorder. Accelerated cognitive decline
and mild cognitive impairment (MCI) correlate with lowered
tissue levels of DHA/EPA, and supplementation has improved
cognitive function. Huntington disease has responded to EPA.
Omega-3 phospholipid supplements that combine DHA/EPA
and phospholipids into the same molecule have shown marked
promise in early clinical trials. Phosphatidylserine with DHA/
EPA attached (Omega-3 PS) has been shown to alleviate AD/
HD symptoms. Krill omega-3 phospholipids, containing mostly
phosphatidylcholine (PC) with DHA/EPA attached, markedly
outperformed conventional fish oil DHA/EPA triglycerides in
double-blind trials for premenstrual syndrome/dysmenorrhea
and for normalizing blood lipid profiles. Krill omega-3
phospholipids demonstrated anti-inflammatory activity, lowering
C-reactive protein (CRP) levels in a double-blind trial. Utilizing
DHA and EPA together with phospholipids and membrane

antioxidants to achieve a “triple cell membrane synergy” may
further diversify their currently wide range of clinical applications.
(Altern Med Rev 2007;12(3):207-227)

Introduction

The long-chain omega-3 fatty acids docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) are conditionally essential nutrients now established to enhance life quality and lower the risk of
premature death. They are orthomolecules whose functional sites are exclusively cell membranes, wherein they
are structurally and functionally integrated via phospholipid molecules. Their confirmation as efficacious
cardiovascular protectants has spurred research into
their benefits for the human brain. This review focuses
on their clinical roles in cognition, behavior, and mood
and on their potentially synergistic interactions with
the cell membrane phospholipid nutrients.
Adequate dietary availability of DHA and
EPA is fundamental to brain function. DHA/EPA
are important throughout adulthood, as well as during
the brain growth spurts that characterize prenatal and
postnatal development. Dietary supplementation with
DHA and EPA has proven beneficial for many of the
known higher mental functions.
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Among the proven brain benefits of DHA/EPA
are the perinatal development of visual and other sensory
functions; perinatal emergence of cognitive function and
maintenance throughout life; behavior management; and
mood control (e.g., the mood swings of bipolar disorder
or symptoms of major depressive disorder (MDD)). The
substantial clinical evidence that supports these applications is discussed in the sections that follow.

Omega-3s in Childhood Brain
Development

During the last trimester of fetal life and the
first two years of childhood, the brain undergoes a period of rapid growth – the “brain growth spurt.”1 Nutrient insufficiency during this period can compromise
brain function. DHA is one nutrient absolutely required
for the development of the sensory, perceptual, cognitive, and motor neural systems during the brain growth
spurt.1,2 EPA’s importance for the brain’s development
in utero is unclear, but colostrum and breast milk contain EPA, albeit in lesser amounts than DHA.3,4
The fundamental importance of DHA for
brain development is beyond dispute.1 The neurons
are continually forming axons and dendritic extensions
with accompanying cell membranes. Growing membrane must be relatively fluid, and DHA is the most
fluidizing element in cell membranes (discussed later
in this review). Even the synapses that are the primary
functional units of brain circuits are made from membranes preferentially enriched in DHA.5
The retina, functionally an extension of the
brain, contains rods and cones with the most fluid
membranes of all the body’s cell types; they are also
highly enriched in DHA. Laboratory animals (rodents,
primates) with experimentally induced omega-3 deficiencies show deficits in retinal structure, visual acuity
development, and cognitive performance.6-8

Perinatal Importance of DHA and EPA

Demand for DHA rises exponentially as the
brain rapidly expands in the third trimester, and continues after birth as the baby interfaces with environmental stimuli. Infants born prematurely are at special
risk for omega-3 insufficiency because they may not
have benefited from a full trimester of the mother’s
lipid stores. Preterm infants have very limited ability to

s ynthesize DHA from the shorter chain alpha-linolenic
acid (ALA; C18:3).2
After birth, omega-3 status depends on the
infant’s innate lipid metabolism and dietary intake of
breast milk or formula. Although DHA and EPA are
prominent ingredients of breast milk, many infant
formulas do not contain these nutrients. Supplementing the mother’s diet with ALA is not a reliable means
for obtaining DHA. In one study, lactating mothers
received 10.7 g/day of ALA from flaxseed oil for four
weeks. Breast milk levels of ALA, EPA, and DPA (docosapentaenoic acid; C22:5 omega-3) increased, but
not that of DHA.9
All infants, whether preterm or full term, seem
to require dietary DHA for retinal development and
normal visual function. A meta-analysis evaluated studies on visual resolution acuity differences in healthy preterm infants, either supplemented or not supplemented
with DHA.2 Four prospective trials were included, providing data from both behavioral acuity tests and visual
evoked potentials. Intake of DHA was correlated with
significantly better visual resolution acuity at ages two
months and four months. In another meta-analysis, this
same research group found an advantage of DHA intake
in full-term infants up to four months post-birth.10
McCann and Ames published an extensive
review of the evidence that DHA is important for the
development of cognition and other normal brain functions.1 Their 258 references included meta-analyses,
randomized controlled trials (RCT) on cognitive and
behavioral performance, studies with rodents and nonhuman primates, and breastfeeding studies. Within the
limits imposed by performance testing of infants and
toddlers, they concluded that:
ÂÂ In animals whose brain concentrations
of DHA were severely reduced, dietary
supplementation with DHA restored control
performance levels.
ÂÂ Studies with human infants suggest
supplementation with DHA in formula or by
boosting maternal levels enhances neuromotor
development.
ÂÂ Application of a wide range of tests yielded a
positive association between breastfeeding and infant
mental performance.
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Although it is difficult to test cognitive performance within the first year, infants who were fed breast
milk or formulas with DHA were found (within a few
months after birth) to have superior visual acuity compared to those fed less than adequate DHA. This superior visual function persists through the first year after
birth11 and perhaps into the seventh year or later.12

Treating Developmental Coordination
Disorder/Dyspraxia

The importance of DHA/EPA for overall brain
and motor development after birth is illustrated by dyspraxia, also known as developmental coordination disorder (DCD). DCD/dyspraxia involves specific impairments of motor function and seriously affects about five
percent of school-aged children.13 DCD’s core motor
deficits are often accompanied by difficulties with learning, behavior, and psychosocial adjustment that overlap
with dyslexia and attention deficit/hyperactivity disorder (AD/HD) and often persist into adulthood.
A double-blind RCT was conducted on 117
children ages 5-12, using a mixed omega-3/omega-6
supplement versus an olive oil placebo.13 The supplement was 80-percent fish oil and 20-percent evening
primrose oil, with a 4:1 omega-3 to omega-6 ratio. The
total daily dose provided 174 mg DHA, 558 mg EPA,
and 60 mg omega-6 gamma-linolenic acid (GLA), plus
9.6 mg d-alpha tocopherol. Although the trial found
no significant improvement in motor skills after three
months, the researchers did report significant improvements in other areas.13 The children who received the
omega-3/omega-6 supplement showed three times
the normal expected gain in reading skills and twice
the normal gain in spelling competency, plus marked
improvement in behavior. The children who received
the olive oil placebo were switched to the omega-3/
omega-6 supplement after three months and after three
more months showed similar “catch-up” gains.
Other developmental brain disorders in children such as AD/HD and dyslexia overlap with DCD/
dyspraxia and are also linked to apparent DHA/EPA
deficits. Many of these children respond to oral supplementation of these nutrients, often administered with
other nutrients as part of a comprehensive management
regimen.14,15

Managing Attention Deficit/Hyperactivity
Disorder

AD/HD is the most common childhood developmental disorder, with prevalence estimates ranging
from 4-15 percent for school-age children in the United
States and elsewhere (see Richardson, 2006 for a recent review14). Often AD/HD persists into adulthood.
Considerable damage to the individual, family, and society can be exacerbated by co-morbidity with many
other disorders of behavior, learning, or mood.14,16 AD/
HD children consistently exhibit abnormal fatty acid
status.14
Several studies have reported reduced blood
concentrations of highly unsaturated fatty acids (FAs)
in AD/HD children compared to controls (reviewed
by Richardson14). Typically, reductions have been found
in DHA and total omega-3 FAs and in the omega-6
arachidonic acid (AA),14 some of which may persist
into adulthood.17 In one study that included both AD/
HD and non-AD/HD boys, low omega-3 levels were
associated with a range of behavioral and learning problems, irrespective of the clinical diagnosis.18 Whereas
low blood omega-6 levels tend to correlate with some
physical deficiencies, but not with cognitive or behavioral impairments, omega-3 deficiencies correlate with
behavioral problems (conduct disorder, hyperactivityimpulsivity, anxiety, temper tantrums, sleep difficulties)
and learning difficulties in children. Thus Richardson,
in her insightful review, emphasized, “…omega-3 status
is likely to be more relevant to AD/HD and related behavioral disorders.”14
Clinical evidence from controlled trials, open
studies, and case reports has yielded mixed results from
DHA/EPA supplementation in AD/HD and its comorbid conditions. In 2001, a double-blind RCT of
omega-3 FAs was conducted on AD/HD children.19
The 63 children ages 6-12 years were said to be receiving effective and stable treatment with stimulant medication, so this was an “add-on” study. They received daily
adjunctive treatment of 345 mg pure DHA (from algae) or placebo. At the end of the four-month study, no
changes were found on behavioral ratings or measures
of inattention and impulsivity.
Similar negative findings came from a twomonth, double-blind RCT of 40 AD/HD-type children
ages 6-12 years in Japan.20 Children were randomized
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to receive either omega-3 fortified foods (providing approximately 510 mg DHA and 100 mg EPA per day)
or indistinguishable control foods containing olive oil.
Although no differences emerged on various cognitive tests, combined teacher and parent ratings found a
greater reduction of aggression in the DHA group.21

A third double-blind RCT was conducted at
Indiana’s Purdue University on children with primarily AD/HD-type difficulties.22 Fifty children (average age 10 years) were randomized to receive either an
omega-3/omega-6 formula from fish oil plus evening
primrose oil (each daily dose supplying 480 mg DHA,
80 mg EPA, 96 mg GLA, and 40 mg AA, plus 24 mg

Figure 1. Biosynthesis of the Principal Polyunsaturated Fatty Acids and Their Metabolites
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alpha-tocopheryl acetate) or an olive oil placebo for four
months. Significant benefits were found for attention
and behavior and on clinical ratings of oppositional defiant disorder.
In 2002, Richardson and Puri published a
double-blind RCT of 29 United Kingdom children
with a primary diagnosis of dyslexia and secondary
AD/HD-type symptoms.23 Half the children received
an omega-3/omega-6 combination with 480 mg DHA
and 96 mg GLA as in the Purdue formula above, but
with EPA higher at 186 mg, AA slightly higher at 42
mg, the omega-6 cis-linoleic acid at 864 mg, 60 IU vitamin E as dl-alpha tocopherol, and 8 mg thyme oil. The
other half of the children received an olive oil “placebo”
for three months. The omega-3/omega-6 combination
produced significantly greater benefits than the olive
oil for inattention, anxiety/withdrawal, and disruptive
behavior. The authors noted the olive oil placebo could
have contributed some benefit and that use of a truly
inert placebo might have yielded a better overall trial
outcome.
The shorter-chain ALA may not be as effective
for AD/HD as DHA/EPA plus GLA. Thirty adults
with AD/HD were randomized to supplementation
with a large dose of 60 g/day of flaxseed oil, olive oil,
or fish oil.24 Serum phospholipid fatty acid status was
determined at baseline and 12 weeks. Although flaxseed oil supplementation increased ALA levels of blood
phospholipids, levels of EPA, DHA, and other omega-3 fatty acids were not increased; fish oil predictably
increased EPA, DHA, and total omega-3s.
Thus, it appears a mix of DHA, EPA, and
omega-6 fatty acids (GLA and AA) can improve the
attention, learning, and behavioral afflictions typical
of AD/HD, as well as co-morbidities such as anxiety/
withdrawal, dyslexia, and aggression. There are numerous reports of low plasma and/or RBC omega-3 levels
in AD/HD children and adults.14 Recently, a specific
gene polymorphism was discovered that is linked to
clinical AD/HD and features suboptimal functioning
of fatty acid desaturase enzymes.25 Figure 1 illustrates
the biosynthesis of the primary omega-3 and -6 fatty
acids.

Ameliorating Aggression

Hamazaki et al performed two double-blind
trials with students clinically diagnosed as aggressive.
In the 1996 trial,26 41 university students ages 21-30
were randomized to receive a DHA-rich fish oil providing 1.48-1.77 g/day DHA, 0.20-0.24 g/day EPA,
and 0.10-0.12 g/day AA or control capsules of soy oil.
The three-month trial was timed to end in the middle
of the mental stress of challenging final exams. The
DHA group demonstrated no increase in aggression
during this stressful time; whereas, the control group
demonstrated significant increases in aggression against
others (extra-aggression). The researchers concluded
DHA helped prevent extra-aggression from increasing
at times of mental stress.
In 2005, the same research team conducted a
three-month, double-blind trial on aggression involving 166 children ages 9-12 years.27 The children received either omega-3 fortified foods that provided 3.6
g DHA and 0.84 g EPA per week or control foods with
half soybean and half rapeseed oil. Physical aggression
as assessed by a hostility-aggression questionnaire increased among girls in the control group but not among
the girls who received omega-3s. Impulsivity was also
significantly reduced among the omega-3 girls; no such
differences were observed among the boys.

Clinical Experience with Autism

The emergent rationale for employing DHA/
EPA for autistic spectrum disorder (ASD) and other
pervasive developmental disorders (PDD) dates to
2001, with case histories provided independently by
two research groups.28 Vancassel et al reported low
DHA (measured in plasma phospholipids), 20-percent lower-than-normal total omega-3s, and normal
levels of omega-6 FAs in ASD children.29 Bradstreet
and Kartzinel reported finding omega-3 fatty acid deficiencies in nearly 100 percent of ASD cases.30 Then
in 2002, Hardy and Hardy claimed that, of 50 children
diagnosed with PDD, 90 percent were deficient in RBC
membrane DHA/EPA.31 Various integrative physicians
working with ASD and PDD patients have integrated
DHA and EPA into their comprehensive regimens.28
A group in Austria conducted a six-week,
double-blind RCT with 13 children, ages 5-17 years,
diagnosed with ASD and displaying severe tantrums,
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aggression, and self-injurious behavior.32 Intervention
was 1.5 g/day DHA/EPA (700 mg DHA and 840 mg
EPA) or placebo. The DHA/EPA was well tolerated
and there was a trend toward significant improvement
over placebo for hyperactivity. The clinicians reported
the small number of subjects may have statistically undermined the apparent clinical effects of the DHA/
EPA.

Support for Adult Cognitive
Performance

The brain’s reliance on DHA/EPA continues
throughout adult life. New research on primates and
rodents has documented the adult brain cortex undergoes highly active synaptic turnover throughout life.33
This finding has helped drive a paradigm shift in understanding brain plasticity. The new paradigm is one
of high brain plasticity and adaptability.33,34 It recognizes remarkable clinical observations on brain recovery
following damage,33 and relates this to rates of synaptic turnover as high as 350 percent per year observed
in mammalian brains.33,34 The central role that DHA
plays in perinatal brain development may continue in
the highly dynamic, healthy adult brain.

DHA and EPA Improve Cognitive
Performance in Healthy Subjects

DHA and EPA are orthomolecules (molecules
orthodox to the body) as defined by Pauling.35 There
is evidence that healthy individuals can expect cognitive benefit from orthomolecular medicine, including
DHA/EPA.
Fontani et al conducted a double-blind RCT
on 33 healthy volunteers ages 22-51 (average age 33).36
For 35 days, subjects consumed either 4 g fish oil/day
(providing 800 mg DHA and 1,600 mg EPA) or 4 g
olive oil as placebo; dietary modifications were instigated via advice from a dietician. Subjects completed
a mood questionnaire and took attention tests, and
physiological recordings (electroencephalogram/EEG,
electromyogram/EMG) were made at baseline and on
day 35. The DHA/EPA group improved significantly
over placebo on several mood parameters: vigor, anger,
anxiety, fatigue, depression, and confusion. Measures of
attention and reaction time were also improved. Participants demonstrated marked improvement in sustained

attention and a significant reduction in errors on the attention test.
Significant improvements were also found on
physiological measures that correlated with the test
findings. Reaction time was significantly improved, as
measured by EMG. The EEGs, which are typically hard
to interpret, demonstrated the high-frequency beta-2
band was significantly reduced and the low-frequency
theta and alpha bands were increased. The researchers
tentatively interpreted these changes as consistent with
omega-3 support for “direct action…on the central nervous system” leading to improved cortical function.36
They concluded that DHA/EPA supplementation can
improve higher brain functions – sense of wellbeing
(vigor), reactivity, attention, cognitive performance, and
mood – in young, healthy adults.36

DHA/EPA Intake May Lower Dementia
Risk

Spanning at least the past decade, epidemiological studies indicate relatively high DHA and EPA
intake is linked to lower relative risk of dementia incidence or progression. In 1997, Kalmijn et al reported
on the Rotterdam Study.37 In this longitudinal cohort
study, 5,386 participants ages 55 or older were screened
for dementia. Dietary habits were evaluated using a
semi-quantitative food frequency questionnaire and
then re-evaluated after 2.1 years. Fish consumption
was inversely related to dementia incidence (RR=0.4,
95% CI=0.2-0.9), and more specifically to the risk of
developing Alzheimer’s disease (AD) (RR=0.3, 95%
CI=0.1-0.9).
That same year (1997) yielded a report of
the Zutphen Elderly Study, a smaller study also conducted in The Netherlands by Kalmijn’s group.38 They
evaluated 476 men, ages 69-89 at baseline, performing
cognition testing and correlating the data with food
intakes reported in dietary histories. At baseline, high
fish consumption was inversely associated with cognitive impairment. After three years, as with the Rotterdam study, high fish consumption was inversely associated with cognitive decline (RR=0.5, 95% CI=0.2-1.2).
Omega-3 intake did not correlate with either measure.
A later analysis (after six years) of the Rotterdam Study data concluded that low intake of omega-3
fatty acids was not associated with increased risk for
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d ementia.39 By contrast, a later analysis (after five years)
of the Zutphen Elderly Study data confirmed the earlier
finding, with consumers of fish showing a statistically significant (p<0.01) decrease in cognitive decline.40 There
was a linear relationship between DHA/EPA levels and
cognitive decline – the higher the intake of DHA/EPA,
the lower the rate of cognitive decline. Men who consumed an average of 400 mg fish omega-3s per day experienced significantly less cognitive decline compared with
men who consumed an average of only 20 mg/day.
Taken at face value, this finding could suggest
the range of DHA/EPA intakes currently recommended to reduce cardiovascular risk may be sufficient to
help slow mental decline. The American Heart Association currently recommends a minimum of 57 mg/day
DHA/EPA for healthy people (a total of 400 mg/week
from two fish meals); a minimum of 1,000 mg/day for
cardiovascular protection in patients with documented
coronary heart disease; and 2,000-4,000 mg/day for patients with high triglycerides.41
Even modest fish intake might offer some protection for the brain. In a Chicago community study, 815
residents ages 65-94 were evaluated via a self-reported
food questionnaire and tracked for an average 3.9 years.42
A total of 131 participants developed AD. Those who
consumed a fish meal once weekly had a statistically
significant 60-percent decreased risk of Alzheimer’s
disease, compared with those who rarely or never ate
fish (RR=0.4, 95% CI=0.2-0.9). Total omega-3 intake
and DHA intake, but not EPA intake alone, were significantly associated with this lessened Alzheimer risk.
This suggests an intake of as little as 30 mg/day DHA/
EPA from fish might confer more protection against
cognitive decline than eating no fish at all.
A follow-up of this community study at six
years found fish consumption (one or more meals per
week) resulted in a 10- to 13-percent slower rate of cognitive decline. There was no persuasive evidence for a
more specific association with either DHA or EPA.43
In another longitudinal cohort study, serum
phosphatidylcholine-DHA (PC-DHA) levels of 1,188
elderly Americans (average age 75 years) were analyzed
at baseline and 10 years later.44 Those in the lower half
of the distribution of DHA levels at the time the first
sample was taken, but who did not have AD at that time,
appeared to have a 67-percent greater risk of developing
AD within the subsequent 10-year period (p<0.05).

Longitudinal cohort studies can be more objective when blood or tissue is analyzed for specific nutrients. As part of the U.S. Framingham Heart Study, a
cohort of 899 men and women (median age 76 years),
who were free of dementia at baseline, were followed for
a mean 9.1 years for development of all-cause dementia
and Alzheimer’s disease; the findings were published in
2006.45 Ninety-nine new cases of dementia (including 71
of AD) occurred. Baseline and follow-up blood samples
were tested for fatty acids in the plasma phospholipid
fraction. After controlling for other variables, subjects
in the upper quartile of plasma PC-DHA levels had approximately half the relative risk of developing all-cause
dementia (RR=0.53, 95% CI=0.29-0.97; p=<0.04)
compared to subjects in the three lower quartiles. The
upper quartile (n=488) had a mean DHA intake of 180
mg/day and a mean fish intake of 3.0 servings per week
(p<0.001).

Slowing Cognitive Decline in a MiddleAged Population

Accelerated cognitive decline in middle age
can make an individual more vulnerable to dementia in
later life. Experts agree that once accelerated cognitive
decline is reliably identified, intervention is advisable.46
Evidence is accumulating to suggest omega-3 FA deficiency contributes to accelerated cognitive decline.
An epidemiology team led by Kalmijn tested
1,613 subjects, ages 45-70, for various cognitive functions at baseline and after five years and correlated the
results with habitual food consumption reported on a
self-administered food questionnaire.47 Subjects exhibiting the most impaired cognitive function (lowest 10
percent of the group score) also had the lowest intake of
DHA/EPA or fatty fish. Overall cognitive performance
and psychomotor speed were positively correlated with
DHA/EPA status. High intakes of cholesterol and
saturated fat were both linked to increased cognitive
impairment in this middle-aged population.
From 1987-1989, the Atherosclerosis Risk in
Communities Study analyzed plasma fatty acids in cholesteryl esters and phospholipids in 2,251 residents of
Minneapolis, Minnesota.48 Subjects, average age 57 at
baseline, all had some degree of heart disease.48 Then
from 1990-1992 and 1996-1998 the participants were
tested for word recall, psychomotor speed, and verbal
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fluency. Higher plasma omega-3 FA levels were correlated with reduced risk for decline in verbal fluency,
particularly in hypertensive subjects and subjects with
dyslipidemias.
The outcome of this study prompted an editorial in the American Journal of Clinical Nutrition.49
Connor and Connor pointed out that the brains of
AD patients have a lower content of DHA in the gray
matter (more active zone), compared with individuals
without Alzheimer’s disease at death. They suggest dietary DHA entering the brain could correct DHA insufficiencies in cerebral cortical cell membranes. They
also hypothesized dietary EPA could help counter
pro-inflammatory processes contributing to neurodegeneration. The authors called for more clinical trials of
omega-3 FAs in older adults at risk of cognitive decline
and eventual dementia.
Mild cognitive impairment (MCI) is currently
the condition most predictive for subsequent progression to dementia. MCI features severely impaired memory without substantial loss of other cognitive functions.
Approximately 10-15 percent of MCI subjects progress
to dementia within a year of diagnosis.46 Individuals
cognitively impaired but not demented tend to have abnormally low blood levels of DHA and EPA.50
A research group in Japan included MCI
subjects in their prospective clinical trial on fatty acid
therapy for memory-impaired patients. As background,
Kotani et al determined experimental animals (rodents)
show age-dependent increases in the peroxidative
breakdown products from polyunsaturated fatty acids,
not just of omega-3 DHA but also of omega-6 AA.51 In
a double-blind trial both these fatty acids were administered to a patient pool that included 21 with MCI, 10
with organic brain lesions, and eight with Alzheimer’s
disease. For 90 days, patients received either 240 mg/
day DHA and AA (ratio not specified) or a 240 mg/day
olive oil placebo. DHA and AA significantly benefited
the MCI group compared to placebo on both attention
and memory, while the organic brain-lesion group improved on memory alone; the AD group did not show
benefit.51

Treating Dementia with DHA/EPA

Despite the fact abnormally low blood phospholipid-DHA levels are found in patients with AD or
other dementias,50 until recently few prospective trials
had been conducted on DHA/EPA for dementia, and
outcomes were inconclusive.
In 2006, a team from Stockholm’s Karolinska
University Hospital published a double-blind RCT of
DHA and EPA for 174 patients with mild-to-moderate Alzheimer’s disease.52 Patients received either 1.7 g
DHA and 0.6 g EPA daily or a placebo for six months,
after which all received the DHA/EPA supplements for
six more months. After the first six months, decline in
cognitive function did not differ between groups. However, in a subgroup with less severe cognitive dysfunction (Mini-Mental State Exam score >27 points), a
significantly slower decline was observed in the DHA/
EPA group. A similar slowing was observed in the placebo group after crossover to DHA/EPA for the second six months. These findings suggest patients with
mild Alzheimer deterioration could benefit from taking a mixed dietary supplement formulation containing
both DHA and EPA.
In 2007, the Karolinska group reported specifically on the neuropsychiatric outcomes of the above
trial.53 The researchers found no overall treatment effect
on neuropsychiatric symptoms, activities of daily living,
or caregiver burden. They did find significant improvement of agitation in apolipoprotein E4 (APOE4) carriers and improvement of depression in non-APOE4
carriers.
Multiple sclerosis (MS) patients can exhibit
dementia as a co-morbid condition, especially as the disease progresses. The etiology of MS and the prospects
for its integrative management were reviewed in 2001.54
Six decades ago, Swank designed a fat-restricted diet
with similarities to a modern omega-3 enriched diet.
Swank developed this innovative diet after noticing that
coastal Norwegian residents consuming more fish and
less animal fat had lowered risk for MS.55 Beginning in
1948, Swank’s patients were instructed to restrict animal fat intake and supplement liberally with cod liver
oil (5 g/day); margarine and other hydrogenated oils
were not allowed. Swank also encouraged three fish
meals per week, and most patients increased their intake of fruits and vegetables. Over the ensuing decades,
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Swank’s patient population experienced a much lower
rate of progression to advanced MS.
In 1988, Swank reviewed 150 of his patients
followed for over 35 years.56 Death rate was 31 percent,
compared to the 80-percent predicted for MS patients
not maintained on a diet. Of patients who commenced
the restricted diet prior to developing disability, 95 percent had not progressed after three or more decades of
being on the diet.
Other MS researchers published epidemiological evidence that, between 1949 and 1967, 20 countries
including the United States had increased MS mortality risk associated with animal fat intakes and lowered
risk with diets relatively high in fish and vegetables.57

Huntington Disease: EPA Shows
Promise

Huntington disease (HD) features abnormal
multiplication of a specific DNA sequence on chromosome 4: cytosine-adenine-guanine (CAG). Healthy
people have just one CAG sequence at this spot; people
with HD can have several dozen CAG sequences. As
a rule, the more CAGs the HD patient has, the more
severe their disease. The pathogenesis from genome to
symptomatology is still poorly understood. On a suspicion that certain omega-3 responsive pathways could be
involved, a team of British researchers have been using
purified EPA in its ethyl ester form (“ethyl-EPA”) as potential therapy for HD.58
Puri et al conducted a small RCT with ethylEPA on seven in-patients with advanced (stage III)
HD.58 After six months, the four patients who received
ethyl-EPA demonstrated improvement on the orofacial
component of the Unified Huntington Disease Rating
Scale, while the three placebo patients had deteriorated
(p<0.03). MRI brain scans revealed the placebo was
associated with progressive cerebral atrophy and ethylEPA was associated with beneficial changes.
Three years later, the group completed a multicenter, double-blind RCT.59 A total of 135 Huntington
patients received either 2 g/day ethyl-EPA or placebo.
The primary endpoint was the score at 12 months on
the Total Motor Score 4 (TMS-4) subscale. The ethylEPA group as a whole failed to show statistically significant improvement on TMS-4. A subgroup including
patients with fewer CAG showed significantly better
TMS-4 improvement.60

The secondary endpoints in this trial suggested
a significantly worse outcome from ethyl-EPA in behavioral severity and frequency compared to placebo.59 This
finding raises the question of whether a mixture of EPA
and DHA, rather than a purified EPA, might have been
more effective for this intractable disease.

Established Benefits in Affective
Disorders

Numerous studies have examined the effects of
DHA/EPA for affective disorders and have found them
to be beneficial for mood management. Mood disorders
that apparently respond to DHA/EPA include major
depressive disorder, manic depression (bipolar disorder), and possibly also schizophrenia, borderline personality disorder (BPD), and anorexia nervosa.

Omega-3 Fatty Acids for Depression

As of mid-2007 ( July), the peer-reviewed literature yielded seven double-blind RCTs of omega-3
fatty acids for MDD (summarized in Sontrop and
Campbell61 and Nemets et al62). Of these, six reported
clinically significant benefits, including a trial with depressed children ages 6-12 years.62 These trials admittedly were heterogeneous in size, design, and rationale,
but from them a few trends emerged:
ÂÂ DHA taken without EPA may not be sufficient
to improve major depression.
ÂÂ EPA taken without DHA sometimes gives
benefit.
ÂÂ The highest dosage of EPA did not necessarily
yield the most benefit. In one double-blind
trial, Peet and Horrobin63 used a “dose-ranging”
design, giving only EPA (as ethyl-EPA) at 1g/
day, 2g/day, or 4g/day for 12 weeks, in addition to
unchanged medication. The group receiving 1g/day
demonstrated the most improvement, with more
than half (53%) achieving a 50-percent reduction on
the Hamilton Depression Rating Scale.
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Maternal postpartum depression (also called
“perinatal depression”) has been linked to omega-3 FA
deficiency. As reviewed in Freeman,64 a survey of mother’s milk in 23 countries determined that lower DHA
content or lower seafood consumption was associated
with higher rates of postpartum depression. Freeman
noted that pilot trials of supplementation with DHA
and EPA have produced mixed results and called for
larger and better-designed trials to resolve this condition that endangers both mother and child.

Promise for Bipolar Disorder

Bipolar disorder (BD) with its complex spectrum of symptoms is likely associated with neural cell
membrane dysfunction, most likely signal transduction
abnormalities. A comprehensive 2004 review of integrative management of BD examined the extensive data for
membrane abnormalities in BD and suggested supplementing with DHA/EPA as part of an integrative medical regimen.65 Several case reports suggest flaxseed oil
may trigger manic episodes in BD, a predilection first
reported by Rudin in 1981.66
To date, four published double-blind trials
on DHA/EPA for BD have been published. The first
was a 1999 trial that found significantly longer remission of bipolar symptomology from a high-dose DHA
and EPA mixture (9.6 g/day) compared to placebo.67
Three more double-blind trials were published in 2006
with differing results. In the largest trial (75 patients),
Frangou et al found significant improvement using EPA
only (ethyl-EPA), with 1 g/day working just as well as
2 g/day.68 Keck et al found no significant differences between placebo and 6 g/day EPA (no DHA) in 61 patients.69 Marangell et al conducted a small study on 10
patients using only DHA and reported only that DHA
was “well tolerated.”70
A 2005, open-label trial, using EPA at 1.5-2.0
g/day as “add-on” therapy for BD, found that eight of 10
patients improved at least 50 percent on the depression
scale.71 This finding is in line with Frangou’s doubleblind trial outcome cited above.68 In another open-label
trial, children ages 6-17 years demonstrated a modest
improvement in mania with intakes of 1.3-4.3 g/day
DHA/EPA for eight weeks.72 Taken altogether, the
existing trials of DHA and EPA for bipolar disorder
suggest efficacy, especially for the depression phase, with

EPA appearing to be the most efficacious of the two.
The levels of seafood intake per capita in various countries of the world roughly correlate with the
respective prevalence rates of BD in community samples.73 The greater the seafood consumption per capita
in a country, the lower the prevalence of bipolar spectrum disorders. Countries that consume a lot of fish on
average (e.g., Iceland, Korea, and Taiwan) have relatively
low incidence, while countries that consume very little
fish (e.g., Germany, Switzerland, and Hungary) have up
to seven times the incidence of countries with high fish
intake. Noaghiul and Hibbeln estimated a “vulnerability
threshold” for BD at seafood consumption below 50
pounds of seafood/person/year.73
In 2006, participants in the Omega-3 Fatty
Acids Subcommittee, assembled by the Committee
on Research on Psychiatric Treatments of the American Psychiatric Association, published an extensive
assessment of the available data on the clinical use of
omega-3 fatty acids in the prevention and/or treatment
of psychiatric disorders.74 This report included metaanalyses of RCTs conducted with DHA and/or EPA
for major (unipolar) depression and bipolar depression. These meta-analyses found statistically significant
benefit (p=0.02) from EPA and EPA/DHA. The Subcommittee found less persuasive evidence for benefit in
schizophrenia.

Trials in Schizophrenia

Currently, six double-blind RCTs with DHA/
EPA have been conducted, involving 390 patients with
schizophrenia or schizoaffective disorder. Four of these
documented clinical benefit from 2/g EPA daily for
three months.74-78 One trial found high-EPA fish oil
performed better than high-DHA fish oil or placebo.74
Another dose-ranging trial of ethyl-EPA found 2 g/day
worked better than 1 g or 4 g daily. Two trials by the
same group examined ethyl-EPA’s effect on tardive dyskinesia associated with pharmaceutical management of
schizophrenia. In a 2002 trial, Emsley et al found benefit at 3 g/day,76 but a later 2006 trial did not demonstrate benefit at the lower dose of 2 g/day.78
A “phospholipid membrane hypothesis of
schizophrenia” emerged in the late 1970s, as reviewed
in 2000 by Fenton and colleagues.79 This hypothesis
encompasses abnormalities of long-chain omega-6 fatty
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acids such as AA, as well as the omega-3 FAs DHA
and EPA. Fenton et al list multiple analyses of RBC
membranes (recognized markers for essential fatty acid
status) that consistently document depletion of AA,
DHA, and EPA. Also noted were studies documenting
depletion in plasma, thrombocytes, and post-mortem
brain tissue of schizophrenia patients.79
Elevations of membrane phospholipase A2
activity (measured in platelets) have been reported in
schizophrenia, consistent with elevated membrane
turnover of fatty acids.79 These findings are reminiscent
of the systemic membrane abnormalities observed in bipolar disorder.65
Perhaps the most compelling evidence so far
of membrane abnormalities in schizophrenia are the
findings from noninvasive nuclear magnetic resonance
(NMR) procedures (summarized in Fenton et al79).
These data suggest elevated membrane phospholipid
breakdown products in the brain at an early stage of
the illness and reduced levels of membrane phospholipid precursors. DHA and EPA are first-line nutrients
for repairing damaged membranes and initial RCT
outcomes suggest they deserve further study for the
schizoaffective spectrum.

Cell membrane dysfunction is just part of
an impressive body of evidence that strongly suggests
schizophrenia is related to other affective disorders
across a pathologic continuum. Striking genetic, symptomatic, and pathophysiological overlaps suggest the
continuum to be unipolar (major) depression⇒bipolar
disorder⇒schizoaffective psychosis⇒schizophrenia.65
Although the degree of benefit or dosing strategy is not
yet conclusive, findings that DHA and EPA have produced benefits for major depression, bipolar disorder,
and schizophrenia justify their inclusion in a treatment
protocol for affective disorders.

Borderline Personality Disorder

Borderline personality disorder may also
respond to omega-3 supplementation. In a doubleblind, placebo-controlled trial, 30 female subjects
with moderately severe BPD received 1 g/day EPA
only (as ethyl-EPA) or a placebo for two months.
Those taking ethyl-EPA experienced significantly diminished aggression and less severe depression.80

Figure 2. Cell Membrane Schematic, Demonstrating the Intrinsic Structural Synergy of
its Fatty Acids, Phospholipids, and Antioxidants (“Triple Cell Membrane Synergy”)

Phospholipids

Fatty acids

Antioxidants
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DHA/EPA Support Cell Membranes,
the Pacemakers of Metabolism

What are some of the mechanisms involved in
the diverse therapeutic applications of omega-3 fatty
acids? DHA and EPA literally feed cell membranes,
the dynamic structures that manage the vast majority
of life processes. Almost all the pivotal life processes occur in, on, or attached to membranes.81 Membranes are
literally the pacemakers of metabolism – a high metabolic rate correlates with high membrane unsaturation
among vertebrate species.82 Increasing unsaturation enables improved fluidity and more versatile cooperation
between the “sea” of lipids in the membrane and the proteins immersed in this medium. Within the membraneas-pacemaker, the polyunsaturated fatty acid content
affects fluidity to enable the myriad membrane-bound
enzymes, receptors, transporters, and other catalytic
molecules.
Within the membrane bilayer, DHA and EPA
are attached to the larger phospholipid molecules via ester bonds.81 Phospholipids with their attached fatty acids are the molecular building blocks of the membrane
(Figure 2). DHA and EPA interact with the other fatty
acids in the membrane bilayer – saturates, monounsaturates (omega-9s), and polyunsaturates (omega-6s,
minor omega-3s) – and membrane fluidity is a net outcome of all the electron densities. Carbon-carbon double
bonds have high electron density and impart fluidity to
the membrane. This property renders DHA (six double
bonds) and EPA (five double bonds) the most highly
fluidizing of the major membrane fatty acids.82
As a rule, the more fluid a membrane the more
efficient its biochemical performance.82 In general, experts agree the advanced human cell is only as efficient
as its membrane system.81,82 This life principle suggests
that having adequate levels of DHA and EPA in membrane systems is crucial to the survival, growth, renewal,
and myriad functions of human cells.

Relative Functional Significance of DHA,
EPA, and ALA

The DHA and EPA content of cell membranes reflects ongoing dietary intakes. As dietary intakes change the membrane profile changes. Within
the membrane, micro-distributions of the fatty acids

attached to phospholipids are continually being fine
tuned by enzymes (acyltransferases) that remove them
from the tails of certain phospholipids and relocate
them to others.83
Probably due to their highly fluidizing properties, DHA and EPA are found in highest concentrations
in the most dynamic membranes (e.g., retina, brain, and
spermatozoa). Beyond conferring membrane fluidity, DHA and EPA are orthomolecules that contribute
to the homeostatic regulation of tissue performance,
renewal, and regeneration. On the other hand, ALA is
not found in high concentrations in cell membranes.
DHA and EPA can provide a degree of biochemical backup for each other. Although EPA may not
be readily forward-converted to DHA, DHA is readily
back-converted to EPA.84 The limitations imposed by
the poor conversion of ALA to either EPA or DHA,
and by the sluggish conversion of EPA to DHA, suggest that intake of preformed DHA is needed to assure
adequate supply to the brain, cardiovascular system, and
other organ systems.

DHA/EPA Influence Inflammatory
Balance

Eicosanoids are by definition metabolites of
fatty acids. Healthy, non-inflammatory eicosanoid balance is maintained throughout the body by way of a homeostatic balance between omega-3 and omega-6 fatty
acids in cell membranes. Eicosanoid balance then exerts
a “downstream” balancing influence on cytokines (small
protein messenger molecules). Of the omega-3 FAs, the
shorter chain ALA is rarely found in cell membranes
and has no identifiable metabolites that might contribute to homeostatic balance. Both DHA and EPA, on
the other hand, are precursors of metabolite messenger
molecules that have wide ranging physiological effects.
In the context of the modern human lifestyle
and diet, the eicosanoid metabolites of EPA are crucial
to provide anti-inflammatory effects by balancing the
potentially pro-inflammatory eicosanoid metabolites
of the omega-6 AA. It is important to stress that AA
metabolites are not inherently dangerous to health, nor
are they “bad” fatty acids. Rather, the organism requires
AA for systemic homeostasis, and at higher dietary levels than omega-3 FAs. Unfortunately, modern dietary
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patterns de-emphasize omega-3 intakes while over-emphasizing intakes of omega-6s and other fatty acids less
important to homeostasis and total health.
The relatively “bad” factor in this scenario is the
chronically unbalanced state of the standard American
diet (SAD). The SAD confronts the consumer with: (1)
an overall lack of natural fatty acids due to the consumption of “low-fat” foods; (2) an overload of trans-fatty acids, produced through hydrogenation and unnatural to
cell membranes; or (3) a large imbalance of omega-6 to
omega-3 FA intake, due to consumption of meats raised
in feedlots rather than grass fed on the open range (meat
from grass-fed cows has higher levels of omega-3 FAs).
As a consequence, individuals who subsist on the SAD
are at heightened risk for pro-inflammatory events that
foster degenerative disease.
Simopoulos concluded from anthropological,
epidemiological, and molecular-level studies that humans evolved on a diet with a ratio of omega-6:omega-3
FAs close to 1:1; whereas, in today’s Western diets the
ratio ranges from 15:1-17:1.85 Simopoulos is part of a
growing chorus against the SAD, asserting a preponderance of dietary omega-6 FAs predisposes tissues to
inflammation and subsequent pathology.
In addition to such “acquired” dietary imbalances that lessen omega-3 intakes, the healthy human
organism has limited capacity to elaborate the longchain DHA and EPA from shorter-chain precursors.
Metabolic biochemists have calculated that five percent
or less of dietary ALA is converted to EPA, and less
than 0.5 percent of dietary ALA makes it to DHA.86
One approach to bypassing this problem could be to
markedly increase the dietary intake of ALA. However,
a study with lactating women found that high dietary
ALA (10.7 g/day for four weeks) did not raise DHA
levels in breast milk or RBCs.9

Docosanoids: Protective DHA Metabolites

DHA in the membrane is a source of metabolites with a novel stereospecificity unlike that of the
known eicosanoids. Aptly christened docosanoids, they
are chemical messengers with potent anti-inflammatory
and other protective actions.87 The three known classes
of docosanoids – docosatrienes, resolvins, and protectins – are produced mainly from controlled oxidative
breakdown of DHA within (or possibly adjacent to)

the membrane. Of the protectins, neuroprotectin D1
(NPD1) is generated during stroke and counteracts
pro-inflammatory gene expression that normally results
from ischemic damage. This messenger substance also
counteracts potential oxidative damage to DNA in the
retinal pigment epithelium cells.87,88
Current research is focused on another class
of docosanoid messengers, the resolvins. As their
name implies, these molecules help resolve (terminate)
ongoing inflammatory cascades.88 Inflammation that
terminates on a timely basis is homeostatic – and desirable. However, metabolic insults and imbalances can
often prolong inflammation and trigger pathology. The
physiological resolution of a well-orchestrated inflammatory response is essential to maintain homeostasis,
and resolvins appear to be involved in this process.
The broader scientific literature on DHA confirms it is essential for normal neurological development, maintenance of learning and memory, and brain
plasticity. DHA in neuronal membranes enhances
synaptic membrane fluidity and function, regulates
gene expression, mediates cell signaling, and enhances
the electrical basis for memory formation.89 In laboratory rats subjected to traumatic brain injury, prior dietary supplementation of DHA enhances recovery and
boosts brain production of brain derived neurotrophic
factor (BDNF), a major brain growth factor.89 This array of protective and homeostatic activities, working
in harmony with EPA, helps explain the wide range of
whole-body benefits achieved by both.

Orthomolecular Synergy of Cell
Membrane Nutrients

DHA and EPA have an obvious and predictable synergy with other cell membrane nutrients, specifically phospholipids and antioxidants. Depending on
the requirements of the tissue in question, the phospholipids phosphatidylserine (PS), phosphatidylethanolamine (PE), and PC can carry substantial amounts
of DHA in their “tail” positions, especially tail position
2. These phospholipid “parent molecules” also anchor
EPA within the membrane.81
Healthy cells have a complement of antioxidants within their membranes that help protect them
from destruction by intrinsic oxidants (obligatorily generated during routine metabolism) or extrinsic oxidants
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Phosphatidylserine is an important brain nutrient. At least 25 RCTs (reviewed in a recent book46),
conducted over more than two decades, have established
PS is beneficial for declining memory, learning, other
cognitive functions, and mood and stress management.
PS supports brain energetics and, at the tissue level,
supports the receptors for many chemical transmitter
systems. Neuron cell membranes, which are especially
rich in PS, contain DHA in a proportion of the PS
molecules (Figure 3).

Omega-3 PS Benefits AD/HD

Vaisman et al reported on a double-blind trial
with omega-3 PS for AD/HD.91 They recruited 60
children (3:1 ratio of boys:girls) with AD/HD-like
symptoms (average age nine years). The children were
randomized to three groups: (1) canola oil (controls),
(2) fish oil (providing 250 mg DHA/EPA daily), and
(3) an omega-3/PS combination (providing 300 mg PS
and 250 mg DHA/EPA daily). No stimulant medications or other dietary supplements were administered
during the trial period (80-100 days; average 91 days).
The group receiving omega-3 PS had the highest proportion of children whose symptoms improved.
The children’s sustained visual attention and
discrimination were assessed using the Test of Variables
of Attention (TOVA). The TOVA AD/HD Index “z”

Figure 3. Schematic of Omega-3
Phosphatidylserine (Omega-3
PS)
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PS)

score improved over controls for both the omega-3 PS
and the fish oil groups, but significantly more in the PS
group (p<0.001). This indicates that omega-PS improved attention performance (and more dramatically
than fish oil) compared to the control group. The omega-3 PS group also manifested a significantly higher ratio of symptom clearance than the control group, with
11/18 of the omega-3 PS children becoming asymptomatic versus 3/21 of the control children (p<0.05).
Of the fish oil group, 7/21 became asymptomatic –
not statistically significantly different from controls.
Omega-3 PS ameliorated the inattention symptoms of
AD/HD to a greater degree than equivalent amounts
of DHA/EPA from other dietary sources.

FATTY ACID

imposed by lifestyle or the environment.90 Membrane
antioxidants are structurally intermingled with fatty acids and function as a protective “first line of defense.”81
In the presence of antioxidants, fatty acids with the
most unsaturated bonds, namely DHA and EPA, are
protected against oxidative (“free radical”) destruction.
Thus, within the dynamic membrane milieu, DHA
and EPA exist in homeostatic synergy with both their
parent phospholipids and the antioxidants dispersed in
the membrane lipid bilayer, providing “triple cell membrane synergy.” Thus, in addition to protective antioxidants, supplements that deliver DHA and EPA bound
to phospholipids – such as omega-3s bound to phosphatidylserine and krill oil that contains omega-3 FAs
bound to phospholipids – provide the building blocks
for healthy cell membranes.

DHA and EPA

Page 220
Copyright © 2007 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 12, Number 3 September 2007

Alternative Medicine Review Volume 12, Number 3 2007

Review Article

Figure 4. Schematic of
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Omega-3 Phospholipids from Krill

Krill, small shrimp-like crustaceans, are ubiquitous in the oceans and are some of the planet’s hardiest creatures. Krill sustains many marine animals and
is a traditional food for humans. The Antarctic krill
(Euphausia superba) live in the most frigid seas. Their
cell membranes carry a high complement of DHA and
EPA that render them highly fluid in order to function
in ambient temperatures well below the freezing point.
Unlike typical fish oil supplements that carry almost no phospholipids, much of the DHA/EPA in krill
oil is linked to phospholipids, particularly phosphatidylcholine (Figure 4) and in lesser amounts to phosphatidylethanolamine. The remaining DHA and EPA are
in triglyceride form. The krill-phospholipid molecular
fraction also includes the potent membrane antioxidant
astaxanthin.

Krill omega-3 preparations have been tested in
three double-blind trials – for premenstrual syndrome
(PMS) mood management/dysmenorrhea, blood lipid
management, and modulation of inflammatory symptoms and blood markers linked to arthritis. In two trials
the krill complex was directly compared to fish oil.

Krill for PMS and Dysmenorrhea

PMS and dysmenorrhea are thought to affect
90 percent of reproductive-age women. Abnormal fatty
acid metabolism has been implicated (reviewed in Sampalis et al92). A double-blind RCT was conducted with
a krill omega-3 supplement (NKO) on 70 healthy
volunteers suffering from PMS/dysmenorrhea.92 One
group received a krill oil supplement while the other
group received an equivalent amount of DHA and EPA
as fish oil.
In the krill group, 36 women consumed 2 g/
day krill oil with meals (providing 800 mg phospholipids and 600 mg omega-3 FAs). The fish oil group
consumed 2 g/day fish oil (18:12; 18% EPA/12%
DHA) with meals, providing 600 mg DHA/EPA. Subjects in both groups took supplements every day for the
first 30 days, then for just 10 days per month during
the succeeding two months (beginning eight days prior
to expected menstruation). The women tracked mental
and physical symptoms on a questionnaire developed by
the American College of Obstetrics and Gynecology.92
Although the fish oil and krill groups both improved in weight, abdominal discomfort, and swelling,
only the krill group experienced statistically significant
improvements in breast tenderness, feelings of inadequacy, stress, irritability, depression, joint discomfort,
and bloating. The krill group also reported more improved alertness, energy, and wellbeing. By conclusion
of the study, the krill group consumed significantly fewer analgesic medications during the 10 perimenstrual
days than the fish oil group. Unlike the krill group, 64
percent in the fish oil group complained of unpleasant
reflux.92

Krill Supports Circulatory Health

Circulatory health is fundamental to brain
health. Blood lipid abnormalities (elevated LDL and
total cholesterol, reduced HDL, and high triglycerides)
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contribute not only to morbidity and mortality associated with cardiovascular disease, but also to cognitive
decline. In a double-blind trial, krill oil was compared
to fish oil (18% EPA/12% DHA) in men and women
with hyperlipidemia (total cholesterol above 194 mg/
dL; triglycerides above 204 mg/dL).93
In this 90-day trial, two groups of subjects received krill at either 1-1.5 g/day or 2-3 g/day (depending on body mass index (BMI)), another group received
3 g/day fish oil, and a fourth group received placebo.
At its lowest dosage (1-1.5 g/day), krill oil significantly
lowered total and LDL cholesterol and elevated HDL
cholesterol, compared to baseline and to the fish oil and
placebo groups. At 2 g/day, krill also significantly lowered serum triglycerides in addition to cholesterol, while
the highest krill intake (3 g/day) did not produce additional benefit over 2 g/day. The fish oil lowered cholesterol only marginally and failed to lower triglycerides
below baseline values.

Anti-Inflammatory Effects

By day 7, krill had significantly reduced CRP (by 19%;
p<0.05) compared to placebo. The CRP reduction was
more marked at day 30 (30% reduction; p<0.01) compared to placebo. Fish oil has failed to lower CRP in at
least four studies.96

Omega-3 Phospholipids Target the
Brain

Much evidence gleaned from animal studies
(rodents and primates) indicates fatty acids are more
bioavailable when provided in the form of phospholipids than as triglycerides or ethyl esters. In one study,
brain fatty acid bioavailability was more than doubled
by using phospholipids compared to triglycerides as the
delivery form. This experiment compared tissue deposition of a fatty acid (arachidonic acid) in triglyceride
form (as often found in fish oil) or phospholipid form,
fed to neonatal baboons.97
Arachidonic acid is the predominant polyunsaturated fatty acid in the brain. As a major component
of membrane phospholipids, AA is critical for membrane function and serves as a precursor for eicosanoids
that play important roles in cell and tissue regulation.
AA is also a precursor for longer-chain adrenic acid

C-reactive protein (CRP) is a systemic inflammatory marker and a strong predictor of stroke and
cognitive impairment.94 In a double-blind RCT, krill
oil
demonstrated
anti-inflammatory
effects.95 The study
Figure 5. Tissue Distribution of Radiolabeled Arachidonic Acid Fed to
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Neonatal Baboons as either Triglycerides (TG-AA) or Phospholipids
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(C22:5; omega-6), which is also abundant in the brain.
In the baboon experiment, AA was radioactively labeled, then incorporated into triglycerides (TG-AA)
or phospholipids (PL-AA) and fed to the animals as a
single dose of either TG-AA or PL-AA.96 After 10 days
the distribution of radioactivity was analyzed. As shown
in Figure 5, the brain accumulated more than twice as
much radioactivity from PL-AA as from TG-AA. This
experiment demonstrated phospholipids improve fatty
acid uptake into the primate brain.

Conclusion

DHA and EPA are clinically renowned for their
cardiovascular protective properties. A recent systematic
review evaluated the effects of fish oil consumption for
primary and secondary prevention of adverse cardiovascular events.98 It concluded that increased consumption
of omega-3 fatty acids from fish or fish-oil supplements,
but not from ALA, reduces rates of all-cause mortality,
cardiac and sudden death, and possibly stroke; all with
only minor adverse effects. The results of this current
review suggest the brain benefits of DHA and EPA may
eventually prove to be just as impressive as their benefits
for the cardiovascular system.

What is the Correct Intake of DHA/EPA
for Brain Benefits?

Technically, humans can synthesize EPA and
DHA from the shorter-chain ALA, but the conversion
efficiency is low, even in healthy individuals. Thus flaxseed oil as a source of ALA cannot be assumed to substitute for dietary sources of DHA/EPA. Foods high
in omega-3 FAs or supplements with preformed DHA
and EPA are required.
In regard to food sources of DHA/EPA, the
standard American diet is unlikely to contribute more
than 50-100 mg/day. Various “functional foods” have
appeared with DHA/EPA added. Omega-3 eggs, for
example, can be a significant source by providing greater
than 200 mg of “omega-3” per egg. However, it may be
necessary to confirm which omega-3 FAs are in the food
(e.g., DHA/EPA or ALA). Further caution is advised
to ensure that other ingredients in the food are healthful. For example, one heavily promoted omega-3 spread
carries trans-fatty acids – a potential toxic counterbalance to the omega-3 benefits.

The current knowledge base on DHA/EPA for
brain function does not generate a rational daily intake
recommendation. Hibbeln, from his studies on national
seafood intakes and affective disorder incidence, suggested pregnant women may want to consume a minimum 650 mg/day of DHA and EPA (with a minimum
300 mg/day of DHA) to prevent postpartum depression.99 The existing recommendations for cardiovascular protection could be taken as a minimum for brain
protection. In North America, the American Heart Association recommends a minimum intake of two fish
meals weekly for primary cardiovascular protection and
1,000 mg/day of DHA/EPA for protection against a
second heart attack.
The practicality of making dietary recommendations to eat fish as a primary source of DHA/EPA is
threatened by the fact that suitable fish are increasingly
expensive and hard to find.100 The stocks of wild salmon
and other species that are not contaminated with mercury or other pollutants are increasingly restricted. An
alternative is to take dietary supplements rich in DHA/
EPA, including the omega-3 phospholipid complex
from krill.
While the wild salmon stocks are shrinking,
concerns are being voiced about the increasing use of
krill for aquaculture: salmon farming.101 Krill is thought
to be the largest single biomass on the planet and is a
life-sustaining food for diverse marine animals. The
Antarctic stocks (Euphausia superba) are estimated at
50- to 500-million metric tons.100 The international organization Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR), part of the
Antarctic treaty network, was founded in 1982 primarily to protect krill. It has 24 member countries, including the European Union, Norway (a big krill fishing
country), Russia, and the United States, as well as nine
other nonvoting member countries. CCAMLR has set a
sustainable harvest for krill in the Antarctic of 4.45 million tons. Although this level has still not been reached,
the advent of massive krill fishing boats has greatly increased the capability to harvest Antarctic krill, and the
CCAMLR is in the process of tightening its regulatory
framework for krill conservation.
Cultivated microalgae are a good source of
DHA. Although high doses of ALA can increase tissue
EPA levels, ALA does not have the same effect on DHA
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levels,9 rendering supplementation necessary. How does
one know whether supplementation is necessary? Physical signs and symptoms of deficiency include excessive
thirst, frequent urination, rough dry hair and skin, and
follicular keratosis.14,18 RBC membrane content remains the most accepted laboratory measure. Harris
developed an “omega-3 index” (RBC DHA/EPA) as a
marker and perhaps also a risk factor for coronary heart
disease.102 He suggests adequate sufficiency is likely attained when DHA and EPA exceed eight percent of the
total membrane fatty acids.
Although the current clinical literature on
DHA and EPA for brain function is still relatively
small compared to the literature on circulatory benefits, the weight of the current evidence strongly supports the utility of these conditionally essential nutrient
orthomolecules for cognition, behavior, and mood, as
well as for early brain development and overall mental
performance.
The evidence presented in this review clearly suggests that the fundamental basis for applying
DHA/EPA to human health is their presence in cell
membranes. The cell membrane rationale for DHA/
EPA also points to linked supplementation with their
synergistic “parent” phospholipids, such as PS and PC.
A further cell membrane synergy can be achieved by
adding fat-soluble antioxidants, such as astaxanthin
and other carotenoids, vitamin E, and coenzyme Q10.
Implementing this triple cell membrane synergy promises to bring integrative medicine closer to healing the
dysfunctional brain.

4.

5.
6.

7.
8.

9.

10.

11.

12.
13.

References
1.

2.

3.

McCann JC, Ames BN. Is docosahexaenoic acid, an
n-3 long-chain polyunsaturated fatty acid, required
for development of normal brain function? An
overview of evidence from cognitive and behavioral
tests in humans and animals. Am J Clin Nutr
2005;82:281-295.
SanGiovanni JP, Parra-Cabrera S, Colditz GA, et
al. Meta-analysis of dietary essential fatty acids and
long-chain polyunsaturated fatty acids as they relate
to visual resolution acuity in healthy preterm infants.
Pediatrics 2000;105:1292-1298.
Morgan C, Davies L, Corcoran F, et al. Fatty acid
balance studies in term infants fed formula milk
containing long-chain polyunsaturated fatty acids.
Acta Paediatr 1998;87:136-142.

14.
15.

16.

Young C, Hikita T, Kaneko S, et al. Fatty acid
compositions of colostrum, cord blood, maternal
blood and major infant formulas in Japan. Acta
Paediatr Jpn 1997;39:299-304.
Breckenridge WC, Gombos G, Morgan IG. The lipid
composition of adult rat brain synaptosomal plasma
membranes. Biochim Biophys Acta 1972;266:695-707.
Neuringer M, Connor WE, Lin DS, et al.
Biochemical and functional effects of prenatal and
postnatal omega 3 fatty acid deficiency on retina and
brain in rhesus monkeys. Proc Natl Acad Sci U S A
1986;83:4021-4025.
Reisbick S, Neuringer M, Gohl E, et al. Visual
attention in infant monkeys: effects of dietary fatty
acids and age. Dev Psychol 1997;33:387-395.
Crawford MA. The role of essential fatty acids
in neural development: implications for perinatal
nutrition. Am J Clin Nutr 1993;57(suppl):703S710S.
Francois CA, Connor SL, Bolewicz LC, Connor WE.
Supplementing lactating women with flaxseed oil
does not increase docosahexaenoic acid in their milk.
Am J Clin Nutr 2003;77:226-233.
SanGiovanni JP, Berkey CS, Dwyer JT, Colditz
GA. Dietary essential fatty acids, long-chain
polyunsaturated fatty acids, and visual resolution
acuity in healthy fullterm infants: a systematic review.
Early Hum Dev 2000;57:165-188.
Hoffman DR, Birch EE, Birch DG, et al. Impact
of early dietary intake and blood lipid composition
of long-chain polyunsaturated fatty acids on later
visual development. J Pediatr Gastroenterol Nutr
2000;31:540-553.
Bakker EC, Ghys AJ, Kester AD, et al. Long-chain
polyunsaturated fatty acids at birth and cognitive
function at 7 y of age. Eur J Clin Nutr 2003;57:89-95.
Richardson AJ, Montgomery P. The Oxford-Durham
Study: a randomized, controlled trial of dietary
supplementation with fatty acids in children with
developmental coordination disorder. Pediatrics
2005;115:1360-1366.
Richardson AJ. Omega-3 fatty acids in ADHD
and related neurodevelopmental disorders. Int Rev
Psychiatry 2006;18:155-172.
Harding KL, Judah RD, Gant C. Outcome-based
comparison of Ritalin versus food-supplement treated
children with AD/HD. Altern Med Rev 2003;8:319330.
Kidd PM. Attention deficit/hyperactivity disorder
(ADHD) in children: rationale for its integrative
management. Altern Med Rev 2000;5:402-428.

Page 224
Copyright © 2007 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 12, Number 3 September 2007

Alternative Medicine Review Volume 12, Number 3 2007

Review Article
17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Young GS, Maharaj NJ, Conquer JA. Blood
phospholipid fatty acid analysis of adults with and
without attention deficit/hyperactivity disorder.
Lipids 2004;39:117-123.
Stevens LJ, Zentall SS, Abate ML, et al. Omega-3
fatty acids in boys with behavior, learning, and health
problems. Physiol Behav 1996;59:915-920.
Voigt RG, Llorente AM, Jensen CL, et al. A
randomized, double-blind, placebo-controlled trial
of docosahexaenoic acid supplementation in children
with attention-deficit/hyperactivity disorder. J Pediatr
2001;139:189-196.
Hirayama S, Hamazaki T, Terasawa K. Effects of
docosahexaenoic acid-containing food administration
on symptoms of attention-deficit/hyperactivity
disorder – a placebo-controlled double-blind study.
Eur J Clin Nutr 2004;58:467-473.
Hamazaki T, Hirayama S. The effect of
docosahexaenoic acid-containing food administration
on symptoms of attention-deficit/hyperactivity
disorder – a placebo-controlled double-blind study.
Eur J Clin Nutr 2004;58:838.
Stevens L, Zhang W, Peck L, et al. EFA
supplementation in children with inattention,
hyperactivity, and other disruptive behaviors. Lipids
2003;38:1007-1021.
Richardson AJ, Puri BK. A randomized doubleblind, placebo-controlled study of the effects
of supplementation with highly unsaturated
fatty acids on ADHD-related symptoms in
children with specific learning difficulties. Prog
Neuropsychopharmacol Biol Psychiatry 2002;26:233239.
Young GS, Conquer JA, Thomas R. Effect of
randomized supplementation with high dose olive,
flax or fish oil on serum phospholipid fatty acid levels
in adults with attention deficit hyperactivity disorder.
Reprod Nutr Dev 2005;45:549-558.
Brookes KJ, Chen W, Xu X, et al. Association of
fatty acid desaturase genes with attention-deficit/
hyperactivity disorder. Biol Psychiatry 2006;60:10531061.
Hamazaki T, Sawazaki S, Itomura M, et al. The
effect of docosahexaenoic acid on aggression in young
adults. A placebo-controlled double-blind study. J
Clin Invest 1996;97:1129-1133.
Itomura M, Hamazaki K, Sawazaki S, et al. The effect
of fish oil on physical aggression in schoolchildren – a
randomized, double-blind, placebo-controlled trial. J
Nutr Biochem 2005;16:163-171.
Kidd PM. Autism, an extreme challenge to integrative
medicine. Part 2: medical management. Altern Med
Rev 2002;7:472-499.

29.
30.

31.

32.

33.
34.
35.

36.

37.
38.

39.
40.

41.
42.

43.

Vancassel S, Durand G, Barthelemy C, et al. Plasma
fatty acid levels in autistic children. Prostaglandins
Leukot Essent Fatty Acids 2001;65:1-7.
Bradstreet J, Kartzinel J. Biological interventions in
the treatment of autism and PDD. In: Rimland B, ed.
DAN! (Defeat Autism Now!) Fall 2001 Conference.
San Diego, CA: Autism Research Institute; 2001.
Hardy PM, Hardy SM. Omega-3 fatty acids in
the pathophysiology and treatment of autism. In:
Rimland B, ed. DAN! (Defeat Autism Now!) Spring
2002 Conference. San Diego, CA: Autism Research
Institute; 2001.
Amminger GP, Berger GE, Schafer MR, et al.
Omega-3 fatty acids supplementation in children
with autism: a double-blind randomized, placebocontrolled pilot study. Biol Psychiatry 2007;61:551553.
Doidge N. The Brain That Changes Itself. New York:
Viking Press; 2007.
Bower B. Grown-up connections. Mice, monkeys
remake brain links as adults. Sci News 2006;169:165.
Pauling L. Orthomolecular psychiatry. Varying the
concentrations of substances normally present in
the human body may control mental disease. Science
1968;160:265-271.
Fontani G, Corradeschi F, Felici A, et al. Cognitive
and physiological effects of omega-3 polyunsaturated
fatty acid supplementation in healthy subjects. Eur J
Clin Invest 2005;35:691-699.
Kalmijn S, Launer LJ, Ott A, et al. Dietary fat intake
and the risk of incident dementia in the Rotterdam
Study. Ann Neurol 1997;42:776-782.
Kalmijn S, Feskens EJ, Launer LJ, Kromhout D.
Polyunsaturated fatty acids, antioxidants, and
cognitive function in very old men. Am J Epidemiol
1997;145:33-41.
Engelhart MJ, Geerlings MI, Ruitenberg A, et al.
Diet and risk of dementia: does fat matter?: The
Rotterdam Study. Neurology 2002;59:1915-1921.
van Gelder BM, Tijhuis M, Kalmijn S, Kromhout D.
Fish consumption, n-3 fatty acids, and subsequent 5-y
cognitive decline in elderly men: the Zutphen Elderly
Study. Am J Clin Nutr 2007;85:1142-1147.
American Heart Association. Fish and omega-3 fatty
acids: AHA recommendations. www.americanheart.
org [Accessed July 22, 2007]
Morris MC, Evans DA, Bienias JL, et al.
Consumption of fish and n-3 fatty acids and
risk of incident Alzheimer disease. Arch Neurol
2003;60:940-946.
Morris MC, Evans DA, Tangney CC, et al. Fish
consumption and cognitive decline with age in a large
community study. Arch Neurol 2005;62:1849-1853.

Page 225
Copyright © 2007 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 12, Number 3 September 2007

Alternative Medicine Review Volume 12, Number 3 2007

Omega-3s & Brain Function
44.
45.

46.
47.

48.

49.
50.

51.

52.

53.

54.
55.

56.
57.

Kyle DJ, Schaefer E, Patton G, Beiser A. Low serum
docosahexaenoic acid is a significant risk factor for
Alzheimer’s dementia. Lipids 1999;34:S245.
Schaefer EJ, Bongard V, Beiser AS, et al. Plasma
phosphatidylcholine docosahexaenoic acid content
and risk of dementia and Alzheimer disease:
the Framingham Heart Study. Arch Neurol
2006;63:1545-1550.
Kidd PM. PS (PhosphatidylSerine), Nature’s
Brain Booster. St. George, UT: Total Health
Communications; 2005.
Kalmijn S, van Boxtel MP, Ocke M, et al. Dietary
intake of fatty acids and fish in relation to cognitive
performance at middle age. Neurology 2004;62:275280.
Beydoun MA, Kaufman JS, Satia JA, et al.
Plasma n-3 fatty acids and the risk of cognitive
decline in older adults: the Atherosclerosis Risk in
Communities Study. Am J Clin Nutr 2007;85:11031111.
Connor WE, Connor SL. The importance of fish and
docosahexaenoic acid in Alzheimer disease. Am J Clin
Nutr 2007;85:929-930.
Conquer JA, Tierney MC, Zecevic J, et al. Fatty acid
analysis of blood plasma of patients with Alzheimer’s
disease, other types of dementia, and cognitive
impairment. Lipids 2000;35:1305-1312.
Kotani S, Sakaguchi E, Warashina S, et al. Dietary
supplementation of arachidonic and docosahexaenoic
acids improves cognitive dysfunction. Neurosci Res
2006;56:159-164.
Freund-Levi Y, Eriksdotter-Jonhagen M, Cederholm
T, et al. Omega-3 fatty acid treatment in 174 patients
with mild to moderate Alzheimer disease: OmegAD
study: a randomized double-blind trial. Arch Neurol
2006;63:1402-1408.
Freund-Levi Y, Basun H, Cederholm T, et al.
Omega-3 supplementation in mild to moderate
Alzheimer’s disease: effects on neuropsychiatric
symptoms. Int J Geriatr Psychiatry 2007 Jun 21; Epub
ahead of print.
Kidd PM. Multiple sclerosis, an autoimmune
inflammatory disease: prospects for its integrative
management. Altern Med Rev 2001;6:540-566.
Swank RL, Lerstad O, Strom A, Backer J. Multiple
sclerosis in rural Norway its geographic and
occupational incidence in relation to nutrition. New
Engl J Med 1952;246:722-728.
Swank RL, Grimsgaard L. Multiple sclerosis: the
lipid relationship. Am J Clin Nutr 1988;48:13871393.
Agranoff BW, Goldberg D. Diet and the
geographical distribution of multiple sclerosis. Lancet
1974;2:1061-1066.

58.

59.
60.
61.

62.

63.

64.

65.
66.
67.

68.

69.

70.

71.

Puri BK, Bydder GM, Counsell SJ, et al. MRI and
neuropsychological improvement in Huntington
disease following ethyl-EPA treatment. Neuroreport
2002;13:123-126.
Puri BK, Leavitt BR, Hayden MR, et al. Ethyl-EPA
in Huntington disease: a double-blind, randomized,
placebo-controlled trial. Neurology 2005;65:286-292.
Murck H, Manku M. Ethyl-EPA in Huntington
disease: potentially relevant mechanism of action.
Brain Res Bull 2007;72:159-164.
Sontrop J, Campbell MK. Omega-3 polyunsaturated
fatty acids and depression: a review of the evidence
and a methodological critique. Prev Med 2006;42:413.
Nemets H, Nemets B, Apter A, et al. Omega-3
treatment of childhood depression: a controlled,
double-blind study. Am J Psychiatry 2006;163:10981100.
Peet M, Horrobin DF. A dose-ranging study of the
effects of ethyl-eicosapentaenoate in patients with
ongoing depression despite apparently adequate
treatment with standard drugs. Arch Gen Psychiatry
2002;59:913-919.
Freeman MP. Omega-3 fatty acids and perinatal
depression: a review of the literature and
recommendations for future research. Prostaglandins
Leukot Essent Fatty Acids 2006;75:291-297.
Kidd PM. Bipolar disorder and cell membrane
dysfunction. Progress toward integrative
management. Altern Med Rev 2004;9:107-135.
Rudin DO. The major psychoses and neuroses as
omega-3 essential fatty acid deficiency syndrome:
substrate pellagra. Biol Psychiatry 1981;16:837-850.
Stoll AL, Severus WE, Freeman MP, et al. Omega 3
fatty acids in bipolar disorder: a preliminary doubleblind, placebo-controlled trial. Arch Gen Psychiatry
1999;56:407-412.
Frangou S, Lewis M, McCrone P. Efficacy of
ethyl-eicosapentaenoic acid in bipolar depression:
randomised double-blind placebo-controlled study. Br
J Psychiatry 2006;188:46-50.
Keck PE, Mintz J, McElroy SL. Double-blind,
randomized, placebo-controlled trials of ethyleicosapentanoate in the treatment of bipolar
depression and rapid cycling bipolar disorder. Biol
Psychiatry 2006;60:1020-1022.
Marangell LB, Suppes T, Ketter TA. Omega-3
fatty acids in bipolar disorder: clinical and research
considerations. Prostaglandins Leukot Essent Fatty
Acids 2006;75:315-321.
Osher Y, Bersudsky Y, Belmaker RH. Omega-3
eicosapentaenoic acid in bipolar depression: report
of a small open-label study. J Clin Psychiatry
2005;66:726-729.

Page 226
Copyright © 2007 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 12, Number 3 September 2007

Alternative Medicine Review Volume 12, Number 3 2007

Review Article
72.

73.
74.

75.

76.

77.

78.

79.

80.

81.
82.
83.

84.
85.

86.

Wozniak J, Biederman J, Mick E, et al. Omega-3
fatty acid monotherapy for pediatric bipolar
disorder: a prospective open-label trial. Eur
Neuropsychopharmacol 2007;17:440-447.
Noaghiul S, Hibbeln JR. Cross-national comparisons
of seafood consumption and rates of bipolar
disorders. Am J Psychiatry 2003;160:2222-2227.
Peet M, Brind J, Ramchand CN, et al. Two
double-blind placebo-controlled pilot studies
of eicosapentaenoic acid in the treatment of
schizophrenia. Schizophr Res 2001;49:243-251.
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;36:718.
Emsley R, Myburgh C, Oosthuizen P, van Rensburg
SJ. Randomized, placebo-controlled study of ethyleicosapentaenoic acid as supplemental treatment in
schizophrenia. Am J Psychiatry 2002;159:1596-1598.
Fenton WS, Dickerson F, Boronow J, et al. A
placebo-controlled trial of omega-3 fatty acid
(ethyl eicosapentaenoic acid) supplementation for
residual symptoms and cognitive impairment in
schizophrenia. Am J Psychiatry 2001;158:2071-2074.
Emsley R, Niehaus DJ, Koen L, et al. The effects
of eicosapentaenoic acid in tardive dyskinesia: a
randomized, placebo-controlled trial. Schizophr Res
2006;84:112-120.
Fenton WS, Hibbeln J, Knable M. Essential fatty
acids, lipid membrane abnormalities, and the
diagnosis and treatment of schizophrenia. Biol
Psychiatry 2000;47:8-21.
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;160:167-169.
Alberts B, Johnson A, Lewis J, et al. Molecular Biology
of the Cell. 4th ed. New York, NY: Garland Science;
2002.
Else PL, Hulbert AJ. Membranes as metabolic
pacemakers. Clin Exp Pharmacol Physiol 2003;30:559564.
Thomson AB, Schoeller C, Keelan M, et al. Lipid
absorption: passing through the unstirred layers,
brush-border membrane, and beyond. Can J Physiol
Pharmacol 1993;71:531-555.
Arterburn LM, Hall EB, Oken H. Distribution,
interconversion, and dose response of n-3 fatty acids
in humans. Am J Clin Nutr 2006;83:1467S-1476S.
Simopoulos AP. Evolutionary aspects of diet, the
omega-6/omega-3 ratio and genetic variation:
nutritional implications for chronic diseases. Biomed
Pharmacother 2006;60:502-507.
Plourde M, Cunnane SC. Extremely limited synthesis
of long chain polyunsaturates in adults: implications
for their dietary essentiality and use as supplements.
Appl Physiol Nutr Metab 2007;32:619-634.

87.

Serhan CN. Novel eicosanoid and docosanoid
mediators: resolvins, docosatrienes, and
neuroprotectins. Curr Opin Clin Nutr Metab Care
2005;8:115-121.
88. Farooqui AA, Horrocks LA, Farooqui T. Modulation
of inflammation in brain: a matter of fat. J Neurochem
2007;101:577-599.
89. Wu A, Ying Z, Gomez-Pinilla F. Dietary omega-3
fatty acids normalize BDNF levels, reduce oxidative
damage, and counteract learning disability after
traumatic brain injury in rats. J Neurotrauma
2004;21:1457-1467.
90. Levine SA, Kidd PM. Antioxidant Adaptation:
Role in Free Radical Pathology. San Leandro, CA:
Biocurrents/Allergy Research Group; 1985.
91. Vaisman N, Kaysar N, Zaruk-Adasha Y, et al. Effect
of phospholipids enriched with omega-3 fatty acids
on symptoms of attention deficit and hyperactivity
disorder (ADHD) in children. Pediatric Academic
Societies’ Meeting. Toronto, Canada; 2007.
92. Sampalis F, Bunea R, Pelland MF, et al. Evaluation of
the effects of Neptune Krill Oil on the management
of premenstrual syndrome and dysmenorrhea. Altern
Med Rev 2003;8:171-179.
93. Bunea R, El Farrah K, Deutsch L. Evaluation of the
effects of Neptune Krill Oil on the clinical course of
hyperlipidemia. Altern Med Rev 2004;9:420-428.
94. Kuo HK, Yen CJ, Chang CH, et al. Relation of
C-reactive protein to stroke, cognitive disorders,
and depression in the general population: systematic
review and meta-analysis. Lancet Neurol 2005;4:371380.
95. Deutsch L. Evaluation of the effect of Neptune Krill
Oil on chronic inflammation and arthritic symptoms.
J Am Coll Nutr 2007;26:39-48.
96. Balk EM, Lichtenstein AH, Chung M, et al.
Effects of omega-3 fatty acids on serum markers
of cardiovascular disease risk: a systematic review.
Atherosclerosis 2006;189:19-30.
97. Wijendran V, Huang MC, Diau GY, et al. Efficacy
of dietary arachidonic acid provided as triglyceride
or phospholipid substrates for brain arachidonic
acid accretion in baboon neonates. Pediatr Res
2002;51:265-272.
98. Wang C, Harris WS, Chung M, et al. n-3 Fatty acids
from fish or fish-oil supplements, but not alphalinolenic acid, benefit cardiovascular disease outcomes
in primary- and secondary-prevention studies: a
systematic review. Am J Clin Nutr 2006;84:5-17.
99. Hibbeln JR. Fish consumption and major depression.
Lancet 1998;351:1213.
100. McMichael AJ, Butler CD. Fish, health, and
sustainability. Am J Prev Med 2005;29:322-323.
101. Antarctic Krill Conservation Project. www.krillcount.
org [Accessed August 7, 2007]
102. Harris WS. Omega-3 fatty acids and cardiovascular
disease: a case for omega-3 index as a new risk factor.
Pharmacol Res 2007;55:217-223.

Page 227
Copyright © 2007 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission. Alternative Medicine Review Volume 12, Number 3 September 2007

