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Abstract: Long-chain EPA/DHA omega-3 fatty acid supplementation can be co-preventative and co-therapeutic. Current research suggests increasing accumulated long chain omega-3s for health benefits and as natural medicine in several major diseases. But many believe plant omega-3 sources are nutritionally and therapeutically equivalent to the EPA/DHA omega-3 in fish oil. Although healthy, precursor ALA bio-conversion to EPA is inefficient and production of DHA is nearly absent, limiting the protective value of ALA supplementation from flax-oil, for example. Along with pollutants certain fish acquire high levels of EPA/DHA as predatory species. However,
the origin of EPA/DHA in aquatic ecosystems is algae. Certain microalgae produce high levels of EPA or DHA. Now, organically produced DHA-rich microalgae oil is available. Clinical trials with DHA-rich oil indicate comparable efficacies to fish oil for protection
from cardiovascular risk factors by lowering plasma triglycerides and oxidative stress. This review discusses 1) omega-3 fatty acids in
nutrition and medicine; 2) omega-3s in physiology and gene regulation; 3) possible protective mechanisms of EPA/DHA in major diseases such as coronary heart disease, atherosclerosis, cancer and type 2 diabetes; 4) EPA and DHA requirements considering fish oil
safety; and 5) microalgae EPA and DHA-rich oils and recent clinical results.
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INTRODUCTION
The foundation of Ayurveda (natural Indian medicine) is diet [1,
2]. Similarly, Hippocrates stated ‘Let food be thy medicine and medicine be thy food’ [3]. To achieve optimum health, contemporary lifestyles must consider food choices, eating habits and strategies for
building up omega-3 levels in the body [4, 5]. For individuals ‘at risk’
for diet induced diseases everywhere, even dietary restrictions, vitamin supplementation, prescription remedies, alternative medicine,
and physical exercise may not be fully protective, preventative, or
therapeutic without addressing inherent omega-3 fatty acid deficiencies [6, 7].
The Indian paradox of diet-induced diseases, whether vegetarian
or non-vegetarian, is not isolated from the global dilemma facing
modern society. The paradox is often simultaneous overeating and
undernutrition within the same individual, leading to the initiation of
major diseases [5]. Although various origins are proposed for some
cases of obesity in India [8], urbanization and modernization increase
the numbers consuming foods associated with convenience diets [9].
These include high fat foods, processed foods, snacks, and drinks
made available for instantaneous consumption, resulting in a habit of
overeating with overly-frequent caloric intake. Too much fatty, oil
fried, and processed food often leads to insulin resistance, obesity,
type-2 diabetes, high blood pressure, atherosclerosis, and heart disease [10]. To the extent that a modern diet departs from traditional
dishes with their rich complements of fresh herbs and spices - neglecting uncooked fruits, vegetables, and leafy greens as functional
foods - there may be increased risk of micronutrient undernutrition [9,
11], particularly in essential omega-3 fatty acids [12]. Thus, many
processed foods are nonfunctional and dysfunctional foods and result
in diets containing little omega-3 nutritional complement.
OMEGA-3 FATTY ACIDS IN NUTRITION AND MEDICINE
Omega-3 fatty acids focused on throughout this review are the
bioactive lipids eicosapentaenoic acid (EPA) and/or docosahexaenoic
acid (DHA). Certain fish and microalgae contain high levels of the
essential bioactive omega-3 products EPA and/or DHA. Plants also
contain various levels of omega-3 fatty acids as ‘precursors’ mainly
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in the form of alpha-linolenic acid (ALA). Other dietary long chain
fatty acids are the omega-6 fatty acids. Linoleic acid (LA) is the main
omega-6 ‘precursor’ in plant/vegetable oils. The omega-6 fatty acid
arachidonic acid (AA) is bioactive and found in red meat.
The balance of omega fatty acids is important to consider. The
so-called omega-3:omega-6 ratio has become a model for gauging the
proper balance of these fats in oils and the diet [13]. Diets with
greater than a 1:10 ratio of omega-3 to omega-6 are not recommended, whereas a 1:1 ratio is considered perfect. Very unhealthy
ratios of 1:25 and 1:50 are common, especially with regular consumption of ‘fast-food’, high amounts of fried food, and low intake of
fresh whole foods. Thus, ‘Eating to live and not living to eat’ becomes an important consideration with increases in modern, convenient, non-functional food choices.
Fig. (1) shows the fatty acids of major interest in the diet where n3 indicates omega-3 and n-6 indicates omega-6 (Fig. 1A-B). Notably,
EPA n-3 and AA n-6 are the same length with 20 carbons each.
However, EPA is unsaturated at the n-3 position providing signaling
and metabolic specificity between AA and EPA. AA is converted into
inflammatory compounds, but the unique n-3 bond means EPA is
converted into dramatically different bioactive products. In addition,
EPA may compete directly with AA for many of the same enzymes
during the inflammatory process [14]. The other important omega-3,
DHA n-3, has 22 carbons, is unsaturated at n-3 and is significant for
affecting triglyceride levels, by as yet unknown mechanisms [15].
DHA is also incorporated into membrane phospholipids in the brain
[16].
In fact, EPA/DHA omega-3 status may be one of the single most
important nutritional requirements left unaddressed in nutritional
medicine, but emphasis on omega-3 supplementation for health is
rapidly increasing [17]. At the same time awareness is improving
regarding the pro-inflammatory properties of omega-6 fatty acids,
[18, 19]. Insufficient versus sufficient omega-3 EPA/DHA status is
now clinically linked to several diseases as a co-cause or cotreatment, respectively [20]. In addition, clinical studies are now concluding significant benefits associated with EPA/DHA from fish oil
and DHA-rich oil from microalgae [15, 20-25,]. High doses of oil
from both fish and microalgae sources are considered safe, result in
increased circulation of both EPA and DHA omega-3s, and both oil
sources are protective against cardiovascular risk factors [20, 24, 25].
Significantly, DHA-rich oil formulations are equally protective compared to fish oil in nearly all human trials conducted. Published clini© 2007 Bentham Science Publishers Ltd.
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Fig. (1). Omega-3 and Omega-6 Fatty Acid Structures and EPA/DHA Synthesis Pathway.
A) Omega-3 fatty acids include ALA (alpha-linolenic acid), STA (stearidonic adic), EPA (eicosapentaenoic acid), DPA n-3 (docosapentaenoic acid n-3), DHA
(docosahexaenoic acid). B) Omega-6 fatty acids include LA (linoleic acid), GLA (gamma-linolenic acid), DH-GLA (dihomo-gamma-linolenic acid), AA (arachidonic acid), DPA n-6 (docosapentaenoic acid n-6) . The conventional designations are as follows # of carbons and # of double bonds with the first double
bond from the end, the omega, stated as n-3 or n-6; thus for DPA n-3 the fatty acid is given as (22:5 n-3) and for DPA n-6 it is given as (22:5 n-6). Additionally, the arrows in A and B point to the omega-3 and omega-6 carbon, respectively. C) The EPA/DHA synthesis pathway is given with fatty acids and respective enzymes for each step. The omega-6 synthesis of LA (18:2 n-6) to DPA n-6 (22:5 n-6) uses the same enzymes.

cal studies indicate beneficial effects of DHA-rich oil for cardiovascular risk prevention in healthy men and women [15], producing
significant decreases in plasma triglyceride levels [21]. Results were
comparable to fish oil in effects, bioavailability and safety profiles
[22, 23]. In direct studies, algae oil cardio-protective effects were
similar to fish oil [24, 25]. Furthermore, DHA-rich oil supplementation increased DHA levels in lactating women, in breast milk and in
nursing infants [26]. DHA is particularly important for fetus development, pregnancy outcomes, cognitive development and maintenance, learning and memory, visual function, the immune system,
and more [27]. Finally, no reports are currently available for microalgae DHA-rich oil treatment in diabetic patients.

tion, EPA/DHA levels plateau, suggesting the body first needs to
incorporate omega-3s directly through the diet before limiting omega3 fatty acid accumulations by oxidative metabolism.

SYNTHESIS AND METABOLISM

As a staple in the Indian diet, mustard seeds contain just 1-4%
ALA omega-3 (~200 mg/tablespoon). Yet mustard oil supplementation does not produce significant effects compared to EPA/DHA
omega-3s [31, 32]. Also, as a food it is not clear what effects preroasting or heating of mustard seeds have on ALA stability. As with
all unsaturated fats, heating and cooking causes a percentage of the
fat to undergo air oxidation. Polyunsaturated fats such as omega-3s
and omega-6s are particularly sensitive to oxidation and must be
consumed in relatively fresh foods. This suggests conversion of ALA
to longer chain omega-3s may be further limited by oxidation of
available omega-3 precursors in pre-cooked and/or processed foods.
Proper information is particularly important as awareness of the benefits of omega-3 fatty acids increases. Also, because DHA is not readily produced from plant omega-3s, other truly alternative vegetarian
sources of DHA are needed. At present, direct EPA/DHA delivery is
believed dependent on certain marine fish species, which many fear
may not be a pure or sustainable resource. Reputable data suggest
wild marine fish populations are already becoming depleted [33].

The vegetarian diet largely depends upon ALA to be synthesized
into EPA and DHA in the body, according to the pathway shown in
Fig. (1C). Important findings now show that ALA conversion into
EPA and DHA is rate limiting [28, 29]. The first metabolic step in
EPA synthesis by the enzyme 6 desaturase is kinetically slow
(shown in Fig. (1C) as dashed arrow), so most ALA undergoes oxidative metabolism for energy and is not converted to EPA. That is,
omega-3 oil supplementation from plant sources may produce only
7% of the EPA levels compared to the EPA levels gained through fish
oil supplementation [29]. DHA accumulation from ALA only occurs
at trace levels due to the additional steps required to convert EPA into
DHA. Similarly, EPA concentrations increase with dietary EPA, but
DHA does not [29]. Also, conversion of omega-6 to omega-3 does
not occur. In contrast, dietary DHA supplementation will result in
steady state DHA concentrations and modest increases in EPA concentrations through DHA retro-conversion, producing EPA at 5-11%
of accumulated DHA levels [28, 29]. With continuous supplementa-

With few ALA rich plant sources for vegetarians, omega-3 supplementation is an important consideration. Beyond flax, walnut and
mustard seed oils, ALA supplementation is limited because stearidonic acid (STA) is poorly formed as the second product in the
EPA/DHA synthetic pathway [30]. Bypassing 6 desaturase at the
first step with STA supplementation allows for EPA accumulation up
to 30% of levels achieved by fish oil regimens [30]. However, plant
sources of STA are found most abundantly in the invasive plant species Echium and seldom used herb Borage.
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However, microalgae oil products now provide an organic, vegetarian, sustainable alternative source of EPA/DHA. Yet these are still
relatively unknown products.
OMEGA-3 EPA/DHA IN PHYSIOLOGY AND GENE REGULATION
Why are the longer chain omega-3 fatty acids different from other
fatty acids in terms of their biological effects? Likely, the higher
number of double bonds starting at carbon 3 from the end gives these
fatty acids uniqueness and bioactive properties that were harnessed by
organisms over evolutionary time. For instance, the brain is enriched
in long-chain omega-3 fatty acids, particularly DHA, in phosphatidylcholine and phosphatidylethanol phospholipids concentrated in
plasma membranes at the neuronal synapse [16]. Plasma membranes
contain various amounts of DHA or EPA in phospholipids. Biophysical studies of omega-3 membrane-protein interactions and functions
are emerging areas of research.
In addition, long chain omega-3 fatty acids are definite biological
regulators. Overall, reduction of chronic inflammation and improvement of lipid metabolism are positive effects that originate through
omega-3 effects on gene expression [34]. The bioinformatics of
omega-3 gene regulation has been provided here in summary, and
because of recent reviews and research articles these data are only
briefly covered here [34-38]. Two main groups of genes are affected
by EPA/DHA omega-3s. These contain inflammatory genes and energy metabolism genes. First, inflammatory genes are suppressed by
EPA/DHA and are as follows: nuclear factor B; inhibitory B
kinase; inducible nitric oxide synthase; interferon ; Interleukin-1b, 2,
6, 8, & 12; E-selectin; intercellular adhesion molecule; vascular cell
adhesion molecule; monocyte chemoattractant protein 1; C-reactive
protein; von Willebrand factor; matrix metalloproteinase 9; tumor
necrosis factor ; and cyclooxygenase 2. Besides inflammation, endothelial and angiogenesis processes are implicated by these data.
Second, energy metabolism genes are increased by EPA/DHA and
are as follows: peroxisome proliferator-activated receptors; sterolresponsive-element binding proteins; adipocyte fatty acid binding
protein; acyl CoA oxidase; uncoupling protein 1; carnitine palmitoyltransferase 1; leptin; pyruvate dehydrogenase kinase 4; glucose transporter 4; Caveolin-1; Caveolin-2; fatty acid transporter protein CD36;
stearoyl CoA desaturase 1; ATP binding cassette transporter A1;
lipoprotein lipase; liver-X-receptors; and apolipoprotein E. Because
lipid metabolism is linked to insulin resistance, treatment of type 2
diabetes by omega-3s is implicated, but likely indirect. Notably, in
treated hypertensive type 2 diabetic patients either EPA or DHA independently reduced oxidative stress but not markers of inflammation
[39], yet EPA and DHA reduced triglyceride levels in these patients
[40].
EPA and DHA may also act as free and/or acyl-CoA conjugated
fatty acids, implicating Long-chain Acyl-CoA Synthetases (ACSLs)
in their activation [41]. Because ACSLs are regulated by peroxisome
proliferator-activated receptors [42], by analyzing specific ACSL
isoforms via RT-PCR [43], ACSL expression patterns in tissues
could provide some insight into omega-3 metabolism. Also, metabolized forms of EPA and DHA bind to the PPAR family of transcription factors [44], which may differentially regulate ACSL isoforms in
different tissues. Therefore, bioactive PPAR ligands derived from
EPA/DHA potentially signal through ACSLs to activate genes in a
positive feedback loop that could make the effects of EPA/DHA increasingly effectual in tissues as regulators of lipid homeostasis.
Genes influencing innate and acquired immunity in type 1 diabetes is
also an area of active research [45]. How omega-3s affect these
would be interesting to know.
OMEGA-3 FATTY ACIDS FOR COMBATING MAJOR DISEASES
Coronary Heart Disease: In the 1970’s researchers noted that
Eskimo populations consumed extremely high levels of fat from fish
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and blubber, but this contradicted hypotheses of coronary heart disease at the time because the indigenous populations had no signs of
cardiovascular disease. High levels of EPA/DHA are thought to be
the protective complement. Recently, DART and GISSI-P clinical
studies of fish oil supplementation revealed 15-45% reduction in
mortality in ‘at risk’ patients for coronary heart disease [46, 47]. Reductions in sudden death were particularly significant. One small fish
oil supplementation study in Norway did not show significant improvements, probably because of habitual incorporation of cold water
fish as a regular part of the diet [46]. The latter result can be explained by assuming that omega-3 status was optimum to begin with,
suggesting that with full EPA/DHA essentiality in the background
this meant coronary heart diseases in Norway were likely due to additional factors such as obesity or genetic factors that played dominant
roles in participating subjects. However, most of the risks of coronary
heart disease globally are associated with diet. A high incidence of
diet induced coronary heart disease occurs in many countries, including India.
Arrhythmias: The benefits of omega-3s were originally thought
to be due to their antithrombotic effects, but recent evidence has indicated that the predominant effect may be antiarrhythmic. Omega-3
supplementation decreased heart rate variability in patients after
myocardial infarction, which correlated with a lower risk of mortality
and malignant arrhythmia [48]. In fact, direct addition of EPA/DHA
into media with cultured cardiomyocytes prevents or terminates
pharmacologically induced or electrically clamped arrhythmias. The
modulation of plasma membrane permeability and the stabilization of
ion channel functions are suggested to be acute protective properties
of EPA/DHA on heart muscle cells.
Atherosclerosis and Inflammation: Omega 3 fatty acids may
also influence the atherosclerotic process. Again, in patients with
coronary heart disease EPA/DHA supplementation versus placebo for
two years resulted in modest improvements in atherosclerosis as assessed by angiography [7]. An important recent study of patients
awaiting carotid artery surgery randomized cohorts to fish oil capsules, sunflower oil capsules, or controls up until surgery and then
assessed morphology of the plaque [49]. Omega 3 fatty acids incorporated into atherosclerotic plaques in the fish oil group, and these
plaques were more likely to have reduced mass with less inflammatory infiltrate and increases in thickness of fibrous caps from protective responses. These features imply a plaque that is less vulnerable to
rupture and indicates EPA/DHA may help to establish plaque stability. Additional improvements in overall endothelial function and
decreases in pro-inflammatory signals have also been noted. The
fundamental cellular processes activated or suppressed by omega-3
supplementation and their potential impact on coronary heart disease
are active areas of research.
Cancer: Epidemiologic studies indicate populations that habitually consume high amounts of EPA/DHA fatty acids also have lower
incidences of breast, prostate and colon cancers than those that consume less of these fatty acids in their diets. Many of the mechanisms
that are thought to slow or prevent the growth of cancers may also
slow or prevent the growth of residual metastatic cancer cells as well
[4, 6]. Therefore, increasing the consumption of EPA/DHA from
food or supplementation can naturally augment cancer therapy. However, clinical research is not complete in humans. The results of animal studies have demonstrated that the consumption of EPA/DHA
can slow the growth of cancer xenografts, increase the efficacy of
chemotherapy, and reduce the side effects of chemotherapy [4].
Mechanisms that may be involved include the suppression of cyclooxygenase-2 expression in tumors, decreased AP-1 and ras oncogene levels, and decreased NF-B activation and bcl-2 expression
[34]. Suppressing these would reduce proliferation and angiogenesis
and increase apoptosis.
Type-2 Diabetes: EPA/DHA supplements may indirectly help
prevent the development of type 2 diabetes through modulation of
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Table 1. Long Chain Polyunsaturated Fatty Acids of Some Non-Toxic Algae Versus Fish Oil Supplements
Kingdom

Phyla

Species Name (Common)

DHA

EPA

AA

Plantae

Chlorophyceae

(Green Algae)

0%

2.5%

0.1%

Plantae

Rhodophyteae

(Red Algae)

0%

20%

4%

Chromista

Heterokonteae

(Yellow-Green)

0.5%

27%

6%

Chromista

Heterokonteae

Schizochytrium

37.4%

2.8%

1.0%

lipid metabolism [6]. These effects are likely mediated through transcription factors by decreasing inflammatory NF-B activity and
increasing pro-metabolic PPAR activities [34]. Weight reduction by
restriction of total calories, increasing physical activity, and deriving
total intake of fats from healthy sources is always advisable. Nutritional causes seem to be the main culprit in this wide-spread epidemic. Nutritional therapy appears to be the main option for treatment
[50]. Again, omega-3s may be significant co-therapeutic treatments
for lowering triglyceride levels in pre-diabetic and type 2 diabetic
patients [50, 51]. However, omega-3 supplements may not directly
affect glucose homeostasis [40], yet these essential fatty acids are
protective against lipid oxidative stress in diabetic patients [39].
PREVENTION AND SAFETY
Current analysis reveals red blood cell levels of EPA/DHA
omega-3s in urban Indian populations, and urban populations elsewhere, average between 3% and 4% [5]. Protective, preventative, and
therapeutic EPA/DHA levels may require nutritional accumulation to
between 6% and 8% [32]. Thus, to achieve nutritional essentiality for
omega-3 fatty acids many individuals may need to nearly double their
circulating EPA/DHA status.
The topic of benefit versus risk of regular fish consumption and
fish oil supplementation is still hotly debated. Various and prevalent
concerns exist regarding the safety, sustainability, and predatory species sources of EPA and DHA omega-3 fatty acids from fish. Although fish oil from reputable companies is regarded as safe, long
term exposure through supplementation is often feared since trace
pollutants from ocean ecosystems contaminate both fresh caught and
farm-raised fish that feed on or are fed marine organisms [52, 53].
Some types of fish contain relatively high levels of mercury, polychlorinated biphenyls [PCBs], dioxins and other environmental contaminants [54]. In general, older, larger predatory fish contain the
highest level of contaminants. Fish can also contain significant levels
of methyl mercury, considered one of the more dangerous food contaminants today [55, 56]. PCBs and methyl mercury are believed to
have long half-lives in the body and can accumulate in people who
consume fish on a frequent basis. Recommendations currently suggest limiting intake of fish to twice per week.
A study in the journal Diabetes Care links persistent organic pesticide circulation from pollutants in fish to insulin resistance and type2 diabetes [57]. The study reports the action of these pesticides may
be critical during the early stages of diabetes. Similarly, contaminants
in fish oil supplements should not be ignored, especially in light of
recent mass market trends towards high level daily consumption.
Heavy metals, dioxins and PCBs in fish oil supplements and in cod
liver oil supplements are documented to occur at persistent low levels
[58, 59]. More toxicology studies are needed, particularly with respect to fish based supplements. The possible effects of these trace
toxins in the human population over years of exposure from omega-3
fish oil supplementation is not known and a cause for cautious concern. Even though clinically tractable effects of the contaminants
found in fish require long term exposure at higher levels than found
in supplements, pre-clinical effects cannot be determined or ruled out
with confidence at this time.
For DHA-rich microalgae oil produced from culture by the
Martek Biosciences Corporation (USA), independent quality control
analysis of heavy metals or other pollutants indicate these cannot be
detected (Martek unpublished reports, 2006). Thus, one safe and

sustainable solution for supplementing long chain omega-3 may be to
derive omega-3s from microalgae sources, which are currently the
only well developed EPA and DHA omega-3 fish oil alternatives.
MICROALGAE AS A SAFE VEGETARIAN SOURCE OF
EPA AND DHA Schizochytrium as an Alternative Source of Dietary Omega-3s: Analysis of vegetarian sources of omega-3 fatty
acids inevitably leads to microalgae. Overall, algae are a unique
branch of life on planet earth. Most marine EPA and DHA do not
originate with fish, but accumulate up the marine food chain from
sources like microalgae. Certain non-toxic algal phyla contain high
levels of EPA compared to DHA, but commercial development of
these has not taken place, possibly due to aquaculture limitations for
raising photosynthetic organisms, and higher AA levels may be another concern (Table 1). In comparison, the microalgae grown for
making DHA-rich oil has low AA and low EPA levels, but very high
DHA levels.
The discussion that follows focuses on the Schizochytrium microalgae strain, which makes high levels of DHA and some EPA (Table
1) [60]. Schizochytrium is a Thraustochytrid, a member of the kingdom Chromista. Schizochytrium is an ancient non-photosynthetic
detritus feeding organism that does not assemble into higher ordered
structures, as do some photosynthetic green, red, and yellow-green
algae. Thraustochytrids form a part of the coastal food chains as a
food source for shellfish, which form a significant part of the human
diet in coastal regions around the world. Chromista are not related to
toxic algae forms, such as some blue-green algae and dinoflagellates,
which are in completely separate Kingdoms (Table 1).
Schizochytrium DHA-rich oil has no unpleasant flavor, no detectable environmental pollutants, and may be supplied as oil or in starch
powder formulations for cooking, encapsulation, infant milk formula,
rice powder, and as additives to cereal and other products (Martek
unpublished reports, 2006). This microalgae is rapidly grown in culture where tons of carbon dioxide is removed from the atmosphere
for each ton of oil produced, making it environmentally friendly.
Martek currently owns the patents to the Schizochytrium production
strain and the oil extraction process for making DHA-rich oil. Martek
acquired these patents by their purchase of OmegaTech. Trademarked
as ‘Life’sDHA’, this product is available on the market in the form of
supplements. DHA-rich oil could become available in countries like
India with increasing market demand due to its large vegetarian population. India’s current unmet needs for omega-3 supplementation may
include preventative treatment for conditions such as heart disease
[5], and dyslipidemia in pre-diabetic or type 2 diabetes patients [51,
52], but omega-3 supplements may not affect, or may only indirectly
affect, insulin signaling and glucose homeostasis [40].
Schizochytrium Oil Safety and Efficacy: DHA-rich oil produced from Schizochytrium has undergone extensive analysis, showing that the individual components of the extracted oil are all present
elsewhere in normal food consumed by communities. Thus, DHArich oil is inherently safe in its fatty acid and sterol components (Table 2) (OmegaTech unpublished reports, 1997). Safety is further supported by the historically safe use of fish oils of similar composition.
In addition, its safety is also based on the small quantities expected to
be consumed per dose, the knowledge of the metabolism of individual lipid components and the lack of published reports of inherent
toxicity, thyroid problems, or allergic reactions. There have been no
reports in the literature of allergic responses to any members of the
kingdom Chromista, including the Thraustochytrids. Allergic re-
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Table 2. Fatty Acid Species and Sterol Content of Microalgae Schizochytrium DHA-Rich Oil
Species

Omega

% Total Oil

Myristate

10.8

Palmitate

25.2

Palmitoleate

% Sterols in Oil

1.9

DH-GLA

6

2.4

Arachidonate

6

1.0

EPA

3

2.8

DPA

6

14.4

DHA

3

37.7

Total

6

17.8

Total

3

40.2

Ratio

 3/ 6 = 2.3

Cholesterol

0.8 (8 mg/g)

Total Sterols

3.1 (31 mg/g)

sponses by humans to microorganisms can sometimes be related to
microbial toxins, but only certain types of algae are allergenic.
It has been shown that individual ratios of polyunsaturated fatty
acids vary according to food source. For DHA-rich Schizochytrium
oil the key points to note are very high levels of DHA, the low levels
of EPA and moderate content of docosapentaenoic acid (DPA n-6)
(Table 2) [60]. DPA n-6 is an omega-6 fatty acid that does not have
the same bioactivity as AA. It is present in a wide variety of foods
and is relatively abundant in eggs and breast milk. The ratio of DPA
n-6 to DHA n-3 in human breast milk is reported to range normally
from 1:1 to 1:6 [61]. The ratio of DPA n-6 to DHA n-3 in DHA-rich
Schizochytrium oil is 1:3, the median range of breast milk. Schizochytrium microalgae strains have been developed by conventional techniques and no Genetic Modifications were used or needed. An independent panel of experts in the US has concluded that DHA-rich oil
from Schizochytrium microalgae can be “Generally Regarded as
Safe” as a nutritional food ingredient (OmegaTech unpublished reports, 1997). When DHA-rich Schizochytrium oil and fish oil were
used in cell viability and proliferation tests with human colon adenocarcinoma Caco-2 cells, tests showed no differences between algal oil
and fish oil, indicating safety and potency [62].

tical and agricultural industries are rapidly increasing their research
and development investments in omega-3 fatty acids for production
of genetically modified plant organisms and for prescription of highly
purified fish oil tablets [63]. All of these efforts are likely helpful, but
controversial. Finally, individuals must carefully choose omega-3
fatty acid sources to suit their needs, keeping in mind that plant
sources are healthy, but not fully preventative or therapeutic. Beyond
omega-3s, supplementation as a single treatment of any disease is
unwise. Always consult a physician and definitely include weight loss
and a healthy diet as needed. In general, omega-3s are at minimum
essential, but these may even be co-therapeutic. Since many individuals may be deficient in their total accumulated omega-3 status, global
health education about these important nutrients and their sources will
benefit public health.
ACKNOWLEDGEMENT
The authors dedicate this work with gratitude to Sri Sathya Sai
Baba as a voluntary effort for global health education.
REFERENCES
[1]

One question is whether DHA-rich microalgae oil can function as
a universal fish oil alternative? Based on the effects and benefits of
fish oil, it will be important to know how well DHA-rich oil compares in clinical efficacy. Early clinical indications strongly support
the efficacy of microalgae oil compared to fish oil.

[2]

FUTURE DIRECTIONS

[4]

Although advances in our knowledge of the protective effects of
EPA/DHA have increased, many issues remain. Additional biochemical understanding of the individual and/or overlapping roles of
EPA and DHA are important scientifically. At the same time, longterm risk factors associated with fish oil supplementation are not
known regarding pollutant and heavy metal accumulations in the
body. Safe, sustainable alternatives to fish oil EPA/DHA capsules are
available, but education and awareness of this option is limited. Double blind, placebo controlled trials of microalgae oils are also needed
in more studies, particularly with life threatening heart conditions. Oil
formulations of at least two microalgae classes may be considered as
Schizochytrium mainly provides DHA while other microalgae classes
are enriched with EPA. However, DHA retro-conversion in the body
is a notable topic for making comparisons to fish oil supplements.
Additionally, a standardized blood test for EPA/DHA levels is needed
for diagnostic purposes to determine inherent deficiencies in individuals and to assign proper regimens. For general use, EPA/DHA
fatty acids should be named vitamin-F, as was the practice with fish
oil formulations in the early part of the 1900s. Currently, pharmaceu-

[3]

[5]

[6]

[7]
[8]
[9]
[10]
[11]
[12]

[13]

Saxena A, Vikram NK. Role of selected Indian plants in management of
type 2 diabetes: a review. J Altern Complement Med 2004; 10: 369-78.
Elder C. Ayurveda for diabetes mellitus: a review of the biomedical
literature. Altern Ther Health Med 2004; 10: 44-50.
Biziulevicius GA, Kazlauskaite J. Following Hippocrates' advice 'Let
food be thy medicine and medicine be thy food': an alternative method
for evaluation of the immunostimulatory potential of food proteins.
Med Hypotheses 2007; 68: 712-3.
Hardman WE. International Research Conference on Food, Nutrition &
Cancer: Omega-3 Fatty Acids to Augment Cancer Therapy. J Nutrition
2002; 132: 3508S-3512S.
Manav M, Su J, Hughes K, Lee HP, Ong CN. Omega-3 fatty acids and
selenium as coronary heart disease risk modifying factors in Asian Indian and Chinese males. Nutrition 2004; 20: 967-73.
Din JN, Newby DE, Flapan AD. Omega 3 fatty acids and cardiovascular disease—fishing for a natural treatment. Bio Med J 2004; 328: 3035.
Mata Lopez P, Ortega RM. Omega-3 fatty acids in the prevention and
control of cardiovascular disease. Eur J Clin Nutr 2003; 57: S22-5.
Yajnik CS. Obesity epidemic in India: intrauterine origins? Proc Nutr
Soc 2004; 63: 387-96.
Shetty PS. Nutrition transition in India. Public Health Nutr 2002; 5:
175-82.
Schrauwen P. High-fat diet, muscular lipotoxicity and insulin resistance. Proc Nutr Soc 2007; 66: 33-41.
Tapsell LC, Hemphill I, Cobiac L, et al. Health benefits of herbs and
spices: the past, the present, the future. Med J Aust 2006; 185: S4-24.
Kris-Etherton PM, Hecker KD, Bonanome A, et al. Bioactive compounds in foods: their role in the prevention of cardiovascular disease
and cancer. Am J Med 2002; 113: 71S-88S.
Harris WS. The omega-6/omega-3 ratio and cardiovascular disease risk:
uses and abuses. Curr Atheroscler Rep 2006; 8(6): 453-9.

Microalgae as Alternative Omega-3 Source
[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

[25]
[26]

[27]
[28]
[29]
[30]
[31]

[32]
[33]
[34]
[35]
[36]

[37]

[38]

Current Diabetes Reviews, 2007, Vol. 3, No. 3

Burns T, Maciejewski SR, Hamilton WR, et al. Effect of omega-3 fatty
acid supplementation on the arachidonic acid: eicosapentaenoic acid ratio. Pharmacotherapy 2007; 27: 633-8.
Sanders TA, Gleason K, Griffin B, et al. Influence of an algal triacylglycerol containing docosahexaenoic acid [22 : 6n-3] and docosapentaenoic acid [22: 5n-6] on cardiovascular risk factors in healthy men
and women. Br J Nutr 2006; 95: 525-31.
Qi K, Hall M, Deckelbaum RJ. Long-chain polyunsaturated fatty acid
accretion in brain. Curr Opin Clin Nutr Metab Care 2002; 5: 133-8.
Seo T, Blaner WS, Deckelbaum RJ. N-3 fatty acids: molecular approaches to optimal biological outcomes. Curr Opin Lipidol 2005; 16:
11-8.
Persaud SJ, Muller D, Belin VD, et al. The role of arachidonic acid and
its metabolites in insulin secretion from human islets of langerhans.
Diabetes 2007; 56: 197-203.
Jones PM, Burns CJ, Belin VD, et al. The role of cytosolic phospholipase A[2]
in insulin secretion. Diabetes 2004; 53: S172-8.
Wijendran V, Hayes KC. Dietary n-6 and n-3 fatty acid balance and
cardiovascular health. Annu Rev Nutr 2004; 24: 597-615.
Geppert J, Kraft V, Demmelmair H, Koletzko B. Microalgal docosahexaenoic acid decreases plasma triacylglycerol in normolipidaemic
vegetarians: a randomised trial. Br J Nutr 2006; 95: 779-86.
Lloyd-Still JD, Powers CA, Hoffman DR, et al. Bioavailability and
safety of a high dose of docosahexaenoic acid triacylglycerol of algal
origin in cystic fibrosis patients: a randomized, controlled study. Nutrition 2006; 22: 36-46.
Wu WH, Lu SC, Wang TF, et al. Effects of docosahexaenoic acid
supplementation on blood lipids, estrogen metabolism, and in vivo oxidative stress in postmenopausal vegetarian women. Eur J Clin Nutr
2006; 60: 386-92.
Stark KD, Holub BJ. Differential eicosapentaenoic acid elevations and
altered cardiovascular disease risk factor responses after supplementation with docosahexaenoic acid in postmenopausal women receiving
and not receiving hormone replacement therapy. Am J Clin Nutr 2004;
79: 765-73.
Erkkila AT, Matthan NR, Herrington DM, et al. Higher plasma docosahexaenoic acid is associated with reduced progression of coronary atherosclerosis in women with CAD. J Lipid Res 2006; 47: 2814-9.
Jensen CL, Maude M, Anderson RE, et al. Effect of docosahexaenoic
acid supplementation of lactating women on the fatty acid composition
of breast milk lipids and maternal and infant plasma phospholipids. Am
J Clin Nutr 2000; 71: 292S-9S.
Kurlak LO, Stephenson TJ. Plausible explanations for effects of long
chain polyunsaturated fatty acids [LCPUFA] on neonates. Arch Dis
Child Fetal Neonatal Ed 1999; 80: 148-54.
Davis BC, Kris-Etherton PM. Achieving optimal essential fatty acid
status in vegetarians: current knowledge and practical implications. Am
J Clin Nutr 2003; 78: S640-6.
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-76S.
James MJ, Ursin VM, Cleland LG. Metabolism of stearidonic acid in
human subjects: comparison with the metabolism of other n-3 fatty acids. Am J Clin Nutr 2003; 77: 1140-5.
Singh RB, Niaz MA, Sharma JP, et al. Randomized, double-blind,
placebo-controlled trial of fish oil and mustard oil in patients with suspected acute myocardial infarction: the Indian experiment of infarct
survival. Cardiovasc Drugs Ther 1997; 11: 485-91.
Albert CM. Dietary n-3 fatty acid intake and risk of sudden death and
coronary artery disease. Curr Treat Options Cardiovasc Med 2007; 9:
71-7.
Lorenzen K. Population dynamics and potential of fisheries stock enhancement: practical theory for assessment and policy analysis. Philos
Trans R Soc Lond B Biol Sci 2005; 360: 171-89.
Deckelbaum RJ, Worgall TS, Seo T. N-3 Fatty acids and gene expression. Am J Clin Nutr 2006; 83: 1520S-5S.
Mishra A, Chaudhary A, Sethi S. Oxidized n-3 fatty acids inhibit
NFkappaB activation via a PPARalpha-dependent pathway. Arterioscler
Thromb Vasc Biol 2004; 24: 1621-7.
Narayanan BA, Narayanan NK, Simi B, et al. Modulation of inducible
nitric oxide synthase and related proinflammatory genes by the n-3 fatty
acid docosahexaenoic acid in human colon cancer cells. Cancer Res
2003; 63: 972-9.
Sundrarjun T, Komindr S, Archararit N, et al. Effects of n-3 fatty acids
on serum interleukin-6, tumour necrosis factor-alpha and soluble tumour necrosis factor receptor p55 in active rheumatoid arthritis. J Int
Med Res 2004; 32: 443-54.
Bagga D, Wang L, Farias-Eisner R, et al. Differential effects of prostaglandin derived from n-6 and n-3 polyunsaturated fatty acids on COX-2

Received: 08 January, 2007

[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]

[56]
[57]
[58]

[59]
[60]
[61]
[62]
[63]

203

expression and IL-6 secretion. Proc Natl Acad Sci U S A 2003; 100:
1751-6.
Mori TA, Woodman RJ, Burke V, et al. Effect of eicosapentaenoic acid
and docosahexaenoic acid on oxidative stress and inflammatory markers in treated-hypertensive type 2 diabetic subjects. Free Radic Biol
Med 2003; 35: 772-81.
Woodman RJ, Mori TA, Burke V, et al. Effects of purified eicosapentaenoic and docosahexaenoic acids on glycemic control, blood pressure,
and serum lipids in type 2 diabetic patients with treated hypertension.
Am J Clin Nutr 2002; 76: 1007-15.
Li LO, Mashek DG, An J, et al. Overexpression of rat long chain acylCoA synthetase 1 alters fatty acid metabolism in rat primary hepatocytes. J Biol Chem 2006; 281: 37246-55.
Mashek DG, Li LO, Coleman RA. Rat long-chain acyl-CoA synthetase
mRNA, protein, and activity vary in tissue distribution and in response
to diet. J Lipid Res 2006; 47: 2004-10.
Krupanidhi S, GuptaVS, Doughman SD. PCR amplification of a few
gene targets from human genomic DNA. Indian J Comp Anim Phys
2004; 22: 14-7.
Xu HE, Lambert MH, Montana VG, et al. Molecular recognition of
fatty acids by peroxisome proliferator-activated receptors. Mol Cell
1999; 3: 397-403.
Sanjeevi CB. Genes influencing innate and acquired immunity in type 1
diabetes and latent autoimmune diabetes in adults. Ann N Y Acad Sci
2006; 1079: 67-80.
Burr ML, Fehily AM, Gilbert JF, et al. Effects of changes in fat, fish,
and fibre intakes on death and myocardial reinfarction: diet and reinfarction trial (DART). Lancet 1989; 2: 757-61.
Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial infarction: results of the GISSI-Prevenzione
trial. Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico. Lancet 1999; 354: 447-55.
Christensen JH, Gustenhoff P, Korup E, et al. Effect of fish oil on heart
rate variability in survivors of myocardial infarction: a double blind
randomised controlled trial. Bio Med J 1996; 312: 677-8.
Thies F, Garry JM, Yaqoob P, et al. Association of n-3 polyunsaturated
fatty acids with stability of atherosclerotic plaques: a randomised controlled trial. Lancet 2003; 361: 477-85.
Bhoraskar A. Nutrition in prediabetes. J Indian Med Assoc 2005; 103:
596, 598-9.
Friedberg CE, Janssen MJ, Heine RJ, et al. Fish oil and glycemic control in diabetes. A meta-analysis. Diabetes Care 1998; 21: 494-500.
Debruyn AM, Trudel M, Eyding N, et al. Ecosystemic effects of salmon
farming increase mercury contamination in wild fish. Environ Sci
Technol 2006; 40: 3489-93.
Evans MS, Muir D, Lockhart WL, et al. Persistent organic pollutants
and metals in the freshwater biota of the Canadian Subarctic and Arctic:
an overview. Sci Total Environ 2005; 351-2: 94-147.
Domingo JL, Bocio A. Levels of PCDD/PCDFs and PCBs in edible
marine species and human intake: a literature review. Environ Int 2007;
33: 397-405.
Mergler D, Anderson HA, Chan LH, et al. The Panel on Health Risks
and Toxicological Effects of Methylmercury. Methylmercury exposure
and health effects in humans: a worldwide concern. Ambio 2007; 36:
3-11.
Budtz-Jorgensen E, Grandjean P, Weihe P. Separation of risks and
benefits of seafood intake. Environ Health Perspect 2007; 115: 323-7.
Lee DH, Lee IK, Steffes M, Jacobs DR Jr. Extended analyses of the
association between serum concentrations of Persistent Organic Pollutants and Diabetes. Diabetes Care 2007; [Epub ahead of print]
Storelli MM, Storelli A, Marcotrigiano GO. Polychlorinated biphenyls,
hexachlorobenzene, hexachlorocyclohexane isomers, and pesticide organochlorine residues in cod-liver oil dietary supplements. J Food Prot
2004; 67: 1787-91.
Fernandes AR, Rose M, White S, et al. Dioxins and polychlorinated
biphenyls [PCBs] in fish oil dietary supplements: occurrence and human exposure in the UK. Food Addit Contam 2006; 23: 939-47.
Hauvermale A, Kuner J, Rosenzweig B, et al. Fatty acid production in
Schizochytrium sp.: Involvement of a polyunsaturated fatty acid synthase and a type I fatty acid synthase. Lipids 2006; 41: 739-47.
Koletzko B, Thiel I, Abiodun PO. The fatty acid composition of human
milk in Europe and Africa. J Pediatr 1992; 120: S62-70.
van Beelen VA, Roeleveld J, Mooibroek H, et al. A comparative study
on the effect of algal and fish oil on viability and cell proliferation of
Caco-2 cells. Food Chem Toxicol 2007; 45: 716-24.
Zhou XR, Robert SS, Petrie JR, et al. Isolation and characterization of
genes from the marine microalga Pavlova salina encoding three frontend desaturases involved in docosahexaenoic acid biosynthesis. Phytochemistry 2007; 68: 785-96.

Revised: 05 April, 2007

Accepted: 05 May, 2007

