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contribute not only to morbidity and mortality associ-
ated 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).”

In this 90-day trial, two groups of subjects re-
ceived krill at either 1-1.5 g/day or 2-3 g/day (depend-
ing 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 low-
ered serum triglycerides in addition to cholesterol, while
the highest krill intake (3 g/day) did not produce ad-
ditional benefit over 2 g/day. The fish oil lowered cho-
lesterol only marginally and failed to lower triglycerides
below baseline values.

Anti-Inflammatory Effects

C-reactive protein (CRP) is a systemic inflam-
matory marker and a strong predictor of stroke and
cognitive impairment.”* In a double-blind RCT, krill
oil  demonstrated

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) com-
pared to placebo. Fish oil has failed to lower CRP in at
least four studies.”

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 phospho-
lipids 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 depo-
sition of a fatty acid (arachidonic acid) in triglyceride
form (as often found in fish oil) or phospholipid form,
fed to neonatal baboons.””

Arachidonic acid is the predominant polyun-
saturated fatty acid in the brain. As a major component
of membrane phospholipids, AA is critical for mem-
brane 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

anti-inflammatory
effects.” The study Figure 5. Tissue Distribution of Radiolabeled Arachidonic Acid Fed to
recruited a total of | Neonatal Baboons as either Triglycerides (TG-AA) or Phospholipids
90 subjects with car- (PL-AA) 7
diovascular disease,
rheumatoid arthri- 1—
tis, or osteoarthri- PL
tis, and high levels
of CRP (>1.0 mg/ Baboon g —
dL). Subjects re- Ne\_NbornS:
ceived a low dose of Tissue
300 mg/day krill oil 22:4w-6 0.6 7
or placebo and were from TG
assessed at baseline, 20:4 w-6 Ay
7, 14, and 30 days. (% dose per PL
organ) TG
0.2 — PL
TG
, = B
Liver Brain Lung
Page 222

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



(C22:5; omega-6), which is also abundant in the brain.
In the baboon experiment, AA was radioactively la-
beled, 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 . 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 cardiovas-
cular events.” 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 flax-
seed oil as a source of ALA cannot be assumed to sub-
stitute 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 health-
ful. For example, one heavily promoted omega-3 spread
carries trans-fatty acids — a potential toxic counterbal-
ance to the omega-3 benefits.
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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, sug-
gested pregnant women may want to consume a mini-
mum 650 mg/day of DHA and EPA (with a minimum
300 mg/day of DHA) to prevent postpartum depres-
sion.” The existing recommendations for cardiovascu-
lar protection could be taken as a minimum for brain
protection. In North America, the American Heart As-
sociation 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 recommen-
dations 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.'” The stocks of wild salmon
and other species that are not contaminated with mer-
cury 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,'”" 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.'® The international or-
ganization Convention on the Conservation of Antarc-
tic Marine Living Resources (CCAMLR), part of the
Antarctic treaty network, was founded in 1982 primar-
ily to protect krill. It has 24 member countries, includ-
ing the European Union, Norway (a big krill fishing
country), Russia, and the United States, as well as nine
other nonvoting member countries, CCAMLR has seta
sustainable harvest for krill in the Antarctic of 4.45 mil-
lion tons. Although this level has still not been reached,
the advent of massive krill fishing boats has greatly in-
creased 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,” rendering supplementation necessary. How does
one know whether supplementation is necessary? Phys-
ical signs and symptoms of deficiency include excessive
thirst, frequent urination, rough dry hair and skin, and
follicular keratosis.!*!® RBC membrane content re-
mains 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.'”® He suggests adequate sufliciency is likely at-
tained 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 ben-
efits, the weight of the current evidence strongly sup-
ports 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 clear-
ly 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 prom-
ises to bring integrative medicine closer to healing the
dysfunctional brain.
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