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Introduction

Arthrospira, commonly known as Spirulina is one of the most nutritious and concentrated microalgal
food sources available in the market. Arthrospira platensis is the predominant species commercially
cultivated worldwide though Arthrospira maxima is produced in the South and Central American regions.
This multicelluar microalga is popular as an ingredient in functional foods and beverages like green foods
and drinks, energy bars and as a food supplement in the form of powder, tablets and capsules.

Spirulina has a long history of human consumption (1). Currently Spirulina is used as a nutraceutical
ingredient due to its unique combination of phytonutrients like phycocyanin, carotenes, xanthophylls,
GLA, galactolipids, sulfolipids, chlorophyll and minerals. Spirulina produced as per the organic standards
or conventional methods are available in the world market to meet varied customer preferences. Parry
Organic Spirulina is produced as per USDA NOP norms and also meeting private organic standards like
Naturland (Germany), Ecocert (France) and OCIA (USA).

Table 1: Specifications of Parry Organic Spirulina (Arthrospira platensis)

Physical Properties

Appearance Fine, uniform powder
Colour Blue green to green
Odour & Taste Mild

Bulk density 0.62-0.85 g/cc
Particle size 100% 60 mesh

General Composition

Protein 60% - 69 %
Carbohydrates 16 %-20%
Lipids 5%-7%
Minerals 6% - 9%
Moisture 2.5% - 6.0%
Phytopigments mg / 100g
Total Carotenoids 400 — 650
Beta Carotene 150 -250
Xanthophylls 250-470
Zeaxanthin* 125-200
Chlorophyll 1300-1700

Phycocyanin

15000 -19000

Units /100g
ORAC (umole TE) 24400
Superoxide Dismutase 392000
Fatty Acids g/ 100g
Myristic acid 0.01-0.03
Palmitic acid 2.0-25
Stearic acid 0.01-0.05
Oleic acid 0.10-0.20
Linoleic acid 0.75-1.2
Gamma -Linolenic acid 1.00-1.50
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Amino Acids g/100g
Alanine 4.0-5.0
Arginine 3.0-5.0
Aspartic acid 1.5-3.0
Cystine 0.5-0.75
Glutamic acid 6.0-9.0
Glycine 2.0-4.0
Histidine 05-1.5
Isoleucine 3.0-4.0
Leucine 3.0-5.0
Lysine 3.0-6.0
Methionine 1.0-6.0
Phenyl Alanine 2.5-35
Proline 2.0-3.0
Serine 3.0-45
Threonine 1.5- 3.0
Tryptophane 1.0-2.0
Tyrosine 1.0-3.0
Valine 1.0-3.5
Vitamins mg / 100g
Vitamin B1 (Thiamine) 0.1.5-0.30
Vitamin B2 (Riboflavin) 40-7.0
Vitamin B3 (Niacin) 10.0-25.0
Vitamin B6(Pyridoxine) 05-1.5
Vitamin B12 (Analogue) 0.10-0.30
Folic acid 0.05-0.30
Inositol 70-90
Vitamin K 0.90-1.05
Minerals mg/100g
Calcium 60-110
Phosphorus 700 - 1000
Magnesium 200-300
Iron 25-40
Sodium 700 -1000
Potassium 1000 - 1500
Zinc 1.0-3.0
Copper 0.2-0.4
Manganese 1.0-3.0
Chromium 0.1-0.3
Selenium 0.003-0.010

* Some producers and Analytical Laboratories report Total Xanthophyll
value as Zeaxanthin value. Total xanthophylls in Spirulina include zeaxanthin,
myxoxanthophyll, echininone, hydroxy-echininone and cryptoxanthin.
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Health Benefits of Spirulina

The health benefits of Spirulina are widely researched. This paper will mainly focus on review of literature
in regards to potential role of Spirulina in age related health conditions such as age-related macular
degeneration (ARMD), type 2 diabetes, non-alcoholic fatty liver disease (NAFLD), neurodegenerative
disorders and cerebrovascular disease.

Age-Related Macular Degeneration (ARMD)

ARMD is the leading cause of blindness in the developed world. AMD occurs late in life and its
prevalence is likely to rise because of increasing longevity (2).

In the middle of the retina is a depression called the fovea and macula is the retinal region
surrounding the fovea for a radius of 3-4 mm. Fovea has the highest visual acuity. ARMD reduces
the acute vision of fovea (3). The macular membranes of human retina contain principally
two polar carotenoid pigments- lutein and zeaxanthin (4,5). Zeaxanthin present in retina is a
mixture of two stereoisomers — zeaxanthin and meso-zeaxanthin. Meso-zeaxanthin is formed
in the retina by isomerization of lutein (6). In the macula, zeaxanthin is the dominant pigment,
with a lutein: zeaxanthin ratio of 1:2.4 (4).

Retina accumulates zeaxanthin and lutein to the exclusion of other carotenoids like beta
carotene, which are abundant in blood (7). This may be due to the presence of two hydroxyl
groups (-OH groups) at either end of the retinal carotenoids (3).

Lutein and zeaxanthin slow down the UV- induced lipid oxidation, but zeaxanthin is a better
photoprotector during prolonged UV exposure. The differences in the protective efficacy of
lutein and zeaxanthin in lipid membranes is attributed to a different arrangement of these two
pigments within lipid membranes (8,9). In a study involving 380 men and women, aged 66 to
75 years, risk of AMD was significantly higher in people with lower plasma concentrations of
zeaxanthin. The correlation between plasma lutein and ARMD was not as strong (10).

Macular pigment protects against ARMD. Macular pigment density can be augmented through
dietary modification. Therefore, people should be encouraged to eat a diet rich in fruits and
vegetables (2). Lutein and zeaxanthin are found together in many foods, but the concentration
of zeaxanthin is generally low. Highest zeaxanthin may be found in corn (500 mcg/100 g),
spinach (200-300 mcg/100 g) and squash (200 mcg/100 g) (11). Eggs are excellent source of
lutein and zeaxanthin. Zeaxanthin content of egg is approximately 200 mcg/yolk (12). Spirulina
is the richest known source of zeaxanthin. Spirulina provides 3750 — 6000 mcg of zeaxanthin per
serving size of 3 g. There is no RDA for lutein and zeaxanthin.

Apart from ARMD, these two xanthophylls may be effective in cataract prevention as well (13).
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Type 2 Diabetes

Type 2 diabetes is a multifactorial disease including a cluster of pathologies — insulin resistance,
obesity, dyslipidemia and hypertension.

Insulin Resistance

Insulin resistance has been defined in the last decade as being frequently associated with a
state of low grade inflammation (14). Inflammatory cytokines like TNFa, IL-6 are elevated
and levels of anti-inflammatory protein- adiponectin are reduced in insulin resistance (15,16).

Inarandomized study with Korean subjects, Spirulinawas shown toreduce serumtriglycerides.
Spirulina also reduced inflammatory response by reducing inflammatory cytokines IL-6 and
TNF-a and increasing adiponectin (17). Similar reduction in inflammatory cytokines (IL-6
and TNF- a) was observed in a randomized double-blind, placebo controlled study in elderly
Korean subjects. This study also showed an increase in anti-inflammatory cytokine I1L-2 (18).

In another human study, Spirulina supplementation at 2 g/day for 2 months given to diabetic

patients improved glycosylated hemoglobin (HbA;.) and favorably altered the serum lipid
profile (19).

These studies show that Spirulina can be used as a functional food to manage Type 2 Diabetes.

Dyslipidemia

In a human study, the effect of orally supplemented Spirulina (4.5 g/day, for 6 weeks) was
evaluated in Mexican population. Spirulina significantly reduced serum triglyceride values and
boosted HDL and lowered total cholesterol in the test subjects (20). The hypocholesterolemic
action of Spirulina may be due to its phycocyanin content (21). In a rat study it was shown
that phycocyanin and a glycolipid from Spirulina inhibited pancreatic lipase activity. This
resulted in higher excretion of triglycerides in the faeces of the experimental animals and
postprandinal increase in serum triglycerides was lowered (22).

Currently, consumption of fructose has increased in the U.S. from high intake of high fructose
corn syrup (23). High fructose feeding causes insulin resistance in both humans and animal
models (24). Analysis of National data from 1909 to 1997 found a strong association between
an increased consumption of refined carbohydrates in the form of corn syrup (high in
fructose), decreased consumption of dietary fiber, and an increasing trend in the prevalence
of type 2 diabetes in the United States during the 20" century (25).

Excessive intake of sugar, and in particular fructose may be an important cause of type 2
diabetes. Fructose causes fatty liver, vascular inflammation and endothelial dysfunction
(26,27) and increases triglyceride levels (28). In a preclinical study rats were fed a diet high in
fructose or high in glucose. Significant increase (5 fold) was observed in hepatic triglyceride
levels in fructose fed rats compared to glucose fed rats. This fructose induced triglyceride
increase was reduced significantly by supplementation with Spirulina (29).
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Hypertension

Dietary fructose was shown to increase vasoconstriction and induce hypertension in rats.
Inclusion of Spirulina in the fructose rich diet prevented these effects (30).

In a study where rats were fed on sucrose, the rats became overweight and had elevated
blood pressure and hyperlipidemia. Ethanolic extract of Spirulina reduced the vascular
resistance. This effect may be due to the enhanced endothelial NO release after Spirulina
supplementation (31). According to Reddy et al (32) C- phycocyanin, one of the constituents
of Spirulina is a selective inhibitor of cyclooxygenase 2. This mechanism of action may
inhibit the synthesis/release of cyclooxygenase-dependent vasoconstrictor metabolite of
arachidonic acid and induce vasodialation.

In humans, Spirulina reduced blood pressure in hypertensive Mexican subjects when given
4.5 g Spirulina for 6 weeks. Spirulina supplementation reduced both systolic and diastolic
blood pressure in subjects (20).

Studies were conducted to see the effect of dietary Spirulina on vasomotor reactivity of aortic
rings from lean Wistar rats. Spirulina improved vasodialation in the experimental group. This
effect was even more pronounced in fructose fed obese rats, suggesting that dietary Spirulina
is able to prevent the effects of fructose induced obesity and vasoconstriction (33).

Non-Alcoholic Fatty Liver Disease (NAFLD)

NAFLD is the most common cause of chronic liver disease in North America and is closely
associated with the metabolic syndrome (34,35) or the hepatic manifestation of metabolic
syndrome (36). Proven therapies remain lacking for this disease (37). Suspected NAFLD,
especially in the 45-54-yr-old age group, is a strong independent risk factor for cardiovascular
disease death (38). Potential treatments for this condition are weight loss, insulin sensitizing
agents, lipid lowering agents, antioxidants and agents to reduce inflammatory cytokines like
TNF-a (39,40).

In animal studies, carbon tetrachloride (CCl,) is used to induce fatty liver. In an animal study
with Wistar rats, Spirulina prevented fatty liver development in experimental animals after
CCl, treatment. The hepatotoxic effect of CCl, is related to free radical generation. Spirulina
supplementation prevented lipid peroxidation of liver lipids after CCl treatment as evidenced by
data on TBARS values. Thus, hepatoprotective action of Spirulina may be due to its antioxidant
content (41). In another study with Wistar rats CCl, was used to induce fatty liver. The liver lipids
of CCl, treated rats showed high degree of unsaturation due to injury to the liver. Such higher
concentrations of unsaturated fatty acids are reported in NAFLD. In Spirulina treated rats, the
unsaturation of the liver lipids was significantly less. The authors concluded that this effect
may be due to the ability of Spirulina to increase the synthesis/release of nitric oxide (42). In
another animal experiment, C-phycocyanin was shown to inhibit CCl induced lipid peroxidation
in rats (43).
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Spirulina was shown to reduce liver triglycerides in mice with experimental diabetes (44). In an
animal study, fatty liver was produced in mice by administration of simavastin (statin), ethanol
and hypercholesterolemic diet. Administration of Spirulina prevented the increase in liver total
lipids and liver triglycerides (45). Spirulina showed therapeutic effect in patients with NAFLD as
evidenced by ultrasonography (46).

Inflammatory cytokines IL-6 and TNFa are elevated while adiponectin is lowered in NAFLD (47).
Spirulina was shown to have beneficial effects on all these three markers (17).

Liver Toxicity

Several other animal studies show that Spirulina is protective against damage to the liver due
to heavy metals like lead and mercury (48,49).

Neurodegenerative Disorders

Neurodegenerative disorderslike Parkinson’sand Alzheimer’sare associated with oxidative stress.
Pre-clinical experiments with rats showed that C-phycocyanin had potential to prevent oxidative
stress produced in the hippocampus of experimental animals (50). Neuroinflammation plays a
critical role in loss of dopamine neurons in neurodegenerative diseases. Diet rich in Spirulina
or blueberry was found to have enhanced striatal dopamine recovery in 6-hydroxydopamine
treated rats (51).

Activated microglia are now suspected to play a role in induction and progression of
neurodegenerative disorders (52). Phycocyanin may reduce this activity by reducing NADPH
oxidase activity of the microglia and quenching proxinitrite (53,54,55). NADPH oxidase is an
enzyme complex and its over activity appears to play a role in atherogenesis, hypertension,
ischemia perfusion injury, insulin resistance associated with obesity, major complications of
diabetes, neurodegenerative disorders such as Alzheimer’s and Parkinson’s diseases, hepatic
fibrosis, cartilage loss associated with osteoarthritis and many more disorders. As a suppressor
of NADPH oxidase, Spirulina can help in controlling age related pathologies (56,53).

Age related cognitive decline can be due to inflammation related oxidative damage to the central
nervous system (CNS). Diet high in antioxidant activity is able to reduce this decline. Spirulina
was shown to reverse age-induced decreases in cerebellar B-adrenergic function in rats, and
this effect may be due to high antioxidant capacity of Spirulina (57).

Neurogenesis or production of new neurons is a life long occurrence, and necessary for learning.
Inflammation causes decrease in neurogenesis. In a rat model, diet enriched with Spirulina was
able to negate this inflammation related decrease in brain neurogenesis (58).

Cerebrovascular Disease (Stroke)

Stroke is the 3" leading cause of death in the United States (59). During acute ischemic phase,
brain is deprived of oxygen and nutrients, and during the reperfusional phase, generation
of toxic compounds like free radicals, reactive oxygen or nitrogen species, and peroxinitrite
can induce more damage to the brain. Chronic feeding with antioxidant rich diets (blueberry,
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spinach, Spirulina) was shown to have neuroprotective effects against transient focal ischemia
in rats. Among the three diets tested, Spirulina had the most neuroprotective effect (60). This
effect could be due to the decrease in proinflammatory cytokines with Spirulina diet (57).

Spirulina pretreatment reversed the middle cerebral artery occlusion induced cerebral ischemia
in rats in a dose dependent manner. The antioxidant status of the tissue affected by ischemia/
reperfusion is of great importance against the free radical induced injury. Spirulina at a dose of
180 mg/kg body weight in rats significantly restored the decreased activities of brain superoxide
dismutase, catalase and reduced-glutathione indicating that Spirulina has the protective
potential against cerebral ischemia injury and its protective effects may be due to its antioxidant
property (61).

It is well known that enhanced platelet activation plays an important role in vascular diseases. In
an in vitro study, C- phycocyanin, the billiprotein found in Spirulina was shown to be an inhibitor
of platelet aggregation (62,63). Thus Spirulina along with a healthy diet may be able to help in
preventing thromboembolism and stroke.

Conclusion

Spirulina is a potent mixture of antioxidants and most of Spirulina’s health benefits are associated with
its antioxidant pigments. These are carotenoids (mixture of carotenes and xanthophylls), chlorophyll
and the unique blue pigment phycocyanin. Among these pigments, the xanthophyll zeaxanthin is rare in
nature, and 3 g Spirulina can provide adequate quantities of this very valuable xanthophyll. Phycocyanin is
even rarer in our diet and 3 g Spirulina can provide adequate quantities of this highly beneficial pigment.
Phycocyanin can provide excellent health benefits as discussed in this article, and supplementing the
diet with Spirulina is the easiest way to obtain it. Spirulina supplementation may help in managing
age related health conditions such as ARMD, Type 2 Diabetes, NAFLD, Neurodegenerative Disorders and
Cerebrovascular Disease.

References

1. Ciferri O (1983)
Spirulina, the edible microorganism
Microbiol Rev 47(4) 551-578

2. Beatty S, Boulton M, Henson D, Koh H-H, Murray 1J (1999)
Macular pigment and age related macular degeneration
Br J Ophthalmol 83(7) 867-877

3. Snodderly DM (1995)
Evidence for protection against age-related macular degeneration by carotenoids and
antioxidant vitamins
Am J Clin Nutr 62(6) 1448S-1461S

The Role of Parry Organic Spirulina in Health Management 8
October 2010



10.

11.

12.

13.

14.

15.

Bone RA, Landrum JT, Fernandez L, Tarsis SL (1988)
Analysis of the macular pigment by HPLC: Retinal distribution and age study
Invest Ophthalmol Vis Sci 29(6) 843-849

Handelman GJ, Dratz EA, Reay CC, van Kujik FJGM (1988)
Carotenoids in the human macula and whole retina
Invest Ophthalmol Vis Sci 29(6) 850-855

Bone RA, Landrum JT, Hime GW, Cains A (1993)
Steriochemistry of the human macular carotenoids
Invest Ophthalmol Vis Sci 34(6) 2033-2040

Krinsky NI, Russet MD, Handelman GJ, Max D (1990)
Structural and geometrical isomers of carotenoids in human plasma
J Nutr120(12) 1654-1662

Sujak A, Gabrielska J, Grudzinski W, Borc R, Mazurek P, Gruszecki WI (1999)

Lutein and zeaxanthin as protectors of lipid membranes against oxidative damage: The
structural aspects

Arch Biochem Biophys 371(2) 301-307

Krinsky NI (2002)
Possible biologic mechanisms for a protective role of xanthophylls
J Nutr 132(3) 540S-542S

Gale CR, Hall NF, Phillips DIW, Martyn C (2003)
Lutein and zeaxanthin status and risk of age-related macular degeneration
Invest Ophthalmol Vis Sci 44(6) 2461-2465

Sajilata MG, Singhal RS, Kamat MY (2008)
The Carotenoid pigment zeaxanthin — a review
Compr Rev Food Sci Food Saf 7(1) 29-49

Handelman GJ, Nightingale ZD, Lichtenstein AH, Schaefer EJ, Blumberg JB (1999)
Lutein and zeaxanthin concentrations in plasma after dietary supplementation with egg yolk
Am J Clin Nutr 70(2) 247-251

Moeller SM, Jacques PF, Blumberg JB (2000)
The potential role of dietary xanthophylls in cataract and age-related macular degeneration
JAm Coll Nutr 19(5) 5225-527S

Tilg H, Moschen AR (2008)
Inflammatory mechanisms in the regulation of insulin resistance
Mol Med 14(3-4) 222-231

Wellen KE, Hotamisligil GS (2005)
Inflammation, stress and diabetes
J Clin Invest 115(5) 1111-1119

The Role of Parry Organic Spirulina in Health Management
October 2010



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fontana L, Eagon JC, Trugillo ME, Scherer PE, Klien S (2007)
Visceral fat adipokine secretion is associated with systemic inflammation in obese humans
Diabetes 56(4) 1010-1013

Lee EH, Park JE, Choi YJ, Huh KB, Kim WY (2008)
A randomized study to establish the effects of spirulina in type 2 diabetes mellitus patients
Nutr Res Pract 2(4) 295-300

Park HJ, Lee YJ, Ryu HK, Kim MH, Chung HW, Kim WY (2008)

A randomized double-blind, placebo-controlled study to establish the effects of spirulina in
elderly Koreans

Ann Nutr Metab 52(4) 322-328

Parikh P. Mani U, lyer U (2001)
Role of Spirulina in the control of glycemia and lipidemia in type 2 diabetes mellitus
J Med Food 4(4) 193-199

Torres-Duran PV, Ferreira-Hermosillo A, Juarez-Oropeza MA (2007)

Antihyperlipemic and antihypertensive effects of Spirulina maxima in an open sample of Mexican
population: a preliminary report

Lipids Health Dis 6:33

Nagaoka S, Shimizu K, Kaneko H, Shibeyama F, Morikawa K, Kanamaru Y, Otsuka A, Hirahashi T,
Kato T (2005)

A novel protein C-phycocyanin plays a crucial role in the hypocholesterolemic action of Spirulina
platensis concentrate in rats

J Nutr 135(10) 2425-2430

Li-Kun H, Dong-Xia L, Xiao-lie G, Yasumasa K, Isao S, Hiromichi O (2006)

Isolation of pancreatic lipase activity-inhibitory component of Spirulina platensis and it reduce
postprandinal triacylglycerolemia

Yakugaku Zasshi 126(1) 43-49

Bray GA, Nielsen SJ, Popkin B (2004)
Consumption of high-fructose corn syrup in beverages may play a role in the epidemic of obesity
Am J Clin Nutr 79(4) 537-543

Basciano H, Federico L, Adeli K (2005)
Fructose, insulin resistance, and metabolic dyslipidemia
Nutr Metab 2:5

Gross LS, Li L, Ford ES, Liu S (2004)

Increased consumption of refined carbohydrates and the epidemic of type 2 diabetes in the United
States: an ecologic assessment

Am J Clin Nutr 79(5) 774-779

Johnson RJ, Segal MS, Sautin Y, Nakagawa T, Feig DI, Kang DH, Gersch MS, Benner S, Sdnchez-Lozada
LG (2007)

Potential role of sugar (fructose) in the epidemic of hypertension, obesity and the metabolic syndrome,
diabetes, kidney disease, and cardiovascular disease

Am J Clin Nutr 86(4) 899-906

The Role of Parry Organic Spirulina in Health Management 10
October 2010



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Johnson RJ, Perez-Pozo SE, Sautin YY, Manitius J, Sanchez-Lozada LG, Feig DI, Shafiu M, Segal M,
Glassock RJ, Shimada M, Roncal C, Nakagawa T (2009)

Hypothesis: Could excessive fructose intake and uric acid cause type 2 diabetes?

Endocr Rev 30(1) 96-116

Teff KL, Elliott SS, Tschop M, Kieffer TJ, Rader D, Heiman M, Townsend RR, Keim NL, D’Alessio D, Havel
PJ (2004)

Dietary fructose reduces circulating insulin and leptin, attenuates postprandinal suppression of ghrelin,
and increases triglycerides in women

J Clin Endocrinol Metab 89(6) 2963-2972

Gonzalez de Rivera C, Miranda-Zamora R, Diaz-Zagoya JC, Juarez-Oropeza MA (1993)

Preventive effect of Spirulina maxima on the fatty liver induced by a fructose-rich diet in the rat, a
preliminary report

Life Sci 53(1) 57-61

Paredes-Carbajal MC, Torres-Durdn PV, Rivas-Arancibia S, Zamora-Gonzalez J, Mascher D, Juarez-
Oropeza MA (1998)

Effects of dietary Spirulina maxima on vasomotor responses of aorta rings from rats fed a fructose —
rich diet

Nutr Res 18(10) 1769-1782

Mascher D, Paredes-Carbajal MC, Torres-Durdn PV, Zamora-Gonzdlez J, Diaz-Zagoya JC, Juarez-
Oropeza MA (2006)
Ethanolic extract of Spirulina maxima alters the vasomotor reactivity of aortic rings from obese rats
Arch Med Res 37(1) 50-57

Reddy CM, Bhat VB, Kiranmai G, Reddy MN (2000)
Selective inhibition of cyclooxygenase-2 by C-phycocyanin, a biliprotein from Spirulina platensis
Biochem Biophys Res Commun 277(3) 599-603

Judrez-Oropeza MA, Mascher D, Torres-Duran PV, Farias JM, Paredes-Carbajal MC (2009)
Effects of dietary Spirulina on vascular reactivity
J Med Food 12(1) 15-20

Erickson SK (2009)
Nonalcoholic fatty liver disease
J Lipid Res 50(Supplement) S412-S416

Mcavoy NC, Ferguson JW, Campbell IW, Hayes PC (2006)
Non-alcoholic fatty liver disease: natural history, pathogenesis and treatment
Br J Diabetes Vasc Dis 6(6) 251-260

Moscatiello S, Manini R, Marchesini G (2007)
Diabetes and liver disease: An ominous association
Nutr Metab Cardiovasc Dis 17(1) 63-70

Cheung O, Sanyal AJ (2010)
Recent advances in nonalcoholic fatty liver disease
Curr Opin Gastroenterol 26(3) 202-208

The Role of Parry Organic Spirulina in Health Management 11
October 2010



38.

39.

40.

41.

42,

43,

44.

45.

46.

47.

48.

Dunn W, Xu R, Wingard DL, Rogers C, Angulo P, Younossi ZM, Schwimmer JB (2008)
Suspected nonalcoholic fatty liver disease and mortality risk in a population-based cohort study
Am J Gastroenterol 103(9) 2263-2271

Lam BP, Younossi ZM (2009)
Treatment regimens for non-alcoholic fatty liver disease
Ann Hepatol 8(1) S51-S59

Lam B, Younossi ZM (2010)
Treatment options for nonalcoholic fatty liver disease
Therap Adv Gastroenterol 3(2) 127-137

Torres-Duran PV, Miranda-Zamora R, Paredes-Carbajal MC, Mascher D, Blé-Castillo J, Diaz-Zagoya JC,
Judrez-Oropeza MA (1999)

Studies on the preventive effect of Spirulina maxima on fatty liver development induced by carbon
tetrachloride, in the rat

J Ethnopharmacol 64(2) 141-147

Torres-Duran PV, Paredes-Carbajal MC, Mascher D, Zamora-Gonzalez J, Diaz-Zagoya J, Juarez-Oropeza
MA (2006)

Protective effect of Arthrospira maxima on fatty acid composition in fatty liver

Arch Med Res 37(4) 479-483

Bhat VB, Madyastha (2000)
C-phycocyanin: a potent peroxyl radical scavenger in vivo and in vitro
Biochem Biophys Res Commun 275(1) 20-25

Rodriguez-Hernandez A, Blé-Castillo JL, Juarez-Oropeza MA, Diaz-Zagoya JC (2001)

Spirulina maxima prevents fatty liver formation in CD-1 male and female mice with experimental
diabetes

Life Sci 69(9) 1029-1037

Blé-Castillo JL, Rodriguez-Hernandez A, Miranda-Zamora R, Judrez-Oropeza MA, Diaz-Zagoya JC
(2002)
Arthrospira maxima prevents the acute fatty liver induced by the administration of simavastin, ethanol
and a hypercholesterolemic diet to mice
Life Sci 70(22) 2665-2673

Ferreira-Hermosillo A, Torres-Duran PV, Juarez-Oropeza MA (2010)

Hepatoprotective effects of Spirulina maxima in patients with non-alcoholic fatty liver disease:
a case series

J Med Case Reports 4:103

Tilg H (2010)
The role of cytokines in non-alcoholic fatty liver disease
Dig Dis 28(10) 179-185

Ponce-Canchihuaman JC, Pérez-Méndez o, Hernandez-Muiioz R, Torres-Durdn PV, Juarez-Oropeza
MA (2010)

Protective effects of Spirulina maxima on hyperlipidemia and oxidative-stress induced by lead acetate
in the liver and kidney

Lipids Health Dis 9:35

The Role of Parry Organic Spirulina in Health Management 12
October 2010



49.

50.

51.

52.

53.

54.

55.

56.

57.

Kumar M, Sharma MK, Kumar A (2005)
Spirulina fusiformis: a food supplement against mercury induced hepatic toxicity
J. Health Sci. 51(4) 424-430

Rimbau V, Camins A, Romay C, Gonzalez R, Pallas M (1999)
Protedtive effects of C-phycocyanin against kainic acid-induced neuronal damage in rat hippocampus
Neurosci Lett 276(2) 75-78

Stromberg |, Gemma C, Vila J, Bickford PC (2005)

Blueberry- and spirulina-enriched diets enhance striatal dopamine recovery and induce a rapid,
transient microglia activation after injury of the rat nigrostriatal dopamine system

Exp Neurol 196(2) 298-307

McCarty MF, Barroso-Aranda J, Contreras F (2010)

Oral phycocyanobilin may diminish the pathogenecity of activated brain microglia in neurodegenerative
disorders

Med Hypotheses 74(3) 601-605

Riss J, Décordé K, Sutra T, Delage M, Baccou JC, Jouy N, Brune JP, Oréal H, Cristol JP, Rouanet JM (2007)
Phycobiliprotein C-phycocyanin from Spirulina platensis is powerfully responsible for reducing oxidative
stress and NADPH oxidase expression induced by an atherogenic diet in hamsters

J Agric Food Chem 55(19) 7962-7967

Bhat VB, Madyastha (2001)

Scavenging of peroxynitrite by phycocyanin and phycocyanobilin from Spirulina platensis: protection
against oxidative damage to DNA

Biochem Biophys Res Commun 285(2) 262-266

Romay C, Gonzalez R, Ledon N, Remirez D, Rimbau V (2003)
C-phycocyanin: a biliprotein with antioxidant, anti-inflammatory and neuroprotective effects
Curr Protein Pept Sci 4(3) 207-216

McCarty MF (2007)
Clinical potential of Spirulina as a source of phycocyanobilin
J Med Food 10(4) 566-570

Gemma C, Mesches MH, Sepesi B, Choo K, Holmes DB, Bickford PC (2002)

Diets enriched in foods with high antioxidant activity reverse age-induced decreases in cerebellar
B-adrenergic function and increases in proinflammatory cytokines

J Neurosci 22(14) 6114-6120

58. Bachstetter AD, Jernberg J, Schlunk A, Vila JL, Hudson C, Cole MJ, Shytle RD, Tan J, Sanberg PR,
Sanberg CD, Borlongan C, Kaneko Y, Tajiri N, Gemma C, Bickford PC (2010)
Spirulina promotes stem cell genesis and protects against LPS induced declines in neural stem cell
proliferation
PLoS One 5(5) e10496

59. Heron M, Hoyert DL, Murphy SL, Xu J, Kochanek KD, Tejada-Vera B (2009)
Deaths: Final Data for 2006
National vital statistics reports 57(14) Hyattsville, MD: National Center for Health Statistics.

The Role of Parry Organic Spirulina in Health Management 13

October 2010



60.

61.

62.

63.

Wang Y, Chang CF, Jenny Chou J, Chen HL, Deng X, Harvey BK, Cadet JL, Bickford PC (2005)
Dietary supplementation with blueberries, spinach, or spirulina reduces ischemic brain damage
Exp Neurol 193(1) 75-84

Thaakur S, Sravanthi R (2010)
Neuroprotective effect of Spirulina in cerebral ischemia-reperfusion injury in rats
J Neural Transm 117(9) 1083-1091

Hsiao G, Chou PH, Shen MY, Chou DS, Lin CH, Sheu JR (2005)
C-phycocyanin, a very potent and novel platlet aggregation inhibitor from Spirulina platensis
J Agric Food Chem 53(20) 7734-7740

Chiu HF, Yang SP, Kuo YL, Lai YS, Chong Chou TC (2006)
Mechanisms involved in the antiplatelet effect of C-phycocyanin
Br J Nutr 95(2) 435-440

The Role of Parry Organic Spirulina in Health Management
October 2010

14



