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Zh Mikrobiol Epidemiol Immunobiol. 2001 Mar-Apr;(2):114-8.
[Biological activity of Spirulina]
[Article in Russian]

Blinkova LP, Gorobets OB Baturo AP.

Mechnikov Research Institute for Vaccines and Sera, MosRussia.

In this review information of Spirulina platensis (S&Qlue-green alga
(photosynthesizing cyanobacterium) having diverse biologiciality is
presented. Due to high content of highly valuable protewsspensable amino
acids, vitamins, beta-carotene and other pigments, misigioatances,
indispensable fatty acids and polysaccharides, PS hasdweehsuitable for use
as bioactive additive. SP produces an immunostimulatiegtdfy enhancing the
resistance of humans, mammals, chickens and fish tdioriscthe capacity of
influencing hemopoiesis, stimulating the production oftaraties and cytokines.
Under the influence of SP macrophages, T and B cellacireated. SP
sulfolipids have proved to be effective against HIV. Prajans obtained from
SP biomass have also been found active against herpesyisggalovirus,
influenza virus, etc. SP extracts are capable in inh@btancerogenesis. SP
preparations are regarded as functional products contriltoting preservation
of the resident intestinal microflora, especiallyti@acid bacilli and
bifidobacteria, and to a decrease in the level of Caralitleans. The biological
activity of SP with respect to microorganisms holds goodnise for using these
microalgae as components of culture media.
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Int Immunopharmacol. 2002 Mar;2(4):423-34.

Activation of the human innate immune system by Spirulina:
augmentation of interferon production and NK cytotoxicity by oral
administration of hot water extract of Spirulina platensis.

Hirahashi T, Matsumoto M, Hazeki K, Saeki Y, Ui M, Seya T

Department of Immunology, Osaka Medical Center foncga and
Cardiovascular Diseases, Japan.

Spirulina platensis is a cyanobacterial speciesishairmised to potentiate the
immune system leading to suppression of cancer develd@ndrviral infection.
Here, we identified the molecular mechanism of thediummune potentiating
capacity of Spirulina by analyzing blood cells of volunseith pre and post oral
administration of hot water extract of Spirulina. Mkctions represented by IFN
gamma production and cytolysis were enhanced after adratiostiof Spirulina
in >50% subjects. IFN gamma was produced in an IL-12/IL-18-dependen
fashion. In vitro stimulation of blood cells with BC@lcwall skeleton (CWS)
allowed more potent IL-12 p40 production in cells from vadans given
Spirulina than in cells without pre-exposure to SpirulfsaBCG-CWS serves as
a ligand for Toll-like receptor (TLR) 2 and 4 to raike maturation stage of
monocytes/macrophages, Spirulina may be involved isigr&ling responses
through Toll in blood cells even when orally administeréhese observations
indicated that in humans Spirulina acts directly onloigidineages and either
directly or indirectly on NK cells. The presencecofoperative IL-12 and IL-18
is critically important for NK-mediated IFN gamma prodont
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J Med Food. 2008 Jun;11(2):313-22.

Enhancement of human adaptive immune responses by
administration of a high-molecular-weight polysaccharide extract
from the cyanobacterium Arthrospira platensis.

Lgbner M, Walsted A, Larsen R, Bendtzen K, Nielsen CH

Department of Clinical Immunology and Blood Bank, Heléospital, University
of Copenhagen, Herlev, Denmark. mortenlobner@hotmail.com

The effect of consumption of Immulina, a high-molecwieight polysaccharide
extract from the cyanobacterium Arthrospira plaignsn adaptive immune
responses was investigated by evaluation of changeakndyte responsiveness
to two foreign recall antigens, Candida albicans (CAl) tetanus toxoid (TT), in
vitro. Consumption of Immulina by 11 healthy male volurdesrused an
immediate, but temporary, increase of CA-induced CD4elper (Th) cell
proliferation (P < .02). TT-induced Th cell proliferatimas increased in
individuals over 50 years of age (P < .05) and correlatddage (P < .02).
Consumption for 8 days enhanced the CA-induced B celff@ration (P < .02),
but after 56 days a diminution was seen (P < .03). Thel{ci#ed production of
the Th1l cytokines tumor necrosis factor (TNF)-alpheerlaukin (IL)-2, and
interferon (IFN)-gamma was increased after Immunlinaiagtnation for 3 days
(P <.001, <.03, and < .007, respectively), and increased lbeiption
persisted after 56 days (P < .004). The TNF-alpha, IFN-gamntalL-6
responses to TT were enhanced after 8 and 14 days (P < .00&hD& IL-5
responses increased significantly within 3 days (P < .04jediroklow baseline
levels after 14 days (P < .008). Conversely, consumpoio flays inhibited the
IL-4 responses to both CAand TT (P <.008 and P < .03,ctbaplg). No effects
on IL-10 responses were observed. Upon addition to norm@abnuclear cells in
vitro, Immulina elicited strong TNF-alpha, IL-1beta, dheb responses,
indicating that it acts by inducing a pro-inflammatory stasken together, the
data suggest that Immulina causes an age-dependent, tengrdrangement of
adaptive immune responses.

Publication Types:

+ Research Support, Non-U.S. Gov't

PMID: 18598175 [PubMed - indexed for MEDLINE]

Immunity

24


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22L%C3%B8bner%20M%22%5BAuthor%5D&itool=Email.EmailReport.Pubmed_ReportSelector.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Walsted%20A%22%5BAuthor%5D&itool=Email.EmailReport.Pubmed_ReportSelector.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Larsen%20R%22%5BAuthor%5D&itool=Email.EmailReport.Pubmed_ReportSelector.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bendtzen%20K%22%5BAuthor%5D&itool=Email.EmailReport.Pubmed_ReportSelector.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nielsen%20CH%22%5BAuthor%5D&itool=Email.EmailReport.Pubmed_ReportSelector.Pubmed_RVAbstract

J Nutr Sci Vitaminol (Tokyo). 2004 Apr;50(2):129-36.

Phycocyanin enhances secretary IgA antibody response and
suppresses allergic IgE antibody response in mice immunized Wit
antigen-entrapped biodegradable micropatrticles.

Nemoto-Kawamura C, Hirahashi T, Nagai T, Yamada H, Katoh T, Hayashi
0.

Department of Health and Nutrition, Kagawa Nutrition Unsity, Chiyoda,
Sakado, Saitama 350-0288, Japan.

In the present study, we have investigated the effeqgisyaiocyanin, a biliprotein
of Spirulina platensis, on mucosal and systemic immeggonses and allergic
inflammation in C3H/HeN and BALB/cA mice. To induce tatigen-specific
antibodies in the peripheral lymphoid tissues such gsrReatches and
mesenteric lymph nodes, biodegradable ovalbumin-entrappediohactide-
co-glycolide) particles were used as an antigen. Twdksvatter the onset of
phycocyanin ingestion, mice were immunized with an aqueouswwa (OVA)
solution. Starting at one week after the primary immation, the mice were
subjected to oral immunization with the biodegradable OVéropiarticles twice
a week. IgA, IgE and IgG1 antibodies were determined by ELThe OVA
microparticles of 4-microm diameter successfully indusetigen-specific
antibodies. In the mice that received phycocyanin treatdor 6 wk, a marked
increase in the antigen-specific, as well as the,tlgAl antibody level was
observed in the Peyer's patches, mesenteric lympls@odeintestinal mucosa as
well as in the spleen cells. Both antigen-specdi@1 and IgE antibody levels in
the serum were suppressed by ingestion of phycocyanin for Bavkever,
inflammation of the small intestine, monitored ascudaxr permeability by the
Evans blue-leaking method was reduced by phycocyanin at 6 wi) preceded
the suppression of antigen-specific IgG1 and IgE antibodyuyat@mn by 2 wk.
These results suggest that phycocyanin enhances bioldgiealse activity
against infectious diseases through sustaining functiotmeahticosal immune
system and reduces allergic inflammation by the suppressmmtigen-specific
IgE antibody.
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Arch Biochem Biophys. 2007 Mar 15;459(2):169-77. Epub 2007 Jan 29.

C-Phycocyanin inhibits 2-acetylaminofluorene-induced expregsn
of MDR1 in mouse macrophage cells: ROS mediated pathway
determined via combination of experimental and In silico analysis.

Roy KR, Arunasree KM, Dhoot A, Aparna R, Reddy GV, Vali S, Reddanna
P.

Department of Animal Sciences, School of Life Scish&niversity of
Hyderabad, Hyderabad 500046, India.

We studied the effects of C-Phycocyanin (C-PC), a bilg@nofrom Spirulina
platensis on the 2-acetylaminofluorene (2-AAF)-induced egiwa of MDR1,
encoded by the multidrug resistance (MDR1) gene, in mouseoptaage cell line
(RAW 264.7). Our experimental and In silico studies revealsignificant
inhibition of 2-AAF-induced expression of MDR1 protein inrRG treated mouse
macrophage cell line. MDR1 induction by 2-AAF was dependeR©8
(reactive oxygen species)-Akt (protein kinase B)-NF-kap@aB:lear factor
kappa B) signaling pathway. Generation of ROS, phosphawylaf Akt and
corresponding nuclear translocation of NF-kappaB, teats\that play a major
role in the induction of MDR1 expression, were decreagguficantly in C-PC
treated cells. NADPH oxidase inhibitor, DPI (Diphenyl @), and
pharmacological inhibitor of Akt, Akt inhibitor IV, alsdvewed a reduction in
MDR1 expression, although not to the same extent as @dtliated inhibition
of MDR1 expression. To further understand the mechanismreated a
computational model of the detailed ROS-Akt-NF-kappaB pagh@aPC was
modeled purely as a ROS scavenger and this representatiohed the
experimental trends accurately. Also the ROS levelsrdeted through In silico
investigation showed that C-PC was more effective in temluof MDR1
expression than inhibitors of NADPH oxidase and Akt. Oqpeeimental and In
silico studies collectively suggest that 2-AAF induces MOy ROS dependent
pathway and C-PC is a potential negative regulator of MB¥tession. This
down regulation of MDR1 expression, induced by xenobiotick si$ 2-AAF,
suggests C-PC's usefulness in overcoming the drug resistareiular systems.
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Zh Mikrobiol Epidemiol Immunobiol. 1979 Dec;(12):75-9.

[Immunostimulating activity of the lipopolysaccharides of blue-
green algae]

[Article in Russian]

Besednova NNSmolina TP, Mikheiskaia LV, Ovodova RG

The whole cells of blue-gree algae and lipopolysacchaisdéeted from these
cells were shown to stimulate the production of macraifiy) and

microglobulin antibodies in rabbits. The macro- and npbege indices in rabbits
increased significantly after the injection of LPS adetl from blue-green algae
24--48 hours before infecting the animals with a virulenp&tudotuberculosis
strain. Besides, the inhibiting action of this strain e migration of phagocytes
to the site of infection was abolished immediatelgrathe injection. The use of
the indirect hemagglutination test allowed to provedibsence of close antigenic
interrelations between blue-green algae and the followiggnisms: Spirulina
platensis, Microcystis aeruginosa, Phormidium afucamnd P. uncinatum.
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Vopr Pitan. 2006;75(2):19-21.

[Studies of immunomodulation caused by selenium-enriched
phycocyanin]

[Article in Russian]

Egorova EA, Gmoshinskii IV, Zorin SN, Mazo VK.

An influense was studied in rats of selenium enriched piyaon (Se-PC) from
food microalgae Spirulina on anaphylactic reaction sgvand circulating
antibody response against model allergen--hen's egg wiaitieuonin. Se-PC was
introduced into diet in form of protein isolate precigthtvith ammonia sulphate.
Se-PC dosage made up to 450 mcg per rat daily that corresporiea¢oof
selenium. There were no differences revealed betemeerimental and control
group that received standard diet in severity of anaphyleedction.
Nevertheless rats receiving Se-PC demonstrated signifidanteased specific
IgG response. The probable immunomodulating properties-#*GSincluded into
food are discussed.
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Immunopharmacol Immunotoxicol. 2001 May;23(2):281-9.
Enhancement of chicken macrophage phagocytic function and
nitrite production by dietary Spirulina platensis.

Al-Batshan HA, Al-Mufarrej S| , Al-Homaidan AA , Qureshi MA.

Department of Animal Production, College of Agriculturend<Saud University,
Riyadh, Kingdom of Saudi Arabia.

The effects of dietary Spirulina platensis on chicketrophage phagocytic
function and nitrite production were examined. Day oldlergmeat-type) chicks
were randomly assigned to various pens of electrib@fted wire batteries.
Dietary treatment groups included a basal diet with n@adi€pirulina added,
and three additional groups with 0.5, 1.0 and 2.0% dietaryl#@i. Feed and
water were provided for ad libitum consumption from oneafeagge. Sephadex-
elicited macrophages were harvested at 14, 35 and 42 days hagecytosis
assay was performed by co-incubating sheep red blood 8&BC) with the
adherent macrophage monolayers. For nitrite quantificati@crophage cultures
from various dietary treatment groups were stimulatétermpresence or absence
of 1 microg/mL of Escherichia coli lipopolysaccharide. 3éeulture supernatant
fractions were then tested for nitrite levels using theisSrreagent technique. All
Spirulina dietary group macrophages exhibited an enhanced phiaguativity in
terms of overall phagocytic percentage (range = 28 to 339%us 24 to 25% in
the basal group) and the average number of SRBC per phagoegrophage
(range = 2.2 to 3.6 versus 1.8 to 2.5 in the basal group)intihesase was linear
with each incremental increase of dietary Spirulin&il®\_PS-induced nitrite
levels in macrophages from basal diet group ranged frorm 898 microM over
the three developmental ages, these levels in alilB@ dietary groups were
significantly higher (0.5% group range = 198 to 457 microM; 1.08tgrange =
161 to 359 microM and 2.0% group range = 204 to 420 microM. These data
clearly show that Spirulina platensis feeding upregulsi@srophage phagocytic
as well as metabolic pathways leading to increased oiide synthase activity.
These findings therefore imply that Spirulina platensig/ enhance the functions
of mononuclear phagocytic system thereby increasingise@sk resistance
potential in chickens.
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J Med Food. 2000 Fall;3(3):135-40.

Effect of spirulina on the secretion of cytokines from peripheral
blood mononuclear cells.

Mao TK, VAN DE Water J, Gershwin ME.

ABSTRACT The purpose of this study was to evaluatertimunomodulatory
activity of Spirulina, a bluegreen alga used as a food soppit. The effects of
Spirulina on the secretion of three cytokines frontiomdated and stimulated
human peripheral blood mononuclear cells (PBMC) weeagngxed. In resting
PBMC, Spirulina stimulated secretion of interleukin){Lbeta, IL-4, and
interferon (IFN)-gamma to nearly 2.0, 3.3, and 13.6 timsaldavels,
respectively. Spirulina induced levels of IFN-gamma (229464 pg/ml) that
were comparable to those seen after phytohemagglutinid)(Btitnulation (476
+/- 121 pg/ml). However, it was much less mitogenic thaA P8.1 +/- 6.9
pa/ml) with respect to the induction of IL-4 secretior8@+/- 0.1 pg/ml). In
PHA-stimulated cells, Spirulina enhanced secretiodfldeta, IL-4, and IFN-
beta by 2.9, 4.0., and 1.6 times, respectively. Althoughulpar stimulates
several cytokines, it is clearly more effectivahie generation of a Thi-type
response. This in vitro study offers additional data fexsateration of the
potential therapeutic benefits of Spirulina.
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Lik Sprava. 2003 Jul-Aug;(5-6):102-5.

[Evaluation of the efficacy of a plant adaptogen (spirulina) in the
pathognic therapy of primary tuberculosis in children]

[Article in Ukrainian]

Kostromina VP, Derkach OV, Symonenkova NV Riechkina OO,
Otroshchenko AO.

The use of spirulina and its efficiency have been stligh a comparative aspect
as a systemic biocorrector, in a combined treatmenitbefrculosis in 26 children.
It has been ascertained that application of spirukna pathogenetic means of
remediation permits shortening the intoxication syndrogegeession time,
reducing the frequency of adverse reactions in admimgtantituberculous
preparations.
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Planta Med. 2001 Nov;67(8):737-42.

Isolation of three high molecular weight polysaccharide
preparations with potent immunostimulatory activity from
Spirulina platensis, aphanizomenon flos-aquae and Chlorella
pyrenoidosa.

Pugh N, Ross SAEISohly HN, EISohly MA, Pasco DS

Department of Pharmacognosy, School of Pharmacy, UrtiwefdMississippi,
University, Mississippi 38677, USA.

This research describes the identification of three migv molecular weight
polysaccharide preparations isolated from food-grade algae that are potent
activators of human monocytes/macrophages: "Immufnoati Spirulina
platensis, "Immunon” from Aphanizomenon flos-aquae, &mdntrella” from
Chlorella pyrenoidosa. These polysaccharides are staligtcomplex and have
estimated molecular weights above ten million daltéisthree polysaccharides
are highly water soluble and comprise between 0.5 % arf ®fOmicroalgal dry
weight.Immunostimulatory activity was measured usingaascription factor-
based bioassay for nuclear factor kappa B (NF-kappa B) tativia THP-1
human monocytes/macrophages. Using this system the EG(b@s for these
microalgal polysaccharides are between 20 and 110 ng/mit(abpM). THP-1
activation was confirmed by measuring immune cytokine WRiuction using
reverse transcriptase-polymerase chain reaction (RT:FE2Rh polysaccharide
substantially increased mRNA levels of interleukin-1b#talpeta) and tumor
necrosis factor-alpha (TNF-alpha). These polysadddsiare between one
hundred and one thousand times more active for in vitramoybe activation than
polysaccharide preparations that are currently used alyior cancer
immunotherapy.
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Biochim Biophys Acta. 1997 Mar 1;1355(3):241-7.

Calcium spirulan as an inducer of tissue-type plasminogen activator
in human fetal lung fibroblasts.

Hayakawa Y, Hayashi T, Hayashi K, Ozawa T, Niiya K , Sakuragawa N

Department of Clinical Laboratory Medicine, FacultyMddicine, Toyama,
Japan. hayakawa@ms.toyama-mpu.ac.jp

Calcium spirulan (Ca-SP), a novel sulfated polysagdbasolated from the blue-
green alga Spirulina platensis, has been found to hawerarand heparin
cofactor ll-dependent antithrombin activities. We haviaimled evidence that Ca-
SP is a potent inducer of tissue-type plasminogen actifaPA) production. The
addition of Ca-SP to a culture of IMR-90 human fetal léingpblasts increased t-
PA concentrations in the conditioned medium, in sed@nd time-dependent
manner, but in the cell lysate, t-PA concentratioesenunchanged, suggesting
that t-PA induced by Ca-SP is easily secreted into thditoned medium. The
amount of newly synthesized t-PA in IMR-90 cells, assueed by labeling with
[35S]methionine and subsequent immunoprecipitation of trB# tonditioned
medium, was significantly increased by Ca-SP-stimutatitowever, Ca-SP did
not increase the t-PA mRNA levels. As previously reghrterombin stimulated
t-PA gene transcription in IMR-90 cells, and the simétaus treatment with Ca-
SP and thrombin caused further enhancement of t-PA produictiarsynergistic
manner. It would thus appear that Ca-SP increases t-Rigron through post-
transcriptional processes. IMR-90 cells also producerptegyen activator
inhibitor type-1 (PAI-1), but Ca-SP showed little effeatthe PAI-1 production.
H-SP, which was obtained by removing the calcium frons@ahad no effect on
the t-PA production. Na-SP, which was prepared by replateofi¢he calcium
with sodium, stimulated the t-PA production similadyG@a-SP. Thus, Ca-SP
specifically induces t-PA production, and the molecular @onétion of Ca-SP
maintained by Ca or Na may be essential for the stiau of t-PA synthesis.
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Immunopharmacol Immunotoxicol. 1996 Aug;18(3):465-76.

Dietary Spirulina platensis enhances humoral and cell-mediated
immune functions in chickens.

Qureshi MA, Garlich JD, Kidd MT .

Department of Poultry Science, North Carolina State &fsity, Raleigh 27695-
7608, USA.

Cornell K-strain White Leghorns and broiler chicks avesiised to 7 wks and 3
wks of age respectively, with diets containing variousl&¢@ 10, 100, 1,000
and 10,000 ppm) of Spirulina platensis from day of hatchckShin all treatment
groups had comparable body weights. While bursal and spemhts did not
change, the K-strain chicks had larger thymuses (P=<@5) over the controls (0
ppm group). No differences were observed in anti-sheep red béiis

antibodies during primary response. However, during secpmdsponse, K-
strain chicks in all Spirulina-dietary groups had higher emi&i-SRBC titers with
10,000 ppm group being the highest (6.8 Log2) versus the 0 ppm (5.5 Log2)
group. In broiler chicks, a one Log increase in IgG @ = .05) was observed in
10,000 ppm group over the controls. Similarly, chicks in 10,000 goralBa
group had a higher PHA-P-mediated lymphoproliferative responer the O ppm
controls. Macrophages isolated from both K-strain (10,000 gnonp) and
broilers from all Spirulina groups had higher phagogytitential than the O ppm
groups. Spirulina supplementation at 10,000 ppm level alscasetdeNK-cell
activity by two fold over the controls. These studiesashmat Spirulina
supplementation increases several immunological imgimplying that a
dietary inclusion of Spirulina at a level of 10,000 ppnyrahance disease
resistance potential in chickens.
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Spirulina platensis exposure enhances macrophage phagocytic
function in cats.

Qureshi MA, Ali RA..

Department of Poultry Science, North Carolina State &fsity, Raleigh 27695-
7608, USA.

Bronchoalveolar lavage macrophages isolated from cats gultured on glass
coverslips. Macrophages were exposed to a water-sautriect of Spirulina
platensis in concentration range of 0 to 60 microgramsnhefor two hours.
Spirulina-extract exposure did not cause significant maagplbytotoxicity over
untreated control cultures. Macrophage monolayers freated and control
cultures were incubated with sheep red blood cells (SRB®)ell as viable
Escherichia coli. The percentages of phagocytic macropliagbsth of these
particulate antigens were higher (a two-fold increaseRBC phagocytosis and
over 10% increase in Escherichia coli uptake) in cultuszged with various
concentrations of Spirulina-extract. However, the bersa of either types of
particles internalized by phagocytic macrophage were reteiift between the
control and treated cultures. These data which showe&phallina platensis
extract enhances macrophage phagocytic function imptydibtary Spirulina
supplementation may improve the disease resistance ipbtertats.
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Enhancement of antibody production in mice by dietary Spirulina
platensis.

Hayashi O, Katoh T, Okuwaki Y .

Department of Health and Nutrition, Kagawa Nutrition Unsity, Sakado, Japan.

Mice fed a Spirulina platensis diet showed increasedoeusrof splenic antibody-
producing cells in the primary immune response to sheepaed beklls (SRBC).
However, immunoglobulin G (IgG)-antibody productiortihe secondary
immune response was hardly affected. The percentggeagbcytic cells in
peritoneal macrophages from the mice fed S. plateretisas$ well as the
proliferation of spleen cells by either concanavali{Cén A) or
phytohemagglutinin (PHA) was significantly increased. Additof a hot-water
extract of S. platensis (SHW) to an in vitro culturespieen cells markedly
increased proliferation of these cells, whereas cutittiteymus cells was scarcely
affected. The Spirulina extract also significantly erdsal interleukin-1 (IL-1)
production from peritoneal macrophages. Addition to thetmo spleen cell
culture of SHW as well as the supernatant of macrophsigeslated with SHW
resulted in enhancement of antibody production, thahig)aease of the number
of PFC. These results suggest that Spirulina enhancésitiéne response,
particularly the primary response, by stimulating macagehfunctions,
phagocytosis, and IL-1 production.
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Antibacterial activity of volatile component and various extracts of
Spirulina platensis.

Ozdemir G, Karabay NU, Dalay MC, Pazarbasi B

Ege University, Faculty of Science, Department of &yl 35100 Bornova,
Izmir, Turkey. gozdemir@sci.ege.edu.tr

The methanol, dichloromethane, petroleum ether, eitstate extracts and
volatile components of Spirulina platensis were testedtiio for their
antimicrobial activity (four Gram-positive, six Gram-n#ége bacteria and
Candida albicans ATCC 10239). GC-MS analysis of the welatimponents of
S. platensis resulted in the identification of 15 compouwvtdsh constituted
96.45% of the total compounds. The volatile components pb&nsis consisted
of heptadecane (39.70%) and tetradecane (34.61%) as major conspdine
methanol extract showed more potent antimicrobiaVagtihan
dichloromethane, petroleum ether, ethyl acetate dxteand volatile components.
Copyright (c) 2004 John Wiley & Sons, Ltd.
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Vopr Pitan. 2007;76(2):21-5.

[The influence of Spirulina and Selen-Spirulina on some indexes of
rat's immune status]

[Article in Russian]

Trushina EN, Gladkikh O, Gadzhieva ZM, Mustafina OK , Pozdniakov AL.

This paper reviews evidence for the immune-enhancing effepirulina (Sp)
and Selen-Spirulina (Se-Sp) in male Wistar rats. @teaf control group fed
half-synthetic diet. Rats of experimental groups conslthe half-synthetic diets
with Sp (10 g/kg diet) or Se-Sp (350 microg Se/kg diet) foe2ks. Using rats
lymphocytes in vitro after phytohemagglutinin stimulatiomsvdemonstrated that
lymphocytes from Sp and Se-Sp groups secreted of interi@ukna interferon-
gamma more control group. Induction of interleukin-4 wasgarable with once
of control group. We believed that Sp and Se-Sp are gftagetive in stimulating
a Th-1--type response and hence potentiates cell-medmbeunity. The
immunostimulatory effect of Sp and Se-Sp was confirmed drphologic and
morphometric investigation of rats spleen, also witiNByT -test of peritoneal
macrophages.
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Int Immunopharmacol. 2006 Dec 5;6(12):1808-14. Epub 2006 Aug 28.

Toll-like receptor 2-dependent activation of monocytes by Spirulina
polysaccharide and its immune enhancing action in mice.

Balachandran P, Pugh ND, Ma G, Pasco DS

National Center for Natural Products Research, Relséasttute of
Pharmaceutical Sciences, School of Pharmacy, UniyersEMississippi,
University, MS 38677, USA.

We reported previously that a high molecular weight pobyisaede fraction
(Immulina) from Spirulina was a potent activator of Nfp#a B and induced
both IL-1 beta and TNF-alpha mRNAs in THP-1 human negtes. In the
present study, we show that NF-kappa B activation by Inmau$i suppressed by
antibodies to CD14 and TLR2 but not by antibodies to TLR#il&ily, NF-
kappa B directed luciferase expression was enhanced by imanwdatment
when cells were co-transfected with vectors expressibigips supporting

TLR2- (CD14 and TLR2) but not TLR4-(CD14, TLR4, and MD-2) dependent
activation. Mice that consumed a chemically definleove mixed with an extract
containing Immulina exhibited changes in several imnmune paeasnd he ex
vivo production of IgA and IL-6 from Peyer's patch cells wakanced 2-fold and
interferon-gamma production from spleen cells was asad 4-fold in Immulina-
treated mice. The enhanced production of these facassmwast notable with
mice that had consumed this extract for 4 or 5 dayssd ktudies shed light on
how Immulina activates cells of the innate immundesysand suggests that oral
consumption of this polysaccharide can enhance compoweéhis both the
mucosal and systemic immune systems.
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J Altern Complement Med. 2006 Jun;12(5):429-35.

Immolina, a high-molecular-weight polysaccharide fraction of
Spirulina, enhances chemokine expression in human monocytic
THP-1 cells.

Grzanna R, Polotsky A, Phan PV, Pugh N, Pasco D Frondoza CG.

RMG Biosciences, Inc., Baltimore, MD, USA.

INTRODUCTION: Spirulina (Spirulina platensis) is a @ist supplement valued
for its immune-enhancing properties. We previously repohatithe
immunostimulatory effect of spirulina can be traced tagh-molecular- weight
polysaccharide fraction. This fraction, labeled Immqlimetivates nuclear factor
kappa-B in human monocytic THP-1 cells and increases ssipreof
proinflammatory cytokines. OBJECTIVE: To charactefizeher the
immunostimulatory effects of Immolina on THP-1 cell& evaluated its effect
on genes encoding the chemokines interleukin (IL)-8, MCMIP-1alpha, MIP-
lbeta, IP-10, the cytokines tumor necrosis factor (TAlpha, IL-1beta, and the
enzyme cyclo-oxygenase-2 (COX-2). METHODS: THP-1 cedisanexposed to
concentrations of Immolina ranging from 1 ng/mL to 100 mierdgand changes
in gene expression were assessed by reverse transepoisgmerase chain
reaction (RT-PCR). For comparison, THP-1 cells wetaed with 1 ng/mL of
TNF-alpha, 10 ng/mL of IL-1beta, or 10 ng/mL of lipopolyslaaride using the
same assay conditions. To assess the response of TElR-to Immolina at the
protein level, we probed culture supernatants using a cg@kiay immunoblot
assay. RESULTS: RT-PCR analysis revealed that Inmaalose-dependently
increased the expression of all 5 chemokines testedlbasnbe expression of
TNF-alpha, IL-1beta, and COX-2. The cytokine array imohlot assay revealed
an increase in the chemokines IL-8 and MIP-1beta. Thymidptake
experiments verified that Immolina did not affect thebility and growth rate of
THP-1 cells. CONCLUSIONS: The results of the expenta@lemonstrate that
Immolina activates THP-1 cells in a manner that issent with the recruitment
of diverse populations of leukocytes in response to inflatany and infectious
signals.
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Appraisal of immunomodulatory potential of Spirulina fusiformis:
an in vivo and in vitro study.

Rasool M, Sabina EP

Faculty of Heath and Life Sciences, Management anch&eigniversity,
Sekysen 13, Shah Alam, Selangor Darul Ehsan, Malay&ial74@gmail.com

In recent years, Spirulina has gained more and maet@at from medical
scientists as a nutraceutical and a source of potehBainaceuticals. The present
study was conducted to elucidate the immunomodulatoryteffegpirulina
fusiformis (a cyanobacterium of the family Oscilladceae) in vivo and in vitro.
The in vivo effect of S. fusiformis (400 or 800 mg/kg body wh)humoral
immune response, cell-mediated immune response and tu@cnasis factor
alpha was investigated in mice. We also evaluated teeteff S. fusiformis (50
or 100 microg/ml) in vitro on mitogen (phytohaemagglutinin)-ceti T
lymphocyte proliferation in heparinized human periphblabd. For comparison,
dexamethasone was used as a standard. In mice, S.rfusi{d00 or 800 mg/kg
body wt.) administration significantly inhibited the horal immune response,
cell-mediated immune response (delayed-type hypersensiiattion (DTH))
and tumour necrosis factor alpha in a dose-dependent mémnéro, S.
fusiformis (50 or 100 microg/ml) decreased the mitogen (phgtoagglutinin)-
induced T lymphocyte proliferation in a concentration-deleah manner when
compared with control cells. These observations lflsaiggest that S. fusiformis
has a remarkable immunosuppressive effect, which providgsrdific

validation for the popular use of this drug, and helped us thefuwork on
investigating its complete mechanism of action.
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Spirulina in Clinical Practice: Evidence-Based Human Applications

Karkos PD, Leonqg SC Karkos CD, Sivaji N, Assimakopoulos DA

Specialist Registrar in Otolaryngology, 36 Hopkinsons COdlls Avenue,
Chester CH1 4LN, UK. E- pkarkos@aol.com.

Spirulina or Arthrospira is a blue-green alga that becmous after it was
successfully used by NASA as a dietary supplement forrasits on space
missions. It has the ability to modulate immune fuordiand exhibits anti-
inflammatory properties by inhibiting the release of histenty mast cells.
Multiple studies investigating the efficacy and the pté&dilinical applications
of Spirulina in treating several diseases have bedarpged and a few
randomized controlled trials and systematic reviews suglgaisthis alga may
improve several symptoms and may even have an anticamtsiral and
antiallergic effects. Current and potential clinicapkcations, issues of safety,
indications, side-effects and levels of evidence are agietian this review. Areas
of ongoing and future research are also discussed.
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