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Introduction

There has been an extensive amount of researcle@péties Arthrospira Platensis,
more commonly known as “Spirulina.” This research sldiack decades and has
been conducted at universities, at government sponsoredctesaailities, as well as
by private researchers throughout the world.

Cyanotech Corporation* feels that it is important tweha library of this research
available for interested persons; hence we have dre¢hi® document. Below the
reader will find selected research abstracts on theéhhbahefits of Spirulina and
some of the major nutrients contained within Spiruilitavas not practical to include
full studies due to the massive amount of literatua@lable; in addition, it was not
practical to include all available abstracts. Paldidy in the case of some of
Spirulina’s key nutrients, there were hundreds of atigtravailable, so editing was
necessary in order to present a manageable document.

The abstracts are presented according to health besefipt®d in the table of
contents. In the case of studies that focused on thare one health benefit, the
study is categorized according to the primary area oarelevithin the abstract. All
of the studies contained in this document are publisinednaost can be found at
www.pubmed.com

Any questions may be directed to Cyanotech Corporati@iua-Kona, Hawaii,
USA, by e-mail ainfo@cyanotech.coror by telephone at 808.326.1353.

» Cyanotech Corporation is the producer of Hawaiian SpauPacifica™ since
1984. Hawaiian Spirulina Pacifica is widely regarded asnthwd’s highest
quality Spirulina, with far superior levels of key nubtie than all other
Spirulina products.


http://www.pubmed.com/
mailto:info@cyanotech.com

Antioxidant Research

Food Chem Toxicol. 2007 Dec;45(12):2412-9. Epub 2007 Jun 28.

Spirulina fusiformis provides protection against mercuric chloride
induced oxidative stress in Swiss albino mice.

Sharma MK, Sharma A, Kumar A , Kumar M .

Department of Zoology, RLS Government (PG) Collegdad@ra, Jaipur
303801, India. mkshrma@hotmail.com

Oxidative stress induced by mercuric chloride (5 mg/kg bodyhweig) in mice
substantially increases the lipid peroxidation level g@laith corresponding
decrease in the reduced glutathione and various antioxidaymes in liver and
increase in serum transaminases activity. SupplememtattiSpirulina (800
mg/kg body weight orally, in olive oil, along with merauchloride) for 40 days
resulted in decreased LPO level, serum glutamate metl@& and serum
glutamate pyruvate transaminase activity along with asmen liver GSH level.
The activities of antioxidants enzymes superoxide dismutasglase and
glutathione-S-transferase were also concomitanttpred to near normal level
by Spirulina supplementation to mercuric chloride intobddamice. The results
clearly demonstrate that Spirulina treatment augntéstantioxidants defense
mechanism in mercuric chloride induced toxicity and provides sualéhat it
may have a therapeutic role in free radical mediateebges.
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Biochem Biophys Res Commun. 2000 Aug 18;275(1):20-5.

C-phycocyanin: a potent peroxyl radical scavenger in vivo and in
vitro.

Bhat VB, Madyastha KM.

Department of Organic Chemistry, Indian Institute oe8ce, Bangalore, 560
012, India.

C-Phycocyanin (from Spirulina platensis) effectivelyilmited CCI(4)-induced
lipid peroxidation in rat liver in vivo. Both native anelduced phycocyanin
significantly inhibited peroxyl radical-induced lipid peroxidat in rat liver
microsomes and the inhibition was concentration depemnddnan IC(50) of
11.35 and 12.7 microM, respectively. The radical scavenginuepnoof
phycocyanin was established by studying its reactivity witbhypg and hydroxyl
radicals and also by competition kinetics of crocin dfhr@g. These studies have
demonstrated that phycocyanin is a potent peroxyl radiasesger with an
IC(50) of 5.0 microM and the rate constant ratios obthfoe phycocyanin and
uric acid (a known peroxyl radical scavenger) were 1.54 andeXpectively.
These studies clearly suggest that the covalently linkeaimophore,
phycocyanobilin, is involved in the antioxidant and radicalveaging activity of
phycocyanin. Copyright 2000 Academic Press.
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J Sep Sci. 2005 Jun;28(9-10):1031-8.

Characterization via liquid chromatography coupled to diode array
detector and tandem mass spectrometry of supercritical fluid
antioxidant extracts of Spirulina platensis microalga.

Mendiola JA, Marin FR , Hernandez SE Arredondo BO, Sefiorans FJ
Ibanez E, Reglero G

Seccion de Ciencias de la Alimentacion, Universidad Auttmde Madrid,
Ciudad Universitaria de Cantoblanco, 28049 Madrid, Spain.

Spirulina platensis microalga has been extractedmlotascale plant using
supercritical fluid extraction (SFE) under various exiocacconditions. The
extraction yield and the antioxidant activity of theragts were evaluated in order
to select those extracts with both the highest amtanti capacity and a good
extraction yield. These extracts were charactenzaag LC coupled to diode
array detection (DAD) and LC coupled to mass spectronist8) with two
different interfaces, atmospheric pressure chemicedadion (APCI) and
electrospray (ESI) which allowed us to perform tandem M8dryg an ion trap
analyzer. The best extraction conditions were Bews: CO2 with 10% of
modifier (ethanol) as extraction solvent, 55 degreesx@dction temperature)
and 220 bar (extraction pressure). Fractionation was achi®veascade
depressurization providing two extracts with differentwétstiand chemical
composition. Several compounds have been identified iaxtracts,
corresponding to different carotenoids previously idesdifn Spirulina platensis
microalga along with chlorophyll a and some degradation proddists, the
structure of some phenolic compounds could be tentatidehtified. The
antioxidant activity of the extracts could be attribut@ddme of the above
mentioned compounds.
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J Agric Food Chem. 2005 May 18;53(10):4207-12.

Antioxidant and antiproliferative activities of Spirulina and
Chlorella water extracts.

Wu LC, Ho JA, Shieh MC, Lu IW .

Department of Applied Chemistry, National Chi-Nan Uniitgr$Puli, Nantou,
Taiwan. lw25@ncnu.edu.tw

Liver fibrosis is a chronic liver disease that will fugt develop to cirrhosis if
severe damage continues to form. A potential treatfoefiter fibrosis is to
inhibit activated hepatic stellate cell (HSC) prolitewa and, subsequently, to
induce HSC apoptosis. It has been reported that antiogidaatable to inhibit the
proliferation of HSCs. In this study, the agqueous exwéaspirulina was chosen
as the source of antioxidant to investigate the inhibidigct on the proliferation
of HSC. The growth inhibitory effects of aqueous spiruéind chlorella extract
on human liver cancer cells, HepG2, were also studidccampared in pairs.
Results indicated that the total phenol content atiipa was almost five times
greater than that of chlorella (6.86 +/- 0.58 vs 1.44 €4 éng tannic acid
equivalent/g of algae powder, respectively). The antioxidativity of spirulina
determined by the ABTS*+ method was higher than chlorelGb(E 72.44 +/-
0.24 micromol of trolox equivalent/g of spirulina extrast56.09 +/- 1.99
micromol of trolox equivalent/g of chlorella extrad®esults of DPPH* assay
also showed a similar trend as the ABTS*+ assay (EC589H9: 0.65 micromol
of ascorbic acid equivalent/g of spirulina extract vs 14/604.06 micromol of
ascorbic acid equivalent/g of chlorella extract). The agsi@xtracts of these two
algae both showed antiproliferative effects on HSC a@pG2, but spirulina was
a stronger inhibitor than chlorella. Annexin-V staining showeat aqueous
extract of spirulina induced apoptosis of HSC after 12theatment. In addition,
the agueous extract of spirulina triggered a cell cyekstof HSC at the G2/M
phase.
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J Chromatogr A. 2004 Aug 27;1047(2):195-203.

Pressurized liquid extracts from Spirulina platensis microalga.
Determination of their antioxidant activity and preliminary analysis
by micellar electrokinetic chromatography.

Herrero M, Ibanez E, Cifuentes A Sefiorans J

Instituto de Fermentaciones Industriales (CSIC), Juda @e&rva 3, 28006
Madrid, Spain.

In this work, different extracts from the microalgar8fma platensis are obtained
using pressurized liquid extraction (PLE) and four diffesaivents (hexane,

light petroleum, ethanol and water). Different exticattemperatures (115 and
170 degrees C) were tested using extraction times rangmgdfto 15 min. The
antioxidant activity of the different extracts is deteéred by means of an in vitro
assay using a free radical method. Moreover, a newaaaniethod is developed
using micellar electrokinetic chromatography with diod@ydetection (MEKC-
DAD) to provide a preliminary analysis on the compositid the extracts. This
combined application (i.e., in vitro assays plus MEKCE)Allowed the fast
characterization of the extracts based on theipzidant activity and the UV-vis
spectra of the different compounds found in the extrdasur knowledge, this
work shows for the first time the great possibilittéthe combined use of PLE-in
vitro assay-MEKC-DAD to investigate natural sourcesmioxidants.
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J Neural Transm. 2007 Sep;114(9):1217-25. Epub 2007 May 26.

Effect of spirulina maxima on the haloperidol induced tardive
dyskinesia and oxidative stress in rats.

Thaakur SR, Jyothi B.

Department of Pharmacology, School of Pharmaceutmah8es, Sri Padmavathi
Mahila Viswa Vidyalayam, Andhra Pradesh, India. drisearti@gmail.com

Haloperidol is a widely used neuroleptic drug for the treatro€acute and
chronic psychosis. The use of haloperidol is limited byagwtramidal movement
disorders such as Parkinsonism, akathesia, dystowidasedive dyskinesia (TD).
Treatment with haloperidol increases oxyradicals whrehimplicated in TD.
Spirulina is widely used as nutritional supplement ricprioteins and
antioxidants. The present study is proposed to study the effepirulina on
haloperidol induced TD and oxidative stress by studying TDowsenzymatic
and nonenzymatic antioxidants and lipid peroxidation. Haidpkel mg/kg/i.p
was used to induce vacuous chewing movements in rats.iSpindxima
suspended in 1% between 80 at a dose of 45, 90 and 180 mg/kg were
administered by gavage along with haloperidol from 21st d@@th day of
treatment. Spirulina supplementation at a dose of 180 mg/kiisantly
improved enzymatic and nonenzymatic antioxidants and decte¢las tardive
dyskinesia induced by haloperidol. In conclusion, theltesd present
investigation suggest that spirulina decreases haloperuiaded oxidative stress
and TD by many mechanisms as it is cocktail of antioxid&@mschronic use it
may inhibit haloperidol induced reduced expression of DNA Hyeirecreases the
expression of enzymatic and nonenzymatic antioxidantpitdcts against
oxidative stress induced neurodegeneration and TD.
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Indian J Biochem Biophys. 2006 Feb;43(1):25-31.

Antioxidant potential of C-phycocyanin isolated from cyanobacterial
species Lyngbya, Phormidium and Spirulina spp.

Patel A, Mishra S, Ghosh PK.

Central Salt and Marine Chemicals Research InstituBelM@rg, Bhavnagar,
India.

The antioxidant activity of C-Phycocyanin (C-PC) isadatem three
cyanobacterial species Lyngbya (marine), Phormidiuarifre) and Spirulina
(fresh water) was studied in vitro. The results dematesthat C-PCs from
Lyngbya, Phormidium and Spirulina spp. are able to scavemggypeadicals
(determined by crocin bleaching assay) with relative ratstant ratio of 3.13,
1.89 and 1.8, respectively. C-PCs also scavenge hydroxyl isafiesermined by
deoxyribose degradation assay) with second order rateacbnalues of 7.87 x
10(10), 9.58 x 10(10) and 6.42 x 10(10), respectively. Interestinghgbya C-
PC is found to be an effective inhibitor of peroxyl ralidC50 6.63 microM),
as compared to Spirulina (IC50 12.15 microM) and Phormidiun€GHe50
12.74 microM) and is close to uric acid (IC50 2.15 microM). lkeritthe studies
suggest that the covalently-linked tetrapyrrole chromoppbycocyanobilin is
involved in the radical scavenging activity of C-PC. Elextron spin resonance
(ESR) spectra of C-PCs indicate the presence ofdahieal active sites, which
may play an important role in its radical scavengingerty. This is the first
report on the ESR activity of native C-PCs without pétions that can cause
radical formation.
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J Appl Microbiol. 2009 Apr;106(4):1093-100. Epub 2009 Feb 23.

A potent anti-oxidant property: fluorescent recombinant alpha-
phycocyanin of Spirulina.

Guan XY, Zhang WJ, Zhang XW, Li YX, Wang JF, Lin HZ , Tang XX, Qin S

Ocean University of China, Qingdao, China.

AIMS: To express and product a fluorescent antioxidant afpba-phycocyanin
(PC) of Spirulina platensis (Sp) with His-tag (rHHRE€;ombinant holo-alpha-
phycocyaninof Spirulina platensis with His-tag) in 5-hble scale. METHODS
AND RESULTS: A vector harbouring two cassettes was cocisd: cpcA along
with cpcE-cpcF in one cassette; hol-pcyA in the othesette. Lyases CpcE/F of
Synechocystis sp. PCC6803 (S6) could catalyse the 82 site @ys-alpha-PC
of Sp linking with bilin chromophores, and rHHPC was bidkgsized in
Escherichia coli BL21. The constant feeding mode was adpphd transformant
reached the biomass of rHHPC up to 0.55 g I(-1) broth in&Hignch scale.
rHHPC was purified by Ni(2+) affinity column convenientlyhe absorbance and
the fluorescence emission spectra of rHHPC had lamlada(at 621 and 650 nm,
respectively. The IC(50) values of rHHPC were 277.5 +/- 2%8og ml(-1)
against hydroxyl radicals and 20.8 +/- 2.2 microg ml(-1) againsixperadicals.
CONCLUSIONS: Combinational biosynthesis of rHHPC wasilele, and the
constant feeding mode was adopted to produce good yielti$EC.

Fluorescent rHHPC with several unique qualitative and giaéing features was
effective on scavenging hydroxyl and peroxyl radicals. SIGBWNCE AND
IMPACT OF THE STUDY: A potent antioxidant rHHPC was-expressed,
produced and characterized for nutritional and pharmacalogadues, which
would help to develop phycobiliproteins' applications in theorescent and
biological activities.
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Phytother Res. 2008 May;22(5):627-33.

Antioxidant potential of selected Spirulina platensis preparations.
Dartsch PC.

Dartsch Scientific GmbH, Institut fur zellbiologischestsysteme, Horb am
Neckar, Germany. pc.dartsch@dartsch-scientific.com

Recent studies suggest that Spirulina, a unicellular blue-giganmay have a
variety of health benefits and therapeutic propertiessaatso capable of acting
as an antioxidant and antiinflammatory agent. In thid\sta cell-free and a cell-
based test assay were used to examine the antioxidaah@gnflammatory
properties of four selected Spirulina platensis prepamsitid) Biospirulina, (2)
SpiruComplex, a preparation with naturally bound selenahmgmium and zinc,
(3) Spiruzink, a preparation with naturally bound zinc, (4k2&pirulina +
Acerola, a preparation with naturally bound zinc and dagrowder. The cell-
free test assay used potassium superoxide as a donor foynsdpeadicals,
whereas the cell-based test assay used the formditiatnazellular superoxide
radicals of functional neutrophils upon stimulation bynod-12-myristate-13-
acetate as a model to investigate the potential of IBirpreparations to
inactivate superoxide radicals. In accordance with tbemenended daily dosage,
test concentrations ranging from 50 to 1000 microg/mL whkosen. The results
showed a dose-dependent inactivation of free superoxidalantioxidant
effect) as well as an antiinflammatory effect ckhteazed by a dose-dependent
reduction of the metabolic activity of functional neytnds and a dose-dependent
inactivation of superoxide radicals generated during an oxalativst. The
results demonstrate that the tested Spirulina prepardtasesa high antioxidant
and antiinflammatory potential. Especially SpiruZink amkZpirulina + Acerola
might be useful as a supportive therapeutic approachdacireg oxidative stress
and/or the generation of oxygen radicals in the coafrggflammatory processes.
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Acta Pol Pharm. 2007 Jul-Aug;64(4):335-44.

In vitro evaluation of protective effects of ascorbic acid and water
extract of Spirulina plantesis (blue green algae) on 5-fluorouracil-
induced lipid peroxidation.

Ray S Roy K, Sengupta C

Division of Pharmaceutical Chemistry, Himalayan Phawyrastitute, Majhitar,
Rangpo, East Sikkim, 737 136, India. supratimray_in@yahoo.co.in

Considering drug-induced lipid peroxidation as a possible medéatrug-
induced toxicity and exploiting the free radical scavengictgpn of antioxidants,
the present study was designed to evaluate the proteffeeéseof ascorbic acid
(AA) and water extract of Spirulina plantesis (SPiaimize 5-fluorouracil (5-
FU)-induced lipid peroxidation. The study has been performeidro using goat
liver as an experimental model. This evaluation was thgrmeeasuring the
malondialdehyde (MDA), reduced glutathione (GSH), 4-hydroxy+2enal (4-
HNE) and nitric oxide (NO) content of the tissue askmes of lipid peroxidation.
The results suggest that ascorbic acid and water egfr&gtrulina plantesis
could suppress the 5-FU-induced lipid peroxidation to a signifiegtent.
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J Med Food. 2007 Dec;10(4):566-70.
Clinical potential of Spirulina as a source of phycocyanobilin.

McCarty ME .

NutriGuard Research, Encinitas, CA 92024, USA. mccarty@ gatm

Recent research reveals that free bilirubin functionsiplogically as a potent
inhibitor of NADPH oxidase activity. The chromophore pbgganobilin (PCB),
found in blue-green algae and cyanobacteria such adiSpiralso has been
found to be a potent inhibitor of this enzyme compléeelyi because in
mammalian cells it is rapidly reduced to phycocyanorubiripse homolog of
bilirubin. In light of the protean roles of NADPH oxidas#iaation in pathology,
it thus appears likely that PCB supplementation may haxsatile potential in
prevention and therapy -- particularly in light of rotlstudies demonstrating that
orally administered Spirulina or phycocyanin (the Spirailholoprotein that
contains PCB) can exert a wide range of anti-inflammyagiects. Until PCB-
enriched Spirulina extracts or synthetically produced R@Bcommercially
available, the most feasible and least expensive wagonister PCB is by
ingestion of whole Spirulina. A heaping tablespoon (about 1% §pirulina can
be expected to provide about 100 mg of PCB. By extrapolatmg fodent
studies, it can be concluded that an intake of 2 heapatgsaoons daily would
be likely to have important antioxidant activity in huma- assuming that
humans and rodents digest and absorb Spirulina-bound PCB mpa@able
manner. An intake of this magnitude can be clinicallyitdasf Spirulina is
incorporated into "smoothies" featuring such ingredients yasd&, fruit juices,
and whole fruits. Such a regimen should be evaluatelihical syndromes
characterized and in part mediated by NADPH oxidase owataden affected
tissues.
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Anesth Analg. 2009 Apr;108(4):1303-10.

Antiinflammatory and antihyperalgesic activity of C-phycocyanin.

Shih CM, Cheng SN Wong CS Kuo YL, Chou TC.

Chia-Yi Christian Hospital, Taipei, Taiwan, RepublicCGhina.

BACKGROUND: C-phycocyanin (C-PC), a biliprotein found in byreen algae,
such as Spirulina platensis, is often used as a dietdryional supplement due to
its various therapeutic values. In addition, the anéimfhatory activity of C-PC
partly through inhibition of proinflammatory cytokine fortiman, inducible nitric
oxide synthase (iINOS) and cyclooxygeanase-2 (COX-2) exprelsas been
demonstrated in many in vitro and in vivo studies. Howewbgether C-PC also
has antihyperalgesic activity in inflammatory nocicepti@s not been
investigated. METHODS: Using a carrageenan-induced thermalalgesia
model, we evaluated the effect of C-PC on nocicegijomeasuring paw
withdrawal latency. To clarify the mechanisms involvid expression of INOS
and COX-2 and the formation of nitrate and tumor necifast®r-alpha (TNF-
alpha) in the rat paw were determined. RESULTS: Prpesttreatment with C-
PC (30 or 50 mg/kg, IP) significantly attenuated carrageamiuced
inflammatory nociception and the induction of INOS @@X-2 at the late phase,
(4 h) accompanied by an inhibition of the formation of ¥&pha, prostaglandin
E(2), nitrate and myeloperoxidase activity. CONCLUSIOBS&sed on these
results, it is suggested that the inhibition of NO and pgdahdin E(2) over-
production through suppressing INOS and COX-2 induction and atiemad
TNF-alpha formation and neutrophil infiltration into ewhmatory sites by C-PC
may contribute, at least in part, to its antihyperalgasiwity.
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Biochem Biophys Res Commun. 2000 Nov 2;277(3):599-603.

Selective inhibition of cyclooxygenase-2 by C-phycocyanin, a
biliprotein from Spirulina platensis.

Reddy CM, Bhat VB, Kiranmai G , Reddy MN, Reddanna P Madyastha KM

Department of Organic Chemistry, Indian Institute oe8ce, Bangalore, 560
012, India.

We report data from two related assay systems (isb&ieyme assays and whole
blood assays) that C-phycocyanin a biliprotein from Spiryiagensis is a
selective inhibitor of cyclooxygenase-2 (COX-2) witheaylow IC(50) COX-
2/1C(50) COX-1 ratio (0.04). The extent of inhibition depeadghe period of
preincubation of phycocyanin with COX-2, but without anfgetfon the period

of preincubation with COX-1. The IC(50) value obtainedtfe inhibition of
COX-2 by phycocyanin is much lower (180 nM) as compareddsetiof
celecoxib (255 nM) and rofecoxib (401 nM), the well-knowreseve COX-2
inhibitors. In the human whole blood assay, phycocyanin e#iciently

inhibited COX-2 with an IC(50) value of 80 nM. Reduced phycocyanah
phycocyanobilin, the chromophore of phycocyanin are pooritongof COX-2
without COX-2 selectivity. This suggests that apoprotejphiycocyanin plays a
key role in the selective inhibition of COX-2. The prass&tudy points out that the
hepatoprotective, anti-inflammatory, and anti-arthptioperties of phycocyanin
reported in the literature may be due, in part, to itxseeeCOX-2 inhibitory
property, although its ability to efficiently scavengeefiradicals and effectively
inhibit lipid peroxidation may also be involved. Copyright 2@@@&demic Press.
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Arzneimittelforschung. 2000 Dec;50(12):1106-9.

Effects of phycocyanin extract on prostaglandin E2 levels in mouse
ear inflammation test.

Romay C, Leddn N, Gonzélez R

Departamento de Farmacologia, Centro Nacional detigae®nes Cientificas,
CNIC, Habana, Cuba. Cheyla@quimica.cneuro.edu.cu

Recently it was demonstrated that phycocyanin, a biliprageiated from
microalgae Spirulina, exerts anti-inflammatory activityseveral animal models
of inflammation. In this report, the effects of phycaoya on prostaglandin E2
(PGEZ2) concentrations and phospholipase A2 (PLA2) aciiatne determined in
arachidonic acid (AA) and 12-O-tetradecanoyl phorbol 13-te€tdA)-induced
mouse ear oedema, respectively. Phycocyanin (50-200 mg/kg p.bijedhn a
dose-dependent manner PGE2 levels in mouse ear treateflAviAlso,
phycocyanin (100-400 mg/kg p.o.) moderately reduced PLA2 activitiPi-T
induced mouse ear inflammation test. In this model trinaodcne (10 mg/kg p.o.)
used as reference drug exerted a remarkable inhibitory efideLA2 activity.
These results provide the first evidence that theiafimmatory effects of
phycocyanin may result, at least partially, from inhdntof PGE2 production
and a moderate inhibition of PLA2 activity.
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Mediators Inflamm. 2002 Apr;11(2):81-5.

Role of histamine in the inhibitory effects of phycocyanin in
experimental models of allergic inflammatory response.

Remirez D, Ledén N, Gonzélez R

Ozone Research Center, National Center for SaeR#search, Havana, Cuba.

It has recently been reported that phycocyanin, a bilipréseind in the blue-
green microalgae Spirulina, exerts anti-inflammatorgatf in some animal
models of inflammation. Taking into account these findings decided to
elucidate whether phycocyanin might exert also inhibiedfgcts in the induced
allergic inflammatory response and on histamine release igolated rat mast
cells. In in vivo experiments, phycocyanin (100, 200 and 300mg/Keopaky
(p.0.)) was administered 1 h before the challenge Witticrog of ovalbumin
(OA) in the ear of mice previously sensitized with OAeChour later,
myeloperoxidase activity and ear edema were assessed ciduyirosignificantly
reduced both parameters. In separate experiments, phyao¢yatiand 200
mg/kg p.o.) also reduced the blue spot area induced by intradejeeiibns of
histamine, and the histamine releaser compound 48/80 in matrskioncordance
with the former results, phycocyanin also significanéigtuced histamine release
induced by compound 48/80 from isolated peritoneal rat mast Th#sinhibitory
effects of phycocyanin were dose dependent. Taken togetiigesults suggest
that inhibition of allergic inflammatory response by ptgganin is mediated, at
least in part, by inhibition of histamine release fronstells.
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Mediators Inflamm. 2002 Apr;11(2):75-9.
Inhibitory effects of Spirulina in zymosan-induced arthritis in mice.

Remirez D, Gonzalez R Merino N, Rodriguez S Ancheta O.

Ozone International Center, Havana, Cuba. ozono@ dosid.cu

The anti-inflammatory effect of microalgae Spirulimas studied in zymosan-
induced arthritis in mice. Four days after the intracaltdr injection of zymosan
(15 mg/ml), Spirulina (100 and 400 mg/kg perorally) was admimdtey animals
for 8 days. The mice were than killed and beta-glucurseid#aas measured in the
synovial fluid. Each knee joint was totally removedligstopathological studies.
Spirulina significantly reduced the levels of beta-glucutase that had been
increased by zymosan. Histopathological and ultrastrucitudles showed
inhibition of the inflammatory reaction, whereas no degton of cartilage, well-
preserved chondrocytes, and normal rough endoplasmialteti@nd
mitochondria were seen. The anti-arthritic effearéad by Spirulina as shown in
this model may be at least partly due to the previously tep@ntiinflammatory
and antioxidative properties of its constituent, phycocyaromour knowledge,
this is the first report on the anti-inflammatoryesff of Spirulina in an
experimental model of arthritis.
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Biol Pharm Bull. 2006 Dec;29(12):2483-7.

Anti-inflammatory effect of Spirulina fusiformis on adjuvant-
induced arthritis in mice.

Rasool M, Sabina EP Lavanya B.

School of Bio-engineering and Biosciences, Velloreitnst of Technology,
Deemed University, Tamilnadu, India. mkr474@rediffmail.com

The present study was carried out to evaluate therdl@rimatory effect of
Spirulina fusiformis on adjuvant-induced arthritis ircei Arthritis was induced
by intra dermal injection of complete freund's adjuv@®.1 ml) into the right hind
paw of Swiss albino mice. Spirulina fusiformis (800 mg/kgthwas orally
administered for 8 d (from 11th to 18th day) to arthatemals after adjuvant
injection. The anti-inflammatory activity of Spiruéirfusiformis was assessed by
measuring paw volume, body weight, levels of lysosanalmes, tissue marker
enzymes and glycoproteins in control and experimentalasirn adjuvant-
induced arthritic animals, the levels of lysosomal enzyrtissue marker
enzymes, glycoproteins and the paw volume were increagaticantly.

However the body weight was found to be reduced when aaahpa control
animals. Oral administration of Spirulina fusiform80 mg/kg/b.wt)
significantly altered these above physical and biochalnsltanges observed in
arthritic animals to near normal conditions. Hencilts of this study clearly
indicate that Spirulina fusiformis has promising anti-inflaatory activity against
adjuvant-induced arthritic animals.
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Immunity

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.
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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.

Publication Types:

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

PMID: 11731916 [PubMed - indexed for MEDLINE]

Immunity

32



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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Immunopharmacol Immunotoxicol. 1996 Aug;18(3):457-63.

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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J Nutr Sci Vitaminol (Tokyo). 1994 Oct;40(5):431-41.

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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Phytother Res. 2004 Sep;18(9):754-7.

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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Nat Med (Tokyo). 2009 Apr;63(2):169-75. Epub 2008 Dec 18.

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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Evid Based Complement Alternat Med. 2008 Sep 14. [Epub ahgaahtf

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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Chemopreventative

Clin Exp Metastasis. 1998 Aug;16(6):541-50.

Inhibition of tumor invasion and metastasis by calcium spirulan (Ca-SP, a
novel sulfated polysaccharide derived from a blue-green alga, Spirulina
platensis.

Mishima T, Murata J, Toyoshima M, Fujii H , Nakajima M, Hayashi T, Kato T,
Saiki .

Research Institute for Wakan-Yaku, Toyama Medical aradiaceutical University,
Japan.

We have investigated the effect of calcium spirulan$@a isolated from a blue-green
alga, Spirulina platensis, which is a sulfated polysacddahelating calcium and mainly
composed of rhamnose, on invasion of B16-BL6 melanomian@® M3.1 carcinoma
and HT-1080 fibrosarcoma cells through reconstituted basemenbrane (Matrigel).
Ca-SP significantly inhibited the invasion of these tugells through
Matrigel/fibronectin-coated filters. Ca-SP also inhibitee haptotactic migration of
tumor cells to laminin, but it had no effect on thatibodnectin. Ca-SP prevented the
adhesion of B16-BL6 cells to Matrigel and laminin subsgréi#t did not affect the
adhesion to fibronectin. The pretreatment of tumds a@th Ca-SP inhibited the
adhesion to laminin, while the pretreatment of lamgubstrates did not. Ca-SP had no
effect on the production and activation of type 1V agdlaase in gelatin zymography. In
contrast, Ca-SP significantly inhibited degradation of hepaulfate by purified
heparanase. The experimental lung metastasis walicggtly reduced by co-injection
of B16-BL6 cells with Ca-SP. Seven intermittent injections of 100 microg of Ca-SP
caused a marked decrease of lung tumor colonization of BB6eBILS in a spontaneous
lung metastasis model. These results suggest that GareRel sulfated polysaccharide,
could reduce the lung metastasis of B16-BL6 melanoma bglishibiting the tumor
invasion of basement membrane probably through the prewesttthe adhesion and
migration of tumor cells to laminin substrate and of tepananase activity.
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Nutr Cancer. 1995;24(2):197-202.

Evaluation of chemoprevention of oral cancer with Spirulina
fusiformis.

Mathew B, Sankaranarayanan R Nair PP, Varghese G Somanathan T,
Amma BP, Amma NS, Nair MK .

Regional Cancer Centre, Medical College Campus, Kdrala.

The blue-green microalgae Spirulina, used in daily dietaitwyes in Africa and
America, have been found to be a rich natural sourpeoté¢ins, carotenoids, and
other micronutrients. Experimental studies in animal rnklave demonstrated
an inhibitory effect of Spirulina algae on oral carcinmgg@s. Studies among
preschool children in India have demonstrated Spirulisddrmis (SF) to be an
effective source of dietary vitamin A. We evaluateddhemopreventive activity
of SF (1 g/day for 12 mos) in reversing oral leukoplakia imfoéacco chewers
in Kerala, India. Complete regression of lesions alaserved in 20 of 44 (45%)
evaluable subjects supplemented with SF, as opposed to I3 the
placebo arm (p < 0.0001). When stratified by type of leulkigldhe response
was more pronounced in homogeneous lesions: completssegrevas seen in
16 of 28 (57%) subjects with homogeneous leukoplakia, 2 of 8amgthroplakia,
2 of 4 with verrucous leukoplakia, and 0 of 4 with ulcerated nodular lesions.
Within one year of discontinuing supplements, 9 of 20 (45% y&ete
responders with SF developed recurrent lesions. Suppletmentath SF did not
result in increased serum concentration of retinddeta-carotene, nor was it
associated with toxicity. This is the first human stedgluating the
chemopreventive potential of SF. More studies in diffiéisettings and different
populations are needed for further evaluation.
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Nutr Cancer. 1988;11(2):127-34.

Prevention of experimental oral cancer by extracts of Spirulina-
Dunaliella algae.

Schwartz J, Shklar G, Reid S Trickler D .

Department of Oral Medicine and Oral Pathology, Hah&ehool of Dental
Medicine, Boston, MA 02115.

An extract of Spirulina-Dunaliella algae was showmptevent tumor
development in hamster buccal pouch when a 0.1% soloiidi2-
dimethylbenz[a]anthracene (DMBA) in mineral oil was aggbtopically three
times weekly for 28 weeks. The algae extract was detivieyanouth in
continued dosages of 140 micrograms in 0.4 ml mineral @éttimes per week.
After 28 weeks, the animals given vehicle and untreatedaisratll presented
gross tumors of the right buccal pouch. Animals fed caattthin presented a
notably and statistically significant reduction in tunnaimber and size compared
with controls. Animals fed beta-carotene demonstratedadles but statistically
significant reduction in tumor number and size. Thealgamals presented a
complete absence of gross tumors. However, microssepitons of the buccal
pouch in the algae group showed localized areas of dyspladgiaarly
carcinoma-in-situ undergoing destruction.
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Space Med Med Eng (Beijing). 2003;16 Suppl:514-8.

[Protective effect of natural dietary antioxidants on space radiation-
induced damages]

[Article in Chinese]

Chen B, Zhou XC.

Institute of Space Medico-Engineering, Beijing, China.

This paper described the radiation-induced damage on humgnnbgimhce and
summarized the studies of antioxidants such as Vit CEWit A, beta-carotene,
flavonoids, polysaccharide, green-tea and Spirulina groteagainst radiation-
induced damage. Application prospects of natural antioxidarsjsaice food were
also put forward in this article.
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J Agric Food Chem. 2008 Jun 25;56(12):4352-8. Epub 2008 Jun 4.

In vitro antioxidant and antiproliferative activities of selenium-
containing phycocyanin from selenium-enriched Spirulina platensi.

Chen T, Wong YS

Research Laboratory for Food Protein Production and BaddNutritional
Sciences Programme, Department of Biology, The Chibeseersity of Hong
Kong, Hong Kong SAR, China.

Both selenium and phycocyanin have been reported to show paterer
chemopreventive activities. In this study, we investigétedn vitro antioxidant
and antiproliferative activities of selenium-containing oyanin (Se-PC)
purified from selenium-enriched Spirulina platensis. ThHeaidant activity of
Se-PC was evaluated by using four different free radi@alenging assays,
namely, the 2,2'-azinobis-3-ethylbenzothiazolin-6-sulfonid 8BTS) assay,
1,1-diphenyl-2-picryhydrazyl (DPPH) assay, superoxide anioresgmvg assay,
and erythrocyte hemolysis assay. The results inglicttat Se-PC exhibited
stronger antioxidant activity than phycocyanin by scavengBgS, DPPH,
superoxide anion, and 2,2'-azobis-(2-amidinopropane)dihydrod@lrae
radicals. Se-PC also showed dose-dependent protectieésedfeerythrocytes
against H 20 2-induced oxidative DNA damage as evaluated bythet@ssay.
Moreover, Se-PC was identified as a potent antiprotiteragent against human
melanoma A375 cells and human breast adenocarcinoma™@Hs. Induction
of apoptosis in both A375 and MCF-7 cells by Se-PC was ewéteby
accumulation of sub-G1 cell populations, DNA fragmeatatand nuclear
condensation. Further investigation on intracellular raaigms indicated that
depletion of mitochondrial membrane potential (DeltaRswas involved in Se-
PC-induced cell apoptosis. Our findings suggest that Se-Pararasing organic
Se species with potential applications in cancer chemeptien.
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Radiats Biol Radioecol. 2000 May-Jun;40(3):310-4.

[The postradiation use of vitamin-containing complexes and a
phycocyanin extract in a radiation lesion in rats]

[Article in Russian]

Karpov LM , Brown Il , Poltavtseva NV Ershova ON, Karakis SG, Vasil'eva
TV, Chaban IuL.

Mechnikov Odessa State University, Ukraina.

Wistar rats have been exposed to X-rays with a doSe3yf Significant decrease
in dehydrogenase activity, energy-rich phosphate lene:kdficiency of
antioxidant defence and significant increase in pyruvateuahwere observed
within 4 weeks. It was also found that the feeding of egdaats with
phycocyanin extract from blue-green algae Spirulina psag¢dead to correcting
effect. The same result was observed after injecbétscopherol or complex of
six water-soluble vitamins. The combination of above meeti compounds had
more marked effect, especially at the presence unitialdNa2Se.
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Biotechnol Appl Biochem. 2006 Mar;43(Pt 3):155-64.

Molecular immune mechanism of C-phycocyanin from Spirulina
platensis induces apoptosis in HelLa cells in vitro.

Li B, Gao MH, Zhang XC, Chu XM.

College of Marine Life Sciences, Ocean University bffa, Qingdao 266003,
People's Republic of China.

C-phycocyanin (C-PC), a water-soluble protein pigmeataisd from Spirulina
platensis, is of great importance because of its uanmwedical and
pharmacological properties. In the present study, weifivestigated the effect of
highly purified C-PC on growth and proliferation of HeLals@h vitro. The
results indicated that there was a significant deergathe number of cells that
survived for HelLa cells treated with C-PC compared witiitrad cells untreated
with C-PC. Further electron-microscopic studies reagt@that C-PC could induce
characteristic apoptotic features, including cell shrinkagembrane blebbing,
microvilli loss, chromatin margination and condensatma dense granules or
blocks. Agarose electrophoresis of genomic DNA of Hetlks ¢reated with C-
PC showed fragmentation pattern (DNA ladder of oligorméfs80-200 bp)
typical for apoptotic cells. Flow-cytometric analysifsHelLa cells treated with
different concentrations of C-PC demonstrated areaging percentage of cells
in sub-G0/G1 phase. In addition, we found that C-PC cowithpte the
expression of Fas and ICAM-1 (intercellular cell-adbesnolecule 1) protein,
while it held back the Bcl-2 (B-cell lymphocytic-leukaemiato-oncogene 2)
protein expression. This suggested that C-PC could indu@etikation of pro-
apoptotic gene and downregulation of anti-apoptotic gene ipreand then
facilitate the transduction of tumoural apoptosis sigties resulted in the
apoptosis of HelLa cells in vitro. Caspases 2, 3, 4, 6,&8)®10 were activated in
C-PC-treated Hela cells, which suggested that C-PC-inchjmgotosis was
caspase-dependent. C-PC treatment of HeLa cells aislbeckin release of
cytochrome c¢ from the mitochondria into the cytdbak was related to apoptosis
of C-PC-treated Hela cells.
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Biomed Pharmacother. 2005 Dec;59(10):551-60. Epub 2005 Oct 25.

Effects of CD59 on antitumoral activities of phycocyanin from
Spirulina platensis.

Li B, Zhang X, Gao M, Chu X.

Department of Marine Biology, Institution of Life Sc@nand Technology,
Ocean University of China, 5 Yushan Road, Qingdao 266003, China.

The regulatory effect of phycocyanin (PC) from Spiralplatensis on cluster of
differentiation 59 (CD59) gene expression of Hela celts antitumoral
mechanism of PC was investigated in this study. PC wafgolby
hydroxylapatite (HA) and sephacrylHR-200 gel-filtration cohsm
chromatography. The molecular weight of PC was deterthby SDS-PAGE
electrophoresis. The CD59 cDNA was inserted into the gakiarexpression
plasmid pALTER-MAX, and the recombinant vector pALTER-MACD59 was
successfully constructed. By using cationic liposome @afeEmine-2000)-
mediated transfection method, the recombinant plasmidrEAR-MAX-CD59
and the selective marker PCDNA were cotransfectedHeta cells and normal
Chinese hamster ovary (CHO) cells. Stable positivectmilles were sorted out
and disposed with different concentrates of PC. Tipeession of CD59 protein
was determined by in situ hybridization, immunofluorescemmkenzyme linked
immunosorbent assay (ELISA). In addition, the eftddPC on the proliferation
of Hela cells was determined by MTT method and the expres$ Fas protein
was by immunohistochemistry. Results showed that P @mote the
expression of CD59 protein in Hela cells, hold backriemoductions of Hela
cells, and moreover, a dosage effect was found betweem Namely, with the
ascendance of PC concentration, the expression daamitCD59 protein and
apoptosis-inducing Fas protein increased and the mudtijic activity of Hela
cells declined, whereas PC was of no use to CD59 and &@snpexpression, and
reproduction of normal CHO cells as well. Besidesnaaginable antitumoral
molecular immune mechanism of PC was brought forwadddagstussed.
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Biochem Pharmacol. 2004 Aug 1;68(3):453-62.

Molecular mechanisms in C-Phycocyanin induced apoptosis in
human chronic myeloid leukemia cell line-K562.

Subhashini J Mahipal SV, Reddy MC, Mallikarjuna Reddy M , Rachamallu
A, Reddanna P

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

C-Phycocyanin (C-PC), the major light harvesting biliproteom Spirulina
platensis is of greater importance because of its wab@logical and
pharmacological properties. It is a water soluble, moietfluorescent protein
pigment with potent anti-oxidant, anti-inflammatory amti-eancer properties. In
the present study the effect of highly purified C-PC wateteon growth and
multiplication of human chronic myeloid leukemia dele (K562). The results
indicate significant decrease (49%) in the proliferatbK562 cells treated with
50 microM C-PC up to 48 h. Further studies involving fluoreseemd electron
microscope revealed characteristic apoptotic featuresdikeshrinkage,
membrane blebbing and nuclear condensation. Agarose elsutess of
genomic DNA of cells treated with C-PC showed fragtagon pattern typical
for apoptotic cells. Flow cytometric analysis of se¢leated with 25 and 50
microM C-PC for 48 h showed 14.11 and 20.93% cells in sub-Gpihage,
respectively. C-PC treatment of K562 cells also resultedlease of cytochrome
c into the cytosol and poly(ADP) ribose polymerase (PABeavage. These
studies also showed down regulation of anti-apoptotic Beit2vthout any
changes in pro-apoptotic Bax and thereby tilting theZ2Bbx ratio towards
apoptosis. These effects of C-PC appear to be mediatathh entry of C-PC
into the cytosol by an unknown mechanism. The presendly thus demonstrates
that C-PC induces apoptosis in K562 cells by cytochroneéease from
mitochondria into the cytosol, PARP cleavage and dagulation of Bcl-2.
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Biotechnol Appl Biochem. 2007 Jul;47(Pt 3):159-67.

Alteration of mitochondrial membrane potential by Spirulina
platensis C-phycocyanin induces apoptosis in the
doxorubicinresistant human hepatocellular-carcinoma cell line
HepG2.

Roy KR, Arunasree KM, Reddy NP, Dheeraj B, Reddy GV, Reddanna P

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

C-PC (C-phycocyanin) is a water-soluble biliprotein frava tilamentous
cyanobacterium Spirulina platensis with potent antioxidamti-inflammatory

and anticancerous properties. In the present study,fdwt ef C-PC was tested
on the proliferation of doxorubicin-sensitive (S-HepG2) aedistant (R-HepG2)
HCC (hepatocellular carcinoma) cell lines. These ssudigicate a 50% decrease
in the proliferation of S- and R-HepG2 cells treatedhwd and 50 microM C-PC
for 24 h respectively. C-PC also enhanced the sensitt/iRrHepG2 cells to
doxorubicin. R-HepG2 cells treated with C-PC showed tygipaptotic features
such as membrane blebbing and DNA fragmentation. Flow-@ttananalysis of
R-HepG2 cells treated with 10, 25 and 50 microM C-PC for &4olwved 18.8,
39.72 and 65.64% cells in sub-G(0)/G(1)-phase respectivelycliytime c
release, decrease in membrane potential, caspase 3iactarad PARP
[poly(ADP-ribose) polymerase] cleavage were observed-RC-treated R-
HepG2 cells. These studies also showed down-regulatithe @nti-apoptotic
protein Bcl-2 and up-regulation of the pro-apoptotic BaxZBadsociated X-
protein) protein in the R-HepG2 cells treated with C-Pia present study thus
demonstrates that C-PC induces apoptosis in R-HepG2 ndlissgpotential as an
anti-HCC agent.
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Phytother Res. 1999 Mar;13(2):111-4.

Modulatory potential of Spirulina fusiformis on carcinogen
metabolizing enzymes in Swiss albino mice.

Mittal A , Kumar PV, Banerjee S Rao AR, Kumar A.

Department of Zoology, University of Rajasthan, Jaimadia.

The modulatory potential of Spirulina fusiformis wasetved on the hepatic and
extrahepatic carcinogen metabolizing enzymes in Swhigscainice at a dose of
800 mg/kg b.w. given orally. A significant reduction in th@dtg cytochrome P-
450 content was observed in the group treated with Spinaliocamparison with
the control group. The hepatic glutathione S-transfeaeSeity was induced
significantly by Spirulina treatment. There was nong®in the extrahepatic
glutathione S-transferase activity after the animalevied with Spirulina.
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Sheng Wu Yi Xue Gong Cheng Xue Za Zhi. 2002 Jan;19(1):1-3.

[Inhibition activity of spirulina platensis proteins photo-
immobilization biomaterial on proliferation of cancer cells]

[Article in Chinese]

Guan Y, Guo B.

Biotechnology Research Institute, South China Normavérsity, Guangzhou
510631.

The bioactive protein-phycocyanin and all the proteins au8pa Platensis were
isolated and purified. Photo-reactive proteins were syrabediy coupling the
proteins with (N-(4-azidobenzoyloxy)succinimide) and wereagronto the 24-
well cell culture polystyrene plate. Then the coatatase was exposed to
ultraviolet irradiation for chemical fixation of protes via the conversion of the
phenylazido group to the highly reactive phenyl-nitrene whichtgpeously
formed covalent bonds with neighboring hydrocarbons.Hese proteins-
immobilized polystyrene plates, the liver cancer c&lI82 were cultured under
the serum-free conditions, and the inhibition activitypooliferation of liver
cancer cells was investigated and analyzed.
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Acta Pharmacol Sin. 2001 Dec;22(12):1121-4.

Chemo- and radio-protective effects of polysaccharide of Spirulina
platensis on hemopoietic system of mice and dogs.

Zhang HO, Lin AP, Sun Y, Deng YM.

The Medical and Pharmaceutical Academe of Yangzhou Uniye¥s&ngzhou 225001,
China.

AIM: To observe polysaccharide of Spirulina platenBiSi§) on the hematopoietic
system of mouse and dogs which were damaged by injectmytiophosphamide
(CTX) and 60Co-gamma irradiation. METHODS: CTX and 60Co gamay were used
to induce bone marrow damage, and the experimental aniraedsig with different dose
of PSp in vivo, after 12-d and 21-d administration, the whimled cells and nucleated
cells in bone marrow were measured, and the DNA in bzareow were inspected by
UV-spectrophotometer. RESULTS: CTX and 60Co-gamma irradiatduced
hemopoietic system damage in mice and dogs, respectR@&p/30, 60 mg/kg increased
the level of the white cells in blood and nucleated @ail$ DNA in bone marrow in mice
but had no effects on red cells and hemoglobins. PSp 12 nmghaased the level of red
cells, white cells, and hemoglobins in blood and nucleatesl iceione marrow in dogs
(P <0.01), and the effects of PSp 60 mg/kg were bettethiaaiof berbamine
hydrochloride 60 mg/kg. CONCLUSION: PSp has chemo-protectideadio-protective
capability, and may be a potential adjunct to cancer plyera
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Mol Cell Biochem. 2001 Oct;226(1-2):27-38.

Chemomodulation of carcinogen metabolising enzymes, antioxidant
profiles and skin and forestomach papillomagenesis by Spirulina
platensis.

Dasqupta T, Banejee SYadav PK, Rao AR.

Cancer Biology and Applied Molecular Biology Laboratsr School of Life
Sciences, Jawaharlal Nehru University, New Delhi,dndi

Numerous reports have revealed an inverse associativadeconsumption of
some selective natural products and risk of developing cancee present
study the effect of 250 and 500 mg/kg body wt. of Spirulinaexasnined on
drug metabolising phase | and phase Il enzymes, antioxedagines, glutathione
content, lactate dehydrogenase and lipid peroxidation ilivireof 7-week-old
Swiss albino mice. The implications of these biochahadterations have been
further evaluated adopting the protocol of benzo(a)pyreheced forestomach
and 7,12 dimethylbenz(a)anthracene (DMBA) initiated and croiiggromoted
skin papillomagenesis. Our primary findings reveal therndfunctional' nature of
Spirulina as deduced from its potential to induce only theg@Haenzyme
activities associated mainly with carcinogen detoxiftcatThe glutathione S-
transferase and DT-diaphorase specific activities weheced in hepatic and all
the extrahepatic organs examined (lung, kidney and forastonby Spirulina
pretreatment (significance level being from p < 0.05 0(Qo005) except for the
low dose treatment in forestomach. With referencant@mxidant enzymes viz.,
superoxide dismutase, catalase, glutathione reductasehglogaperoxidase and
reduced glutathione were increased significantly by batthiosen doses of
Spirulina from p < 0.01 to p < 0.005. Chemopreventive respeasejuantitated
by the average number of papillomas per effective mousaotburden) as well
as percentage of tumor bearing animals. There was &icagiinhibition of
tumor burden as well as tumor incidence in both the tunamel systems studied.
In the skin tumor studies tumor burden was reduced from ¢.8260 and 1.15 by
the low and high dose treatment respectively. In stbrhamor studies tumor
burden was 2.05 and 1.73 by the low and high doses of Spimdatanent
against 3.73 that of control.
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Toxicol Lett. 1989 Aug;48(2):165-9.

Radioprotective effect of extract from Spirulina platensis in mouse
bone marrow cells studied by using the micronucleus test.

Qishen P Guo BJ, Kolman A.

Department of Biotechnology, Zhongkai Agriculture andhiredogy College,
Guangzhou People's Republic of China.

The radioprotective effect of an extract of Spirulpilatensis has been studied
using the micronucleus test in polychromatic erythracgtfiedoone marrow of
mice. In this system the extract caused a significahtat®n of the micronucleus
frequencies induced by gamma-radiation.
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Eur J Cancer Clin Oncol. 1988 May;24(5):839-50.

Tumor necrosis factor in experimental cancer regression with
alphatocopherol, beta-carotene, canthaxanthin and algae extract.

Shklar G, Schwartz J.

Department of Oral Medicine and Oral Pathology, Hah&ehool of Dental
Medicine, Boston, MA 02115.

Regression of established hamster buccal pouch carcinamadsntly been
demonstrated in association with an induction of tumorasss factor alpha in
macrophages. Regression of hamster buccal pouch tumaatsbdmseen
demonstrated following the local injection of alphatoeph canthaxanthin and
an extract of Spirulina-Dunaliella algae. The currémtg demonstrates that
cancer regression is also accompanied by a significanttiodwf tumor necrosis
factor in macrophages in the tumor area, suggesting bfge®chanism of
tumor destruction. One hundred and forty young, male aduisters were
divided into seven equal groups of 20 animals. Epidermoid cangis were
induced in right buccal pouches by 14 weeks of painting, thmastper week, of
a 0.5% solution of 7,12-dimethylbenz(a)anthracene. Groups 1\apdce?
untreated and sham injected controls. Groups 3-7 hadadjeeice weekly into
the right buccal pouches 0.1 ml (1.9 mg/ml of 13-cis-retiacid, canthaxanthin,
algae extract, beta-carotene and alphatocopherol. Aftereks the tumors in
groups 3-7 demonstrated varying degrees of regression ancirttesawere
sacrificed and the right buccal pouches excised. Tumoosiedactor alpha
(TNF-alpha) was demonstrated by immunohistochemical tqahai A very
significant increase in TNF-alpha positive macrophagesfaand in the tumor-
bearing pouches of animals in groups 5-7. Smaller numbendBdalpha-
positive macrophages were found in group 4 pouches and aliggyincrease in
group 3 pouches.
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J Oral Maxillofac Surg. 1987 Jun;45(6):510-5.

Regression of experimental hamster cancer by beta carotene and
algae extracts.

Schwartz J, Shklar G.

The effect of algae extract on tumor regression wadiesi. Phycotene (extract of
Spirulina and Dunaliella algae) 250 micrograms in 0.1 ml M@ENhimum
essential medium) was injected locally into DMBA 12,
dimethylbenz(a)anthracene)-induced squamous cell carcinoirhasnster buccal
pouch in 20 animals. DMBA-induced carcinomas in 20 hamstears wected
locally with beta carotene 250 micrograms in 0.1 ml MENEA-induced
carcinomas in 20 animals were injected locally with lkkaxanthin, 250
micrograms in 0.1 ml MEM, and DMBA-induced carcinomas in 2iénals were
injected locally with 13-cis-retinoic acid, 250 microgram$.1 ml MEM.

Twenty animals with DMBA-induced carcinomas were shajeeted controls
using 0.1 ml MEM. The various agents were injected intduh®r bearing right
buccal pouches twice-weekly for four weeks. Total tumgression was found in
30% of phycotene animals, 20% of beta carotene animals an@fl5%
canthaxanthin animals after four weeks. Partial tumoessgrn was found in the
remaining 70% of phycotene animals, 80% of beta carotene laram#85% of
canthaxanthin animals. None of the 13-cis-retinoic agichals had total tumor
regression, but 70% showed partial regression. No tumaessign was found in
the DMBA control group and the sham-injected group.
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Cancer Sci. 2009 May 6. [Epub ahead of print]

Enhancement of antitumor natural killer cell activation by orally
administered Spirulina extract in mice.

Akao Y, Ebihara T, Masuda H, Saeki Y, Akazawa T, Hazeki K, Hazeki O,
Matsumoto M, Seya T

Department of Microbiology and Immunology, Hokkaido Univigr&raduate
School of Medicine, Kita-15, Nishi-7, Kita-ku Sapporo 060-8638, dapa

Oral administration of hot-water extract of Spinalj cyanobacterium Spirulina
platensis, leads to augmentation of NK cytotoxicityumians. Here, we applied
to syngeneic tumor-implant mice (C57BL/6 versus B16 meta)dSpirulina to
elucidate the mechanism of raising antitumor NK activatA B16D8 subcell
line barely expressed MHC class | but about 50% expressed Ra ligand for
NK activation receptor NKG2D. The Rae-1-positive popalanf implant B16
melanoma was effectively eliminated in the tumor nmegressed in mice. This
antitumor activity was induced in parallel with IFN-gamand abolished in mice
by treatment with asialoGM-1 but not CD8beta Ab, suggestiagffector is NK
cell. NK cell activation occurred in the spleen aldatype mice medicated with
Spirulina. This Spirulina-mediated enhanced NK activaivas abrogated in
MyD88 -/- mice but not in TICAM-1 -/- mice. The NK aetiting properties of
Spirulina depending on MyD88 were confirmed with in vitro domarrow-
derived dendritic cells expressing TLR2/4. In D16D8 tumor chgéestudies, the
antitumor effect of Spirulina was abolished in MyD88miee. Hence, orally
administered Spirulina enhances tumoricidal NK activatimough the MyD88
pathway. Spirulina exerted a synergistic antitumownagtwith BCG-cell wall
skeleton, which is known to activate the MyD88 pathwayliR2/4 with no NK
enhancing activity. Spirulina and BCG-cell wall skelesgynergistically
augmented IFN-gamma production and antitumor potential iB16&8 versus
C57BL/6 system. We infer from these results that NKvatibn by Spirulina has
some advantage in combinational use with BCG-cell waletkn for developing
adjuvant-based antitumor immunotherapy. (Cance2@®29).
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Med Oncol. 2009 Jan 21. [Epub ahead of print]

Long-term effect of Spirulina platensis extract on DMBA-induced
hamster buccal pouch carcinogenesis (immunohistochemical study).

Grawish ME, Zaher AR, Gaafar Al, Nasif WA.

Oral Biology Department, Faculty of Dentistry, Mansoumiversity, Mansoura,
Egypt, grawish2005@yahoo.com.

In cancer research, the use of complementary anthatiiee medicine has
increased over the past decade. In this study, 80 male dg&jdiem hamsters
were divided into four equal groups; the right buccal pouchdsedamster rats
in group 1 were painted with 0.5% solution of 7, 12-dimethylsganfhracene
(DMBA), three times a week for 32 weeks. The same pauchgroup 2 were
subjected to the same DMBA painting; but at the same timeanimals received
10 mg/daily Spirulina platensis extract for the sameopleiin group 3, the same
regimen of DMBA painting was done but for 24 weeks only &eddaily
systemically S. platensis was received for the 32 wéekgoup 4, neither
DMBA painting nor S. platensis administration was dbatpouches were
painted with saline and served as a control one. Figdnam each group were
sacrificed at 12, 24, 28, and 32 weeks, respectively. The requitedhes were
excised, fixed, and embedded in paraffin to be immunostamadroliferating
cell nuclear antigen (PCNA). The results showed tiaeased PCNA expression
was directly related to the severity of pathologididrations from normal
epithelium to dysplasia and from dysplasia to squamelisarcinoma (SCC) in
the study groups at the different extended periods of DMBAiGgtion and S.
platensis extract administration. Analysis of variaaed Duncan's multiple-range
test for PCNA labeling index were proved a high significdifierence (P < 0.01)
between the different groups. From the pervious resuttan be concluded that
S. platensis extract has a beneficial role in regrassf cancer progression.
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Food Chem Toxicol. 2008 Feb;46(2):567-74. Epub 2007 Sep 5.

Chemoprotective effect of Spirulina (Arthrospira) against
cyclophosphamide-induced mutagenicity in mice.

Chamorro-Cevallos G Garduiio-Siciliano L, Barron BL , Madrigal-Bujaidar
E, Cruz-Vega DE, Pages N

Departamento de Farmacia, Escuela Nacional de CieBitiigyicas, Instituto
Politécnico Nacional, Prolongacion Carpio y Plan dalays/N, 11340 México
D.F., México. gchamcev@yahoo.com.mx

The aim of this study was to investigate the antimutageffects of Spirulina
(SP) on male and female mice by the dominant lethalisasg
cyclophosphamide (CP) as a mutagen. Animals of botkveex given SP orally
at 0, 200, 400 or 800 mg/kg body weight (b.w.) for 2 weeks pwigtarting the
CP treatment. CP was i.p. injected daily for 5 days ahgftg b.w. For the male-
dominant lethal test, each male was caged with unttdateales per week for 3
weeks. For the female-dominant lethal test the abovesdarsd schedule
treatments were used and treated females were cagaaefoveek with untreated
males (1-2). On days 13-15 after breeding was |startdueditimales were
evaluated for incidence of pregnancy, total corpora Jutgal implants and pre-
and post-implant losses. In the male-dominant lethglttess CP induced pre- and
post-implant losses in untreated females were inhibttedl 8P doses. In the
female-dominant lethal test only post-implantationdsssere prevented at the
same doses. Semen examination of a separate groupeo$haieed that SP
improved its quality. Our results illustrate protectiveeet§ of SP in relation to
CP-induced genetic damage to germ cells.
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Vopr Pitan. 1999;68(1):17-9.

[Effect of biologically active food additives containing autolysate of
baker's yeast and spirulina on intestinal permeability in an
experiment]

[Article in Russian]

Mazo VK, Gmoshinskii IV, Sokolova AG, Zorin SN, Danilina LL , Litvinova
AV, Radchenko SN

Influence of bioactive food supplements (BFA) intake oegtihal barrier
permeability to macromolecules of polyethylene glycol 40@8 studied in rats
with intestinal anaphylaxis and after external gamnadiation. BFA studied
included autolysed baker's yeast ("Vitasil') and edible aBparulina platensis.
Intake of complex additive Vitasil + Spirulina resdlte significant diminution
of permeability before irradiation and its partial natiration (24% decrease)
after irradiation. Spirulina additive intake led to preally complete
normalization of permeability (1.84 times decrease) apaglactic rats. It is
concluded that Spirulina and Vitasil are promising BFA fgamism general
resistance elevation.
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Yao Xue Xue Bao. 2002 Aug;37(8):616-20.

[Effect of polysaccharide from Spirulina platensis on hematopoietic
cells proliferation, apoptosis and Bcl-2 expression in mice bearing
tumor treated with chemotherapy]

[Article in Chinese]

Liu XM , Zhang HO.

Medical and Pharmacological Institute of Yangzhou Unitgrsfangzhou
225001, China. xiaoning-liu@263.net

AIM: To evaluate the effect of polysaccharide fromr8ima platensis (PSP) on
hematopoietic cell proliferation, apoptosis and Bck@ression in mice bearing
tumor treated with chemotherapy. METHODS: The modehemotherapy for
transplant solid tumor in mice was established. The tegoéetic cell
proliferation, apoptosis, Bcl2 expression and relatedkiyes were assayed by
the technique of culture of hematopoietic progenitor athromicroscope and
light microscope, immunohistochemical method, and doutiieady sandwich
ELISA. RESULTS: PSP significantly ameliorated CFU-G@kbliferation
inhibition and hematopietic cells apoptosis induced by QVixteover, PSP
evidently increased the content of IL-1, IL-3, GM-CSH diNF-alpha in serum
and Bcl-2 expression of hematopoietic cells. CONCLUSI®SP indirectly
upregulated Bcl-2 expression of hematopoietic cells by ptiomendogenous
cytokines secretion which may be one of the mechanigynshich PSP
enhanced hematopoietic cell proliferation and inhibitedptsptosis in mice
bearing tumor treated with chemotherapy.
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Zhonghua Yu Fang Yi Xue Za Zhi. 1995 Jan;29(1):13-7.

[Inhibitive effects of spirulina on aberrant crypts in colon induced
by dimethylhydrazine]

[Article in Chinese]

Chen F, Zhang O.

Hengyang Medical College, Hengyang Hunan.

Precancerous pathological changes of colon was inducedddy sjection in a
short-term and multiple injection in a long-term ipeatoneally with 1,2-
dimethylhydrazine (DMH) in NIH mice and Sprague-Dawley.rared,

protective effects of spirulina, germanium-132 and vitamanEolon aberrant
crypts induced by DMH were observed. Results showed aithgle injection or
multiple injection with DMH could induce aberrant cryptsoion. The number
of aberrant crypts scattered by short-term single iojeaetas less than that by
multiple one, and less of the aberrant crypts focevwwermed by short-term single
injection. Spirulina powder, germanium-132 and vitamin Ealild inhibit the
function of aberrant crypts of colon. In the ninth weering multiple injection
with DMH, a lot of aberrant crypts of colon had been induead a certain
amount of aberrant crypts foci had been generated. Theanwhaberrant crypts
and aberrant crypts foci in the animals with tumor iase&l with the length of
DMH injection. In the ninth-, 13th- and 16th-week, respedyi the number of
aberrant crypts and aberrant crypts foci was signifigdess in animals protected
by spirulina than in positive controls (P < 0.01), betré&was no significant
difference between them during 21st- and 24th-week of injexti
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Curr Pharm Biotechnol. 2005 Oct;6(5):373-9.

Nutritional and therapeutic potential of Spirulina.

Khan Z, Bhadouria P, Bisen PS

Department of Biotechnology, J.C. Bose Institute ité ISciences, Bundelkhand
University, Jhansi 284128, U.P., India.

Spirulina, a filamentous cyanobacterium, possessessgibiological activities
and nutritional significance due to high concentratibnatural nutrients, having
bio-modulatory and immuno-modulatory functions. Diffar&pirulina
preparations influence immune system viz. increase phagacyivity of
macrophages, stimulating the production of antibodiexcgukines, increase
accumulation of NK cells into tissue and activatiod amobilization of T and B
cells. Spirulina have also shown to perform regulatolg on lipid and
carbohydrate metabolism by exhibiting glucose and lipid grafirrecting
activity in experimental animals and in diabetic patieRteparations have been
found to be active against several enveloped viruses includnpgdvirus,
cytomegalovirus, influenza virus and HIV. They are capablatiibit
carcinogenesis due to anti-oxidant properties that prossces and also reduce
toxicity of liver, kidney and testes.
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Oral Oncol. 2008 Oct;44(10):956-62. Epub 2008 Feb 8.

Effects of Spirulina platensis extract on Syrian hamster cheek pouch
mucosa painted with 7,12-dimethylbenz[a]anthracene.

Grawish ME.

Faculty of Dentistry, Mansoura University, Mansoura, [iggy
grawish2005@yahoo.com

Research into cancer prevention seeks to identify #neeptable causes of
cancer, and to reduce cancer incidence by effective ingpitation of
preventative strategies in target populations. In this s@@ynale golden Syrian
hamsters were divided into three equal groups; the rigltabpouches of the
hamster rats in group one were painted with 0.5% solufi@rila-
dimethylbenz[a]anthracene (DMBA), three times a weell secrificed. The
same pouches of group two were also painted with DMBA, dugived an
additional 10mg/daily Spirulina platensis extract, whias added to the soft diet
supplements during the same period. The hamster ratsup tinee received
neither DMBA nor S. platensis extract. They were fgalrwith saline and served
as control animals. Half the hamsters from eachetliree groups were
sacrificed by ether inhalation after 7 weeks, and the irengahalf were
sacrificed after 14 weeks. The required buccal pouches weayeally excised
and prepared for regular H&E and argyrophilic proteins ohtieear organizer
regions (AgNOR) silver staining. AQNORs counting and gtesisanalysis were
carried out. We observed moderate dysplastic changesdagento the
midspinous layer in group one 7 weeks after DMBA paintivigich reached to
half the thickness of the hyperplastic epitheliumraieweeks. However, in
group two, mild dysplastic changes were observed aftexeks, which were
restricted to the basilar and parabasilar layers o¢plitbelium after 14 weeks of
treatment. AQNOR staining in group one produced AGNOR coungsng from
one to seven dots per nucleus, whereas the counts weoe tve dots per
nucleus in group two. The AGQNOR mean number in groups oneatw three
was (3.1+/-0.006, 1.3+/-0.003 and 1.2+/-0.003, respectively). Merewith one
sample t-test, a significant difference was found in Ag\Ni@®ean number
between groups one and two, groups one and three and begmeepes two and
three (P<0.05). An overall significant difference amtmgthree groups (P<0.01)
was indicated with one-way analysis of variance. pAgNOR was 10% in
group one, 5% in group two and 4% in group three. Consequenpigténsis is
an adjunctive means to inhibit the dysplastic chalgesrring in the hamster
cheek pouch (HCP) mucosa. However, more researchdede¢e expand its
beneficial action.
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Diabetes

J Med Food. 2001 Winter;4(4):193-199.

Role of Spirulina in the Control of Glycemia and Lipidemia in
Type 2 Diabetes Mellitus.

Parikh P, Mani U, lyer U.

Department of Foods and Nutrition, M S University of BEroVadodara-
390002, Guijarat, India.

Spirulina, with its high concentration of functiomaltrients, is emerging as an
important therapeutic food. This study aimed to evaluadypoglycemic
and hypolipidemic role of Spirulina. Twenty-five subjewatth type 2 diabetes
mellitus were randomly assigned to receive Spirulinadfsgroup) or to form
the control group. At baseline, the control and study graugse matched for
various variables. The efficacy of Spirulina supplemma2 g/day for 2
months) was determined using the preintervention and parsgémttion blood
glucose levels, glycosylated hemoglobin (HbA(1c)) levatal lipid profiles
of the diabetic subjects. Two-month supplementatiah @pirulina resulted
in an appreciable lowering of fasting blood glucose and postjaieblood
glucose levels. A significant reduction in the HbA(1aklewas also
observed, indicating improved long-term glucose regulaiidith regard to
lipids, triglyceride levels were significantly lowekeTotal cholesterol (TC)
and its fraction, low-density lipoprotein cholesterol (1-B), exhibited a fall
coupled with a marginal increase in the level of high-dgtipioprotein
cholesterol (HDL-C). As a result, a significant redugetin the atherogenic
indices, TC:HDL-C and LDL-C: HDL-C, was observed. Téeel of
apolipoprotein B registered a significant fall togethehwi significant
increment in the level of apolipoprotein Al. Thereforsigaificant and
favorable increase in the ratio of A1:B was also doTéese findings suggest
the beneficial effect of Spirulina supplementatiogamtrolling blood glucose
levels and in improving the lipid profile of subjects wiype 2 diabetes
mellitus.
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Life Sci. 2001 Jul 20;69(9):1029-37.

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

Rodriquez-Hernandez A Blé-Castillo JL, Juarez-Oropeza MA Diaz-Zagoya
JC.

Laboratorio de Andlisis Clinicos, Hospital Generaldea No. 1, Instituto
Mexicano de Seguro Social, UNAM, Ciudad Universitaria, DF.

The dietary administration of 5% Spirulina maxima (SMjing four weeks to
diabetic mice, starting one week after a single dés#laxan, 250 mg/Kg body
weight, prevented fatty liver production in male and fenaalimals. The main
action of SM was on triacylglycerol levels in serund diver. There was also a
moderate hypoglycemia in male mice. The thiobarbituric eeadtive substances
also decreased in serum and liver after SM administr.afibere was also a
decrease in the percentage of HDL in diabetic miceviha reverted by the SM
administration. The sum of LDL + VLDL percentages \a&o partially
normalized in diabetic animals by the SM administratidn additional
observation was the lower incidence of adherencegceei the liver and the
intestine loops in the diabetic mice treated with &vhpared with diabetic mice
without SM. Male and female mice showed differencedidbetes susceptibility
and response to SM, the female being more resistardletds induction by
alloxan and more responsive to the beneficial effeC&M. It is worth future
work of SM on humans looking for better quality of lgad longer survival of
diabetic patients.
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Vopr Pitan. 2004;73(5):17-20.

[Effect of food diet supplements with chromium on the clinical and
metabolic parameters in type 2 diabetic patients]

[Article in Russian]

Sharafetdinov KhKh, Meshcheriakova VA, Plotnikova OA, Mazo VK,
Gmoshinski 1V, Nechaeva SV

It was investigated the influence of food diet supplemeiitsatromium on
dynamic of glycaemia, lipid profile, blood pressure anigiein type 2 diabetic
patients. Traditional hypocaloric diet was supplementéd @hiromium-spirulina
(50 mcg chromium per day). The results investigationsatdd that a chromium-
enriched diet has beneficial effects on basal and gl glycaemia, the
content of cholesterol and triglycerides in serurnampared with a traditional
hypocaloric diet.
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Vopr Pitan. 2004;73(4):17-20.

[Effect of a zinc-enriched diet on the clinical and metabolic
parameters in type 2 diabetic patients]

[Article in Russian]

Sharafetdinov KhKh, Meshcheriakov VA, Plotnikova OA, Mazo VK,
Gmoshinski 1V, Aleshko-Ozhevski luP, Sheviakova LV, Makhova NN.

It was investigated the influence of a diet with zinp@ementation on dynamic
of glycaemia, lipid profile, blood pressure and weightypet2 diabetic patients.
Traditional hypocaloric diet was supplemented with zinodéipa (7.5 mg zinc
per day). The results investigations indicated thaheenriched diet has
beneficial effects on basal and postprandial glycaetingacontent of cholesterol
and triglycerides in serum in compared with a tradifitwy@ocaloric diet.
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Zhongguo Zhong Yao Za Zhi. 2005 Feb;30(3):211-5.

[Protective effects of polysacchride of Spirulina platensis and
Sargassum thunbeergii on vascular of alloxan induced diabetic rats]

[Article in Chinese]

Huang ZX, Mei XT, Xu DH, Xu SB, Lv JY.

School of Pharmaceutical Sciences, SunYat-sen Uniye@itangzhou 510275,
China.

OBJECTIVE: To study the protective effects of polysacd®aaf Spirulina
platensis and Sargassum thunbeergii on vascular ogallgd_X) induced
diabetic rats. METHOD: With the doses of polysacchaoid8pirulina platensis
(PSP) and Sargassum thunbeergii (PST) compound (1:1) 12.261, 3608319
mg X kg(-1) by i.g. administration to alloxan induced digbets respectively for
6 weeks. Then the blood glucose and the TC, HDL-C, TG,ENNOn serum were
detected. The contraction and relaxation response tandEACh in aortic rings
of the alloxan induced diabetic rats has been studiE&URT: The results
showed the compound of PSP and PST could decrease the hloosegand the
TC, TG, NO, ET in serum and increase HDL-C tharhedlloxan induced
diabetic rats. The contraction responses to NE iiticaings of the alloxan
induced diabetic rats were significantly elevated in threnabrats, and the
responses to ACh were significantly lower. PSP and ¢&®ipound could
significantly lower the responses to NE and signifisealevate the responses to
ACh in aortic rings of the alloxan induced diabetitsr CONCLUSION: PSP and
PST compound could decrease blood glucose and could proteessthdar of
alloxan induced diabetic rats.
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Anti-Viral

Anti-Viral

Chem Pharm Bull (Tokyo). 2001 Jan;49(1):108-10

Effects of structural modification of calcium spirulan, a sulfated
polysaccharide from Spirulina platensis, on antiviral activity.

Lee JB, Srisomporn P, Hayashi K, Tanaka T, Sankawa U Hayashi T.

Faculty of Pharmaceutical Sciences, Toyama Medicah&r maceutical
University, Japan.

Calcium ion binding with the anionic part of a moleculesweplaced with
various metal cations and their inhibitory effects onrdmication of herpes
simplex virus type 1 were evaluated. Replacement oiucalon with sodium
and potassium ions maintained the antiviral activity wtlil@lent and
trivalent metal cations reduced the activity. Depolymeionsof sodium
spirulan with hydrogen peroxide decreased in antiviral agtas its
molecular weight decreased.
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J Acquir Immune Defic Syndr Hum Retrovirol. 1998 May 1;18(A)27

Inhibition of HIV-1 replication by an aqueous extract of Spirulina
platensis (Arthrospira platensis).

Avehunie S Belay A, Baba TW, Ruprecht RM.

Laboratory of Viral Pathogenesis, Dana-Farber Calmstitute, and Harvard
Medical School, Boston, Massachusetts 02115, USA.

An aqueous extract of the blue-green filamentous algaeoSqina platensis
(previously called Spirulina platensis) inhibited HIV-1 reglion in human T-
cell lines, peripheral blood mononuclear cells (PBM&)J Langerhans cells
(LC). Extract concentrations ranging between 0.3 and IcBgiml reduced viral
production by approximately 50% (50% effective concentrati@@b[B) in
PBMCs. The 50% inhibitory concentration (IC50) of extfactPBMC growth
ranged between 0.8 and 3.1 mg/ml. Depending on the cell typdetbseapeutic
indices ranged between 200 and 6000. The extract inactivated Hiféctivity
directly when preincubated with virus before additiondanhn T-cell lines.
Fractionation of the extract revealed antiviral atgiim the polysaccharide
fraction and also in a fraction depleted of polysaadearand tannins. We
conclude that agueous A platensis extracts contain aatiret activity that may
be of potential clinical interest.
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AIDS Res Hum Retroviruses. 1996 Oct 10;12(15):1463-71.

A natural sulfated polysaccharide, calcium spirulan, isolated from
Spirulina platensis: in vitro and ex vivo evaluation of anti-herpes
simplex virus and anti-human immunodeficiency virus activities.

Hayashi K, Hayashi T, Kojima | .

Department of Virology, Toyama Medical and Pharmacautiniversity, Japan.

A sulfated polysaccharide named calcium spirulan (Bpkas been isolated from
a sea alga, Spirulina platensis, as an antiviral coeqoihe anti-human
immunodeficiency virus type 1 (HIV-1) and anti-herpes simpiexs type 1
(HSV-1) activities of Ca-SP were compared with thosdextran sulfate (DS) as
a representative sulfated polysaccharide. Anti-HIVilviies of these agents
were measured by three different assays: viability ofedyg infected CD4-
positive cells, or a cytopathology assay; determinatioHIV-1 p24 antigen
released into culture supernatants; and inhibition of Hidced syncytium
formation. Anti-HSV-1 activity was assessed by plaquéyieduction. In
addition, their effects on the blood coagulation processdsstability in the blood
were evaluated. These data indicate that Ca-SP ieatgoitiviral agent against
both HIV-1 and HSV-1. Furthermore, Ca-SP is quite psomgias an anti-HIV
agent because even at low concentrations of Ca-&Rremcement of virus-
induced syncytium formation was not observed, as was\@iben DS-treated
cultures, Ca-SP had very low anticoagulant activity, sirowed a much longer
half-life in the blood of mice when compared with tbbDS. Thus, Ca-SP can be
a candidate agent for an anti-HIV therapeutic drug thghthavercome the
disadvantages observed in many sulfated polysacchavidesn the role of
chelation of calcium ion with sulfate groups was exadiby removing calcium
or its replacement by sodium, the presence of calawmmithe molecule was
shown to be essential for the dose-dependent inhibitiegtopathic effect and
syncytium formation induced by HIV-1.
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J Nat Prod. 1996 Jan;59(1):83-7.

Calcium spirulan, an inhibitor of enveloped virus replication, from a
blue-green alga Spirulina platensis.

Hayashi T, Hayashi K, Maeda M, Kojima | .

Faculty of Pharmaceutical Sciences and School of Negid oyama Medical
and Pharmaceutical University, Toyama, Japan.

Bioactivity-directed fractionation of a hot H20 extrfom a blue-green alga
Spirulina platensis led to the isolation of a novéfiedad polysaccharide named
calcium spirulan (Ca-SP) as an antiviral principleisTpolysaccharide was
composed of rhamnose, ribose, mannose, fructose, gadagidose, glucose,
glucuronic acid, galacturonic acid, sulfate, and calciuaaS® was found to
inhibit the replication of several enveloped viruses uidicig Herpes simplex
virus type 1, human cytomegalovirus, measles virus, mwinps, influenza A
virus, and HIV-1. It was revealed that Ca-SP selectivdlipited the penetration
of virus into host cells. Retention of molecular @ynfiation by chelation of
calcium ion with sulfate groups was suggested to be indiapn® its antiviral
effect.

PMID: 8984158 [PubMed - indexed for MEDLINE]

Anti-Viral

76



Med Hypotheses. 2004;62(4):507-10.

Algae -- a poor man's HAART?

Teas J Hebert JR, Fitton JH, Zimba PV.

Health Promotion Education and Behavior, The Normamald School of
Public Health, University of South Carolina and the Sd&idlolina Cancer
Center, 15 Medical Park, Suite 301 Columbia, SC 29203, USA.
jane.teas@palmettohealth.org

Drawing inferences from epidemiologic studies of HIMDA and in vivo and in
vitro HIV inhibition by algae, we propose algal consump@srone unifying
characteristic of countries with anomalously lowegatHIV/AIDS incidence and
prevalence in Eastern Asia ( approximately 1/10000 aduliapan and Korea),
compared to Africa ( approximately 1/10 adults), strongly ssigipat differences
in 1V drug use and sexual behavior are insufficient tdeexgghe 1000-fold
variation. Even in Africa, AIDS/HIV rates vary. Ghaas consistently reported
low rates of HIV/AIDS (2-4/100). Possibly not coincidefytamost people in
Japan and Korea eat seaweed daily and the Kanembaf, thieenaajor tribal
groups in Chad, eat a blue green alga (Spirulina) daily.ayeedaily algae
consumption in Asia and Africa ranges between 1 and djpbbns (3-13 g).
Regular consumption of dietary algae might help prek¥tinfection and
suppress viral load among those infected.
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Antiviral Res. 2002 Dec;56(3):279-85.

Antiviral activity of Spirulina maxima against herpes simplex virus
type 2.

Herndndez-Corona A Nieves | Meckes M, Chamorro G, Barron BL .

Departamento de Microbiologi;a, Escuela Nacional decées Bioldgicas, IPN,
Carpio y Plan de Ayala S/N Casco de Santo Tomas, &g@ifPostal 102, México,
DF 11340, Mexico.

Spirulina has been used in a variety of practical appdins in biotechnology and
medical sciences. This paper presents the antiviraltgckind in a hot water
extract (HWE) of a commercial preparation of Spirulmaxima, studied by a
microplate inhibition assay, using several viruses. The HiWbited the
infection for: herpes simplex virus type 2 (HSV-2), pseudiesavirus (PRV),
human cytomegalovirus (HCMV), and HSV-1, and the 50% g¥Weamhibition
doses (ED(50)) were 0.069, 0.103, 0.142, and 0.333 mg/ml for eash vir
respectively. For adenovirus the inhibition was less @86, and no inhibition
was found for measles virus, subacute sclerosing panenitspheals (SSPE),
vesicular stomatitis virus (VSV), poliovirus 1 and rotasilSA-11, at
concentrations of 2 mg/ml of the HWE. The highest amthactivity was for
HSV-2, with a selectivity index of 128. The antiviral adywmivas not due to a
virucidal effect. Herpesvirus infection was inhibited atitiigal events
(adsorption and penetration) of the viral cycle. Toamgithe isolation and
identification of the compound that exhibits the anélvactivity of S. maxima,
some extracts made by using several solvents with eliffgrolarity were
evaluated by microplate inhibition assay using HSV-2. Thidsgantiviral
activity was detected in the methanol-water 3:1, whigjgssts that the antiviral
activity is probably due to highly polar compounds.
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Zh Mikrobiol Epidemiol Immunobiol. 2002 Nov-Dec;(6):18-21.
[Action of Spirulina platensis on bacterial viruses]
[Article in Russian]

Gorobets OB, Blinkova LP, Baturo AP.

Mechnikov Research Institute for Vaccines and Sera, MosRussia.

The impact of the biomass of the blue-green microalgan@yacterium) S.
platensis on bacteriophage T4 (bacterial virus) has éesoated. The study
revealed that the addition of S. platensis biomass h@@agar nutrient medium,
followed by sterilization with 2% chloroform and thernyaatment, produced an
inhibiting or stimulating effect on the reproduction of thacteriophage in
Escherichia coli B cells, depending on the concentratidh platensis and the
multiplicity of phage infection, as well as on thetfavhether the microalgae were
added during the first cycle of the development of the vifte reproduction of
the bacteriophage in E. coli B was influenced by the medinddduration of the
sterilization of the nutrient medium with S. platisns
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Yakugaku Zasshi. 2008 Jan;128(1):61-79.

[Studies on evaluation of natural products for antiviral effects and
their applications]

[Article in Japanese]

Hayashi T.

Graduate School of Medicine and Pharmaceutical Scieacé¥kearch,
University of Toyama, Sugitani, Toyama City, Japanalsa® @pha.u-
toyama.ac.jp

In the search for novel antiviral molecules fromumal products, we have
discovered various antiviral molecules with charastiermechanisms of action.
Scopadulciol (SDC), isolated from the tropical medicpiaht Scoparia dulcis L.,
showed stimulatory effects on the antiviral potencgfclovir (ACV) or
ganciclovir (GCV). This effect of SDC was exerted via #ctivation of viral
thymidine kinase (HSV-1 TK) and, as a result, an ina@éashe cellular
concentration of the active form of ACV/GCV, i.ehettriphosphate of ACV or
GCV. On the basis of these experimental resultg;eragene therapy using the
HSV-1 tk gene and ACV/GCYV together with SDC was foundee@tective in
suppressing the growth of cancer cells in animals. Acidigspocharides such as
calcium spirulan (Ca-SP) from Spirulina platensistafian from Nostoc
flagelliforme, and a fucoidan from the sporophyll of Undarinnatifida (mekabu
fucoidan) were also found to be potent inhibitors againstakseveloped
viruses. Their antiviral potency was dependent on molewdagght and content
of the sulfate or carboxyl group as well as counterpmt®es chelating with
sulfate groups, indicating the importance of the thieeedsional structure of the
molecules. In addition, unlike dextran sulfate, Ca-%B shown to target not only
viral absorption/penetration stages but also some atjplicstages of progeny
viruses after penetration into cells. When mekabu fucomanostoflan was
administered with oseltamivir phosphate, their syrstigantiviral effects on
influenza A virus were confirmed in vitro as well as imovi
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Anemia and Blood Improvement

Ann Nutr Metab. 2005 Nov-Dec;49(6):373-80. Epub 2005 Oct 11.

Nutrition rehabilitation of HIV-infected and HIV-negative
undernourished children utilizing spirulina.

Simpore J Zongo F, Kabore F, Dansou D Bere A, Nikiema JB, Pignatelli S,
Biondi DM, Ruberto G, Musumeci S

Unit of Formation and of Research in Sciences of aifd of the Earth,
University of Ouagadougou, Burkina Faso.

The objective of this study was to assess the impaat afimentary integrator
composed of spirulina (Spirulina platensis; SP), produtdteaCentre Médical
St Camille of Ouagadougou, Burkina Faso, on the nutritistadlis of
undernourished HIV-infected and HIV-negative children. We ganed two
groups of children: 84 were HIV-infected and 86 were HIV-negaflihe
duration of the study was 8 weeks. Anthropometric and hadvgatal
parameters allowed us to appreciate both the nutritemmbiological effect of
SP supplement to traditional meals. Rehabilitation wiRlrsBows on average a
weight gain of 15 and 25 g/day in HIV-infected and HIV-negativddren,
respectively. The level of anaemia decreased during the stadlychildren, but
recuperation was less efficient among HIV-infected childte fact 81.8% of
HIV-negative undernourished children recuperated as oppo$316% of HIV-
infected children (Z: 1.70 (95% CI -0.366, -0.002, p = 0.088)). Guulte
confirm that SP is a good food supplement for undernoutishégdren. In
particular, rehabilitation with SP also seems to @ira@aemia and weight loss in
HIV-infected children, and even more quickly in HIV-negatundernourished
children.
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J Agric Food Chem. 2001 Mar;49(3):1625-9.

Iron availability from iron-fortified spirulina by an in vitro
digestion/Caco-2 cell culture model.

Puyfoulhoux G, Rouanet JM, Besancon PBaroux B, Baccou JC Caporiccio
B.

Unité Nutrition and Unité de Physiologie et Technologigé&téles, Laboratoire
Génie Biologique et Sciences des Aliments, Universitétpllier I,
Montpellier, France.

Iron deficiency, one of the most important nutritiopedblems in the world, can
be caused not only by foods deficient in iron but alspdayr availability of
dietary iron. Iron food fortification in combinationitiv highly available iron from
supplements could effectively reduce this deficiency. Timecd this study was to
examine the iron availability from iron-fortified splma. We have used an in
vitro digestion/Caco-2 cell culture system to measuresgorulina availability
and made a comparison with those of beef, yeast, vlbeatand iron sulfate
plus ascorbic acid as a reference. Iron availability assessed by ferritin
formation in Caco-2 cells exposed to digests containingdahee amount of iron.
Our results demonstrate a 27% higher ferritin formatiomfbeef and spirulina
digests than from digests of yeast and wheat floueMiton availability was
expressed per microgram of iron used in each digest;fal@.mcrease appeared
using spirulina digest in comparison with meat. In vidwhe observed high iron
availability from spirulina, we conclude that spirulic@uld represent an adequate
source of iron.
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J Agric Food Chem. 2005 Oct 5;53(20):7734-40.

C-phycocyanin, a very potent and novel platelet aggregation
inhibitor from Spirulina platensis.

Hsiao G, Chou PH, Shen MY, Chou DS Lin CH, Sheu JR

Graduate Institute of Pharmacology, and Graduate IrestifutMedical Sciences,
Taipei Medical University, Taipei 110, Taiwan.

The aim of this study was to systematically examieeithibitory mechanisms of
C-phycocyanin (C-PC), one of the major phycobiliproteinSmifulina platensis
(a blue-green alga), in platelet activation. In this gt@PC concentration-
dependently (0.5-10 nM) inhibited platelet aggregation stimdilayeagonists. C-
PC (4 and 8 nM) inhibited intracellular Ca2+ mobilizatiow ahromboxane A2
formation but not phosphoinositide breakdown stimulatedoliggen (1
microg/mL) in human platelets. In addition, C-PC (4 8&nM) markedly
increased levels of cyclic GMP and cyclic GMP-induced saator-stimulated
phosphoprotein (VASP) Ser(157) phosphorylation. Rapid phoglation of a
platelet protein of Mw 47,000 (P47), a marker of protein kirasetivation, was
triggered by phorbol-12,13-dibutyrate (150 nM). This phosphdoylatas
markedly inhibited by C-PC (4 and 8 nM). In addition, C{R@nd 8 nM)
markedly reduced the electron spin resonance (ESR) sijeasity of hydroxyl
radicals in collagen (1 microg/mL)-activated platel@tse present study reports
on a novel and very potent (in nanomolar concentrsitiantiplatelet agent, C-
PC, which is involved in the following inhibitory pathwsay(1) C-phycocyanin
increases cyclic GMP/VASP Serl57 phosphorylation and qubsdy inhibits
protein kinase C activity, resulting in inhibition oftbd®47 phosphorylation and
intracellular Ca2+ mobilization, and (2) C-PC may inhilee radicals (such as
hydroxyl radicals) released from activated platelets, whitimately inhibits
platelet aggregation. These results strongly indidaete@-PC appears to
represent a novel and potential antiplatelet ageritdatment of arterial
thromboembolism.
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Br J Nutr. 2006 Feb;95(2):435-40.

Mechanisms involved in the antiplatelet effect of C-phycocyanin.

Chiu HF, Yang SP Kuo YL, Lai YS, Chou TC.

Department of Pharmacology, College of Medicine, Kaotgs Medical
University, Kaohsiung, Taiwan, Republic of China.

C-phycocyanin (cpc), a biliprotein isolated from Spirulitatg@nsis, has been
reported to exert many therapeutic and nutritional valumethd present study, we
examined whether cpc has an antiplatelet activity no\and further investigated
the possible anti-aggregatory mechanisms involved. Our refiotged that
preincubation of cpc (1-50 microg/ml) with rabbit washedgiéds dose-
dependently inhibited the platelet aggregation induced bygesill10 microg/ml)
or arachidonic acid (100 microm), with an IC50 of about 10 eginl.
Furthermore, the thromboxane B2 formation caused bsger or arachidonic
acid was significantly inhibited by cpc due to suppressiayciboxygenase and
thromboxane synthase activity. Similarly, the risglatelet intracellular calcium
level stimulated by arachidonic acid and collagen-induceeélptanembrane
surface glycoprotein llb/llla expression were alsoratédéed by cpc. In addition,
cpc itself significantly increased the platelet membréumidity and the cyclic
AMP level through inhibiting cyclic AMP phosphodiesterastviyg. These
findings strongly demonstrate that cpc is an inhibifqylatelet aggregation,
which may be associated with mechanisms including inhibgfdhromboxane
A2 formation, intracellular calcium mobilization anthielet surface glycoprotein
lIb/llla expression accompanied by increasing cyclic AMipriation and platelet
membrane fluidity.
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Plant Foods Hum Nutr. 1998;52(4):315-24.

Supplementary effect of spirulina on hematological status of rats
during pregnancy and lactation.

Kapoor R, Mehta U.

Department of Home Science, Sri Sathya Sai Institukéigifer Learning
Anantapur, Andhra Pradesh, India.

The effect of Spirulina on iron status was assessseddoan hemoglobin, packed
cell volume, serum iron, total iron binding capacity agwlitin levels of rats
during pregnancy and lactation. Rats were fed 5 differewtskof diets (casein,
Spirulina, wheat gluten, Spirulina + wheat gluten, Spiaulvithout additional
vitamins and minerals) each providing 22 percent protein. Dattaining
Spirulina alone or in combination with wheat gluterutieesl in significantly
higher iron storage and hemoglobin contents than caseinvheat gluten diets
during the first half of pregnancy and lactation. Whgaten diet result in the
smallest increase in hemoglobin levels and iron stwyagpared to other diets.
The values of serum iron and iron binding capacity remainetlanged with
different diets. Spirulina appears to be effective in ouprg the iron status of
rats during pregnancy and lactation.
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Blood Coagul Fibrinolysis. 1996 Jul;7(5):554-60.

Heparin cofactor Il-dependent antithrombin activity of calcium
spirulan.

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

Department of Clinical Laboratory Medicine, FacultyMédicine, Toyama
Medical and Pharmaceutical University, Japan. hayakawat@yama-mpu.ac.jp

Calcium spirulan (Ca-SP), a novel sulfated polysatgdeasolated from the blue-
green alga Spirulina platensis, enhanced the antithrorabuity of heparin
cofactor Il (HC II) more than 10000-fold. The apparent sdenrder rate constant
of thrombin inhibition by HC Il was calculated to be 4.20(4) M-1 min-1 in the
absence of Ca-SP, and it increased in the presence a€&yrams/ml Ca-SP to
4.5 x 10(8) M-1 min-1. Ca-SP effectively induced the formatiba thrombin-
HC Il complex in plasma. In the presence of Ca-®f) the recombinant HC II
variants Lys173-->Leu and Arg 189-->His, which are defectivateractions
with heparin and dermatan sulfate, respectively, infddibeombin in a manner
similar to native rHC Il. This result indicates thia¢ binding site of HC Il for Ca-
SP is different from the heparin- or dermatan sutanteling site. When we
removed the calcium from the Ca-SP, the compound diéxet any
antithrombin activity. Furthermore, Na-SP, which was pregp®y replacement of
the calcium in Ca-SP with sodium, accelerated thighaoimbin activity of HC Il
as Ca-SP did. We therefore suggest that the moleculéoroeation maintained
by Ca or Na is indispensable to the antithrombin actofit@a-SP. The HC II-
dependent antithrombin activity of Ca-SP was almostlycaablished by
treatment with chondroitinase AC I, heparinase or higpase, but not by
treatment with chondroitinase ABC and chondroitina€ellh suggesting that a
heparin- or dermatan sulfate-like structure is not resiptenfor the activation of
HC Il by Ca-SP. Ca-SP is therefore thought to be a ursgliated
polysaccharide which shows a strong antithrombin effeah exclusively HC II-
dependent manner.
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Cardioprotective

J Med Food. 2002 Summer;5(2):91-6.

Hypocholesterolemic effect of spirulina in patients with
hyperlipidemic nephrotic syndrome.

Samuels R Mani UV, lyer UM , Nayak US

Department of Foods and Nutrition, M S University of BEroVadodara,
Guijarat, India.

In nephrotic syndrome, large amounts of plasma protem®st in urine, causing
a decrease Iin the plasma oncotic pressure. This leadbdaaced hepatic
synthesis of albumin and other proteins, including lipoprotemssing a
secondary hyperlipidemia. Essential fatty acids sugaasna-linolenic acid
(GLA) can prevent accumulation of cholesterol in oely, and spirulina has an
appreciable amount of GLA. In this study 23 patients (agel3 years) with
nephrotic syndrome received either medication (group Medication plus 1
g/day Spirulina (group I1). Height, weight, and serum led fasting blood
sugar, triglycerides, total cholesterol (TC), and lewe high-density cholesterol
fractions (LDL-C and HDL-C, respectively) were measuretbre and after the
2-month study period. Mean height and weight were nocoabared with
healthy, age-matched Indian children. Lipoprotein cholelkevels were
significantly increased at baseline. TC significantlgréased by 116.33 mg/dl,
LDL-C by 94.14 mg/dl, and triglycerides by 67.72 mg/dl in groumligantrol
group I, these values fell by 69.87, 61.13, and 22.62 mg/d|, resggct he
LDL-C:HDL-C ratio also decreased significantly, by 1.6&mup Il and 1.13 in
group |. TC:HDL-C decreased by 1.96 in group Il and 1.19 in grodpL-
C:LDL-C also improved significantly in both the groupscdn be concluded that
spray-dried Spirulina capsules, rich in antioxidants, Gamino acids, and fatty
acids, helped reduce the increased levels of lipids iagatwith hyperlipidemic
nephrotic syndrome.
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Ann Nutr Metab. 2008;52(4):322-8. Epub 2008 Aug 19.

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

Park HJ, Lee YJ, Ryu HK, Kim MH , Chung HW, Kim WY .

Foods R&D, CJ CheilJedang Corp., Seoul, Korea.

AIMS: This study was conducted to determine the antioxidapacity,
immunomodulatory and lipid-lowering effects of spirulinghealthy elderly
subjects and to document the effectiveness of spirusirafanctional food for the
elderly. METHODS: A randomized double-blind, placebo-cotgtbstudy was
performed. The subjects were 78 individuals aged 60-87 yeakgeaadandomly
assigned in a blinded fashion to receive either spirulindaaebo. The elderly
were instructed to consume the spirulina or placeboraeh8 g/day, for 16
consecutive weeks. RESULTS: In male subjects, a sigmifiplasma cholesterol-
lowering effect was observed after the spirulina ireation (p < 0.05). Spirulina
supplementation resulted in a significant rise in pagnterleukin (IL)-2
concentration, and a significant reduction in IL-6 coniion. A significant
time-by-treatment intervention for total antioxidardtes was observed between
spirulina and placebo groups (p < 0.05). In female subjegtsfisant increases
in IL-2 level and superoxide dismutase activity were olesi(p < 0.05) after
spirulina supplementation. There were significant reduastin total cholesterol in
female subjects. CONCLUSIONS: The results demonsthatespirulina has
favorable effects on lipid profiles, immune variabl@sg antioxidant capacity in
healthy, elderly male and female subjects and is suitsbtefunctional food.
2008 S. Karger AG, Basel.
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Yakugaku Zasshi. 2008 May;128(5):717-23.

[Biological activities of exogenous polysaccharides via controlling
endogenous proteoglycan metabolism in vascular endothelial cells]

[Article in Japanese]

Sato T, Yamamoto C, Fujiwara Y, Kaji T .

Faculty of Pharmaceutical Sciences, Hokuriku Universigndzawa City, Japan.

Proteoglycan contains glycosmainoglycans, which are endogesulfated
polysaccharides, in the molecule. The metabolismatepglycans regulates cell
behavior and cellular events. It is possible that exagepolysaccharide-related
molecules exhibit their biological activities by two manlsms. One is the
interaction with cells and the other is the inte@acivith growth factors/cytokines
that regulate proteoglycans. In this review, we descrideisospirulan, a
sulfated polysaccharide obtained from a hot-wateaekyf the blue-green alga
Spirulina platensis, as an exogenous polysaccharitisttimulates the release of
proteoglycans from vascular endothelial cells. Fadtmtsregulate endothelial
proteoglycan metabolism are also being described as possipe molecules of
exogenous polysaccharides. Further research is requicddatin exogenous
polysaccharide-related molecules that exhibit usefubbio&l activities through
controlling endothelial proteoglycan metabolism for protecagainst vascular
lesions such as atherosicerosis.
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Lipids Health Dis. 2007 Nov 26;6:33.

Antihyperlipemic and antihypertensive effects of Spirulina maxma

in an open sample of Mexican population: a preliminary report.
Torres-Duran PV, Ferreira-Hermosillo A, Juarez-Oropeza MA

Department of Biochemistry, School of Medicine, National Autonomous hiiye

of Mexico, P,O, Box 70-159, Mexico, D.F. 04510, Mexico. pavito@correo.unam.mx

BACKGROUND: Spirulina maxima is a filamentous cyanobactenisad as food
supplement because of its high nutrient contents. It has been expeltingotaen,

in vivo and in vitro that posses several pharmacological piiepeThe purpose of

this study was to evaluate the effects of Spirulina maximayeafiplied (4.5 g/day,

for 6 weeks) to a sample of 36 subjects (16 men and 20 women, with agembetwee
18-65 years) on serum lipids, glucose, aminotransferases and on blederése
volunteers did not modify their dietary habits or lifestjieing the whole

experimental period. From each subject, a sample of blood was drawtirig &tate

of 12 hours to determi the plasma concentrations of glucose, gligasiols (TAG),
total cholesterol (TC), cholesterol associated to high densdgprigtein (HDL-C) and
aspartate aminotransferase (AST). Anthropometric measuremelnt$ing systolic
(SYST-P) and diastolic (DIAST-P) blood pressure, height, weight and Bedg M
Index (BMI) were also recorded. RESULTS: Comparing initial and @ata, the
results showed that there were no significant changes in the adiglesose and

AST, but significant differences in TAG, TC, and HDL-C, were observad

233.7 +/- 177.8 vs. 167.7 +/- 100.7 mg/dL (p < 0.001), TC 181.7 +/- 37.5 vs. 163.5
+/- 34.4 mg/dL (p < 0.001), C-HDL 43.5 +/- 14.4 vs. 50 +/- 18.8 mg/dL (p < 0.01).
The univariated analysis showed that the changes in the HDIdCT@

concentrations were dependent on TAG concentration (p = 0.247 and p = 0.108,
respectively); nevertheless the calculated values for dhodésissociated to low
density lipoprotein (LDL-C) were significantly reduced by the Spialnaxima
treatment but independently of the TAG changes. In addition, sgnifdifferences
were found comparing initial and final SYST-P and DIAST-P 8lpcessure in both
male and female: SYST-P male 121 +/- 9 vs. 111 +/- 8 mm Hg (p < 0.01), DIAST-P
male 85 +/- 6.5 vs. 77 +/- 9 mm Hg (p < 0.01); SYST-P female 120 +/- 9.5 vs. 109
+/- 11 mm Hg (p < 0.002), DIAST-P female 85 +/- 11 vs. 79 +/- 7.5 mm Hg (p <
0.03). CONCLUSION: The Spirulina maxima showed a hypolipemic effect,
especially on the TAG and the LDL-C concentrations but indirectly@mand HDL-

C values. It also reduces systolic and diastolic blood pressure.
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Phytother Res. 2005 Dec;19(12):1030-7.

Protective effect of Spirulina against doxorubicin-induced
cardiotoxicity.

Khan M, Shobha JC Mohan IK , Naidu MU, Sundaram C, Singh §
Kuppusamy P, Kutala VK .

Department of Clinical Pharmacology and Therapeuticzzgam's Institute of
Medical Sciences, Hyderabad, India.

The generation of reactive oxygen species and mitocltadntysfunction has
been implicated in doxorubicin (DOX)-induced cardiotoxicifize aim of the
present study was to determine whether Spirulina, a blue-gigae, could serve
as a cardioprotective agent during DOX treatment in a mooskel. Mice were
treated with DOX (4 mg/kg bw, intraperitoneally), weektyr 4 weeks. Spirulina
was administered orally for 3 days twice daily, then/aveeks along with the
four equal injections of DOX. Cardiotoxicity was assesae@®, weeks after the
end of the DOX-treatment period, by mortality, voluni@scites, liver
congestion, oxidative stress and ultrastructural changesaot tissue. The DOX-
treated animals showed higher mortality (53%) and maniéeas Myocardial
damage, as assessed by ultrastructural changes, showetinogxibrils,
cytoplasmic vacuolization and mitochondrial swelling. Mgadial superoxide
dismutase and glutathione peroxidase activities were decreas lipid
peroxidation was increased. Pretreatment with Spirglmaificantly protected
the mice from DOX-induced cardiotoxic effects as evidericad lower
mortality (26%), less ascites, lower levels of lipidgedation, normalization of
antioxidant enzymes and ultrastructural studies showingmalrdamage to the
heart. In vitro cytotoxic studies using ovarian cancesadmonstrated that
Spirulina did not compromise the anti-tumor activitydokorubicin. These
results suggest that Spirulina has a protective effechstgzardiotoxicity induced
by DOX and it may, therefore, improve the therapeuticxrafeDOX. Copyright
2005 John Wiley & Sons, Ltd.
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C-phycocyanin protects against ischemia-reperfusion injury of hear
through involvement of p38 MAPK and ERK signaling.

Khan M, Varadharaj S, Ganesan LP Shobha JC Naidu MU, Parinandi NL ,
Tridandapani S, Kutala VK , Kuppusamy P.

Davis Heart and Lung Research Institute, Division of @aaBcular Medicine,
Department of Internal Medicine, The Ohio State Univgr&€olumbus, OH
43210, USA.

We previously showed that C-phycocyanin (PC), an antiokidiéiprotein
pigment of Spirulina platensis (a blue-green alga) ctffely inhibited
doxorubicin-induced oxidative stress and apoptosis in cardioytg®. Here we
investigated the cardioprotective effect of PC againkeista-reperfusion (I/R)-
induced myocardial injury in an isolated perfused Langentiedft model. Rat
hearts were subjected to 30 min of global ischemia at Y2ele@ followed by
45 min of reperfusion. Hearts were perfused with PC (10ofigior Spirulina
preparation (SP, 50 mg/l) for 15 min before the onsetatfamia and throughout
reperfusion. After 45 min of reperfusion, untreated (@phearts showed a
significant decrease in recovery of coronary flow (44kf) ventricular
developed pressure (21%), and rate-pressure product (24%)reas@mm release
of lactate dehydrogenase and creatine kinase in coreffargnt, significant
myocardial infarction (44% of risk area), and TdT-mestiad UTP nick end label-
positive apoptotic cells compared with the preischemie se€ or SP
significantly enhanced recovery of heart function andelesed infarct size,
attenuated lactate dehydrogenase and creatine kinaseyeledsuppressed I/R-
induced free radical generation. PC reversed I/R-inducectoh of p38

MAPK, Bax, and caspase-3, suppression of Bcl-2, and ireira&dT-mediated
dUTP nick end label-positive apoptotic cells. However,dld induced
activation of ERK1/2, which was enhanced by PC treatn@verall, these results
for the first time showed that PC attenuated I/R-indueediac dysfunction
through its antioxidant and antiapoptotic actions and modulati p38 MAPK
and ERK1/2.
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A novel protein C-phycocyanin plays a crucial role in the
hypocholesterolemic action of Spirulina platensis concentrate in
rats.

Nagaoka S Shimizu K, Kaneko H, Shibayama F Morikawa K , Kanamaru Y,
Otsuka A, Hirahashi T, Kato T.

Department of Applied Life Science, Faculty of AppliedIBgical Sciences,
Gifu University, Gifu 501-1193, Japan. nagaoka@cc.gifu-u.ac.jp

This study was designed to clarify the mechanisms diypecholesterolemic
action of Spirulina platensis concentrate (SPC) dadtify the novel
hypocholesterolemic protein derived from SPC. We invegtihtie effects of
casein or SPC on the solubility of cholesterol, tabhodate binding capacity in
vitro, cholesterol absorption in Caco-2 cells, and estagrol metabolism in rats
for 10 d. We also evaluated the effects of SPC, C-phyooyPHY), and PHY
residue on cholesterol metabolism in rats fed a higheskerol diet for 5 d, and
SPC or SPC-acetone extract for 10 d. SPC had a signlfigzeater bile acid-
binding capacity than casein in vitro. Micellar cholesteadubility and
cholesterol uptake by Caco-2 cells was significantly lonwehe presence of SPC
compared with casein. Fecal excretion of cholestrdlbile acids was
significantly greater in rats fed the SPC-supplementediuhet in those fed the
casein control diet. Serum and liver cholesterol camagons were significantly
lower in rats fed SPC than in those fed casein. Tthedhypocholesterolemic
action of SPC may involve the inhibition of both jejunhblesterol absorption
and ileal bile acid reabsorption. Although no studies te dave found a
hypocholesterolemic protein among the algal proteins, wetrbpre the
discovery of a hypocholesterolemic effect in the ngvetein C-phycocyanin.
This study provides the first direct evidence that PHYg\aeh
hypocholesterolemic protein derived from Spirulina plsigrcan powerfully
influence serum cholesterol concentrations and ingattonger
hypocholesterolemic activity than SPC in animals.
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Phycobiliprotein C-phycocyanin from Spirulina platensis is
powerfully responsible for reducing oxidative stress and NADPH
oxidase expression induced by an atherogenic diet in hamsters.

Riss J Décordé K, Sutra T, Delage M Baccou JGC Jouy N, Brune JP, Oréal
H, Cristol JP, Rouanet JM.

EA 4188, Nutrition Humaine, Biodisponibilité et Athérogénd3ace E.
Bataillon, Université Montpellier 1 & 2, 34095 Montpellier, Rea.

The effects of spirulina and its chromophore phycocydmath without bound Se
or selenium-enriched, were studied on plasma choleseandy atherosclerosis,
cardiac production of superoxide anions, and NAD(P)H oxidgsegsion in
hamsters. Forty hamsters were divided into 5 groups nfl8esl an atherogenic
diet for 12 weeks. They received by gavage either 7.14 mL/(kgpthggpcyanin
(PC), Se-rich phycocyanin (SePC), spirulina (SP) on@espirulina (SeSP) in
water, or water as control. SeSP and SePC supplied &rdgwof Se per 100 g
body weight. Plasma cholesterol and non-HDL cholestemcentrations were
lower in group consuming SePC. HDL-cholesterol was naffected. SePC
significantly increased plasma antioxidant capacity by 4@étpared with
controls. A sparing effect in liver glutathione peroxidase (&rfaverage) and
superoxide dismutase (56% on average) activity was obsenvall thee groups
compared to controls. Aortic fatty streak area wasiagntly reduced in the
experimental groups, especially by PC (82%) and SePC (85%haCa
production of superoxide anion significantly decreased by appeadgly 46-76%
in the four experimental groups and especially in SePC dita%6). The
expression of p22phox subunit of NAD(P)H oxidase decreas8d%yafter
consumption of SePC. The results indicate that chroomsumption of Se-rich
spirulina phycocyanin powerfully prevents the developméattterosclerosis.
The underlying mechanism is related mainly to inhibiting pro-otid&ctors and
at a lesser extent improving the serum lipid profile.
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C-phycocyanin ameliorates doxorubicin-induced oxidative stress and
apoptosis in adult rat cardiomyocytes.

Khan M, Varadharaj S, Shobha JC Naidu MU, Parinandi NL , Kutala VK ,
Kuppusamy P.

Center for Biomedical EPR Spectroscopy and Imaging,Dideart and Lung Research
Institute, Department of Internal Medicine, The Ohiat&tUniversity, Columbus, OH
43210, USA.

Doxorubicin (DOX), a potent antineoplastic agent, pdiseisations for its therapeutic
use due to the associated risk of developing cardiomyopathgangestive heart failure.
The cardiotoxicity of doxorubicin is associated with okidastress and apoptosis. We
have recently shown that Spirulina, a blue-green algapatent antioxidant properties,
offered significant protection against doxorubicin-induced céodioity in mice. The
aim of the present study was to establish the possiblectiveteole of C-phycocyanin,
one of the active ingredients of Spirulina, againstodobicin-induced oxidative stress
and apoptosis. The study was carried out using cardiong®®dlated from adult rat
hearts. Doxorubicin significantly enhanced the formatibreactive oxygen species
(ROS) in cells as measured by the 2',7'-dichlorodihydrofsmein diacetate and
dihydroethidium fluorescence. The doxorubicin-induced reacikygen species
formation was significantly attenuated in cells preagdavith C-phycocyanin. It was
further observed that the doxorubicin-induced DNA fragmesmand apoptosis, as
assayed by TUNEL assay and flow cytometry coupled withUB=ITC/propidium iodide
staining, were markedly attenuated by C-phycocyanin. C-pggoat also significantly
attenuated the doxorubicin-induced increase in the expresisi®ax protein, release of
cytochrome c, and increase in the activity of caspaisecells. In summary, C-
phycocyanin ameliorated doxorubicin-induced oxidative stredspoptosis in
cardiomyocytes. This study further supports the cruclalabthe antioxidant nature of
C-phycocyanin in its cardioprotection against doxorubicin-indupadative stress and
apoptosis.
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Vopr Pitan. 2003;72(6):28-31.

[Use of blue-green micro-seaweed Spirulina platensis for the
correction of lipid and hemostatic disturbances in patients with
ischemic heart disease]

[Article in Russian]

lonov VA, Basova MM.

Changing in lipid spectrum, immunological state and ctzdigun in the 68
patients with IHD and atherogenic dyslipidemia who waking biomass
microalga Spirulina platensis was investigated. Modificatibtraditional plan of
therapy of IHD when adding microalga Spirulina p. influsscorrecting effect to
cascade procoagulation and immunopathological reactioasaatbristic of
atherosclerosis process.
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Space Med Med Eng (Beijing). 2003 Jun;16(3):184-6.

[Effects of spirulina on serum lipids, erythrocyte membrane fluidty
and vascular endothelial cells in tail-suspended rats]

[Article in Chinese]

Huang JM, Bai SM, Hu ZX, Yanqg CL, Zhu DB, Shi JP.

Objective: To study the changes of erythrocyte membdargbty, serum lipid

and vascular endothelial cell caused by simulated weggrtess in rats and the
beneficial effect of spirulina. Method: Thirty male $&s were divided into 3
groups: free control group (group A) and two simulated weaghtiess groups
(groups B, C). Rats in group A and B were fed with norioialge, and the rats in
group C were fed with normal forage supplemented with 5%\(/épirulina.
Water was taken ad libitum. Result: Levels of sertd’OCHDL, TG, HDL-
C/CHO and erythrocyte membrane fluidity decreased sogmifly, and number of
vascular endothelial cells in plasma increased maykedjroup B as compared
with those in group A; The ratio of LDL-C/HDL-C, anchatosclerosis index
(Al) decreased, number of vascular endothelial cedisificantly lowered; level
of CHO, HDL-C and value of the IDmax of plasma aslaslerythrocyte
membrane fluidity remarkedly increased in group C compaitdtiose in group
B. Conclusion: Spirulina can improve the physiologicaiditions of erythrocyte
membrane fluidity, serum lipid and vascular endotheldll caused by simulated
weightlessness in rats.
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J AOAC Int. 2001 Nov-Dec;84(6):1708-14.

Fatty acid composition of Chlorella and Spirulina microalgae
species.

Otles S, Pire R.

Ege University, Department of Food Engineering, Izihirkey.
otles@bornova.ege.edu.tr

Two New Age foods which contain high concentrations lobl food nutrients
are the single-celled microalgae Chlorella and Spirulifiey are accepted as
functional foods, which are defined as products derived fratural sources,
whose consumption is likely to benefit human healthemhance performance.
These foods are used as a supplement/ingredient or agpset®food to enhance
the performance and state of the human body, or im@®pecific bodily
function. Functional foods are used mainly as productsuasitothe human body
after physical exertion or as a preventive measure agaim&nts. We
determined the fatty acid compositions, particularly posaiurated fatty acid
compositions, of Chlorella and Spirulina by capillaryucoh-gas
chromatography. The data obtained show that Spirulineait@unusually high
levels of gamma-linolenic acid, an essential polyunssgdrfatty acid.
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Nutr Sci Vitaminol (Tokyo). 1990 Apr;36(2):165-71.

Effects of Spirulina platensis on plasma lipoprotein lipase activity in
fructose-induced hyperlipidemic rats.

Iwata K, Inayama T, Kato T.

Laboratory of Nutrition, Kagawa Nutrition College, Takylapan.

The effects of Spirulina platensis on lipoprotein Ipastivity and hepatic
triglyceride lipase activity in post-heparin plasma wattedied in fructose-
induced hyperlipidemic rats. Male Wistar rats aged 3 week&oldy weight, 54
g) were fed on the high-fructose diet (68%) or the hightérses diets containing
Spirulina at the level of 5, 10, and 15%, respectivelydfareeks. The dietary
hyperlipidemia caused by the high-fructose diet was imprboye$pirulina
feeding, accompanied by a significant increase in th@igiein lipase activity in
post-heparin plasma.
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J Ethnopharmacol. 2001 Apr;75(1):37-44.
Effects of the ethanolic extract of Spirulina maxima on endothelium
dependent vasomotor responses of rat aortic rings.

Paredes-Carbajal MC, Torres-Duran PV, Diaz-Zagoya JC Mascher D,
Juarez-Oropeza MA

Department of Physiology, School of Medicine, UNAMOPBox 70-250,
Mexico D.F. 04510, Mexico. cparedes@servidor.unam.mx

Dietary Spirulina decreases, endothelium-dependendyiedponses to
vasoconstrictor agonists and increases the endothetpendent, agonist-
induced, vasodilator responses of rat aorta rings. ith@fthis study was to
analyze, in vitro, the effects of a raw ethanolitr&st of Spirulina maxima on the
vasomotor responses of rat aortic rings to phenylephndécacarbachol. On
rings with endothelium, the extract produced the follgyeffects: (a) a
concentration-dependent (60-1000 microg/ml) decrease obtiteactile
response to phenylephrine; (b) a rightward shift and a deereanaximal
developed tension, of the concentration--response tompeenylephrine; (c) a
concentration dependent relaxation of phenylephrine-ptesiad rings. These
effects were blocked by L-NAME, and not modified by indoraeth. The extract
had no effect on the concentration-response curve badao! of rings with
endothelium. On endothelium-denuded rings the extracedaasignificant
rightward shift of the concentration response curvehenylephrine without any
effect on maximal tension development. In the presehtee extract,
indomethacin induced a marked decrease in the maximal phbngknduced
tension of endothelium-denuded rings. These results sutpgeshe extract
increases the basal synthesis/release of NO by twdheslium and, also, the
synthesis/release of a cyclooxygenase-dependent vasuaargprostanoid by
vascular smooth muscle cells.
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Life Sci. 1997;61(15):PL 211-9.

Effects of dietary Spirulina maxima on endothelium dependent
vasomotor responses of rat aortic rings.

Paredes-Carbajal MC, Torres-Duran PV, Diaz-Zagoya JC Mascher D,
Juarez-Oropeza MA

Department of Physiology, School of Medicine, UNAM,»#® D.F., Mexico.
majo@servidor.unam.mx

The aim of this study was to evaluate the effects aufipa maxima on
vasomotor responses of aorta rings from male Wistarfed on a purified diet.
For this purpose, the animals (weighing 200-240 g) were allocateldmly in
two groups. One receiving purified control diet (A) and thewothceiving
purified diet containing 5% Spirulina (B). Purified diets evaccording to
American Institute of Nutrition guidelines and adjusted ta#ipa protein
content. All animals were fed (20 g/day/rat) during two kseeeceiving water ad
libitum and 12 h. light-dark cycles. Spirulina maxima aegere evaluated by
concentration-response (CR) curves of aorta rings evithithout endothelium to
phenylephrine (PE), both in presence and absence of indanmeiralom) or
indomethacin plus L-NAME (Indom. + L-NAME), and to carbat(CCh). Aorta
rings with endothelium from group B showed, relativeda&sponding rings
from group A: 1) a significant decrease in the maximaditandeveloped in
response to PE. 2) this decrease was reverted by Indond@hl + L-NAME
induced an additional increase in the contractile resgdonseE. 4) a significant
shift to the left of the CR curve to CCh. No significdifferences were observed
in the tension developed in response to PE in rings wutittblodothelium from
either group. These results suggest that Spirulina maximyadetrease vascular
tone by increasing the synthesis and release of badbkadilating
cyclooxygenase-dependent product of arachidonic acid and nitde,as well as
by decreasing the synthesis and release of a vasoctingtgicosanoid from the
endothelial cells.
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Arch Med Res. 2006 Jan;37(1):50-7.

Ethanolic extract of Spirulina maxima alters the vasomotor
reactivity of aortic rings from obese rats.

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

Departamento de Fisiologia, Universidad Nacional Auténdeni&léxico, Mexico
City, Mexico. mascher@servidor.unam.mx

BACKGROUND: Aortic rings with endothelium excised frdmctose-fed obese
rats develop more tension in response to phenylephrineendi@ss in response
to carbachol than corresponding rings from lean rdtis. dltered vascular
reactivity is prevented when Spirulina maxima is addededdrtittose-rich diet.
In the present study the effects of a raw ethanoti@ekof Spirulina maxima on
the vasomotor responses of aorta rings from sudeasebese hypertensive rats
were analyzed. METHODS: The experiments were perfooneabrta rings from
sucrose-fed obese male rats. For each experiment, af paigs from the same
aorta (one with intact endothelium, the other withofutrectional endothelium)
was used. In this study we analyzed, in vitro, the effetthe ethanolic extract of
Spirulina maxima on the reactivity of the aortic ringghenylephrine and to
carbachol. RESULTS: On rings with endothelium, tkigaet produced the
following effects: a) a concentration-dependent (0.06-1lnh) decrease of the
contractile response to phenylephrine; b) a rightward ahd a decrease in
maximal developed tension, of the concentration-regpouas/e to
phenylephrine; c) a concentration-dependent relaxatipherylephrine-
precontracted rings. These effects persisted in theresd indomethacin but
were prevented by L-NAME. The extract had no effecth@enconcentration-
response curve of phenylephrine-precontracted rings to ¢exbb&n
endothelium-denuded rings the extract caused a significdrttvard shift of the
concentration response curve to phenylephrine without féegt @n maximal
tension development. CONCLUSIONS: These results sugiggstin rings from
obese rats, the extract, in addition to increasingyhéhesis/release of NO, also
inhibits the synthesis/release of a cyclooxygenase-deperdsoconstrictor
metabolite of arachidonic acid, which is increased inibpes
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Planta Med. 2002 Jun;68(6):505-9.

Inhibition of cultured bovine aortic endothelial cell proliferation by
sodium spirulan, a new sulfated polysaccharide isolated from
Spirulina platensis.

Kaji T, Fujiwara Y , Hamada C, Yamamoto C, Shimada S Lee JB, Hayashi
T.

Department of Environmental Health, Faculty of Pharmtcal Sciences,
Hokuriku University, Kanazawa, Japan. t-kaji@hokuriku-u.ac.jp

Sodium spirulan (Na-SP) is a sulfated polysaccharmlated from the blue-green
alga Spirulina platensis, which consists of two typledisaccharide repeating
units, O-hexuronosyl-rhamnose (aldobiuronic acid) and O-nbagt3-O-
methylrhamnose (acofriose) with sulfate groups, other mgaocharides and
sodium ion. Vascular endothelial cells are presenhernner surface of blood
vessels in a monolayer and have anticoagulant propé&rtesddress the question
whether Na-SP influences the maintenance of endadtbellanonolayers, we
investigated the proliferation of cultured bovine aortidathelial cells treated
with Na-SP. It was found that Na-SP has an inhibitativaty on endothelial cell
proliferation accompanied with suppression of whole protgbhesis but

without non-specific cell damage. The inhibitory actiwfyNa-SP was the
strongest when compared to that of heparan sulfate,ihegextran sulfate,
dermatan sulfate, chondroitin sulfate A/C and hyaluroRarthermore, it was
shown that the inhibitory activity of Na-SP disappeareeither desulfation or
depolymerization. The present data suggest that Na-Skhigw@e sulfated
polysaccharide that strongly inhibits vascular end@he¢ll proliferation, and

the inhibitory activity requires polymerization of suédtO-rhamnosyl-acofriose
repeating units.
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Life Sci. 2004 Mar 26;74(19):2431-9.

Sodium spirulan as a potent inhibitor of arterial smooth muscle cell
proliferation in vitro.

Kaji T , Okabe M, Shimada S Yamamoto C, Fujiwara Y, Lee JB, Hayashi T.

Department of Environmental Health, Faculty of Pharmtcal Sciences,
Hokuriku University, Ho-3 Kanagawa-machi, Kanazawa 920-1181, Japan.
kaji@hokuriku-u.ac.jp

Sodium spirulan (Na-SP) is a sulfated polysaccharitle M({r) approximately
220,000 isolated from the blue-green alga Spirulina platefisespolysaccharide
consists of two types of disaccharide repeating unitsexaronosyl-rhamnose
(aldobiuronic acid) and O-rhamnosyl-3-O-methylrhamnose (asely with

sulfate groups, other minor saccharides and sodium ince Sascular smooth
muscle cell proliferation is a crucial event in the pesgion of atherosclerosis,
we investigated the effect of Na-SP on the proliferatibbovine arterial smooth
muscle cells in culture. It was found that Na-SP marketdhipits the

proliferation without nonspecific cell damage. Eithgrlaeement of sodium ion
with calcium ion or depolymerization of the Na-SP eanile to M(r)
approximately 14,700 maintained the inhibitory activity, howexemnoval of
sodium ion or desulfation markedly reduced the activigpatin and heparan
sulfate also inhibited vascular smooth muscle cell grdowtttheir effect was
weaker than that of Na-SP; dextran sulfate, chondrsitifate, dermatan sulfate
and hyaluronan failed to inhibit the cell growth. The presata suggest that Na-
SP is a potent inhibitor of arterial smooth muscle pelliferation, and the
inhibitory effect requires a certain minimum sequenceadysaccharide structure
whose molecular conformation is maintained by sodiumbiound to sulfate

group.
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Yakugaku Zasshi. 2006 Jan;126(1):43-9.

[Isolation of pancreatic lipase activity-inhibitory component of
spirulina platensis and it reduce postprandial triacylglycerolemia]

[Article in Japanese]

Han LK, Li DX, Xiang L, Gong XJ, Kondo Y, Suzuki |, Okuda H.

Department of Environmental and Symbiotic Sciences, RretddJniversity of
Kumamoto, Japan. hanlikun@hotmail.com

In the process of investigating the hypolipidemic effe¢tSpirulina platensis, we
found that the aqueous extract of S. platensis may irthiintestinal absorption
of dietary fat by inhibiting pancreatic lipase activityhhelaqueous extract of S.
platensis (500 m/kg) reduced the elevation of rat plasn@ylgiscerol levels
after oral administration of the lipid emulsion 2fteaadministration. To clarify
the hypolipidemic effects of S. platensis, the actmamgonent was isolated and
designated 1'-O-(palmitonyl)-2'-O-(caprylonyl) glyceryl-belaha-D-
galactopyranoside (glycolipid H-b2). Glycolipid H-b2 wasnd to inhibit
pancreatic lipase activity in a dose-dependent manner.ra¢twohs containing
glycolipid H-b2 (250 mg/kg) reduced the elevation of rat plasraaylglycerol
levels after oral administration of the lipid emalsi2 h after administration.
Furthermore, we examined the effects of phycocyanintesdaom S. platensis
on pancreatic lipase activity. Phycocyanin inhibited thecpeatic lipase activity
in a dose-dependent manner. These results suggest thatibury effects of S.
platensis on postprandial triacylglycerolemia may beidyart to the inhibition
of pancreatic lipase activity by glycolipid H-b2 and phycocyani
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J Med Food. 2009 Feb;12(1):15-20.

Effects of dietary Spirulina on vascular reactivity.

Juarez-Oropeza MA Mascher D, Torres-Duran PV, Farias JM, Paredes-
Carbajal MC .

Departamento de Bioquimica, Facultad de Medicina, Univaddithcional
Auténoma de México, México DF, México. majo@servidor.unaxn.m

There are several reports suggesting that Spirulina @spima) may have a
beneficial effect in the prevention of cardiovasculseases. Here we review the
results of studies on the effects of dietary Spirutinahe vasomotor reactivity of
aortic rings excised from either lean or obese Wistts. We also review
preliminary results on the effects of Spirulina intakeplasma lipids and blood
pressure in humans. The results of the former stuttimsgdy suggest that
Spirulina induces a tone-related increase in the syisthesase of nitric oxide by
the endothelium as well as an increase in the systhelsase of a vasodilating
cyclooxygenase-dependent metabolite of arachidonic acid eand&xrease in the
synthesis/release of a vasoconstricting eicosanoibdebgridothelium. In humans,
Spirulina maxima intake decreases blood pressure and pliggna
concentrations, especially triacylglycerols and low-dgripoprotein-
cholesterol, and indirectly modifies the total chtdesl and high-density
lipoprotein-cholesterol values.
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Cardiovasc Hematol Agents Med Chem. 2008 Oct;6(4):237-52.

Medicinal agents in the metabolic syndrome.

Bafnos G Pérez-Torres |, El Hafidi M .

Department of Biochemistry, National Institute of Galagy Ignacio Chavez,
Juan Badiano 1. Tlalpan. México D. F. 14080. México. gbanas@b/com

The metabolic syndrome (MS) has become a worldwidetpedblem. It is
difficult for patients to follow a diet/exercise rege that would improve their
symptoms, therefore the investigation of agents tlagt deal with its more
serious aspects is an important medical field for rebed he cardiovascular
consequences associated with the syndrome and sometiétapeutic
approaches are discussed. The different agents cawidbeddinto several groups:
Inorganic/ organic: Zinc complexes with garlic componentsasdino-mimetics;
Selenium as antioxidant; Copper, Zinc and Manganesecsaomponents of
antioxidant enzymes. Organic: Natural or Synthetic: Glyas effective in
lowering blood pressure, TBARS, intra-abdominal fat tissuektriglycerides in
sucrose-fed rats. Pharmaceutical products: Fibratesl-lapiering drugs.
Antidiabetics. Anti-gout agents. On the other hand theeenatural products such
as those of animal origin: Sex hormones (also syw)heted in the problems of
menopause and hypoandrogenism frequently found in the MS, datibxi
Omega-3-oils (fish oils) or Vegetal: for example Dadjg pupurea, century-old
cardiovascular medication as well as Magnolia oféits; Spirulina maxima with
beneficial effects as antioxidant and lipid-lowering dagamong others. Prickly
Pear Cacti. (Opuntia Ficus- Indica Cochlospermum vitifal(Willd.) Spreng)
whose many properties against diabetes and hypercholesterbiave been
empirically known for many years. Perezone (fromeRir plants, a.k.a. Peonia)
described as an antiplatelet aggregating agent. The mixedm ke in the
Mediterranean diet: Fish, salads (peppers, tomatolesy,oil, garlic, red wine
which combines fish oils, garlic and avocado as welhtixédants from the rest
of its components.
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Med Hypotheses. 2009 Mar;72(3):330-2. Epub 2008 Sep 11.

Genistein and phycocyanobilin may prevent hepatic fibrosis by
suppressing proliferation and activation of hepatic stellate cells.

McCarty MF , Barroso-Aranda J, Contreras F.

Oasis of Hope Hospital, Tijuana, Mexico. mccarty@pantmr.c

Hepatic fibrosis reflects hepatotoxin-mediated activatibhepatic stellate cells,
resulting in their proliferation and transformatiomtgofibroblasts that secrete
collagen. This activation is suppressed by estrogen, ect @fhich explains the
decreased risk for hepatic fibrosis enjoyed by premenopaosa¢wand by
postmenopausal women receiving hormone replacement yh&iape stellate
cells have been found to express the beta but not the ialplorm of the estrogen
receptor, it can be predicted that nutritional intaddethie soy isoflavone genistein
- a selective agonist for ERbeta in the low nanomolesma concentrations
achievable with these intakes - have potential for suppgelepatic fibrosis, in
both men and women. The antiproliferative impact afogen on stellate cells is
mediated at least in part by suppression of NADPH oxideseity; oxidant
production by this enzyme complex plays a crucial role¢aliege cell activation.
Alternatively, it may be feasible to inhibit NADPH d&se with phycocyanobilin
(PCB), a biliverdin homolog found in spirulina that hasently been shown to
inhibit the NADPH oxidase activity of human cell cultsiia low micromolar
concentrations. Joint administration of soy isoflawaed PCB in appropriate
doses might have considerable potential for preventitwepétic fibrosis in at-
risk subjects.
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Lik Sprava. 2000 Sep;(6):89-93.

[Clinical and experimental study of spirulina efficacy in chronic
diffuse liver diseases]

[Article in Ukrainian]

Gorban' EM, Orynchak MA , Virstiuk NG , Kuprash LP, Panteldmonova
TM, Sharabura LB.

The results of examination of 60 patients presenting etitbnic diffuse
disorders of the liver and seventy experimental animalstoxic affection of the
liver, having been administered spirulina treatments, stigijesal-and-
laboratory effectiveness of this drug. The hepatoproteptioperties of spirulina
are referrable to its antiinflammatory, antioxidantmbeane-stabilizing, and
immunocorrecting actions. In this way the employmergpafulina is believed to
be pathogenetically validated in chronic diffuse livenditions, permitting
stabilizing the process and preventing the transformaffiehronic hepatitis into
hepatocirrhosis.
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Biochem Biophys Res Commun. 1998 Aug 19;249(2):428-31.

Hepatoprotective effect of C-phycocyanin: protection for carbon
tetrachloride and R-(+)-pulegone-mediated hepatotoxicty in rats.

Vadiraja BB, Gaikwad NW, Madyastha KM .

Department of Organic Chemistry, Indian Institute oe8ce, Bangalore, 560
012, India.

Effect of C-phycocyanin (from Spirulina platensis) pratneent on
carbontetrachloride and R-(+)-pulegone-induced hepatotoxicitygts was
studied. Intraperitoneal (i.p.) administration (200 mg/kga single dose of
phycocyanin to rats, one or three hours prior to R-(+)-pule@@50 mg/kg) or
carbontetrachloride (0.6 ml/kg) challenge, significantiguced the hepatotoxicity
caused by these chemicals. For instance, serum glutpgrateate transaminase
(SGPT) activity was almost equal to control values. [bbses of microsomal
cytochrome P450, glucose-6-phosphatase and aminopyrine-Nkgdase were
significantly reduced, suggesting that phycocyanin provides pianect liver
enzymes. It was noticed that the level of menthofutt@ proximate toxin of R-
(+)-pulegone was nearly 70% more in the urine samplesatetl from rats
treated with R-(+)-pulegone alone than rats treatiédtwe combination of
phycocyanin and R-(+)-pulegone. The possible mechanism ird/oivbe
hepatoprotection is discussed. Copyright 1998 Academic Press.
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Hepatol Res. 2008 May;38(5):511-20. Epub 2007 Nov 21.

C-Phycocyanin ameliorates 2-acetylaminofluorene induced oxidative
stress and MDR1 expression in the liver of albino mice.

Roy KR, Nishanth RP, Sreekanth D, Reddy GV, Reddanna P

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

Aim: To study the effect of C-Phycocyanin (C-PC), a bilipio isolated from
Spirulina platensis, on 2-acetylaminofluorene (2-AAfguced oxidative stress
and MDR1 expression in the liver of albino mice. Methddghe present study,
albino mice aged 40-60 days were used. The mice were randesifyned to four
groups of six animals each. The first group was treatddtive vehicle (absolute
alcohol), the second group was treated with C-PC (50 mg/ttg Weight), the
third group was treated with 2-AAF (25 mg/kg body weight) dnadfourth group
was treated with C-PC (50 mg/kg body weight) and 2-AAFydail 3 days. The
mice were sacrificed and the tissues were collectedtandd for histology and
biochemical studies. Results: 2-AAF induced liver tissueadgmn albino mice.
2-AAF treatment resulted in upregulation of MDR1 expressind enhanced the
generation of reactive oxygen species (ROS). It aldoced phosphorylation of
Akt and nuclear translocation of NF-kappaB. Co-admintistneof C-PC and 2-
AAF inhibited the expression of MDR1 by preventing ROS geimarafkt
phosphorylation and NF-kappaB nuclear translocation. @siacl: 2-AAF-
induced oxidative stress is reduced by C-PC treatment. @tildted the 2-AAF
induced expression of MDR1 by interfering at the level 0S8Ryeneration, Akt
phosphorylation and NF-kappaB translocation. This studyatehe usefulness
of C-PC in preventing oxidative stress and downregulaifdiDR1 induced by
xenobiotics like 2-AAF.
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J Ethnopharmacol. 1999 Feb;64(2):141-7.

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

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

Department of Biochemistry, School of Medicine, UNAMexico D.F., Mexico.

The aim of the present work was to assess if tharfgexd either the oil extract of
Spirulina maxima or of its defatted fraction would preveity liver
development, induced in rats by a single intraperitonesd dbcarbon
tetrachloride (CCl4). Liver and serum lipids were evadat days after treatment
with this agent. Concentration of liver lipids did ndffeti in rats fed on a purified
diet either without or with one of the fractions gfi&@ilina, except for total
cholesterol, which showed a slight increase in the greapiving the oil extract
of Spirulina. However, after CCl4 treatment, liver tdiads and triacylglycerols
were significantly lower in rats fed on a diet contiag any fraction of Spirulina
(defatted or the oil fraction) than in rats withouir8lna in their diet.
Furthermore, the increased liver cholesterol values, edtlby CCl4 treatment,
were not observed in rats receiving Spirulina. In addlitiats receiving whole
Spirulina in their diet and treated only with the vedishowed an increase in the
percentage of HDL values. The changes in VLDL and LDL ieduzy CCl4
treatment were not observed in the whole Spirulina gréugghermore, after
CCl4 treatment the values of the liver microsomal taibituric acid-reactive
substances were lower in the whole Spirulina group ithéme control group.
These results support the potential hepatoprotective r@gpiailina.
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Biochem Mol Biol Int. 1998 Apr;44(4):787-93.

Spirulina maxima prevents induction of fatty liver by carbon
tetrachloride in the rat.

Torres-Duran PV, Miranda-Zamora R, Paredes-Carbajal MC, Mascher D,
Diaz-Zagoya JC Juarez-Oropeza MA

Departamento de Bioquimica, UNAM, México, D.F., Mexico.

The aim of the present work was to assess the capd&@yirulina maxima to
prevent fatty liver development induced in rats by arap#ritoneal single dose
(1 ml/kg) of carbon tetrachloride. Liver and serum lipids@vquantified two or
four days after treatment with this agent. Liver lipachcentration did not differ in
rats fed on a purified diet with or without Spirulina. Hoxgr, after carbon
tetrachloride treatment, liver triacylglycerols weigngicantly lower in rats fed
on a diet with Spirulina 5% than in rats without Slara in their diet (P < 0.05).
Furthermore, the increased liver cholesterol values, ewlbg carbon
tetrachloride treatment, were not observed in ratsréw@ived Spirulina. These
results support the potential hepatoprotective role of Byaru
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Life Sci. 2002 Apr 19;70(22):2665-73.

Arthrospira maxima prevents the acute fatty liver induced by the
administration of simvastatin, ethanol and a hypercholesterolemic
diet to mice.

Blé-Castillo JL, Rodriguez-Hernandez A Miranda-Zamora R, Juarez-
Oropeza MA, Diaz-Zagoya JC

Laboratorio de Andlisis Clinicos, Hospital Generaldea No. 1, Instituto
Mexicano de Seguro Social, Villahermosa, Tabasco.

An evident fatty liver, corroborated morphologically arteémically, was
produced in CD-1 mice after five daily doses of simvas#&img/Kg body
weight, a hypercholesterolemic diet and 20 percent etlratize drinking water.
After treating the animals, they presented serum fgamerols levels five times
higher than the control mice, total lipids, cholestaral triacylglycerols in the
liver were 2, 2 and 1.5 times higher, respectively, thaoontrol animals. When
Arthrospira maxima was given with diet two weeks ptiwe onset of fatty liver
induction, there was a decrement of liver total lipids (J0Bter triacylglycerols
(50%) and serum triacylglycerols (50%) compared to thealsiwith the same
treatment but without Arthrospira maxima. In additiorthe mentioned
protective effect, the administration of this algae dpied a significant increase
(45%) in serum high density lipoproteins. The mechanisrthisiprotective
effect was not established in these experiments.
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Life Sci. 1993;53(1):57-61.

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

Gonzalez de Rivera CMiranda-Zamora R, Diaz-Zagoya JC Juarez-
Oropeza MA.

Departamento de Bioquimica, Facultad de Medicina, UNAMXxibb, D.F.

Cyanobacteria Spirulina maxima from Texcoco Lake ixigte was administered
as a 5% component of a purified diet, to Wistar ratsthegevith a high
percentage of fructose (60%) and its effect on sevgidlfliactions of plasma

and liver was studied and compared to those of rats fedgulidiets containing
60% of glucose or 60% of fructose. A preventive effe@pifulina maxima on

the fructose-induced increase of the liver triglycerigegllwas observed together
with an elevation of the phospholipid concentratiothis tissue. On the other
hand Spirulina maxima produced a plasma cholesterol lggal lewer than that
observed in the control group.
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Wei Sheng Yan Jiu. 2007 Jan;36(1):34-6.

[Antagonistic effects of Se-rich Spirulina platensis on rat liver
fibrosis]

[Article in Chinese]

Huang Z, Zheng W.

College of Life Science and Technology, Ji'nan UnivelGigngzhou 510632,
China. tzhwj@jnu.edu.cn

OBJECTIVE: Antagonistic effects of supplement of Sé+&pirulina platensis
(Se-SP) on hepatocirrhosis were investigated witmgheodel of liver fibrosis
induced by intraperitoneal injection 3% thioacetamide (TAMETHODS:
Parameters of routine liver function, content ofondialdehyde (MDA) and
activities of glutathione peroxidase (GPx) and superoxidawtasse (SOD) in rat
serum were determined by colorimetry. Content of seferiibe) was measured
by DAN fluorometry method and hyaluronic acid (HA) was dietédy radio-
immunoassay. Liver fibrosis was diagnosed by HE staimilg@lative contents
of collagen (RCC) were estimated by Masson's trichrstai@ing. RESULTS:
Parameters of liver function in Se-SP group were nexsivered in all protective
groups. Compared with the model groups, contents of MDA advéte lower,
whereas activities of GPx and SOD were higher (P < n0%s serum of Se-SP
group. The RCC in rats liver of Se-SP group were lowamn those of the model
groups, where the liver fibrosis were identified dominatdlgegree | according
to pathological diagnosis. Moreover, Se contenttis sarum had positive
correlation (r = 0.645) with activity of GPx while a nagatcorrelation (r =
0.675) with MDA level. CONCLUSION: The results indicatbdtt Se-SP have
detectable antagonistic effects to liver fibrosis, and stgdébat enhancement of
antioxidation level and liver reserve function might bsaziated with these
effects.
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Renal Protective

Fundam Clin Pharmacol. 2006 Apr;20(2):121-8.

Effect of Spirulina, a blue green algae, on gentamicin-induced
oxidative stress and renal dysfunction in rats.

Kuhad A, Tirkey N, Pilkhwal S, Chopra K.

Pharmacology Division, University Institute of PharmamaultSciences, Panjab
University, Chandigarh 160014, India.

Gentamicin (GM), an aminoglycoside, is widely employedlinical practice for
the treatment of serious Gram-negative infections.cliheal utility of GM is
limited by the frequent incidence of acute renal failusgoefimental evidences
suggest that oxidative and nitrosative stress play an tamgaole in GM
nephrotoxicity. Spirulina fusiformis is a blue green algaé potent free radical
scavenging properties. The present study was designed tagatest
renoprotective potential of S. fusiformis, against GM-iretlioxidative stress and
renal dysfunction. Spirulina fusiformis (500, 1000, 1500 mg/kg, pias)
administered 2 days before and 8 days concurrently withi{ & mg/kg, i.p.).
Renal injury was assessed by measuring serum creatinioe, unlea nitrogen and
creatinine clearance and serum nitrite levels. Rendhti¥e stress was
determined by renal malondialdehyde levels, reduced glutathevels and by
enzymatic activity of superoxide dismutase (SOD) and c@a@hronic GM
administration resulted in marked renal oxidative anasdttive stress and
significantly deranged renal functions. Treatment @itHusiformis significantly
and dose-dependently restored renal functions, reducegépackidation and
enhanced reduced glutathione levels, SOD and catalase estiViie results of
present study clearly demonstrate the pivotal role otikeaoxygen species and
their relation to renal dysfunction and point to tiherapeutic potential of S.
fusiformis in GM-induced nephrotoxicity.
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Clin Chim Acta. 2004 Oct;348(1-2):1915

Salubrious effect of C-phycocyanin against oxalate-mediated renal cell
injury.

Faroog SM, Asokan D, Sakthivel R, Kalaiselvi P, Varalakshmi P.

Department of Medical Biochemistry, Dr. AL Mudaliarde@sraduate Institute of Basic
Medical Sciences, University of Madras, Taramani, Che60@i113, India.

BACKGROUND: C-phycocyanin, a biliprotein pigment found ange blue green algae
(Spirulina platensis) with nutritional and medicinal pntjes, was investigated for its
efficacy on sodium oxalate-induced nephrotoxicity in expentally induced urolithic
rats. METHODS: Male Wistar rats were divided into fourugr®. Hyperoxaluria was
induced in two of these groups by intraperitoneal infusiosodfum oxalate (70 mg/kg),
and a pretreatment of phycocyanin (100 mg/kg) as a singldasabe was given to one
of these groups by 1 h prior to sodium oxalate infusionemges. The study also
encompasses an untreated control group and a phycocyarentadated drug control
group. The extent of lipid peroxidation (LPO) was evaldateterms of renal
concentrations of MDA, conjugated diene and hydroperoxides following assay was
performed in the renal tissue (a) antioxidant enzymesasishperoxide dismutase
(SOD) and catalase, (b) glutathione metabolizing enzyoesas glutathione peroxidase
(GPXx), glutathione reductase (GR), glutathione-S-transf¢@S&) and glucose 6-
phosphate dehydrogenase (G6PD), (c) the low molecular tagigghxidants (GSH,
vitamins E and C) and protein carbonyl content. RESULT &:ifitreased concentrations
of MDA, conjugated diene and hydroperoxide (index of thiel [peroxidation) were
controlled (P < 0.001) in the phycocyanin-pretreated groughedbutset, the low
molecular weight antioxidants were appreciably incre@Bed 0.001), whereas the tissue
protein carbonyl concentration was decreased (P < 0.001), suggéat phycocyanin
provides protection to renal cell antioxidants. It wasaaatithat the activities of
antioxidant enzymes and glutathione metabolizing enzymes cagisiderably stabilized
in rats pretreated with phycocyanin. CONCLUSION: We sugted phycocyanin
protects the integrity of the renal cell by stabilizihg free radical mediated LPO and
protein carbonyl, as well as low molecular weight aatiants and antioxidant enzymes
in renal cells. Thus, the present analysis reveatsthie antioxidant nature of C-
phycocyanin protects the renal cell against oxalate-indupeiyiand may be a
nephroprotective agent.
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Chem Biol Interact. 2004 Aug 10;149(1):1-7.

Prophylactic role of phycocyanin: a study of oxalate mediated renal
cell injury.

Faroog SM, Asokan D, Kalaiselvi P, Sakthivel R, Varalakshmi P.

Department of Medical Biochemistry, Dr. ALM Postgraduaisitute of Basic
Medical Sciences, University of Madras, Taramani, Che®®@113, India.

Oxalate induced renal calculi formation and the assedtigenal injury is thought
to be caused by free radical mediated mechanisms. Amamwdel was used to
investigate the effect of phycocyanin (from Spirulinagnais), a known
antioxidant, against calcium oxalate urolithiasis. Maletd rats were divided
into four groups. Hyperoxaluria was induced in two of thrggseips by
intraperitoneal infusion of sodium oxalate (70 mg/kg) apdedreatment of
phycocyanin (100 mg/kg) as a single oral dosage was giveniathgsodium
oxalate infusion. An untreated control and drug control (pbyanin alone) were
also included in the study. We observed that phycocyammifisantly controlled
the early biochemical changes in calcium oxalate shmmeation. The
antiurolithic nature of the drug was evaluated by the assegsrhurinary risk
factors and light microscopic observation of urinagstals. Renal tubular
damage as divulged by urinary marker enzymes (alkaline phasghaicid
phosphatase and gamma-glutamyl transferase) and histoggthbtmbservations
such as decreased tubulointerstitial, tubular dilatatrmhmononuclear
inflammatory cells, indicated that renal damage wasmsed in drug-pretreated
group. Oxalate levels (P < 0.001) and lipid peroxidation (PO01) in kidney
tissue were significantly controlled by drug pretreatmsunggesting the ability of
phycocyanin to quench the free radicals, thereby pregtiienlipid peroxidation
mediated tissue damage and oxalate entry. This accdounke prevention of
CaOx stones. Thus, the present analysis revealedtiogidant and antiurolithic
potential of phycocyanin thereby projecting it as a promigiegapeutic agent
against renal cell injury associated kidney stone ftiona
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Mol Cell Biochem. 2006 Mar;284(1-2):95-101. Epub 2006 Feb 14.

Oxalate mediated nephronal impairment and its inhibition by c-
phycocyanin: a study on urolithic rats.

Faroog SM, Ebrahim AS, Subramhanya KH, Sakthivel R, Rajesh NG,
Varalakshmi P.

Department of Medical Biochemistry, Dr. A.L.M. Postdwate Institute of Basic
Medical, Sciences, University of Madras, Taramani, Che6f8 113, India.

The assumption of oxidative stress as a mechanisnaiatexinduced renal
damage suggests that antioxidants might play a benebdéeahgainst oxalate
toxicity. An in vivo model was used to investigate theaftgd C-phycocyanin
(from aquatic micro algae; Spirulina spp.), a known aident, against calcium
oxalate urolithiasis. Hyperoxaluria was induced in twthef4 groups of Wistar
albino rats (n = 6 in each) by intraperitoneally itjgg sodium oxalate (70 mg/kg
body weight). A pretreatment of phycocyanin (100 mg/kg heedight) as a
single oral dosage was given, one hour prior to oxaaallenge. An untreated
control and drug control (phycocyanin alone) were emplolyagicocyanin
administration resulted in a significant improvemgn&(0.001) in the thiol
content of renal tissue and RBC lysate via increasimgtjlione and reducing
malondialdehyde levels in the plasma of oxalate indudsdpa< 0.001),
indicating phycocyanin's antioxidant effect on oxalate ntediaxidative stress.
Administering phycocyanin after oxalate treatment sigaiftly increased
catalase and glucose-6-phosphate dehydrogenase activi/@pX in RBC
lysate suggesting phycocyanin as a free radical quencheFs#isg calcium
oxalate crystal retention in renal tissue using polaaaamicroscopy and renal
ultrastructure by electron microscopy reveals noreatures in phycocyanin--
pretreated groups. Thus the study presents positive phaogaeadlimplications
of phycocyanin against oxalate mediated nephronal impatreme warrants
further work to tap this potential aquatic resource for gslicinal application.
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Food Chem Toxicol. 2007 Jun;45(6):879-87. Epub 2006 Nov 23.

Evaluation of protective efficacy of Spirulina fusiformis against
mercury induced nephrotoxicity in Swiss albino mice.

Sharma MK, Sharma A, Kumar A , Kumar M .

Department of Zoology, University of Rajasthan, Jaipur 3020@H4a.
mkshrma@hotmail.com

The toxicity of mercury to animals and man is well essaleld and this depends
greatly on the form of the mercury compounds. In moshalsi species,
including man, the kidney is the main site of depositibmorganic mercury and
target organ for its toxicity. In the present study Spieufusiformis (a
cyanobacterium, belongs to family--Oscillatoriacel@®y been investigated as a
possible modifier of mercury induced renal damages insSalisno mice.
Animals were divided into four groups. (i) Control group--ovidicle (0.9%
NaCl) was administered as i.p. (ii) HgCI(2) treated gremip mg/kg b.wt.
HgCl(2) was administered as i.p. (iii) Spirulina treageaup--800 mg/kg b.wt.
Spirulina extract was administered orally. (iv) Comboragroup--S. fusiformis
was administered 10 days before mercuric chloride admaticet and continued
upto 30 days after mercuric chloride administration (5.0 mgikgy b.The
animals were autopsied on 1, 3, 7, 15 and 30 days after tréantethe activity
of alkaline phosphatase (ALP), acid phosphatase (AG@&tpte dehydrogenase
(LDH) and MDA (malondialdehyde) level were measured dnkly
homogenates. The results indicated that there wiageadependent significant
enhancement in MDA content and ACP activity and decreasBi and ALP
activity observed after HgCI(2) treatment. Mercury intaxicn also induces
pathological alterations in the kidney such as degenaraf glomerulus,
proximal and distal tubules. A dose-dependent mortalityalsas observed
following administration of different doses of HgCI(2) combined treatment of
Spirulina with HgCI(2), a significant decrease in MDAtent and ACP activity
and elevation in LDH and ALP activity was observed@sgared to HgCI(2)
treated group. Spirulina pre- and post-treatment with mgmdso significantly
reduces pathological alterations in kidney. Thusyéiselts from the present study
suggest that S. fusiformis can significantly modify teeal damages against
mercuric chloride induced toxicity.
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J Appl Toxicol. 2006 Sep-Oct;26(5):444-51.

Spirulina attenuates cyclosporine-induced nephrotoxicity in rats

Khan M, Shobha JC Mohan IK , Rao Naidu MU, Prayag A, Kutala VK .

Department of Clinical Pharmacology and Therapeuticzzgam's Institute of
Medical Sciences, Punjagutta, Hyderabad 500 082, India.

Cyclosporine (CsA) causes a dose-related decrease Irfupcidon in
experimental animals and humans. The generation ofwveaoctygen species
(ROS) has been implicated in CsA-induced nephrotoxittityas previously
shown that Spirulina, a blue-green algae, with antioxigemperties effectively
attenuated the doxorubicin-induced cardiotoxicity in mice@syplatin-induced
nephrotoxicity in rat. The present study investigatechdgEhroprotective role of
Spirulina against CsA-induced nephrotoxicity in rats. Sipau500 mg kg(-1)
b.w.) was administered orally for 3 days before and 14 daysurrently with
CsA (50 mg kg-1 b.w.). Rats treated with CsA showed nepXioity as
evidenced from a significant elevation in plasma uresgtmine, urinary N-
acetyl-beta-D-glucosaminidase (beta-NAG) and a decieaseatinine and
lithium clearance. Pretreatment with Spirulina protec¢te rats from CsA-
induced nephrotoxicity. The CsA-induced rise in plasma uréai@atinine and
the decrease in creatinine and lithium clearance wezeugted by Spirulina.
There was a significant increase in plasma and kitissye MDA with CsA.
Spirulina prevented the rise in plasma and kidney tis&iDAa. Histopathology of
the kidney from CsA-treated rats showed severe iscenetguolization and
widening of the interstitium. However, pretreatment v@hirulina prevented
such changes, and the kidney morphology was comparalbiattoftthe control.
Spirulina treatment did not alter the blood CsA levelesE results suggest that
Spirulina has a protective effect against nephrotoxiotiyced by CsA. This
study further supports the crucial role of the antioxidabtire of Spirulina in
protecting against CsA-induced oxidative stress. Copyright 2006\lbley &
Sons, Ltd.
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Ren Fail. 2006;28(3):247-54.

Renoprotective effect of Spirulina fusiformis on cisplatin-inducd
oxidative stress and renal dysfunction in rats.

Kuhad A, Tirkey N, Pilkhwal S, Chopra K.

Pharmacology Division, University Institute of PharmamaultSciences, Panjab
University, Chandigarh, India.

Cisplatin is an effective chemotherapeutic agent uséueitreatment of a wide
array of both pediatric and adult malignancies. Dose+tgr@ and cumulative
nephrotoxicity is the major toxicity of this compoundiprstimes requiring a
reduction in dose or discontinuation of treatment. Reeeidiences have
implicated oxidative and nitrosative stress in cisplatduced nephrotoxicity.
Spirulina fusiformis, blue-green algae, is claimed to petantial antioxidant.
The present study was designed to explore the renopretectiential of
Spirulina fusiformis against cisplatin-induced oxidativess and renal
dysfunction. Spirulina fusiformis (500,1000,1500 mg/kg(-1) p.o0.) was
administered 2 days before and until 3 days after cisphtifilenge (5 mg/kg(-1)
I.p.). Renal injury was assessed by measuring serum cneatislood urea
nitrogen, creatinine and urea clearance, and serum fetvéts. Renal oxidative
stress was determined by renal TBARS levels, reduced lgtutatlevels, and by
enzymatic activity of superoxide dismutase and catalasengde dose of
cisplatin produced marked renal oxidative and nitrosativestaled significantly
deranged renal functions. Chronic Spirulina fusiformesttment significantly and
dose-dependently restored renal functions, reduced lipickigetmn, and
enhanced reduced glutathione levels, superoxide dismutase, alageat
activities. The results of the present study cleartypalestrate the pivotal role of
reactive oxygen species and their relation to rendudgson and point to the
therapeutic potential of Spirulina fusiformis in cisplainduced nephrotoxicity.
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Cancer Chemother Pharmacol. 2006 Dec;58(6):802-8. Epub 2006 Mar 22.

Protection against cisplatin-induced nephrotoxicity by Spirulina in
rats.

Mohan IK , Khan M, Shobha JC Naidu MU, Prayag A, Kuppusamy P,
Kutala VK .

Department of Clinical Pharmacology and Therapeuticzzgam's Institute of
Medical Sciences, 500 082, Hyderabad, India.

PURPOSE: Cisplatin (CP)-induced nephrotoxicity is asdediwith the
increased generation of reactive oxygen metabolites jgiddpleroxidation in
kidney, caused by the decreased levels of antioxidadtartioxidant enzymes.
The purpose of this study was to evaluate the role ofif&; blue-green alga
with antioxidant properties, in the protection of cisiplanduced nephrotoxicity
in rat. METHODS: Rats were treated with CP (6 mg/kg $mgle dose,
intraperitoneally). Spirulina (1,000 mg/kg) was administenedly for 8 days and
CP treatment was given on day 4. Nephrotoxicity wassasesle 6 days after the
CP treatment, by measuring plasma urea, creatinineyyfhacetyl-(D-glucose-
aminidase) (beta-NAG) and histopathology of kidney. REBXI Rats treated
with CP showed marked nephrotoxicity as evidenced fromigmaficant
elevation in plasma urea, creatinine and urinary beta-NA§&ological
assessment revealed marked proximal tubular necrosisesige epithelial
vacuolization in the kidney of CP-treated rats. Supdsdismutase, catalase and
glutathione peroxidase were decreased and lipid peroxidatemaased in
kidney tissue. Pretreatment with Spirulina protectedabefrom CP-induced
nephrotoxicity. The rise in plasma urea, creatiningyauyi beta-NAG, plasma and
kidney tissue MDA and histomorphological changes wigaficantly attenuated
by Spirulina. In vitro studies using human ovarian cancks =vealed that
Spirulina did not interfere with the cytotoxic effecfsCP on tumor cells.
CONCLUSIONS: In summary, Spirulina significantly proted the CP-induced
nephrotoxicity through its antioxidant properties.
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Bosn J Basic Med Sci. 2008 Nov;8(4):331-6.

Spirulina platensis protects against renal injury in rats with
gentamicin-induced acute tubular necrosis.

Avdagié¢ N, Cosovié E, Nakas-I¢indi ¢ E, Mornjakovi ¢ Z, Zaciraqgié¢ A,
Hadzovi¢-Dzuvo A.

Faculty of Medicine, Institute of Physiology and Bioghstry, University of
Sarajevo, Sarajevo, Bosnia and Herzegovina.

The present study was carried out to evaluate the remopivet antioxidant effect
of Spirulina platensis on gentamicin-induced acute tubulznoses in rats.
Albino-Wistar rats, (9male and 9 female), weighing apprataty 250 g, were
used for this study. Rats were randomly assigned to &ue& groups. Control
group received 0,9 % sodium chloride intraperitoneally’fdays at the same
volume as gentamicin group. Gentamicin group was treatexpearitoneally with
gentamicin, 80 mg/kg daily for 7 days. Gentamicin+spirulinaigneceived
Spirulina platensis 1000 mg/kg orally 2 days before and 7 adagsiorently with
gentamicin (80 mg/kg i.p.). Nephrotoxicity was assessed by niegglasma
nitrite concentration, stabile metabolic product of aibxide with oxygen.
Plasma nitrite concentration was determined by colorimetethod using Griess
reaction. For histological analysis kidney specimegese stained with
hematoxylin-eosin (HE) and periodic acid-Schiff (PAS)rstRlasma nitrite
concentration and the level of kidney damage werefgigntly higher in
gentamicin group in comparison both to the control and geaiat+spirulina
group. Spirulina platensis significantly lowered the plasntrite level and
attenuated histomorphological changes related to renay icgqursed by
gentamicin. Thus, the results from present study suggeés$piralina platensis
has renoprotective potential in gentamicin-induced acuteauhetrosis possibly
due to its antioxidant properties.
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Phytother Res. 2008 Nov;22(11):1506-10.

Spirulina platensis protects against gentamicin-induced
nephrotoxicity in rats.

Karadeniz A, Yildirim A , Simsek N Kalkan Y, Celebi F.

Department of Physiology, Faculty of Veterinary Mekg Atatirk University,
Erzurum, Turkey. karadenizali@atauni.edu.tr

The present study aimed to investigate the protectiveteffe@pirulina platensis
(SP) on gentamicin sulphate (GS)-induced changes ievtbés of lipid
peroxidation and endogenous antioxidants in the kidney @f 8grague-Dawley
rats were treated in separate groups as follows for Secative days: control (C),
gentamicin sulphate (100 mg/kg i.p.) (GS), Spirulina plasefii00 mg/kg
orally) (SP) and Spirulina platensis (1000 mg/kg orally) gkistamicin sulphate
(100 mg/kg i.p.) (SP + GS). The degree of protection was eedlny
determining the effects of Spirulina platensis on maklddhyde (MDA),
glutathione (GSH), superoxide dismutase (SOD), glutathiorexjgase (GPX)
and nitric oxide (NO), and plasma creatinine and urea |lewers estimated in
kidney homogenates to evaluate antioxidant activity,thadkidney was
histologically examined as well. Spirulina platensisiteld significant
nephroprotective activity by decreasing lipid peroxidatio®@®) and elevated
the levels of GSH, SOD, GPX, NO, creatinine and ureghErmore, these
biochemical observations were supplemented by histologxeamination of the
rat kidneys. In conclusion, the present study indicatesry important role of
reactive oxygen species (ROS) and the relation to dgrséinction and point to
the therapeutic potential of Spirulina platensis in gemtin sulphate induced
nephrotoxicity.
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Neuroprotective

Toxicol In Vitro. 2008 Sep;22(6):1496-502. Epub 2008 May 20.
Neuroprotection by Spirulina platensis protean extract and
phycocyanin against iron-induced toxicity in SH-SY5Y
neuroblastoma cells.

Bermejo-Bescos PPifero-Estrada E, Villar del Fresno AM .

Departamento de Farmacologia, Facultad de Farmacia, reidiee¢ Complutense
de Madrid, Avenida de la Complutense s/n, Madrid, Spain. b@f@ym.ucm.es

We investigated the effect of Spirulina platensis protedract and the
biliprotein phycocyanin isolated from this microalga, ondhgvities of the
antioxidant enzymes SOD, CAT, GPx, and GR, lipid peroadaitihibitory
activity and glutathione levels after the iron induced athick stress in SH-SY5Y
neuroblastoma cells. Iron is one of the most imporgents that produce
oxidative stress and decline of neuronal functions. $emdés protean extract and
phycocyanin exert the antioxidant activity by protectingativity of the cellular
antioxidant enzymes total GPx, GPx-Se and GR and by inogeasiuced
glutathione in cells against oxidative stress induced by Fhase results
suggested that S. platensis protean extract is a powetiixidant through a
mechanism related to antioxidant activity, capable offietixg with radical-
mediated cell death. S. platensis may be useful imskseknown to be
aggravated by reactive oxygen species and in the developimamiel treatments
for neurodegenerative disorders as long as iron hasitmgdinated in the
neuropathology of several neurodegenerative disorders sudalaeimer's or
Parkinson diseases.
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Exp Neurol. 2005 Dec;196(2):298-307. Epub 2005 Sep 19.

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

Stromberg |, Gemma C, Vila J, Bickford PC.

Department of Integrative Medical Biology, Umea UniitgrsS 901 87 Ume3,
Sweden. ingrid.stromberg@histocel.umu.se

Neuroinflammation plays a critical role in loss ofp@mine neurons during brain
injury and in neurodegenerative diseases. Diets enriohfedds with antioxidant
and anti-inflammatory actions may modulate this neuroinfiation. The model
of 6-hydroxydopamine (6-OHDA) injected into the dorsal striatdmormal rats,
causes a progressive loss of dopamine neurons in thalv@esencephalon. In
this study, we have investigated the inflammatory respaiesving 6-OHDA
injected into the striatum of adult rats treated wigt dnriched in blueberry or
spirulina. One week after the dopamine lesion, a sirsite of dopamine
degeneration was found in the striatum and in the glpallisius in all lesioned
animals. At 1 week, a significant increase in OX-6H®Iclass Il) positive
microglia was found in animals fed with blueberry- andudpia-enriched diets in
both the striatum and the globus pallidus. These OX<tpe cells were located
within the area of tyrosine hydroxylase (TH) -negativiy1l month after the
lesion, the number of OX-6-positive cells was reducetiatitreated animals
while a significant increase beyond that observed atekwi@as now present in
lesioned control animals. Dopamine recovery as revealddby
immunohistochemistry was significantly enhanced at &ka/@estlesion in the
striatum while in the globus pallidus the density of THsipee nerve fibers was
not different from control-fed lesioned animals. In clasion, enhanced striatal
dopamine recovery appeared in animals treated with diehedrin antioxidants
and anti-inflammatory phytochemicals and coincided witlearly, transient
increase in OX-6-positive microglia.
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Exp Neurol. 2005 May;193(1):75-84.

Dietary supplementation with blueberries, spinach, or spirulina
reduces ischemic brain damage.

Wangqg Y, Chang CF, Chou J, Chen HL, Deng X Harvey BK, Cadet JL,
Bickford PC.

National Institute on Drug Abuse, Intramural Researcygfm, Baltimore, MD
21224, USA.

Free radicals are involved in neurodegenerative disorsigéch, as ischemia and
aging. We have previously demonstrated that treatmehtdigts enriched with
blueberry, spinach, or spirulina have been shown to retei®degenerative
changes in aged animals. The purpose of this study was tonaetef these diets
have neuroprotective effects in focal ischemic bratfulAmale Sprague-Dawley
rats were fed with equal amounts of diets (blueberrpagii, and spirulina) or
with control diet. After 4 weeks of feeding, all anis\alere anesthetized with
chloral hydrate. The right middle cerebral artery wgatéd with a 10-O suture
for 60 min. The ligature was later removed to allow repohal injury. Animals
were sacrificed and brains were removed for caspaseygatiz assays and
triphenyltetrazolium chloride staining at 8 and 48 h afteotiset of reperfusion.
A subgroup of animals was used for locomotor behavior aschbmical assays.
We found that animals which received blueberry, spinachpirulina enriched
diets had a significant reduction in the volume of ictian in the cerebral cortex
and an increase in post-stroke locomotor activity. The® no difference in
blood biochemistry, blood CO2, and electrolyte levels anadingroups,
suggesting that the protection was not indirectly meditteough the changes in
physiological functions. Animals treated with bluebespinach, or spirulina had
significantly lower caspase-3 activity in the ischemimisphere. In conclusion,
our data suggest that chronic treatment with bluebernyashj or spirulina
reduces ischemia/reperfusion-induced apoptosis and cerebratiorfa
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Diets enriched in foods with high antioxidant activity reverse age-induced
decreases in cerebellar beta-adrenergic function and increases in proinflammatory
cytokines.

« Gemma C,

» Mesches MH,
» Sepesi B,

« Choo K,

« Holmes DB,
» Bickford PC.

James A. Haley Veterans Affairs Medical Center, Tampa, Florida 33612, USA.

Antioxidants and diets supplemented with foods high in oxygen radical
absorbance capacity (ORAC) reverse age-related decreases in cerebellar beta-
adrenergic receptor function. We examined whether this effect was related to
the antioxidant capacity of the food supplement and whether an antioxidant-rich
diet reduced the levels of proinflammatory cytokines in the cerebellum. Aged
male Fischer 344 rats were given apple (5 mg dry weight), spirulina (5 mg), or
cucumber (5 mg) either in 0.5 ml water by oral gavage or supplied in the rat
chow daily for 14 d. Electrophysiologic techniques revealed a significant decrease
in beta-adrenergic receptor function in aged control rats. Spirulina reversed this
effect. Apple (a food with intermediate ORAC) had an intermediate effect on
cerebellar beta-adrenergic receptor physiology, and cucumber (low ORAC) had
no effect, indicating that the reversal of beta-adrenergic receptor function
decreases might be related to the ORAC dose. The mRNA of the proinflammatory
cytokines tumor necrosis factor-alpha (TNFalpha) and TNFbeta was also
examined. RNase protection assays revealed increased levels of these cytokines
in the aged cerebellum. Spirulina and apple significantly downregulated this age-
related increase in proinflammatory cytokines, whereas cucumber had no effect,
suggesting that one mechanism by which these diets work is by modulation of
an age-related increase in inflammatory responses. Malondialdehyde (MDA) was
measured as a marker of oxidative damage. Apple and spirulina but not
cucumber decreased MDA levels in the aged rats. In summary, the improved
beta-adrenergic receptor function in aged rats induced by diets rich in
antioxidants is related to the ORAC dose, and these diets reduce
proinflammatory cytokine levels.
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Nutr Neurosci. 2006 Oct-Dec;9(5-6):207-12.

Spirulina maxima pretreatment partially protects against 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine neurotoxicity.

Chamorro G, Pérez-Albiter M, Serrano-Garcia N Mares-Samano JJ Rojas
P.

Laboratorio de Toxicologia Preclinica, Escuela NadideaCiencias Bioldgicas,
Instituto Politécnico Nacional, Apartado Postal 314, C.P, 1M&Xico, D.F.,
México.

Spirulina is an alga that has a high nutritional valnd some of its biological
activities are attributed to the presence of antioxid&xglative stress is
involved in Parkinson's disease. This study aims at ewadutite neuroprotective
role of Spirulina maxima (Sp.) against 1-methyl-4-phenyl-1,2,3,6
tetrahydropyridine (MPTP) neurotoxicity, used as a modebdfiRson's disease.
Ninety-six male C-57 black mice were pretreated with Sipaifor 14 days (25,
50, 100, 150 or 200 mg/kg, oral), followed by three MPTP admiatistrs (30
mg/kg, intraperitoneal, i.p.). Animals were given Sp.gadditional days. After
the treatment, the striatal dopamine (DA) content avedysed by high
performance liquid chromatography, and lipid peroxidationstagied as an
index of oxidative stress. Sp. pretreatment at 150 mg/kg ibapravented (51%)
the DA-depleting effect of MPTP and blocked oxidative str&pirulina partially
prevents MPTP neurotoxicity and oxidative stress, suggestiaogiid be a
possible alternative in experimental therapy.
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Heavy Metal Removal

Clin Toxicol (Phila). 2006;44(2):135-41.

Efficacy of spirulina extract plus zinc in patients of chronic arsenic
poisoning: a randomized placebo-controlled study.
Misbahuddin M, Islam AZ, Khandker S, Ifthaker-Al-Mahmud , Islam N,

Anjumanara.
Department of Pharmacology, Bangabandhu Sheikh MujididdéUniversity,

Dhaka, Bangladesh. mmisbah@aitlbd.net

BACKGROUND: Millions of people in Bangladesh, India, Taiwand Chile are
consuming high concentration of arsenic through drinking watet thousands of them
have already developed chronic arsenic poisoning. There [geodis treatment. Some
authors suggest the use of vitamins and minerals for thane months. The present
placebo-controlled double-blind study was conducted to evaldatdieéness of
spirulina extract plus zinc in the treatment of chrongeaic poisoning. METHODS:
Forty-one patients of chronic arsenic poisoning were randoedyed orally by either
placebo (17 patients) or spirulina extract (250 mg) plus zinagjX(24 patients) twice
daily for 16 weeks. Each patient was supplied with arsgafie drinking water by
installing a locally made water filter at household lef&fectiveness of spirulina extract
plus zinc was evaluated by comparing changes in skin mamibestgclinical scores),
arsenic contents in urine and hair, between the placeadosprulina extract plus zinc-
treated groups. RESULTS: The concentrations of tosanae in water (without

filtration) of placebo- and spirulina extract plus zinc-tegagroups were 150.1 +/- 18.3
and 161.7 +/- 23.9 microg/l, respectively. Intake of these ¢tugicentrations of arsenic
lead to increased excretion of arsenic in urine (72.14:5 microg/l in placebo-treated
group and 78.4 +/- 19.1 microg/I in spirulina plus zinc-tregtedp). After 2 weeks of
using filtered water, there were significant reductiobath arsenic intake through water
and urinary arsenic excretion (8.3 +/- 3.6 microg/l and 18.4.8 microg/l in placebo
group; 9.7 +/- 5.4 microg/l and 21.6 +/- 5.8 microg/l) in spiruér&ract plus zinc-treated
group. There was a sharp increase in urinary excretiarsenic (138 +/- 43.6 microg/l)
at 4 weeks following spirulina plus zinc administration andeffiect was continued for
another 2 weeks. Spirulina extract plus zinc removed 47.1%i@fsem scalp hair.
Spirulina extract had no major adverse effect that reduphysician’s attention. The
clinical scores (median) for melanosis before and &fatment with placebo was not
statistically significant (p > 0.05), whereas in spiruladract plus zinc-treated group it
was statistically significant (p < 0.01). In cases ofkasis, the median clinical scores
before and after treatment was not statistically sicgnifi (p > 0.05) in placebo-treated
group. In spirulina extract plus zinc-treated group, the @lrscores for keratosis before
and after treatment was statistically significant (@.85). CONCLUSIONS: Results
show that spirulina extract (250 mg) plus zinc (2 mg) twick/ dai 16 weeks may be
useful for the treatment of chronic arsenic poisoning wighanosis and keratosis.
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Phytother Res. 2003 Apr;17(4):330-4.

Protective effect of Spirulina on lead induced deleterious changes in
the lipid peroxidation and endogenous antioxidants in rats.

Upasani CD, Balaraman R.

Pharmacy Department, Faculty of Technology and Eeging, M S University
of Baroda, Kalabhavan, Baroda-390 001, India.

The present study aims to investigate the protective effefpirulina on lead-
induced changes in the levels of lipid peroxidation and emibageantioxidants
in liver, lung, heart, kidney and brain of rats. Lew#lglemental lead were also
measured in the organs of rats in all experimental groapise liver, lung, heart
and kidney of lead-exposed animals, there was a sigrtifjpan0.001) increase
in the lipid peroxidation and a decrease in the leveendbgenous antioxidants.
Although, Spirulina did not affect the deposition of l@adrgans apart from the
brain, simultaneous administration of Spirulina @de&xposed animals
significantly (p < 0.001) inhibited lipid peroxidation and restbthe levels of
endogenous antioxidants to normal. To conclude, Spirulidalsagnificant
effect on scavenging free radicals, thereby protectiagptgans from damage
caused by the exposure to lead. Further more, Spirulinaeshawignificant (p <
0.05) decrease in the deposition of lead in the brain. @g@y2003 John Wiley
& Sons, Ltd.
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Mymensingh Med J. 2005 Jul;14(2):191-5.

Effect of hexane extract of spirulina in the removal of arsenic from
isolated liver tissues of rat.

Saha SK Misbahuddin M, Khatun R, Mamun IR.

Department of Pharmacology, MMC, Mymensingh.

The present study was conducted to investigate whether the eatnpound(s)

of spirulina is present in its -- alcohol extractxdmee extract, DCM extract or in
their residues. In phase | the accumulation of argangolated liver tissues of rat
at different incubation period (15, 30, 45 minutes) was.degvhase Il arsenic-
loaded liver tissues were incubated in presence and abskalcehol extract,
alcohol extraction residues, hexane extract, hexamaotion residues, DCM
extract and DCM extraction residues of spirulina respelgt The percentage
removal of arsenic from liver tissues by different agts and residues of spirulina
was estimated by Atomic Absorption Spectrophotometer. &sehll arsenic-
loaded liver tissues were incubated in presence and abskdifierent
concentration of hexane extract of spirulina andogreentage removal of arsenic
from liver tissues was estimated. This study showedlieaaccumulation of
arsenic in isolated liver tissue was time dependent an@stiglccumulation

found was 0.69 microg/g tissues after 45 minutes incubatioich was highly
significant. The percentage removal of arsenic froraracsloaded liver tissues by
alcohol extract, alcohol extraction residues, hexataet, hexane extraction
residues, DCM extract, DCM extraction residues were
33.8%,4.4%,83.0%,10.2%,7.3% and 2.9%, respectively. The perceetageal

of arsenic by hexane extract at the concentratidn &0, 100 microg were
13.2%, 29.4% and 89.7%, respectively. Among the differenaetstiand residues
of spirulina the hexane extract causes highly signifi¢a«0.001) removal. In
conclusion the present study suggests that the active coh{®) of spirulina is
present mostly in its hexane extract.
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Indian J Exp Biol. 2005 Sep;43(9):773-81.

Effect of spirulina and Liv-52 on cadmium induced toxicity in albino
rats.

Jeyaprakash K, Chinnaswamy P

Department of Biochemistry, Dr NGPArts & Science €gd, Kovai Medical
Center Research & Educational Trust, Coimbatore 641 014, India
jeypee5@rediffmail.com

Oral administration of cadmium (6mg/kg body weight/das)cadmium chloride
(CdCI2) for 30 days resulted in a significant increagdiwbarbituric acid
reactive substances (TBARS) level and a decrease ievhls of copper, zinc,
iron, selenium, glutathione, superoxide dismutase, cajajagathione
peroxidase when compared to normal control. Administnaifaeither Liv-52
alone or in combination with spirulina produced a well prarced protective
effect in respect to these parameters in cadmium rdted rats. The protective
effect of spirulina and Liv-52 in respect to biochemidamges were also
confirmed by histopathological study in the liver and kidsegtions.
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Ecotoxicol Environ Saf. 2008 May;70(1):121-6. Epub 2007 Jul 26.

Effect of extracts from Spirulina platensis bioaccumulating
cadmium and zinc on L929 cells.

Pane L, Solisio C Lodi A, Luigi Mariottini G , Converti A.

Dipartimento di Biologia, Universita di Genova, Vialerigeletto XV, 5-1 16132
Genova, ltaly.

The uptake of cadmium and zinc by Spirulina platensis maestigated using a
laboratory culture of this cyanobacterium. The cellsaeeated with metal
concentrations increasing from 0.5 to 2.0 mg L(-1), in ot@evaluate their
adsorption capacity and survival potential. Afterwardsctitetoxicity of cell
extracts bioaccumulating heavy metals was evaluatedlomed L929 mouse
fibroblasts. Cadmium was removed with higher yield (84.09%8 than zinc
(54.5-68.0%) and the maximum specific removal of theselsnetes 1.82 and
2.60 mg g(-1), respectively. Cadmium bioaccumulating algahets caused
higher cell mortality of L929 cells than zinc accumurdgtones, with a clear dose-
response trend. EC(50) estimated by Trimmed Spearman-Kadi®k) method
were 7.21 and 9.59cells mL(-1) for cadmium and zinc, resgdygtiVhe

capability to accumulate heavy metals could have a iexblr importance for the
utilization of algal species in human or animal fegdi
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Phytother Res. 2007 Jan;21(1):44-6.

Effects of spirulina on the number of ovary mast cells in lead-
induced toxicity in rats.

Karaca T, Simsek N.

University of Yuzuncu Yil, Faculty of Veterinary Medi&, Department of
Histology and Embryology, Kampus, 65080, Van, Turkey.
turankaraca74@hotmail.com

The present study investigated the protective effect oildm@ragainst the lead-
induced increase in mast cells in the ovary during theaestycle of rats. In the
ovary cortex and medulla of lead-exposed animals, thaseavsignificant
increase in the number of mast cells; however, whemtatated with Spirulina, a
decrease was observed. The number of mast cells vgenirg (300 mg/kg)
was used alone was not significantly different front tifahe control group.
These results indicate that Spirulina decreases theetuwh mast cells induced
by lead in the cortex and medulla of rat ovary.
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J Hazard Mater. 2009 May 30;164(2-3):1304-9. Epub 2008 Sep 20.

Spirulina platensis feeding inhibited the anemia- and leucopenia
induced lead and cadmium in rats.

Simsek N Karadeniz A, Kalkan Y, Keles ON Unal B.

Department of Histology and Embryology, Faculty of &f@tary Medicine,
University of Ataturk, Erzurum, Turkey.

In the present investigation, the effect of Spirulinaguiais (Sp) was undertaken
on rats fed with lead and cadmium including diet by using plogical,
enzymehistochemical and stereological methods. Forithjs58 rats were
equally divided into five groups as control (C), lead (Pp);udina+lead (Sp+Pb),
cadmium (Cd), and Spirulinat+cadmium (Sp+Cd). Red bloodR&IC) and

white blood cell (WBC) counts, packed cell volume (PCWY haemoglobine
(Hb) concentrations were determined by haemocytomettbads in blood
samples collected on 30th day. Population of T lymphoweg®counted by the
alpha-naphthyl acetate esterase (ANAE) staining metmalseticulocytes were
counted by stereological method. The counts of RBC, WG, ANAE positive

T lymphocyte, and the values of Hb, PCV, and MCHC vda@eased in the Pb
and Cd groups compared to control group. Also, the numbetic@ilocytes
(polychromatofilic erythrocyte) increased in the Pbup® whereas it decreased
in the Cd group. On the other hand, these values werecbgsS. platensis in the
treated groups. These results suggest that S. platensisrsepphtion may be
useful in adjuvant treatment of leukemia and anemiaechbyg lead and cadmium
toxication.
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Ecotoxicol Environ Saf. 2009 Jan;72(1):231-5. Epub 2008 Apr 18.

The effects of Panax ginseng and Spirulina platensis on
hepatotoxicity induced by cadmium in rats.

Karadeniz A, Cemek M, Simsek N

Department of Physiology, Faculty of Veterinary, Unsigr of Atatirk, llica,
Erzurum, Turkey. karadenizali@gmail.com

Cadmium is an environmental and industrial cumulativeupaniit that affects
many organs, specially the liver. The protective effé&prulina platensis and
Panax ginseng on cadmium-induced oxidative stress and hepatgteovas
evaluated in adult female Wistar albino rats. At the @inthe 1-month
experimental period, all animals were fasted for 12h &ed $amples were taken
for the determination of malondialdehyde (MDA), reducedaghibne (GSH),
superoxide dismutase (SOD) and nitric oxide (NO) levelpla®ensis and P.
ginseng treatments showed marked decrease lipid peroxi@daibimcrease of the
endogenous antioxidants levels. The cadmium-induced histdpgital changes
were also minimized with the tested extracts. Thes@teesuggest that S.
platensis and P. ginseng might play a role in reducingpttie effect of cadmium
and its antioxidant properties seem to mediate such a pvetetfect.
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Allergies

J Med Food. 2005 Spring;8(1):27-30.

Effects of a Spirulina-based dietary supplement on cytokine
production from allergic rhinitis patients.

Mao TK, Van de Water J Gershwin ME.

Division of Rheumatology/Allergy and Clinical Immuiegly, University of
California at Davis, School of Medicine, Davis, Calif@, USA.

Spirulina represents a blue-green alga that is widely produag
commercialized as a dietary supplement for modulatimgune functions, as
well as ameliorating a variety of diseases. We lpegiously shown that the in
vitro culture of Spirulina with human peripheral blood mouclear cells
(PBMCs) modulated the production of cytokines. In the prtesteidy, we
evaluated the impact of a Spirulina-based dietary suguie(Earthrise
Nutritionals, Inc., Irvine, CA) on patients with allecghinitis by assessing the
production of cytokines [interleukin (IL)-4, interferokfrlN)-gamma, and IL-2]
critical in regulating immunoglobulin E-mediated alleryfyya randomized
double-blinded crossover study versus placebo, allergicidugls were fed daily
with either placebo or Spirulina, at 1,000 mg or 2,000 mg, favdeéks. PBMCs
isolated before and after the Spirulina feeding wereudtited with
phytohemagglutinin (PHA) prior to determining the levelsytbkine from cell
culture supernatants. Although Spirulina seemed to beettefé at modulating
the secretion of Thl cytokines (IFN-gamma and IL-2)dgeovered that
Spirulina, administered at 2,000 mg/day, significantly redutce4 levels by 32%
from PHA-stimulated cells. These results indicatg ®Bpirulina can modulate the
Th profile in patients with allergic rhinitis by suppregsthe differentiation of
Th2 cells mediated, in part, by inhibiting the productibifLe4. To our
knowledge, this is the first human feeding study that deinates the protective
effects of Spirulina towards allergic rhinitis.
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Eur Arch Otorhinolaryngol. 2008 Oct;265(10):1219-23. Epub 2008 Mar 15.

The effects of spirulina on allergic rhinitis.

Cingi C, Conk-Dalay M, Cakli H, Bal C.

Department of of ENT, Eskisehir Osmangazi Universitydidal Faculty,
Eskisehir, Turkey. cemal@cemalcingi.com

The prevalence of allergic rhinitis is increasing glopdlie to various causes. It
affects the quality life of a large group of people iraadlund the world. Allergic
rhinitis still remains inadequately controlled with prasmedical means. The
need of continuous medical therapy makes individuals asxabout the side
effects of the drugs. So there is a need for an alteenstrategy. Effects of
spirulina, tinospora cordifolia and butterbur were investd recently on allergic
rhinitis in just very few investigations. Spirulina reprasea blue-green alga that
is produced and commercialized as a dietary supplememtoidulating immune
functions, as well as ameliorating a variety of d&es. This double blind, placebo
controlled study, evaluated the effectiveness and toléyadi spirulina for
treating patients with allergic rhinitis. Spirulina cangption significantly
improved the symptoms and physical findings compared witlepta(P <
0.001***) including nasal discharge, sneezing, nasal congeatidntching.
Spirulina is clinically effective on allergic rhinitishen compared with placebo.
Further studies should be performed in order to clarifymbehanism of this
effect.
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J Laryngol Otol. 2007 Aug;121(8):779-82. Epub 2006 Nov 24

‘Complementary ENT': a systematic review of commonly used
supplements.

Karkos PD, Leonqg SC Arya AK , Papouliakos SM Apostolidou MT, Issing
WJ.

Department of Otolaryngology, University Hospital Aintreeerpool, UK.
pkarkos@aol.com

OBJECTIVE: To assess the evidence surrounding the usetainceomplementary
supplements in otolaryngology. We specifically focussed ondoommonly used
supplements: spirulina, Ginkgo biloba, Vertigoheel and nutritiangplements (cod liver
oil, multivitamins and pineapple enzyme). MATERIALS AND MEDDS: A
systematic review of the English and foreign language fitegalnclusion criteria: in
vivo human studies. Exclusion criteria: animal triaksyitro studies and case reports. We
also excluded other forms of ‘alternative medicine' suchfiexology, acupuncture and
other homeopathic remedies. RESULTS: Lack of common outcaasures prevented
a formal meta-analysis. Three studies on the effectpiailina in allergy, rhinitis and
immunomodulation were found. One was a double-blind, placandpmised,

controlled trial (RCT) of patients with allergic rhisit demonstrating positive effects in
patients fed spirulina for 12 weeks. The other two studigsough non-randomised, also
reported a positive role for spirulina in mucosal immurfRggarding the use of Ginkgo
biloba in tinnitus, a Cochrane review published in 2004 showed derese for this. The
one double-blind, placebo-controlled trial that followed goméd this finding.
Regarding the use of Vertigoheel in vertigo, two double-blind R&¥d a meta-analysis
were identified. The first RCT suggested that Vertigoles equally effective in
reducing the severity, duration and frequency of vertigo coedpaith betahistine. The
second RCT suggested that Vertigoheel was a suitable &itertaG. biloba in the
treatment of atherosclerosis-related vertigo. A metdyais of only four clinical trials
confirms that Vertigoheel was equally effective compargd betahistine, G. biloba and
dimenhydrinate. Regarding multivitamins and sinusitis, $wall paediatric pilot studies
reported a positive response for chronic sinusitis atid atedia following a course of
multivitamins and cod liver oil. Regarding bromelain (pm@a enzyme) and sinusitis,
one randomised, multicentre trial including 116 children coegbaromelain
monotherapy to bromelain with standard therapy and statigenapy alone, for the
treatment of acute sinusitis. The bromelain monotherapy grompesl a faster recovery
compared with the other groups. CONCLUSION: The positivecefof spirulina in
allergic rhinitis and of Vertigoheel in vertigo are basedjoad levels of evidence, but
larger trials are required. There is overwhelming evidemaeG. biloba may play no role
in tinnitus. There is limited evidence for the use of mit&mins in sinus symptoms, and
larger randomised trials are required.
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Curr Opin Otolaryngol Head Neck Surg. 2009 Mar 2. [Epub aheadrnof pr

Complementary and alternative medicine for allergic rhinitis.
Man LX.

Department of Otolaryngology, University of Pittsburgth&ol of Medicine,
Pittsburgh, Pennsylvania, USA.

PURPOSE OF REVIEW: Otolaryngologists and other physiciars diagnose
and treat allergic rhinitis encounter patients who wsepdementary medicine and
alternative remedies. This article reviews the relimature regarding
complementary and alternative therapies for thertreat of allergic rhinitis.
RECENT FINDINGS: There are a myriad of modalitiestf@ating allergic
rhinitis. Few are studied with rigorous randomized, doubledbiplacebo-
controlled trials for clinical efficacy. Often, theolmgical mechanisms and
adverse effects are even less well understood. A ferapies, including

spirulina, butterbur, and phototherapy hold some pronhises far,
complementary and alternative therapies have nat in¢egrated into the general
treatment armamentarium of allergic rhinitis. SUMMARSeveral studies report
beneficial effects of certain alternative treatrsefior allergic rhinitis. Additional
insight into the mechanisms of action, short-termland-term effects, and
adverse events is needed.
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J Nutr Sci Vitaminol (Tokyo). 1998 Dec;44(6):841-51.

Class specific influence of dietary Spirulina platensis on antibody
production in mice.

Hayashi O, Hirahashi T, Katoh T, Miyajima H , Hirano T, Okuwaki Y .

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

In the present study, we investigated antibody productibigA and other
classes, such as IgE and IgG1, in mice as possible evidétieeprotective
effects of Spirulina toward food allergy and microléction. An increase of
IgE antibody level in the serum was observed in theerthat were orally
immunized with crude shrimp extract as an antigen (Ag grdu.antibody
level, however, was not further enhanced by treatmehtSyirulina extract
(SpHW). 1gG1 antibody, on the other hand, which was aswd by antigen
administration, was further enhanced by Spirulina ektiwas noted that the
IgA antibody level in the intestinal contents was sigaifitly enhanced by
treatment with Spirulina extract concurrently ingestét shrimp antigen, in
comparison with that of the Ag group treated with shranpjgen alone. An
enhancement of IgA antibody production by Spirulina extnat also observed
in culture supernatant of lymphoid cells, especially egpleen and mesenteric
lymph node from mice treated with Spirulina extract4aveeks before antigen
stimulation. These results suggest that Spirulina mégaat neither induce nor
enhance allergic reaction such as food allergy dependeant &GgE antibody, and
that when ingested both concurrently with antigen andrbeintigen stimulation,
it may significantly enhance the IgA antibody leveptotect against allergic
reaction.
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Biochem Pharmacol. 1998 Apr 1;55(7):1071-6.

Inhibitory effect of mast cell-mediated immediate-type allergic
reactions in rats by spirulina.

Kim HM , Lee EH, Cho HH, Moon YH.

Department of Oriental Pharmacy, College of Pharmétynkwang University,
Iksan, Chonbuk, South Korea. hmkim@med.wonkwang.ac.kr

We investigated the effect of spirulina on mast cellHated immediate-type
allergic reactions. Spirulina dose-dependently inhibitegyiseemic allergic
reaction induced by compound 48/80 in rats. Spirulina inhibitegpbooind 48/80-
induced allergic reaction 100% with doses of 100-1000 microg/g bedjhty i.p.
Spirulina (10-1000 microg/g body weight, i.p.) also signifibamthibited local
allergic reaction activated by anti-dinitrophenyl (DN&E. When rats were
pretreated with spirulina at a concentration ranging1f0.01 to 1000 microg/g
body weight, i.p., the serum histamine levels were redirc a dose-dependent
manner. Spirulina (0.001 to 10 microg/mL) dose-dependentliiteli histamine
release from rat peritoneal mast cells (RPMC) attvdy compound 48/80 or
anti-DNP IgE. The level of cyclic AMP in RPMC, whepirulina (10

microg/mL) was added, transiently and significantly insesbabout 70-fold at 10
sec compared with that of control cells. Moreovpirudina (10 microg/mL) had a
significant inhibitory effect on anti-DNP IgE-induced tunmecrosis factor-alpha
production. These results indicate that spirulina insitmast cell-mediated
immediate-type allergic reactions in vivo and in vitro.
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Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2005 Feb;30(1):96-8.

[Experimental study of spirulina platensis in treating allergic
rhinitis in rats]

[Article in Chinese]

Chen LL, Zhang SE Huang DN, Tan JO, He SH.

Department of Otorhinolaryngology, Affiliated Hospital®@fiangdong Medical
College, Zhanjiang 524001, China.

OBJECTIVE: To determine the therapeutic effect of spieuplatensis in allergic
rhinitis (AR). METHODS: Ovalbumin sensitized white ratsed as AR animals
were treated with spirulina platensis (SPP). At treea@fithe treatment, the
differences in the behavior science were observed;iaeges in the nasal
mucosa and mast cell degranulation were studied pathallygiand the levels of
serum histamine and total immunoglobulin (Ig) E were rdgiteed by enzyme-
linked immune sorbent assay. RESULTS: The behavior seiscore of the SPP
treatment group was lower than that of the negative@ogroup (P <0.01) ;
inflammatory reaction of nasal mucosa in the SBRttnent group were
remarkably relieved; the number of nasal mucosa mastaryt mast cell
degranulation in the SPP treatment group were lowerttizrof the negative
control group (P <0.01). The levels of serum histamitktatal IgE in the SPP
treatment group were lower than that of the negatwverol group (P <0.01). It
had no significant difference in the positive congup and the SPP treatment
group and the blank control group (P > 0.05 ). CONCLUSIONruSna
platensis can prevent and treat AR in rats, which esphe possibility of using
spirulina platensis for AR patients in the future.
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Additional Areas of Research

Eur J Appl Physiol. 2006 Sep;98(2):220-6. Epub 2006 Aug 30.

Preventive effects of Spirulina platensis on skeletal muscle damage
under exercise-induced oxidative stress.

Lu HK , Hsieh CC, Hsu JJ, Yanqg YK, Chou HN.

Sport Science Research Center, National Taiwan CaodieBaysical Education,
Taichung, Taiwan. hklu@ntcpe.edu.tw

The effects of spirulina supplementation on preventinggetdemuscle damage on
untrained human beings were examined. Sixteen studentge®elad to take
Spirulina platensis in addition to their normal diat 3sweeks. Blood samples
were taken after finishing the Bruce incremental tredhixercise before and
after treatment. The results showed that plasma otrat®ns of
malondialdehyde (MDA) were significantly decreased aftgaplementation with
spirulina (P < 0.05). The activity of blood superoxide disseifg&OD) was
significantly raised after supplementation with spialor soy protein (P < 0.05).
Both of the blood glutathione peroxidaes (GPx) and lactate dedpgase (LDH)
levels were significantly different between spiraliand soy protein
supplementation by an ANCOVA analysis (P < 0.05). In agdithe lactate

(LA) concentration was higher and the time to exhaugii@) was significantly
extended in the spirulina trail (P < 0.05). These resulggest that ingestion of S.
platensis showed preventive effect of the skeletal mukssigage and that
probably led to postponement of the time of exhaustiomguihe all-out
exercise.
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Plant Foods Hum Nutr. 1993 Jan;43(1):29-35.

Effect of supplementation of blue green alga (Spirulina) on outcome
of pregnancy in rats.

Kapoor R, Mehta U.

Department of Foods and Nutrition, Haryana AgriculturaMersity, Hisar,
India.

To study the supplementary effect of Spirulina, pregndstware fed 5 different
kinds of diets (casein, Spirulina, wheat gluten, Spieut wheat gluten,
Spirulina-without additional vitamins and minerals), eadvioling 22% protein
during the period of pregnancy. The outcome of pregnancyssessed from
litter and dams' weight and litter size. Maternal vaeigain was found to be
maximum with Spirulina + wheat gluten and least withwiheat gluten diet. Rats
receiving Spirulina containing diets produced significantly (pG5) higher litter
size than those receiving casein and wheat gluten. Incfgiteving higher litter
size, Spirulina containing diet groups produced pups with birigphtse
comparable to those of casein. Spirulina appears to be adggady supplement
during pregnancy.
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FEMS Immunol Med Microbiol. 2007 Jul;50(2):231-8. Epub 2007 May 22.

Antiadhesive property of microalgal polysaccharide extract on the
binding of Helicobacter pylori to gastric mucin.

Loke ME, Lui SY, Ng BL, Gong M, Ho B.

Department of Microbiology, Yong Loo Lin School of Meitie, National
University of Singapore, Singapore.

The emergence of antibiotic-resistant Helicobacterrpiamf concern in the
treatment of H. pylori-associated gastroduodenal diseAsdie organism was
reported to bind gastric mucin, we used porcine gastric nascsubstrate to
assess the antiadhesive property of polysaccharidesdiéiove Spirulina (PS), a
commercially available microalga, against the binding ob¥dori to gastric
mucin. Results show that polysaccharides prevented|éti frpm binding to
gastric mucin optimally at pH 2.0, without affecting thebvlity of either bacteria
or gastric epithelial cells, thus favouring its antiasilie action in a gastric
environment. Using ligand overlay analysis, polysacchavale demonstrated to
bind H. pylori alkyl hydroperoxide reductase (AhpC) and ureabghhave
shown here to possess mucin-binding activity. An in eivmly demonstrated that
bacteria load was reduced by >90% in BALB/c mice treatddeither Spirulina
or polysaccharides. It is thus suggested that polysadelsamay function as a
potential antiadhesive agent against H. pylori coloninadiogastric mucin.
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Arch Latinoam Nutr. 1978 Jun;28(2):196-207.
[Nutritive value of the spirulina algae (Spirulina maxima)]
[Article in Spanish]

Tejada de Hernandez | Shimada AS

Nine experiments were conducted, five of them in vivddtermine the limiting
amino acids and digestibility of spiruline algae for the and four in vitro to
determine the digestibility of the product in pepsin and namiquid. None of
the amino acids studied (lysine, methionine, histidine) adttew or in
combination to 10% protein (either crude or true) dietsigemvexclusively by
spiruline, seems to be limiting although the results cbaldhasked by the low
palatability and acceptability of the product by the rakte @pparent digestibility
of the algae was 67.4%. For the in vitro tests, the algase subjected to several
physical or chemical treatments, and the digestibilitye resulting product
determined by four different techniques. In no case didet$ted treatments have
any effect on its digestibility.
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Indian J Physiol Pharmacol. 2005 Jan;49(1):57-64.

Effect of ambroxol, spirulina and vitamin-E in naphthalene induced
cataract in female rats.

Haque SE Gilani KM .

Department of Pharmacology, Faculty of Pharmacy, d&tamdard, New Delhi -
110 062.

Anticataract activity of Ambroxol, Spirulina and Vitamic was examined using
the naphthalene cataract model. Adult female albirsoaitVistar strain
weighing between 180 and 220 grams were taken and divided int@eigips.
Group | received light liquid paraffin 5 ml/kg/ day p.o. fowéeks. Group Il
received naphthalene solution 0.5 gm/kg/ day p.o. fortfirste days and 1
gm/kg/day p.o. thereafter for six weeks. Group Il reagidenbroxol suspension
in 0.5% carboxy methyl cellulose (CMC) at the dose of 1@(kgiday p.o.
alongwith naphthalene. Group IV received Spirulinaigtiked water at the dose
of 1500 mg/kg/ day p.o. alongwith naphthalene. Group V receivadnin E
emulsion at the dose of 50 mg/kg/day p.o. alongwith nagribalGroup VI
received Ambroxol alone at the dose of 100 mg/kg/day p@ugsYll received
Spirulina alone at the dose of 1500 mg/kg/day p.o. Group &tBived vitamin E
alone at the dose of 50 mg/kg/day p.o. Lens glutathione, sqiublein and water
content profiles revealed the preventive role of Aoxbi, Spirulina and Vitamin
E in naphthalene-induced cataract in female rats.
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Vopr Pitan. 2004;73(2):28-31.

[Essential trace elements distribution in food micro algae Spirulia
platensis biomass fractions]

[Article in Russian]

Zaretskaia ES Gmoshinski 1V, Mazo VK, Zorin SN, Aleshko-Ozhevski
luP.

Distribution of some trace elements elements (Zak&nium, iron, manganese,
chromium) was characterized in enriched biomass af foiero algae Spirulina
platensis by means of water-methanol fractionatioe. mhjority of said trace
elements was shown to be incorporated in intercelhydrophylic fraction, e.g.
could be connected to cellular proteins. This result ertableonclusion, that
Spirulina is a suitable matrix for biotechnologicatanporation of new food trace
elements preparations.
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Biotechnol J. 2007 Oct;2(10):1297-305.

New food sources of essential trace elements produced by
biotechnology facilities.

Mazo VK, Gmoshinski IV, Zorin SN.

State Research Institute of Nutrition, Moscow, Russia.

Population satiety with trace elements (TE) is a prolileat is widely discussed
in nutrition science. For optimal nutrition, the foohTE eaten in food is very
important. Organic forms of TE in nutrition are appraf@ias human metabolism
has adapted to these kinds of nutrients during species ewolltie is now
considered a reason for the beneficial use of bioteofiwally produced TE
sources in human food. Advanced matrixes for TE incorjporatre unicellular
organisms such as yeast, lactobacilli and Spirulinait®adof inorganic salts at
certain concentrations into cultivation media enatilesmineral ions to
incorporate into the microbial biomass. As a consequenedidmass becomes
enriched with organic forms of incorporated TE, whichfesented by their
complexes with amino acids, proteins and probably liprs polysaccharides. In
addition, a new direction of research has made good eésam which
technology has been developed for production of orgamasf@f TE through
complex formation between transition metals (zirmpper, manganese,
chromium, iron) with amino acids and peptides formed dueimzymatic
hydrolysis of food protein. This brief review discussesrésults demonstrating
the advances in the biotechnological production of nevediitces, to obtain food
components destined for wide prophylaxis of TE deficiendpiodietary
treatment of the adverse consequences of these defgsen
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Nutr J. 2006 Jan 23:5:3.

Nutrition rehabilitation of undernourished children utilizing
Spiruline and Misola.

Simpore J Kabore F, Zongo F, Dansou D Bere A, Pignatelli S, Biondi DM,
Ruberto G, Musumeci S

Unit of Formation and of Research in Sciences of &ifd of the Earth,
University of Ouagadougou, Burkina Faso, Africa. jacques.sin@anav-
ouaga.bf

BACKGROUND: Malnutrition constitutes a public health prabléhroughout the
world and particularly in developing countries. AIMS : Tdigective of the study
is to assess the impact of an elementary integratopaesed of Spiruline
(Spirulina platensis) and Misola (millet, soja, peanubdpiced at the Centre
Medical St Camille (CMSC) of Ouagadougou, Burkina Fasdhe nutritional
status of undernourished children. MATERIALS AND METHOIBZS0
undernourished children of less than 5 years old werelearialthis study, 455
showed severe marasma, 57 marasma of medium sevetiBB8akwashiorkor
plus marasma. We divided the children randomly into four gralif&were
given Misola (731 +/- 7 kcal/day), 170 were given Spirulinespfaditional meals
(748 +/- 6 kcal/day), 170 were given Spiruline plus Misola (765 kcal/day).
Forty children received only traditional meals (722 +c8l/day) and functioned
as the control group. The duration of this study was eiglelks. RESULTS AND
DISCUSSION: Anthropometrics and haematological patarsallowed us to
appreciate both the nutritional and biological evolutdthese children. The
rehabilitation with Spiruline plus Misola (this assi@n gave an energy intake
of 767 +/- 5 kcal/day with a protein assumption of 33.3 +/gladay), both
greater than Misola or Spiruline alone, seems to coweictht loss more quickly.
CONCLUSION: Our results indicate that Misola, Spmalplus traditional meals
or Spiruline plus Misola are all a good food supplementhdernourished
children, but the rehabilitation by Spiruline plus Misséems synergically favour
the nutrition rehabilitation better than the simpdieliion of protein and energy
intake.
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Rev Epidemiol Sante Publique. 2008 Dec;56(6):425-31. Epub 2008 Nov 17.

[The effect of spiruline during nutritional rehabilitation: syst ematic
review]

[Article in French]

Halidou Doudou M, Degbey H Daouda H, Leveque A Donnen P Hennart P,
Dramaix-Wilmet M .

Pédiatrie A, hépital National de Niamey, BP 238, Nianidiger.
mhalidou2002@yahoo.fr

BACKGROUND: To evaluate the impact of spiruline on fignal
rehabilitation. DATA SOURCES: Systematic search gdioal and scientific
databases (Medline, Cochrane, Embase) and other spatifibases (PhD theses,
reports...). METHODS: We selected studies in which speulas used as
supplementation in malnourished patients, irrespectivieeoform and dose of
spiruline and in controlled trials or not. Two persons nthdeselection
separately. Nutritional status was estimated by anthrefranand biological
measures. RESULTS: Thirty-one references were idett#nd seven studies
were retained for this review; three randomized contialled four non-
controlled trials. Spiruline had a positive impact on \ueig all studies. In non-
controlled trials, the other parameters: arm circuerfee, height, albumin,
prealbumin, protein and hemoglobin improved after spirulinelsapmntation.
For these studies, methodology was the main drawbacle bidihe studies
retained for analysis were double-blinded clinical trial$ alhinvolved small
samples. Four of them did not have a control groupgdamparison.
CONCLUSION: The impact of spiruline was positive forsnof the considered
variables. However, the studies taken into account snréview are of poor-
methodological quality. A randomized, a large-sized doubtetlaiontrolled
clinical trial with a longer follow-up should be conductedmprove current
knowledge on the potential impact of spiruline on nutralaehabilitation.
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Int J Neurosci. 2008 Nov;118(11):1523-33.

The effect of hydrolyzed Spirulina by malted barley on forced
swimming test in ICR mice.

Kim NH , Jeong HJ Lee JY, Go H, Ko SG, Hong SH, Kim HM , Um JY.

Department of Pharmacology, Institute of Oriental Med, Kyung Hee
University, Seoul, Republic of Korea.

Spirulina is a true puree of a filamentous, spiral-shapsel dga and exerts the
useful properties as a source of many biochemicals.stinly investigated the
antidepressant-like effect of hydrolyzed Spirulina by edhlvarley on the forced
swimming test in mice. After the forced swimming t@at, examined the levels
of several blood biochemical parameters in mice. Heeteof the hydrolyzed
Spirulina by malted barley-treated group for 2 weeks omthability time was
significantly reduced in comparison with the control grqug: .05). Plasma level
of blood urea nitrogen and lactate dehydrogenase was sigtlificecreased in
the hydrolyzed Spirulina by malted barley-treated group coedpaith the
control group (p < .05). It had no effect on the vasrabf creatine kinase,
glucose, total protein, and albumin levels. Thereforsehresults suggest that
hydrolyzed Spirulina by malted barley might be a candidateng antidepressant
agents.
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Eur J Nutr. 2008 Oct;47(7):393-400. Epub 2008 Sep 18.

Spirulina enhanced the skeletal muscle protein in growing rats.

Voltarelli FA , de Mello MA.

Dept. of Physical Education, UNESP-Sao Paulo State Urtie24-A Avenue,
number 1515-District: Bela Vista, 13506-900, Rio Claro, SPziBra
faunesp8@yahoo.com.br

BACKGROUND/AIM OF THE STUDY: This study evaluates téffects of the
blue green alga spirulina as the sole dietary sourceotéipron muscle protein in
weaning rats. METHODS: Young (30 days) Wistar rats werededng 60 days,
with 17% protein spirulina (S) and compared to rats fed 17%iproasein (C).
We evaluated the muscle total protein and DNA conterdglanin vitro protein
synthesis and degradation rates as well the myosin peteiession. RESULTS:
The groups presented similar body weight (C = 427.3 +/-86434.6 +/- 7.7 Q)
and length (C = 25.4 +/- 0.2; S = 25.6 +/- 0.2 cm). Soleuscta total protein (C
=2.9+/-0.1; S =2.7 +/- 0.1 mg/100 mg) and DNA (C = 0.084.609) S =
0.074 +/- 0.005 mg/100 mg) contents were also similar in botlpgr Protein
degradation (C = 427.5 +/- 40.6; S = 476.7 +/- 50.5 pmol/mg(-1))rdid not
differ between the groups but protein synthesis (C = 17.5.8/S =25.2 +/- 1.9
pmol/mg(-1) h(-1)) and myosin content (western blot ysed) were higher (P <
0.05, t test) in spirulina group. CONCLUSIONS: Although sp&ulina proved
adequate protein quality to maintain body growth, the raystein synthesis
rates were increased by the ingestion of the experifgistan young rats.
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Inflammopharmacology. 2009 Apr 24. [Epub ahead of print]

Evaluation of protective efficacy of Spirulina platensis against
collagen-induced arthritis in rats.

Kumar N, Singh § Patro N, Patro |.

School of Studies in Microbiology, Jiwaji University, Glor, 474011, Madhya
Pradesh, India.

AIM: To assess the protective efficacy of Spirulinagieis against collagen-
induced arthritis (CIA) in female Wistar rats basedlmchanges in paws
thickness, serum albumin, cholesterol, lipid peroxidatikaline phosphatase
and acid phosphatase activities and histology of pawsjoMEETHODS: Arthritis
was induced by intradermal injection of Collagen and Fisusdjuvant
incomplete suspension at several sites on the baclawitdse of 2 mg kg(-1) of
body weight and boosted with 0.1 ml intradermally atilthge of the tail. CIA rats
were orally treated with 200 and 400 mg kg(-1) per oral of $emés from O to
45th day. RESULTS: S. platensis at 400 mg kg(-1) per oral signtfy elevates
serum albumin and decreases the serum cholesterolpalplosphatase and acid
phosphatase activities, lipid peroxidation, paw thicknessedlsa® normalize the
joint histopathology of CIA rats. CONCLUSIONS: S. glasis (400 mg kg(-1))
significantly normalizes changes observed in arthréis to near normal
conditions, indicates that S. platensis has promigintgctive efficacy against
CIA rats.

PMID: 19390977 [PubMed - as supplied by publisher]
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Guang Pu Xue Yu Guang Pu Fen Xi. 2001 Dec;21(6):868-70.
[Determination of micro-elements in natural spirulina using FAAS]
[Article in Chinese]

Duan M, Ma WX, Li L , Sun XT.

Loess Plateau Agricultural Testing Center, Shanxi Acadéfaggling 712100,
China.

The analytic results show that the spirulina powdeelaplenty of
microelements(K, Na, Ca, Mg, Fe, Zn). Compared witt df rice, wheat flour,
maize and soybean, the content of K, Na, Ca, MgnBeZa of it is respectively
as from 4 to 10 times, from 10 to 80 times, from 25 tom@si from 3 to 15
times, from 4 to 36 times and from 4 to 24 times as th&hs content of
microelements of it compared with vegetable is mucherighhe spirulina has a
certain inhibition from cancer, high blood pressure, sugéeths and hasten
body to absorb Se and Mo, and is of benefit to candiascle. The experimental
result indicated that spirulina was good health care vatidvalue of nourish and
medicinal.
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Curr Pharm Biotechnol. 2008 Oct;9(5):400-5.
Spirulina in health care management.

Kulshreshtha A, Zacharia AJ, Jarouliva U, Bhadauriya P, Prasad GB, Bisen
PS

School of Studies in Biochemistry and Biotechnologyajiiniversity,
Gwalior-474011, India.

Spirulina is a photosynthetic, filamentous, spiral-sdagued multicellular edible
microbe. It is the nature's richest and most comletece of nutrition. Spirulina
has a unique blend of nutrients that no single source &am ©he alga contains a
wide spectrum of prophylactic and therapeutic nutrientsithitde B-complex
vitamins, minerals, proteins, gamma-linolenic acid andstiper anti-oxidants
such as beta-carotene, vitamin E, trace elements andl@znof unexplored
bioactive compounds. Because of its apparent abilityrmrauktte whole human
physiology, Spirulina exhibits therapeutic functions sucara®xidant, anti-
bacterial, antiviral, anticancer, anti-inflammatacamti-allergic and anti-diabetic
and plethora of beneficial functions. Spirulina consuamp#ippears to promote
the growth of intestinal micro flora as well. The ewidiscusses the potential of
Spirulina in health care management.
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Introduction to Research on the
Key Nutrients in Spirulina

Spirulina is the world’s most nutrient rich SuperFodatam per gram, Spirulina has the
highest concentration of nutrients and a greater yaoiehutrients than any other food in
the world. Here are just a few examples of how notrst Spirulina is:

e Spirulina has 3900% more beta carotene than carrots

* Spirulina has 2300% more iron than spinach

* Spirulina has 300% more calcium than whole milk

» Spirulina has 375% more protein than tofu

» Three grams of Spirulina have more antioxidant and iafimmatory
activity than five servings of vegetables

 Comparing phytonutrient levels, Spirulina is 31 times mpogent than
blueberries, 60 times more potent than spinach and 700 tmoes potent
than apples

The variety of nutrients found in Spirulina is truly aingz There are literally hundreds
of different vitamins, minerals, carotenoids, aminalacenzymes, essential fatty acids
and phytonutrients found in quality Spirulina products. dtalgh review of the benefits
of all of these nutrients, or even most of theseienits, is beyond the scope of this
review. The editors instead chose to isolate sewéthke key nutrients abundantly found
in Spirulina and look at the medical research thateasn done on these nutrients.

The body of medical research on many of the nutriewigwed is so vast that the editors
felt it was necessary to conservatively limit themer of abstracts included in this
reveiw. Published studies on nutrients like iron and batatene run into the thousands,
and on all of the key nutrients reviewed published studiesntorthe hundreds. In the

case of each section which follows, we have limitedadbstracts included to a maximum
of twenty gathered since the year 2000. For further relseegaders are requested to
contact the editors atnfo@cyanotech.comor to search online themselves at
www.pubmed.com
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Beta carotene and Skin Health

Photochem Photobio2008 Mar-Apr;84(2):284-8. Epub 2007 Dec 15.

Protection from sunburn with beta-Carotene--a meta-analysis.

Kopcke W, Krutmann J .

Department of Medical Informatics and Biomathematit8nster University
Hospital, Munster, Germany.

Nutritional protection against skin damage from sunligimaseasingly
advocated to the general public, but its effectivenessngoversial. In this meta-
analysis, we have systematically reviewed the exiditexgture on human
supplementation studies on dietary protection against sublgusata-carotene. A
review of literature until June 2007 was performed in PubN®l Web of
Science and EBM Cochrane library and identified a tdtaégen studies which
evaluated the effectiveness of beta-carotene in proteagiainst sunburn. Data
were abstracted from these studies by means of a sti@methdata collection
protocol. The subsequent meta-analysis showed that (IyéetiEne
supplementation protects against sunburn and (2) the studiodurat a
significant influence on the effected size. Regressiongialysis revealed that
protection required a minimum of 10 weeks of supplementatitina mean
increase of the protective effect of 0.5 standard deviatatisevery additional
month of supplementation. Thus, dietary supplementatitnamans with beta-
carotene provides protection against sunburn in a time-depandenger.
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J Invest DermatoR005 Feb;124(2):428-34.

beta-Carotene interferes with ultraviolet light A-induced gene
expression by multiple pathways.

Wertz K, Hunziker PB, Seifert N, Riss G Neeb M, Steiner G, Hunziker W/,
Goralczyk R.

DSM Nutritional Products, 205/217A, PO Box 3255, Department ohdtu
Nutrition and Health, CH-4002 Basel, Switzerland. karimte@dsm.com

Ultraviolet light A (UVA) exposure is thought to causers&ging mainly by
singlet oxygen ((1)O(2))-dependent pathways. Using micrgsirvee assessed
whether pre-treatment with the (1)O(2) quencher betaem@edbetaC; 1.5
microM) prevents UVA-induced gene regulation in HaCaT hukexatinocytes.
Downregulation of growth factor signaling, moderate indurctf
proinflammatory genes, upregulation of immediate early g@mwtuding
apoptotic regulators and suppression of cell cycle geneshadimarks of the
UVA effect. Of the 568 UVA-regulated genes, betaC reducedJWA effect for
143, enhanced it for 180, and did not interact with UVA for @dbes. The
different interaction modes imply that betaC/UVAeirdction involved multiple
mechanisms. In unirradiated keratinocytes, gene regudasiaggest that betaC
reduced stress signals and extracellular matrix (ECjadiation, and promoted
keratinocyte differentiation. In irradiated cells, eegsion profiles indicate that
betaC inhibited UVA-induced ECM degradation, and enhanced Wdiction of
tanning-associated protease-activated receptor 2. Combindt@taC-promoted
keratinocyte differentiation with the cellular "UVsmonse" caused synergistic
induction of cell cycle arrest and apoptosis. In conoiysetaC at physiological
concentrations interacted with UVA effects in keratytes by mechanisms that
included, but were not restricted to (1)O(2) quenching. The rdteftect of
betaC was minor, indicating that the betaC effegp®rted here were
predominantly mediated through vitamin A-independent pathways.

PMID: 15675964 [PubMed - indexed for MEDLINE]
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Eur J Pharm Biopharn2009 May 12. [Epub ahead of print]

Cutaneous lycopene and beta-carotene levels measured by resonance
Raman spectroscopy: High reliability and sensitivity to oral
lactolycopene deprivation and supplementation.

Blume-Peytavi U, Rolland A, Darvin ME , Pineau |, Voit C, Zappel K,
Schafer G Meinke M, Sterry W, Lademann J.

Clinical Research Center for Hair and Skin ScieBzz|in, Germany.

Carotenoids, naturally occurring lipophilic micronutrieqsssess an antioxidant
activity associated with protection from damage induced leyrfxdicals. The
present study investigated an innovative non-invasive methodasure
cutaneous levels of lycopene and beta-carotene and to minaitdistribution of
orally administered lactolycopene in human skin andrpé&a A double-blind
placebo-controlled randomized study was performed in 25tedrs, who were
under a lycopene-deprived diet (4weeks prior to study until tleestudy) and
orally received either lactolycopene or placebo for 1&&e8kin and plasma
levels of lycopene and beta-carotene were monitored nyangiig Raman
spectroscopy and HPLC, respectively. Cutaneous leveye@béne and beta-
carotene monitored by resonance Raman spectroscopy shahaeliability.
Irrespective of the investigated area, cutaneous lexaris sensitive to lycopene
deprivation and to oral supplementation; the forehead sthtlveeclosest
correlation to lycopene variation in plasma. Plasnthsikin levels of lycopene
were both sensitive to oral intake of lactolycopene antdrestingly, also skin
levels of beta-carotene. Thus, oral supplementationlygthpene led to an
enrichment of beta-carotene in human skin, possiblytaltige fact that
carotenoids act in the skin as protection chains, witataral protection against
free radicals.

PMID: 19442725 [PubMed - as supplied by publisher]
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Acta Dermatovenerol Alp Panonica AdriaD08 Dec;17(4):160-2, 164-6.

Beta-carotene in dermatology: Does it help?

Bayerl Ch.

Department of Dermatology and Allergology, HSK, Wilhdinesenius Klinik,
Public Hospital, Teaching Hospital of the University ofiva Aukammallee 39,
D-65191 Wiesbaden. christiane.bayerl@hsk-wiesbaden.de

UV irradiation of the skin leads to the inductionfigfe radicals, carcinogenesis,
and skin aging, and thus the use of beta-carotene in huasanshaperoning
agent is discussed. In the photohemolysis model, betéeca protects against
the phototoxic effects of porphyrins. Beta-carotene shoulddskios
erythropoietic protoporphyria, photosensitive diseasebi@reduce the effects
of phototoxic drugs. Its effects on aging skin and on actimat&sis have not yet
been sufficiently studied.
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Planta Med2008 Oct;74(13):1548-59. Epub 2008 Aug 11.

Phytochemicals as protectors against ultraviolet radiation:
versatility of effects and mechanisms.

Dinkova-Kostova AT.

Biomedical Research Centre, Ninewells Hospital amdiighl School, University
of Dundee, Scotland, UK. a.dinkovakostova@dundee.ac.uk

Ultraviolet (UV) radiation is one of the most abundaanrtcmogens in our
environment, and the development of non-melanoma skirecs, the most
common type of human malignancy worldwide, represenésof the major
consequences of excessive exposure. Because of growirgrmetitat the level
of UV radiation is increasing as a result of depletibthe stratospheric ozone
and climate change, the development of strategies dvegiron of the skin is an
urgent need. Many phytochemicals that belong to varioudidéamf secondary
metabolites, such as alkaloids (caffeine, sanguinafiagpnoids [(-)-
epigallocatechin 3-gallate, genistein, silibinin], carotdadibeta-carotene,
lycopene), and isothiocyanates (sulforaphane), oXetieg platforms for the
development of such protective strategies. These phytochks have been
consumed by humans for many centuries as part of pEntiets and are
presumed to be of low toxicity, an essential requirerf@ma chemoprotective
agent. Mechanistically, they affect multiple sigmadlipathways and protect
against UV radiation-inflicted damage by their abilityaici as direct and indirect
antioxidants, as well as anti-inflammatory and immunduatatory agents. Such
"pluripotent character" is a critical prerequisite &ragent that is designed to
counteract the multiple damaging effects of UV radmatiespecially attractive
are inducers of the Keap1/Nrf2/ARE pathway, which costtik gene expression
of proteins whose activation leads to enhanced protedmingt oxidants and
electrophiles. Such protection is comprehensive, longataséind unlikely to
cause pro-oxidant effects or interfere with the synshefsvitamin D.
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J Nutr Biochem2009 May;20(5):389-98. Epub 2008 Jul 24.

Peroxidized cholesterol-induced matrix metalloproteinase-9
activation and its suppression by dietary beta-carotene in
photoaging of hairless mouse skin.

Minami Y , Kawabata K, Kubo Y, Arase S Hirasaka K, Nikawa T, Bando N,
Kawai Y, Terao J.

Department of Food Science, Graduate School of Nut@n@hBioscience,
University of Tokushima, Tokushima 770-8503, Japan.

The activation of matrix metalloproteinase (MMP)-9 |eadio the formation of
wrinkle and sagging of skin is an essential step irskire photoaging on
exposure to ultraviolet A (UVA). This study attempted to elate the role of
peroxidized cholesterol including cholesterol hydroperoxi@d®[-OOHS),
primary products of lipid peroxidation in biomembranesyiIMP-9 activation

and the effect of dietary beta-carotene in MMP-9 atitv. Hairless mice were
subjected to periodic UVA irradiation for 8 weeks. The amaf peroxidized
cholesterol detected as total hydroxycholesterol inkhmevgas increased
significantly by the exposure. The activity and proteirelef MMP-9 were
elevated with wrinkling and sagging formation. MMP-9 atyiwas also
enhanced by the intracutaneous injection of Chol-OOHs h@anouse skin.
Adding beta-carotene to the diet of the mice during the pefiodadiation
suppressed the activity and expression of MMP-9 as wélleawrinkling and
sagging formation. The amount of cholesterol 5alpha-hydoogke, a singlet
molecular oxygen oxygenation-specific peroxidized cholekteras significantly
lowered by the addition of beta-carotene to the diets&hesults strongly suggest
that Chol-OOHSs formed on exposure to UVA contribute &ekpression of
MMP-9, resulting in photoaging. Dietary beta-carotenegmes the expression of
MMP-9, at least partly, by inhibiting photodynamic actiomalved in the
formation of Chol-OOHSs.
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Mol Biotechnol.2007 Sep;37(1):26-30.

Carotenoids and flavonoids contribute to nutritional protection
against skin damage from sunlight.

Stahl W, Sies H

Institut fur Biochemie und Molekularbiologie I, Heinri¢keine-Universitat
Dusseldorf, Dusseldorf 40001, Germany.

The concept of photoprotection by dietary means is gainingantum. Plant
constituents such as carotenoids and flavonoids arevevat protection against
excess light in plants and contribute to the prevaraidJV damage in humans.
As micronutrients, they are ingested with the diet aeddsstributed into light-
exposed tissues, such as skin or the eye where they psysidenic
photoprotection. beta-Carotene and lycopene prevent UV-iddergghema
formation. Likewise, dietary flavanols exhibit photoproiee. After about 10-12
weeks of dietary intervention, a decrease in the setsitoward UV-induced
erythema was observed in volunteers. Dietary micranis may contribute to
life-long protection against harmful UV radiation.
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Skin Pharmacol Physio2006;19(4):224-31. Epub 2006 May 4.

Antioxidant supplements improve parameters related to skin
structure in humans.

Heinrich U, Tronnier H, Stahl W, Béjot M, Maurette JM .

Institute of Experimental Dermatology, University of Wit/Herdecke, Witten,
Germany. ulrike.heinrich@uni-wh.de

In the present study we investigated the influence of t¥erent antioxidant
supplements composed of carotenoids, vitamin E and selemyrarameters
related to skin health and skin aging. Thirty-nine volust@ath healthy, normal
skin of skin type 2 were divided into 3 groups (n = 13) and supmpieed for a
period of 12 weeks. Group 1 received a mixture of lycopemag(day), lutein (3
mg/day), beta-carotene (4.8 mg/day), alpha-tocopherol (10 wdd selenium
(75 microg/day). Group 2 was supplemented with a mixturgcoflene (6
mg/day), beta-carotene (4.8 mg/day), alpha-tocopherol (10 wdd selenium
(75 microg/day). Group 3 was the placebo control. Upon sopguigation serum
levels of selected carotenoids increased in both veroopgr Skin density and
thickness were determined by ultrasound measurementsnificsigt increase for
both parameters was determined in the verum groups. Rosglknasng,
smoothness and wrinkling of the skin were determined bfa&iEvaluation of
Living Skin (Visioscan). Roughness and scaling were imprdwyetthe
supplementation with antioxidant micronutrients. Inplecebo group no changes
were found for any of the parameters. Copyright (c) 200Ga8jer AG, Basel.
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Hautarzt.2006 Apr;57(4):286, 288-90.

[Functional food and bioavailability in the target organ skin]
[Article in German]

Darwin M, Schanzer S Teichmann A, Blume-Peytavi U, Sterry W,
Lademann J.

Center of Experimental and Applied Cutaneous Physiolo@P)CKIlinik fur
Dermatologie, Venerologie und Allergologie, Charité, ignsitdtsmedizin Berlin.

Reactive free radicals can be produced in the skin bgdten of environmental
factors, such as sun radiation and toxins. These tagiaa damage the DNA,
proteins and lipids of the living cells. The consequeraasbe skin aging,
immune suppression and even skin cancer. Humans havepgk@ protective
mechanism against the action of free radicals indha Df antioxidant
substances. Several of these antioxidants cannot be pcbdytiumans and have
to be acquired via food, such as carotenoids. Opticalim@sive methods, like
resonance Raman spectroscopy, allow a qualitative anditqtizatonline
detection of the kinetics of antioxidants such as caous in the skin. By
employing this method it has been shown that the uptagarofenoids in food
can lead to an accumulation in the skin. On the dtaed, stress, illness and UV-
radiation can reduce the concentration of antioxidabstances in the skin. A
high concentration of antioxidant substances is proteatideassociated with a
reduction in skin wrinkling.
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Hautarzt.2006 Apr;57(4):281-5.

[Systemic photoprotection through carotenoids]
[Article in German]

Stahl W, Krutmann J.

Institut fur Biochemie und Molekularbiologie I, Heinrieteine-Universitat
Dusseldorf.

Nutritional supplements are increasingly used to protecahuwskin against
environmentally-induced damage, most importantly as a consegjoénc
ultraviolet radiation exposure. beta-carotene is a nwajostituent of comercially
available products administered for systemic photoprote@ianlies on the
systemic use of beta-carotene provide evidence that 15-30 ney/d period of
about 10-12 wk produces a protective effect against UV-induggideena.
Similar effects have been attributed to mixtures obteaoids or after long-term
intake of dietary products rich in carotenoids. Suppleat@mt with carotenoids
contributes to basal protection of the skin but issuficent to obtain complete
protection against severe UV irradiation.
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Int J Vitam Nutr Res2005 Jul;75(4):227-34.

Effects of administration of beta-carotene, ascorbic acid,
persimmons, and pods on antioxidative ability in UV-irradiated
ODS rats.

Hosotani K, Yoshida M, Kitagawa M.

Faculty of Education, Wakayama University, Japan. hosotzeng@r.wakayama-
u.ac.jp

To evaluate the effects of supplementing diets with caoideand ascorbic acid
(AsA) on the antioxidative ability of Osteogenic Disor&hionogi (ODS) rats,
we added synthetic beta-carotene (betaC), AsA, and powlpessimmon (Ka)
and pods (Po) containing betaC and AsA to the diet andnebitéine following
results. The urinary 8-hydroxydeoxyguanosine (8-OHdG) condemtnaas low
in the -betaC.AsA and +AsA groups but high in the +beta@,AKa, and +Po
groups. The thiobarbituric acid-reactive substances (TBARB)th the liver and
skin were higher in the -betaC.AsA group than in theaa®e\sA group and were
low in the +Ka and +Po groups. As antioxidant enzymiesatiione peroxidase
(GSH-Px) activity was high in the +betaC.AsA group, lowhe -beta3C.AsA
group in both the skin and liver, and also high in the ‘aKé+Po group in the
liver. Superoxide dismutase (SOD) activity was high in betaC.AsA group and
low in the +betaC.AsA and +Ka groups in both the skoh laver. Catalase (CAT)
activity in the liver was low in the -betaC.AsA, +As&nd +betaC groups and
high in the +betaC.AsA and +Po groups. These result&cwmd that the
administration of betaC, AsA, and persimmons and podsaseseantioxidative
ability in the skin and liver of ultraviolet-b(UV-B)-adiated ODS rats.

PMID: 16229338 [PubMed - indexed for MEDLINE]
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Biochim Biophys Acta2005 May 30;1740(2):101-7. Epub 2004 Dec 28.

Bioactivity and protective effects of natural carotenoids.

Stahl W, Sies H

Heinrich-Heine-University Duesseldorf, Institute of Bieahistry and Molecular
Biology I, P.O. Box 101007, D-40001 Duesseldorf, Germany.
wilhelm.stahl@uni-duesseldorf.de

Carotenoids comprise a class of natural fat-soluble piggnehich are found in
numerous fruits and vegetables. The consumption of aiclein carotenoids has
been epidemiologically correlated with a lower risk$everal diseases. The
antioxidant activity of carotenoids and biochemical prageihfluencing
signaling pathways have been discussed as basic mechaigrasention.
Conflicting data from intervention studies with betaetane to prevent cancers
and cardiovascular disorders have challenged the cott®pever, there is
convincing evidence that carotenoids are important compeétite antioxidant
network. Photooxidative damage is suggested to be involvée in t
pathobiochemistry of several diseases affecting threastd the eye, and
carotenoids may protect light-exposed tissues. Lutein @axbnthin are the
predominant carotenoids of the retina and are considerastt &s
photoprotectants preventing retinal degeneration. The udigtréution,
localization and high levels of both carotenoids witii@ macula lutea as well as
their physicochemical properties make them suitable dates for
photoprotection. beta-Carotene is used as an oral suntardtéar the prevention
of sunburn and has been shown to be effective eithee alpbin combination with
other carotenoids or antioxidant vitamins. Protectivecesfare also achieved
with a diet rich in lycopene.
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Free Radic Biol Med2004 Dec 1;37(11):1854-63.

Participation of singlet oxygen in ultraviolet-a-induced lipid
peroxidation in mouse skin and its inhibition by dietary beta-
carotene: an ex vivo study.

Bando N, Hayashi H, Wakamatsu S Inakuma T, Miyoshi M, Nagao A
Yamauchi R, Terao J.

Department of Food Science, Graduate School of Nut@tn@hBiosciences, The
University of Tokushima, Tokushima 770-8503, Japan.

Dietary beta-carotene acts as a photoprotective agdm skin, but the exact
mechanism of protection is unknown. This ex vivo studgdsi$ed on
determining the mechanism of action of beta-carotenestgdV-A-induced skin
damage by characterizing peroxidized phosphatidylcholine dr€peta-
carotene oxidation products. BALB/c mice were fed withabas a beta-carotene-
supplemented diet, and homogenates from their dorsal ki pvepared after 3
weeks for UV-A irradiation. Analyses revealed thatdlegree of lipid
peroxidation in the beta-carotene group was significaotlet than that in the
controls. The isomeric composition of hydroperoxy faitids, constituting
peroxidized PC, was determined by thin-layer chromatographtirgidoliowed
by gas chromatography/mass spectrometry (MS)/selectedaaitoring analysis.
The 9- and 10-isomers of peroxidized PC, resulting fronneaetion of singlet
molecular oxygen ((1)O(2)) with oleic acid, were etexdhin the UV-A-exposed
control group compared to the experimental group. Sinelsults were obtained
from methylene-blue-sensitized photooxidation of mouse Igkots in vitro.
Liquid chromatography/MS analysis of the homogenatesrcoed the formation
of beta-carotene 5,8-endoperoxide, a specific marker fqd)&2) reaction.
These results indicate that dietary beta-carotene adates in the skin and acts
as a protective agent against UV-A-induced oxidative damage, bglgjog the
(1)O(2).
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Free Radic Biol Med2004 Sep 1;37(5):654-70.

Beta-carotene inhibits UVA-induced matrix metalloprotease 1 and
10 expression in keratinocytes by a singlet oxygen-dependent
mechanism.

Wertz K, Seifert N, Hunziker PB, Riss G Wyss A Lankin C, Goralczyk R.

Department Human Nutrition and Health, Carotenoid Group Diatritional
Products, Basel, Switzerland.

UVA exposure causes skin photoaging by singlet oxygen (1)O(@jated
induction of, e.g., matrix metalloproteases (MMPs). \8&eased whether
pretreatment with beta-carotene, a (1)O(2) quencher andiceticid (RA)
precursor, interferes with UVA-induced gene regulatiorCal keratinocytes
were precultured with beta-carotene at physiologicaleatnations (0.5, 1.5, and
3.0 microM) prior to exposure to UVA from a Honle solansator (270
kJ/m(2)). HaCaT cells accumulated beta-carotene mex tand dose-dependent
manner. UVA irradiation massively reduced the cellu&talrarotene content.
Beta-carotene suppressed UVA-induction of MMP-1, MMP-3, aivtPM.0,
three major matrix metalloproteases involved in photoagWe show that
regulation by not only MMP-1, but also MMP-10, involves (1Ddependent
mechanisms. Beta-carotene dose-dependently quenched (1)@i{3jede
induction of MMP-1 and MMP-10. Thus, as in chemical sohsystems, beta-
carotene quenches (1)O(2) also in living cells. VitamaidEnot cooperate with
beta-carotene to further inhibit MMP induction. HaCaTsptoduced weak
retinoid activity from beta-carotene, as demonstratedilmyupregulation of
RAR beta and activation of an RARE-dependent reportes. gggta-carotene did
not regulate the genes encoding other RARs, RXRs, anthéeta-carotene
cleavage enzymes. These results demonstrate that betareaacts
photoprotectively, and that this effect is mediated by (2)Quenching.
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Cancer Epidemiol Biomarkers Pre2004 Jun;13(6):1042-51.

Diet and melanoma in a case-control study.

Millen AE , Tucker MA , Hartge P, Halpern A, Elder DE, Guerry D 4th, Holly
EA, Sagebiel RW Potischman N

Division of Cancer Control and Population Sciencesiddat Cancer Institute,
National Institutes of Health, Bethesda, MD 20892-7344, USA.
millena@mail.nih.gov

BACKGROUND: Malignant melanoma has been one ofntlost rapidly
increasing cancers within the United States with few fradde risk factors. This
study investigates risk related to dietary factors, whietpatentially modifiable.
METHODS: Newly diagnosed patients with melanoma §02) were recruited
from pigment lesion clinics and controls (n = 565) wereruited from outpatient
clinics. To investigate the relationship between melanand dietary factors in
this case-control study, study subjects were requestednplet® a food
frequency questionnaire, which assessed diet over thimpseyear. Using
logistic regression, odds ratios (ORs) for melanomeewemputed for nutrient
and alcohol intake. RESULTS: Persons in high versugjlowtiles of energy-
adjusted vitamin D, alpha-carotene, beta-carotene,@gpthin, lutein, and
lycopene had significantly reduced risk for melanoma (€RBs= 0.67), which
remained after adjustment for presence of dysplastic @@ucation, and skin
response to repeated sun exposure. Addition of microntstfierm supplements
did not add an additional reduction in risk. High alcateisumption was
associated with an increased risk for melanoma, whithireed after adjustment
for confounders [OR (95% confidence interval) in highessus lowest quintiles,
1.65 (1.09-2.49)]. CONCLUSIONS: Diets consisting of foodh m vitamin D
and carotenoids and low in alcohol may be associatédawitduction in risk for
melanoma. These analyses should be repeated in laogpeptive studies.
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Photochem Photobiol S@003 Jun;2(6):655-9.

Betacarotene supplementation protects from photoaging-associated
mitochondrial DNA mutation.

Eicker J, Kurten V, Wild S, Riss G Goralczyk R, Krutmann J, Berneburg
M.

Institut fir Umweltmedizinische Forschung gGmbH atieenrich-Heine-
University, Auf' m Hennekamp 40, D-40225 Dusseldorf, Germany.

Mutations of mitochondrial DNA accumulate during norn@ihg and can be
detected at elevated levels in skin prematurely aged lyichexposure to
ultraviolet (UV) light (photoaging). In normal human filmasts, we have
previously demonstrated that mtDNA deletions are induceestitive exposure
to sublethal doses of UVA radiation mediated through sirayggen.
Betacarotene is a known quencher of ROS and singlet oxggearticular, and it
is widely applied in photoprotective compounds. Thereforemuestigated
whether in our in vitro system, betacarotene is cap#lpeotecting from the
induction of photoaging-associated mtDNA deletions. Allt&r(s) betacarotene
was tested at doses from 0.25 to 3.0 microM for uptakecells as well as its
protective capacity. Assessment of cellular uptake ¢ détacarotene measured
by HPLC revealed a dose dependent increase of intracetiohcentrations, as
well as an increase in oxidative metabolites. UVA-expe led to a decrease of
all-E-betacarotene, its Z-isomers and oxidative meitaisolAssessment of
MtDNA deletions by PCR revealed reduced levels of mtDNAagenesis in cells
coincubated with betacarotene at concentrations of @fokh and higher. Taken
together, these results indicate that betacarotgrgetéken up into the cell in a
dose dependent manner, (ii) interacts with UVA radiaitiotine cell and (iii)
shows protective properties from the induction of a plgphgpassociated
mtDNA mutation.
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Free Radic Biol Med2003 Feb 15;34(4):456-64.

Beta-carotene suppresses UVA-induced HO-1 gene expression in
cultured FEKA4.

Trekli MC , Riss G Goralczyk R, Tyrrell RM .

Department of Pharmacy and Pharmacology, University tf, Bath, United
Kingdom.

The ultraviolet region of sunlight causes a significaatlative stress to human
skin cells and modulates expression of a series osgargermal fibroblasts and
other cell types. The human heme oxygenase 1 (HO-1) gst®ngly activated
within the first hours that follow UVA irradiation eformal human dermal
fibroblasts (FEK4) and this response is being used as a nudréeidative stress
in cells. It has been shown that the induction of gleise occurs via singlet
oxygen ((1)O(2)) produced upon interaction of UVA radiatiih an as yet
undefined cellular chromophore. Carotenoids, as the pasht singlet oxygen
guenchers in nature, are expected to effectively suppressvA-induced HO-1
gene activation in human cells. In this study, we messthe suppression of
UVA-induced levels of HO-1 mRNA after the addition of aie® of six all-trans-
beta-carotene concentrations (0.07, 0.2, 0.8, 2.3, 8.0, amit&iM) to the
culture medium of exponentially growing FEK4 cells. Toeresponding levels
of beta-carotene uptake and apo-carotenal formationmeasured following
HPLC separation. The results of this study show aexnation-dependent
suppression of UVA- (250 kJ/m(2)) induced transcriptional atiom of HO-1 in
exponentially growing FEK4 cells by beta-carotene. Supmessicurred at
concentrations that have been observed in human pldsmaliatary
supplementation with beta-carotene.
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J Nutr.2003 Jan;133(1):98-101.

Supplementation with beta-carotene or a similar amount of mixed
carotenoids protects humans from UV-induced erythema.

Heinrich U, Gartner C, Wiebusch M, Eichler O, Sies H Tronnier H, Stahl
W.

Institut fur Experimentelle Dermatologie, Universitat Wit-Herdecke, Germany.

Carotenoids are useful oral sun protectants, and suppieto@nvith high doses
of beta-carotene protects against UV-induced erythemaataym We compared
the erythema-protective effect of beta-carotene (24lingm an algal source) to
that of 24 mg/d of a carotenoid mix consisting of the thnae dietary
carotenoids, beta-carotene, lutein and lycopene (8 mg/d. éachplacebo-
controlled, parallel study design, volunteers with gigpe 1l (n = 12 in each
group) received beta-carotene, the carotenoid mix or lpdafoe 12 wk.
Carotenoid levels in serum and skin (palm of the hasdjed as erythema
intensity before and 24 h after irradiation with aasdight simulator were
measured at baseline and after 6 and 12 wk of treatmentm®eta-carotene
concentration increased three- to fourfold (P < 0.001)erbeta-carotene group,
whereas in the mixed carotenoid group, the serum caatient of each of the
three carotenoids increased one- to threefold (P < 0.8@1ghanges occurred in
the control group. The intake of either beta-carotergenixture of carotenoids
similarly increased total carotenoids in skin from wio @k 12. No changes in
total carotenoids in skin occurred in the control groupe ihtensity of erythema
24 h after irradiation was diminished in both groups teeeived carotenoids and
was significantly lower than baseline after 12 wk of sumgletation. Long-term
supplementation for 12 wk with 24 mg/d of a carotenoid mix supglsimilar
amounts of beta-carotene, lutein and lycopene ameloktfeinduced erythema
in humans; the effect is comparable to daily treatmattt 24 mg of beta-
carotene alone.
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Carcinogenesi2002 Aug;23(8):1263-5.

The effect of beta-carotene on lung and skin carcinogenesis.
Wolf G.

Department of Nutritional Sciences and Toxicology, Universi California,
Berkeley CA 94720-3104, USA. retinol@nature.berkeley.edu

The induction of pre-cancerous squamous metaplasia is bfrfgrrets by high
doses of dietary beta-carotene (BC) and cigarette simakenpared with and
contrasted to the different effects of high doses etibdy BC on skin papilloma
and carcinoma induction by the two-stage carcinogenesisgatoiVhereas high
dietary BC can inhibit the conversion of skin papillena carcinomas, such
treatment would not be expected to inhibit smoke-induced lumgrs.
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FEBS Lett.2001 Dec 7;509(2):186-90.

The effect of beta-carotene on the expression of interleukin-6 and
heme oxygenase-1 in UV-irradiated human skin fibroblasts in vitro.

Obermiiller-Jevic UC, Schlegel B Flaccus A Biesalski HK.

Department of Biological Chemistry and Nutrition, Unsigy of Hohenheim,
Fruwirthstrasse 12, 70593, Stuttgart, Germany. biesal@uni-Ha@hende

beta-Carotene is discussed as an anti-oxidant micrentitnd singlet oxygen
guencher in human skin, protecting against UV light-induwtzadage. However,
we recently demonstrated that beta-carotene has a praibpiokential in

cultured human skin fibroblasts because it enhances theibl#tion of heme
oxygenase-1 (HO-1). Herein, we further show that betateae also strongly
promotes the UVA induction of pro-inflammatory interleukirgtL-6) in skin
fibroblasts in vitro. Singlet oxygen quencher sodium aalsl®gated up-
regulation of IL-6, and likewise also of HO-1. In UVBadiated cells, beta-
carotene did not modulate levels of IL-6 and HO-1. Theesl effects might be
relevant for UV-induced inflammatory processes.
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Beta carotene and Immunity

Biosci Biotechnol Biochen008 Jun;72(6):1595-600. Epub 2008 Jun 7.

Ingested beta-carotene enhances glutathione level and up-regulates
the activity of cysteine cathepsin in murine splenocytes.

Takeda S Bando N, Yamanishi R.

Department of Food Science, Graduate School of Nut@tn@hBiosciences, The
University of Tokushima, Japan.

To elucidate health benefits of beta-carotene, especialljnmunity, we
measured redox-related indices in spleen cells fromBalmice supplemented
with various amounts of beta-carotene. In mice supplesdesith beta-carotene
in their diet, glutathione, an intracellular anti-oxidatagent, increased in their
splenocytes. This change was highly correlated witlatisemulation of beta-
carotene, but not with that of retinol. The increasglutathione was
accompanied by an increase in mMRNA for gamma-glutamgoyssynthetase, a
rate-limiting enzyme for glutathione synthesis. The higherglutathione content
was in the spleen cells, the higher the activity of&ipe cathepsin became in
crude antigen-presenting cells contained in the spldese data suggest that
accumulated beta-carotene in splenocytes, without legaigbolized, caused an
increase in the intracellular glutathione level, thgranti-oxidatively supporting
the activity of redox-sensitive lysosomal protease, wigahvolved in antigen-
presentation.
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Physiol Behav2009 Mar 2;96(3):389-93. Epub 2008 Nov 12.

Maternal effects and beta-carotene assimilation in Canary chicks.

Tanvez A Amy M, Chastel O Leboucher G.

Laboratoire d'Ethologie et Cognition Comparées, UniteRaris X-Nanterre,
BSL, 200 avenue de république, 92001 Nanterre, France.
aurelietanvez@gmail.com

Carotenoids are pigments responsible for the red, oamdygellow coloration of
plants and animals. They may be beneficial in twosy#yey have a powerful
antioxidant activity, and they can behave as an immimokstnt. Animals
however cannot synthesize carotenoids de novo, thelyahten them through
their diet. In our experiments on Canaries, we ingagtéd how mothers transfer
their dietary carotenoid-related benefits to theispifing; either through the egg,
or through the diet (during chicks' feeding). Female Gasavere allowed to
access beta-carotene enriched food during egg formatiarashicks' feeding.
We sorted the chicks into four groups using the period wheanassimilated the
beta-carotene as a variable. The four groups were:f@jebbatching (from yolk),
(ii) after hatching (from maternal feeding), (iii) be¢oand after hatching, or (iv)
never. Colorimetry and HPLC analysis from sub-saspleyolks confirmed the
maternal transfer of dietary carotenoids to the yOlr results show that benefits
from maternal dietary carotenoids are transferreti¢ahicks, but according to
the period when they are assimilated by the chickgtilgsiological effects are
different. It was found that the chicks' growth was enbdmnehen carotenoids
were assimilated both before and after hatching. Homaavéncrease in cellular
immunity efficiency only occurs when the assimilatiakes place after hatching.
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Vet J.2008 Apr;176(1):70-6. Epub 2008 Mar 5.

Role of antioxidants and trace elements in health and immunity of
transition dairy cows.

Spears JW Weiss WP,

Department of Animal Science and Interdepartmental Notriirogram, North
Carolina State University, Raleigh, NC 27695-7621, USA.
Jerry_Spears@ncsu.edu

A number of antioxidants and trace minerals have importdes in immune
function and may affect health in transition dairyvsoVitamin E and beta-
carotene are important cellular antioxidants. Seler{fs@) is involved in the
antioxidant system via its role in the enzyme glutathperexidase. Inadequate
dietary vitamin E or Se decreases neutrophil function ddin@gperpariturient
period. Supplementation of vitamin E and/or Se has reduedddidence of
mastitis and retained placenta, and reduced duratiomafallsymptoms of
mastitis in some experiments. Research has indichatdbeéta-carotene
supplementation may enhance immunity and reduce the ineidémetained
placenta and metritis in dairy cows. Marginal copperckaicy resulted in
reduced neutrophil killing and decreased interferon productiondmpnuclear
cells. Copper supplementation of a diet marginal in copmuced the peak
clinical response during experimental Escherichia cosititia Limited research
indicated that chromium supplementation during the tranggeriod may
increase immunity and reduce the incidence of retainee mtiac
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Gen Comp EndocrinoR008 Apr 1;156(2):418-25. Epub 2008 Jan 18.

Yolk testosterone levels and dietary carotenoids influence growth
and immunity of grey partridge chicks.

Cucco M, Guasco B Malacarne G, Ottonelli R, Tanvez A

University of Piemonte Orientale, DISAV DipartimentoStiienze dell Ambiente
e della Vita, via Bellini 25, Alessandria, Italy. mam@ecco@unipmn.it

Early maternal effects in the form of substancesiatdated in the egg, such as
carotenoids and hormones, can be physiologically retdgaa good
development of offspring. It has been found in diffeisp¥cies that testosterone
(T) can be beneficial to offspring by increasing growtke,raut detrimental by
reducing immunocompetence and increasing oxidative stresge@aids on the
other hand are suggested to be beneficial because thegwateract the
oxidative stress and the immune-depressive effect of thid study we analyzed
the effect of prenatal T exposure in the grey partritige injected eggs with
three doses of T (high, intermediate, and physiologiédigr hatching, chicks
exposed to a prenatal high dose of T were fed with tws ¢ieh or poor)
differing in beta-carotene content. We found a signifiedfect of T on both
chick growth and cell-mediated immunity, with high T dos=salting in
detrimental effects while low doses were beneficigtribnental effects of the
high dose of T on immunity were mitigated by beta-carotemsumed in the
diet. The differences between groups were observea ieatly period of life
(age 10 days for mass, and age 10 and 21 days for immunityjisapgheared in
the following period, and up to 1 and 2 years later. Oveyatl observations show
that T in the egg is not detrimental but beneficiadl Hrat negative effects are
found only at supraphysiological concentrations. The negjafiects of T on
immunity could be balanced if chicks could consume a wiktin beta-carotene.
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Comp Biochem Physiol A Mol Integr Physi@007 Aug;147(4):1038-46. Epub 2007
Mar 19.

Effects of beta-carotene on adult immune condition and
antibacterial activity in the eggs of the Grey Partridge, Perdix
perdix.

Cucco M, Guasco B Malacarne G, Ottonelli R.

University of Piemonte Orientale, DiSAV, via Bellini 2515100 Alessandria,
Italy. cucco@unipmn.it

Carotenoids are important dietary constituents in birtlsir functions are
numerous and complex, and breeding females are poteiféiedgl with an
optimal allocation of these resources between thimesand offspring. We
conducted a dietary experiment (low and high supply oftatatene) to
examine the effect of beta-carotene on health and mamesponse of 64
reproducing pairs of Grey Partridge (Perdix perdix L.) antherquality of their
eggs, as revealed by the measurement of biochemical centgan yolk and
albumen, the egg hatching rate and chick survival. We foueaefibial effect of
beta-carotene on the erythrosedimentation raterarmdine response of females
(PHA reaction), while the diet did not significantlyedt these variables in males.
In both sexes, the plasma level of carotenoids wasetaied to the quantity of
beta-carotene supplied. A higher quantity of beta-carotetieidiet did not
induce a variation of egg nutrients (proteins and lipids) anancrease of yolk
beta-carotene concentration. We detected a higher nwaten of lysozyme, an
enzyme with antibacterial activity, in the alboumeregfjs laid by females with a
high supply of beta-carotene. These eggs showed higherriwateles. The
present study indicates that although carotenoid supplatimntioes not
influence blood and yolk carotenoid levels, it resultisdtter immune conditions
of females, eventually translated into increased arigbatactivity of the eggs.
The broad range of beneficial effects of caroten@abscussed.
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J Nutr.2006 Oct;136(10):2606-10.

Immunity and antioxidant capacity in humans is enhanced by
consumption of a dried, encapsulated fruit and vegetable juice
concentrate.

Nantz MP, Rowe CA Nieves C Jr Percival SS

Food Science and Human Nutrition Department Universifylafida Gainesville,
Florida 32611, USA.

The daily consumption of fruits and vegetables is amomdietary
recommendation to support good health. We hypothesized twmhmercially
available encapsulated fruit and vegetable juice powderectrate (FVJIC) could
support functional indices of health due to increased irdékarious
phytonutrients. This was a double-blind, randomized, placebwedied
investigation of 59 healthy law students who consumed eit@C for placebo
capsules for 77 d. Blood was collected on d 1, 35, and 7¥atoiee the number
of circulating alphabeta- and gammadelta-T cells, cytknmoduction,
lymphocyte DNA damage, antioxidant status, and levels@itenoids and
vitamin C. A log of illnesses and symptoms was also Kep.FVJC group
tended to have fewer total symptoms than the placebo group.¢76). By d 77
there was a 30% increase in circulating gammadelta-3 @etl a 40% reduction
in DNA damage in lymphocytes in the FVJC group relativéhe placebo group.
Plasma levels of vitamin C and of beta-carotene, lyospeamd lutein increased
significantly from baseline in the FVJC group as did pla®xygen radical
absorptive capacity (50%). Interferon-gamma produced bybphstimulated
lymphocytes was reduced 70% in the FVJC group, whereasmftiokines (IL-4,
IL-6, transforming growth factor beta) were unchangediveldd treatment or
time. FVJC consumption during this study period resulteddreased plasma
nutrients and antioxidant capacity, reduction in DNA striareaks, and an
increase in circulating gammadelta-T cells.
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Behav Processe2006 Nov 1;73(3):325-32. Epub 2006 Aug 12.

Effects of beta-carotene supplementation on chick growth, immune
status and behaviour in the grey partridge, Perdix perdix.

Cucco M, Guasco B Malacarne G, Ottonelli R.

University of Piemonte Orientale, Department of Environtakand Life
Sciences, DISAV, via Bellini 25, 1-15100 Alessandria, Italycco@unipmn.it
<cucco@unipmn.it>

Carotenoids are important for various functions duringlkcbevelopment. Since
these pigments cannot be synthesized, they can ls@leogd limited resources
that the mother optimally allocates between heeadf her offspring (maternal
effect). Some studies have examined the effects oferails on growth and
immune function but little is known about their rafebehaviour. In this study of
the grey partridge, we conducted two supplementation expdasanién laying
females were fed with beta-carotene enriched or immhest diets; (2) chicks
were fed directly with beta-carotene enriched or impstied diets. We then
evaluated the effects of this carotenoid on chick growthunocompetence and
anti-predator behaviour (reactions to a raptor modethdrfirst experiment, the
beta-carotene enriched diet given to mothers did not @nysdifference in chick
physiology. In the second experiment, beta-carotene esmgpitation of chicks
had a significant beneficial effect on their growtld @ammune response, although
their behavioural reactions did not differ in relattorthe diet. Therefore, beta-
carotene supplementation had beneficial effects on gramdh
immunocompetence only when directly supplied to chicks.bEmeficial effect
reported in other species for begging or pecking behaviourgseta®nfirmed for
the anti-predator behaviour of grey partridge chicks.
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Clin Exp Allergy.2006 Aug;36(8):993-1000.

Associations between antioxidant status, markers of oxidative stress
and immune responses in allergic adults.

Dunstan JA, Breckler L, Hale J, Lehmann H, Franklin P, Lyons G, Ching
SY, Mori TA , Barden A, Prescott SL

School of Paediatrics and Child Health, University of idasAustralia, Perth,
WA, Australia.

BACKGROUND: There has been growing interest in the aflantioxidant
function in controlling inflammatory disease stateshsa allergy. This study
investigated the relationship between antioxidant statugensaof airways
inflammation [exhaled nitric oxide (eNO)], oxidative sa€BE(2) isoprostanes)
and immune responses in allergic adults. METHODS: Ardants (vitamins C,
E, beta-carotene and selenium) and total antioxidant ibaeC) in serum were
examined in relation to eNO, plasma F(2) isoprostanéganpheral blood
mononuclear cell (PBMC) cytokine and lymphoproliferatigeponse to house
dust mite (HDM) allergen, Staphylococcus enterotoxin B (GEB
phytohaemaglutinin (PHA) and lipopolysaccharide (LPS) inle4gac adults.
RESULTS: Firstly, levels of specific vitamins did reatrrelate with tAC.
Secondly, we did not see any evidence that specific wntéwels (or tAC) were
associated with either polarization or attenuatiom eftro immune responses. If
anything, there were positive correlations between adant (vitamin C and
selenium) levels and HDM allergen responses [lymphopraliion (selenium;
r=0.35, P=0.013) and both Th2 IL13 (vitamin C; tau=0.254, P=0.028) ahd Th
IFN-gamma (vitamin C; tau=0.302, P=0.009) responses]. Theee alsy
significant positive relationships between antioxidamels and IL-10 responses
to polyclonal stimulation by SEB (r=0.292, P=0.036) and LR8.84, P=0.015)
(beta-carotene) and PHA (r=0.34, P=0.021) (tAC). Thirdijroaigh airways
inflammation (eNO) was associated with both in vitrd anvivo (skin test
reactivity) to HDM, we did not see any correlation betwwveBO and oxidative
stress (F(2)-isoprostanes). Finally, there were ngistamt relationships between
oxidative stress and immune responses. CONCLUSION: Waseno evidence
that higher antioxidant levels were associated with retialiergen
responsiveness in allergic adults. If anything, antioxidéatus was associated
with increased immune responsiveness. The significantesafieeds to be
addressed in future intervention studies.

Publication Types:Research Support, Non-U.S. Gov't

Beta Carotene and Immunity

189



Pancreas2004 Aug;29(2):e45-50.

Natural beta-carotene for the prevention of post-ERCP pancreatitis.

Lavy A, Karban A, Suissa A Yassin K, Hermesh |, Ben-Amotz A.

Gastroenterology Unit, Bnai-Zion Medical Center, fdalsrael.
lavya@netvision.net.il

OBJECTIVE: Endoscopic retrograde cholangiopancreatogrdfREZP) is a
commonly used procedure. Pancreatitis is its most conumoplication. As the
injury may be mediated by oxidative stress, it could beliaraged by
antioxidants. METHODS: We conducted a double-blind trial,ngpthe patients a
single dose of natural beta-carotene or placebo, 12 paargo procedure, and
monitoring them for 24 hours post-procedure for procedurglcations,
antioxidant levels, and plasma oxidation. RESULTS: Thexallincidence of
acute pancreatitis according to our definition was 9.686.incidence of
pancreatitis was not significantly different betweles beta-carotene group (10%)
and the placebo group (9.4%). Four patients in the iptageoup had severe
pancreatitis (2.22%), but none in the beta-carotene grdupdifference is
statistically significant. CONCLUSION: We did not seeeduction in the
incidence of post-ERCP pancreatitis, but there may be goatective effect of
treatment with beta-carotene regarding the severitysefse.
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Fish Shellfish Immunol2004 Apr;16(4):527-37.

Enhancement of innate immunity in rainbow trout (Oncorhynchus
mykiss Walbaum) associated with dietary intake of carotenoids from
natural products.

Amar EC, Kiron V , Satoh S Watanabe T.

Tokyo University of Marine Science and Technology, Mindt&pan.

The effects of orally administered carotenoids fronuratsources on the non-
specific defense mechanisms of rainbow trout were ewaluata nine-week
feeding trial. Fish were fed four diets containing eithetakrcarotene or
astaxanthin at 100 and 200 mg kg-1 from the marine algae Dilsnaééna and
red yeast Phaffia rhodozyma, respectively, and a dadigbcontaining no
supplemented carotenoids. Specific growth rate and feedaj&nvere not
affected by dietary carotenoid supplementation. Amondptineoral factors,
serum alternative complement activity increased signifigam all carotenoid
supplemented groups when compared to the control. On thehaihe, serum
lysozyme activity increased in the Dunaliella group attin the Phaffia group,
whereas plasma total immunoglobulin levels were hetexd by the feeding
treatments. As for the cellular responses, the suml@ion production from
the head kidney remained unchanged while the phagocyticnatedex in all
supplemented groups were significantly higher than thoeeafontrol. These
findings demonstrate that dietary carotenoids from botsalina and P.
rhodozyma can modulate some of the innate defense meckanisambow
trout.
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J Nutr.2004 Jan;134(1):257S-261S.
Carotenoid action on the immune response.

Chew BP, Park JS.

Department of Animal Sciences, Washington State UniveRitjfman, WA
99164-6351, USA. boonchew@wsu.edu

Early studies demonstrating the ability of dietary careseto prevent infections
have left open the possibility that the action okthearotenoids may be through
their prior conversion to vitamin A. Subsequent studies heotkstrate the
specific action of dietary carotenoids have used caraenathout provitamin A
activity such as lutein, canthaxanthin, lycopene and asthx. In fact, these
nonprovitamin A carotenoids were as active, and at tm@e active, than beta-
carotene in enhancing cell-mediated and humoral immupemss in animals
and humans. Another approach to study the possible spexdéfiof dietary
carotenoids has used animals that are inefficient comsertearotenoids to
vitamin A, for example the domestic cat. Results ranelarly shown immuno-
enhancement by nonprovitamin A carotenoids, based eithteaelative

activity or on the type of immune response affectedpaoed to beta-carotene.
Certain carotenoids, acting as antioxidants, can polignmealuce the toxic effects
of reactive oxygen species (ROS). These ROS, anddher@arotenoids, have
been implicated in the etiology of diseases suclaaser, cardiovascular and
neurodegenerative diseases and aging. Recent studies ratetbf carotenoids in
gene regulation, apoptosis and angiogenesis have advandetwaledge on the
possible mechanism by which carotenoids regulate immuratidun and cancer.
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J Vet Intern Med2003 Nov-Dec;17(6):835-42.

Effects of age and dietary beta-carotene on immunological variables
in dogs.

Massimino S Kearns RJ, Loos KM, Burr J, Park JS, Chew B, Adams S
Hayek MG.

Research and Development, The lams Company, LewisbttgUSA.

beta-Carotene is a naturally occurring carotenoid reptotbdve health-
promoting effects in several species. Advancing age wkrio have a negative
impact on various immune variables in several speclas.study was conducted
in order to assess the effect of age on immune respodsgs and to determine
whether beta-carotene is able to reverse this age-as=bdiecline. To test this
hypothesis, young and old dogs (n = 36) were fed either sotoiet or
experimental diets containing supplemental beta-cardoer®month periods.
Age significantly (P < .05) lowered CD4+ T cell populati¢4s.2% versus
33.7%; young-control versus old-control, respectively) antd-barotene restored
percent distributions in old dogs to nonsignificance versusger controls
(41.0%). T cell proliferation was lower in old dogs (30,2542t248 versus
14,811 +/- 2,497 cCPM; young-control versus old-control, reésedy; P < .05),
and beta-carotene supplementation significantly improgspanses in this age
group (21,329 +/- 2,275 cCPM). Although B cell proliferatiomsvdepressed with
age (17,967 +/- 1,384 versus 7,535 +/- 1,469 cCPM; young-contgeais/eid-
control, respectively; P < .05), beta-carotene supplatientimproved B cell
proliferation in young dogs (23,500 +/- 1,339 cCPM). Old dogdaiispl lower
delayed-type hypersensitivity test (DTH) responses vefsuisger controls to
both phytohemagglutinin-P (PHA; 11.1 +/- 0.95 versus 7.57 +/- lr\pymung-
control versus old-control, respectively; P < .05) dmekp red blood cell (RBC;
9.12 +/- 0.62 versus 8.08 +/- 0.75 mm; young-control versusanittol,
respectively; P < .10). beta-Carotene improved these respomostly within the
first 24-48 hours after injection. In summary, older dogge lower
immunological responses compared with younger contraia-@arotene
supplementation significantly restored immune respomsekler dogs when
compared with their age-matched controls and younger apants.
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J Infect Dis.2000 Sep;182 Suppl 1:S5-10.
Micronutrients and innate immunity.

Erickson KL , Medina EA, Hubbard NE.

Department of Cell Biology and Human Anatomy, UniversityCalifornia,
School of Medicine, Davis, CA 95616-8643, USA. klerickson@ucdails.e

Micronutrients such as zinc, selenium, iron, copper.-batatene, vitamins A, C,
and E, and folic acid can influence several componentsate immunity. Select
micronutrients play an important role in alteratidrogidant-mediated tissue
injury, and phagocytic cells produce reactive oxidants dopéne defense
against infectious agents. Thus, adequate micronutrientequieed to prevent
damage of cells participating in innate immunity. Deficieagn zinc and
vitamins A and D may reduce natural killer cell functiosereas supplemental
zinc or vitamin C may enhance their activity. The speeiffects of
micronutrients on neutrophil functions are not cleare&ehicronutrients may
play a role in innate immunity associated with somea#ie processes. Future
studies should focus on issues such as age-related migeahstatus and innate
immunity, alterations of micronutrients in diseasdéestand their effect on innate
immunity, and the mechanisms by which micronutrients alteate immunity.
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J Nutr.2000 Aug;130(8):1910-3.

Dietary beta-carotene stimulates cell-mediated and humoral
immune response in dogs.

Chew BP, Park JS, Wong TS, Kim HW , Weng BB, Byrne KM , Hayek MG,
Reinhart GA.

Department of Animal Sciences, Washington State UniveRitjfman, WA
99164-6351, USA.

The role of beta-carotene on immune response in dantkggs is not known.
Female Beagle dogs were fed 0, 2, 20 or 50 mg beta-carotbloe/d;was
sampled at wk 0, 1, 2, 4 and 8 for analysis of the fotlgwiymphoproliferation,
leukocyte subpopulations and concentrations of interle2Klh-2),
immunoglobulin (Ig)G and IgM. Delayed-type hypersensitiilyf H) response
was assessed at wk 0, 3 and 7. beta-Carotene supplenmemetgased plasma
beta-carotene concentrations in a dose-dependent m&umepared with
unsupplemented dogs, those fed 20 or 50 mg of beta-carotehgghad CD4+
cell numbers and CD4:CDS8 ratio. However, there waseairment difference in
CD8+, CD21+ and major histocompatability complex (MHC}slH+ cells.
Plasma IgG, but not IgM concentration was higher in ded$éta-carotene
throughout the study period. The DTH response to phytohemaggl(RHA)
and vaccine was heightened in beta-carotene-supplememgsdodta-Carotene
feeding did not influence mitogen-induced lymphocyte proliferadr IL-2
production. Immune response was impaired in dogs classsgiénlv beta-
carotene absorbers compared with similar dogs fed the aaount of beta-
carotene. Therefore, dietary beta-carotene heightetleti@diated and humoral
immune responses in dogs.
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Clin Infect Dis.1998 Mar;26(3):711-8.

The significance of vitamin A and carotenoid status in persons
infected by the human immunodeficiency virus.

Nimmagadda A O'Brien WA , Goetz MB.

Department of Medicine, Veterans Affairs Medical @GniVest Los Angeles,
California 90073, USA.

Hyporetinemia is associated with increased childhood mityladd mortality
that is reversible with vitamin A supplementation.mlitigh vitamin A deficiency
is otherwise rare in developed countries, the prevalehiogporetinemia in
human immunodeficiency virus (HIV)-infected persons isauf9%.
Hyporetinemic HIV-infected patients have a 3.5-5-fold inseghrisk of death.
Furthermore, HIV-infected patients with very low orwéigh intake of vitamin
A and beta-carotene (a vitamin A precursor) have greaites of disease
progression than do patients with intermediate intakdeveloping countries up
to 60% of HIV-infected pregnant women are hyporetinemisulth women the
relative risk of perinatal HIV transmission may beré@ased more than fourfold.
These data indicate that vitamin A deficiency is comimnoflV-infected patients
in the developed world and strongly suggest that vitamiaopplementation may
be especially useful in adjunctive therapy for HiWected pregnant women who
reside in the developing world.
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Beta Carotene as a Chemopreventative

Carcinogenesi2008 Nov;29(11):2153-61. Epub 2008 Jul 16.

The sensitivity to beta-carotene growth-inhibitory and proapoptotic
effects is regulated by caveolin-1 expression in human colon and
prostate cancer cells.

Palozza P Sestito R Picci N, Lanza P, Monego G Ranelletti FO.

Institute of General Pathology, Catholic University Gulof Medicine, Largo F.
Vito 1, Rome 00168, Italy. p.palozza@rm.unicatt.it

Although several mechanisms have been proposed to rexidaputative role of
beta-carotene in cancer, no studies have investigategidlpasfluence of beta-
carotene on caveolin-1 (cav-1) pathway, an importardgetlular signaling
deregulated in cancer. Here, different human colon andgbeosancer cell lines,
expressing (HCT-116, PC-3 cells) or not (Caco-2, LNCaP a&is)l, were
treated with varying concentrations of beta-carotene30.51.uM) for different
periods of time (3-72 h) and the effects on cell growtrevievestigated. The
results of this study show that (i) beta-carotenedaasea growth-inhibitory agent
in cav-1-positive cells, but not in cav-1-negative ¢€llsin cav-1-positive cells,
the carotenoid downregulated in a dose- and time-depend@memthe
expression of cav-1 protein and messenger RNA levelsnitnited AKT
phosphorylation which, in turn, stimulated apoptosisnoydasing the expression
of beta-catenin and c-myc and the activity of caspases-38 and -9; when the
carotenoid was removed from culture medium, a progessorease in cell
growth was observed with respect to beta-carotene-treatks and (iii) the
transfection of cav-1 in cav-1-negative cells increasdidsensitivity to beta-
carotene by inducing apoptosis. This effect was accompaniedeoletion of
both cav-1 and AKT phosphorylation and by an increasengycand beta-
catenin expression. Silencing of c-Myc attenuated betaterze-induced
apoptosis and beta-catenin expression. All togethese tthata suggest that the
modulation of cav-1 pathway by beta-carotene could beval neechanism by
which the carotenoid acts as a potent growth-inhibitorytagesancer cells.
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J Natl Cancer InsR006 Feb 15;98(4):245-54.

Comment in:

« J Natl Cancer Inst. 2006 Feb 15;98(4):225-7.
Supplemental and dietary vitamin E, beta-carotene, and vitamii€ intakes and
prostate cancer risk.

Kirsh VA , Hayes RB Mayne ST, Chatterjee N, Subar AF, Dixon LB, Albanes D,
Andriole GL , Urban DA, Peters U PLCO Trial .

Division of Cancer Epidemiology and Genetics, National Qalmstitute, NIH, DHHS,
Bethesda, MD 20892, USA.

BACKGROUND: We evaluated the association between inthkieese micronutrient
antioxidants from foods and supplements and the risk of peastacer among men in the
screening arm of the Prostate, Lung, Colorectal, arati@v Cancer Screening Trial. At
baseline, trial participants completed a 137-item food freciguestionnaire that
included detailed questions on 12 individual supplements. C@ogimnal hazards
models were used to estimate relative risks (RRs) andc@bd¥idence intervals (Cls). All
statistical tests were two-sided. RESULTS: We idexttifl 338 cases of prostate cancer
among 29 361 men during up to 8 years of follow-up. Overall, thesenassociation
between prostate cancer risk and dietary or supplemetakéinf vitamin E, beta-
carotene, or vitamin C. However, among current and tgcen within the previous 10
years) smokers, decreasing risks of advanced prostaterae., Gleason score > or = 7
or stage Il or IV) were associated with increagiioge (RR for > 400 |U/day versus none
=0.29, 95% CIl = 0.12 to 0.68; Ptrend = .01) and duration (RR ¢or= 10 years of use
versus none = 0.30, 95% CI = 0.09 to 0.96; Ptrend = .01) of suppkldmigamin E use.
Supplemental beta-carotene intake at a dose level ofsa2@@0 microg/day was
associated with decreased prostate cancer risk invitietow (below the median of 4129
microg/day) dietary beta-carotene intake (RR = 0.52, 95% @83 to 0.81). Among
smokers, the age-adjusted rate of advanced prostate cargdB@per 100,000 person-
years in those who did not take supplemental vitamin E, 158082000 person-years in
those who took more than 400 IU/day of supplemental vitamamé& 157 per 100,000
person-years in those who took supplemental vitamin E for b years. Among men
with low dietary beta-carotene intake, the age-adjustedfgstate cancer was 1122
per 100,000 person-years in those who did not take supplementabbetiane, and 623
per 100,000 person-years in those who took at least 2000 micraj/slagplemental
beta-carotene. CONCLUSIONS: Our results do not providegtsapport for population-
wide implementation of high-dose antioxidant supplementédtiothe prevention of
prostate cancer. However, vitamin E supplementation ie srabkers and beta-carotene
supplementation in men with low dietary beta-carotene istalege associated with
reduced risk of this disease.
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Braz J Med Biol Re2006 Feb;39(2):203-10. Epub 2006 Feb 2.

Lycopene and beta-carotene protect in vivo iron-induced oxidative
stress damage in rat prostate.

Matos HR, Marques SA Gomes OF Silva AA, Heimann JC, Di Mascio P,
Medeiros MH.

Departamento de Fisiologia, Universidade Federal de Se®fueCristovao, SE,
Brazil.

It has been suggested that iron overload may be carciicodye the present
study, we evaluated the effect of plasma and prostabéec@id concentration on
oxidative DNA damage in 12-week-old Wistar rats treated inttfaperitoneal
(ip) ferric nitrilotriacetate (Fe-NTA) (10 mg Fe/kg). Btaa beta-carotene and
lycopene concentrations were measured as a functiome#ffter ip injection of
carotenoids (10 mg kg(-1) day(-1) beta-carotene or lycopema)snThe highest
total plasma concentration was reached 3 and 6 h afigeqgtion of lycopene or
beta-carotene, respectively. After 5 days of caroteneatrtrent, lycopene and
beta-carotene were present in the 0.10-0.51 nmol/g wee tissige in the
prostate. Using a sensitive method to detected 8-oxo-7,8-di&ydr
deoxyguanosine (8-oxodGuo) by HPLC/EC, the level of 8-oxodf® uat
prostate DNA was significantly higher (6.3 +/- 0.6 residu@®) dGuo) 3 h after
Fe-NTA injection compared with control rats (1.7 8/3 residues/10(6) dGuo).
Rats supplemented with lycopene or beta-carotene forSmayr to Fe-NTA
treatment showed a reduction of about 70% in 8-oxodGuo levelsnost control
levels. Compared with control rats, the prostate eNfFé-treated animals
showed a 78% increase in malondialdehyde accumulati@opene or beta-
carotene pre-treatment almost completely preventedid@mage.
Epidemiological studies have suggested a lower risk ofgtesancer in men
reporting a higher consumption of tomato products. How®dedore associating
this effect with tomato sauce constituents, more in&bion is required. The
results described here may contribute to the understandlie protective
effects of carotenoids against iron-induced oxidative stress
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Carcinogenesif2006 Jul;27(7):1410-9. Epub 2006 Jan 9.

Combined antioxidant (beta-carotene, alpha-tocopherol and
ascorbic acid) supplementation increases the levels of lung retinoic
acid and inhibits the activation of mitogen-activated protein kinase
in the ferret lung cancer model.

Kim Y , Chongviriyaphan N, Liu C, Russell RM, Wang XD.

Nutrition and Cancer Biology Laboratory, Jean MayertéthiStates Department
of Agriculture Human Nutrition Research Center on Agahg ufts University,
Boston, MA 02111, USA.

Interactions among beta-carotene (BC), alpha-tocopl@figland ascorbic acid
(AA) led to the hypothesis that using a combination ofdlagioxidants could be
more beneficial than using a single antioxidant aloneicpigarly against smoke-
related lung cancer. In this investigation, we have caeduan animal study to
determine whether combined BC, AT and AA supplementati@X)protects
against 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNKgticed lung
carcinogenesis in smoke-exposed (SM) ferrets. Fermets treated for 6 months
in the following four groups: (i) control, (i) SM + NNKjiii) AOX and (iv) SM +
NNK + AOX. Results showed that the combined AOX suppleatem (i)
prevented the SM + NNK-decreased lung concentratiorstiobic acid (RA)
and BC; (ii) inhibited the SM + NNK-induced phosphorylatafdun N-terminal
kinase (JNK), extracellular-signal-regulated protemake (ERK) and
proliferating cellular nuclear antigen proteins in thegts of ferrets; and (iii)
blocked the SM + NNK-induced up-regulation of total p53 and Baxepratas
well as phosphorylated p53 in the lungs of ferrets. Intiadic there were no
lesions observed in the lung tissue of ferrets irctwrol and/or the AOX groups
after 6 months of intervention, but combined AOX suppleatén resulted in a
trend toward lower incidence of both preneoplastic l@sgphs and lung tumor
formation in SM + NNK + AOX group of ferrets, as compamwith the SM +
NNK group alone. These data indicate that combined AOXIsommtation
could be a useful chemopreventive strategy against lusgogenesis through
maintaining normal tissue levels of RA and inhibiting tbevation of mitogen-
activated protein kinase pathways, cell proliferatioth pinosphorylation of p53.
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Am J Clin Nutr.2006 Jan;83(1):163-9.

Modification of lymphocyte DNA damage by carotenoid
supplementation in postmenopausal women.

Zhao X, Aldini G, Johnson EJ Rasmussen HKraemer K, Woolf H,
Musaeus N Krinsky NI , Russell RM, Yeum KJ.

Jean Mayer USDA-Human Nutrition Research Center gingh Tufts University,
Boston, MA 02111, USA.

BACKGROUND: Oxidative stress has been implicated ingdinogenesis of
chronic diseases related to aging such as cancer andveaitar disease.
Carotenoids could be a part of a protective strategynamiae oxidative damage
in vulnerable populations, such as the elderly. OBJECT™ME aim was to
determine the protective effect of carotenoids against OdiAage. DESIGN: A
randomized, double-blind, placebo-controlled interventiodystvas conducted.
Thirty-seven healthy, nonsmoking postmenopausal women ageéd pere
randomly assigned to 1 of 5 groups and were instructed to cersualaly dose
of mixed carotenoids (beta-carotene, lutein, and lycogeng each), 12 mg of a
single carotenoid (beta-carotene, lutein, or lycopemg)lacebo for 56 d. Plasma
carotenoid concentrations were analyzed by using HPLCyammhocyte DNA
damage was measured by using a single-cell gel electroph@asist) assay.
RESULTS: At day 57, all carotenoid-supplemented groups sheigadicantly
lower endogenous DNA damage than at baseline (P < 0.0&)easthe placebo
group did not show any significant change. Significantlg [gs< 0.05)
endogenous DNA damage was found as early as day 15 inxed aarotenoid
(P < 0.01) and beta-carotene (P < 0.05) groups. CONCLUSIONSresults
indicate that carotenoid supplementation decreases DNAg&and that a
combination of carotenoids (4 mg each of lutein, beta-aaeotend lycopene), an
intake that can be achieved by diet, or a larger dose ¢l®»hmndividual
carotenoids exerts protection against DNA damage.
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Mol Aspects Med2005 Dec;26(6):459-516. Epub 2005 Nov 23.

Carotenoid actions and their relation to health and disease.

Krinsky NI , Johnson EJ

Department of Biochemistry, School of Medicine, Tutsversity, 136 Harrison
Avenue, Boston, MA 02111-1837, USA. norman.krinsky@tufts.edu

Based on extensive epidemiological observation, fantsvegetables that are a
rich source of carotenoids are thought to provide healtéfiteiby decreasing the
risk of various diseases, particularly certain canaatkeye diseases. The
carotenoids that have been most studied in this regattetaecarotene, lycopene,
lutein and zeaxanthin. In part, the beneficial effe¢tsarotenoids are thought to
be due to their role as antioxidants. beta-Carotenehanasy added benefits due its
ability to be converted to vitamin A. Additionally, luteindazeaxanthin may be
protective in eye disease because they absorb damagebgibiuthat enters the
eye. Food sources of these compounds include a variatyitsfdnd vegetables,
although the primary sources of lycopene are tomato anattoproducts.
Additionally, egg yolk is a highly bioavailable source otlatand zeaxanthin.
These carotenoids are available in supplement formeider, intervention trials
with large doses of beta-carotene found an adverse efigbie incidence of lung
cancer in smokers and workers exposed to asbestos. @reiffitacy and safety
of taking supplements containing these nutrients can bendeéasl, current
dietary recommendations of diets high in fruits angletables are advised.
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Oncol Rep2005 Nov;14(5):1385-92.

Identification of carotenoids in ovarian tissue in women.

Czeczuga-Semeniuk EWolczynski S

Department of Gynaecological Endocrinology, Medicalvdrsity of Bialystok,
M. Sklodowskiej-Curie 24A, 15-267 Bialystok, Poland. czeczuga@wp.p

Epidemiological and clinical studies have revealedttamin A and its
derivatives (carotenoids and retinoids) can reduce skeofiovarian tumours and
may have a role in the metabolism of patients wittxiaw cancer. The aim of the
study was identification and quantitative assessmerdrotenoids found in
nature, mainly of provitamin A group, in the tissue mateybtained from
patients with different lesions of the ovaries. Maiiefior analysis was obtained
from 100 women, aged 16-74, operated on for ovarian tumotiie iDepartment
of Gynaecology. Carotenoid pigments were separated cslagin
chromatography, thin-layer chromatography and high-perforentoneid
chromatography. In the tissue material subjected to sisali4 carotenoids were
identified, including provitamin A carotenoids; beta-carofdaga-cryptoxanthin,
echinenone and hydroxyechinenone. alpha-carotene was ndt fauhe whole
group of pathological lesions, the total carotenoid aantas relatively low
(mean 1.717 microg/g tissue) and the mean content of promitamarotenoids
was 17.28%. These results are similar to results dstamthe group of normal
ovarian tissue. In the group of benign mucinous tumours (Ireldg/g tissue)
and tumours in the thecoma-fibroma group (1.328 microg/getjsand
dysgerminoma group (1.279 microg/g tissue), the total carotenatent was
lower. Only in the endometriosis group was this value highd85 microg/g
tissue). Epoxy carotenoids; lutein epoxide, violaxanthin amhtoxanthin were
predominant (in %). lIrrespective of histological clasestfion, beta-carotene, beta-
cryptoxanthin, lutein, lutein epoxide, violaxanthin and mutatdkin were
identified in all tissue examined. Antheraxanthin wasaisal in all tissue except
for normal ovarian tissue, serous malignant and mucibhengn and malignant
tumours, endometrioid malignant tumours, dermoid cysts, cdupeism cysts
and simple cysts. Hydroxyechinenone was isolated sporigdiCally in one case
was capsanthin isolated. Carotenoids act as chemopreagents, irrespective
of whether they are finally transformed into vitaminakd may represent a
potentially powerful alternative to present chemotherapapiproaches to the
treatment of ovarian cancer.
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Biochim Biophys Acta2005 May 30;1740(2):206-14. Epub 2005 Feb 5.

The effect of beta-carotene and its derivatives on cytotoxicity,
differentiation, proliferative potential and apoptosis on the three
human acute leukemia cell lines: U-937, HL-60 and TF-1.

Sacha T Zawada M, Hartwich J, Lach Z, Polus A Szostek M Zdzi Owska
E, Libura M, Bodzioch M, Dembinska-Kieé¢ A, Skotnicki AB, Géralczyk R,
Wertz K, Riss G Moele C, Langmann T, Schmitz G.

Chair and Department of Haematology, Jagiellonian Uniyekéedical College,
ul. Kopernika 17, 31-501 Cracow, Poland. mmsacha@cyf-kr.edu.pl

The influence of beta-carotene (BC) and its derivativedifferentiation,
proliferation and apoptosis in three human acute leukeeafidines was studied.
We investigated: (i) the cellular uptake of BC, (ii) tlygotoxicity, (iii) the effect
on cell cycle progression and/or apoptosis. The doskti@e-dependent pattern
of cellular BC uptake in all studied cell lines was s&¥r.did not observe any
cytotoxic effect of BC and ATRA in the chosen concatibns. There was only
limited effect of BC on gene expression. The microgramalysis of U-937 cell
line exposed to BC for 72 h showed an increased expredsxXogene. This
finding was confirmed by real-time Q-PCR analysis, and supgdry a flow
cytometry apoptosis tests. We did not observe anyenfla of studied
components on cellular proliferation. The inductiomiffierentiation after
incubation with ATRA in HL-60 cells was noted. The indantof cellular
apoptosis by BC was seen in all studied cell lines. Waodstrated that BC used
in the concentrations achievable in vivo does not affecproliferation and
differentiation process of the studied leukemic cell liteess can influence and
enhance the apoptosis by modulating the expression oéghétory genes.
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Eur J Cancer2007 Nov;43(17):2590-601. Epub 2007 Oct 1.

beta-Carotene induces apoptosis and up-regulates peroxisome
proliferator-activated receptor gamma expression and reactive
oxygen species production in MCF-7 cancer cells.

Cui Y, Lu Z, Bai L, Shi Z, Zzhao WE, Zhao B.

Chemical Engineering College, Zhengzhou University, No. 1@n&e Road,
Zhengzhou, 450001, People's Republic of China.

Although the pharmacological role of beta-carotenééngrevention and
treatment of many cancer cells has received increatmgtian, the molecular
mechanisms underlying such chemopreventive activity areleat. Since
peroxisome proliferator-activated receptor gamma (PPAR-ggrhas been
implicated in regulating breast cancer cell differatmin and apoptosis, the
effects of beta-carotene on the PPAR-gamma-mediatad/ggtand its
association with reactive oxygen species production ifrMCells were
investigated in the present study. The results demonsttatedeta-carotene
significantly increased PPAR-gamma mRNA and protein lenetisne-
dependent manner. In addition, beta-carotene increasegdimedependent
kinase inhibitor p21(WAF1/CIP1) expression and decreased tiseapoid
synthesis rate-limiting enzyme cyclooxygenase-2 expres2ighloro-5-nitro-N-
phenylbenzamide (GW9662), an irreversible PPAR-gamma antguenidy
attenuated the cell death caused by beta-carotene. Fuethetiye oxygen species
(ROS) production was induced by beta-carotene, resultimgtathondrial
dysfunction and cytochrome C release. Reduced glutatfi@&el) treatment
decreases the intracellular ROS and prevents cytoeh@melease and cell
apoptosis induced by beta-carotene. In total, these @bgery suggest that the
synergistic effect of PPAR-gamma expression and ROS piodunay account
for beta-carotene-mediated anticancer activities.

Publication Types:

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

PMID: 17911009 [PubMed - indexed for MEDLINE]

Beta Carotene as a Chemopreventative

205



J Nutr Biochem2007 Oct;18(10):667-75. Epub 2007 Mar 21.

Carotenoids suppress proliferating cell nuclear antigen and cyclin
D1 expression in oral carcinogenic models.

Cheng HC, Chien H, Liao CH, Yanqg YY, Huang SY.

Orthodontic Department, Taipei Medical University HoabiTaipei Medical
University, Taipei 110, Taiwan.

The purpose of this study was to investigate the chemopreyeftect of
carotenoids on proliferating cell nuclear antigen (PCBAd cyclin D(1)
expression in betel (Areca catechu) quid extract (BiQ&i)eed hamster oral
cancer and human KB cell models, respectively. In thévm animal study, 41
hamsters were divided into six groups and treated with 0§ tb% 9,10-
dimethyl-1,2-benz[a]-anthracene, BQE, alpha-tocopheeth-barotene,
lycopene, lutein and mixed carotenoids for 12 weeks. Afeatinent, the pouches
were excised and graded using an immunohistochemical asB&NA. In the in
vitro cell experiment, KB cells were cultured, and thighitory effect of
carotenoids (beta-carotene, lycopene and lutein) on cdiflgpation was
evaluated. Cyclin D(1) and PCNA were evaluated in teriheglbdifferentiation.

In the results, most of the animal lesions showed rosxypression of PCNA.
However, in dysplastic lesions, PCNA expressions bybta-carotene, lutein,
lycopene, mixed and vitamin E groups were less than thiaeafontrol group. In
papilloma lesions, PCNA expressions by the beta-cagptaixed and vitamin E
groups were less severe than that of the control groupARRpression by the
vitamin E-treated group was less severe than that aioiol group. No
carcinoma was found in the lycopene or mixed groups. Inghetudy, all
carotenoids exerted a significant inhibitory effect on K proliferation.
Although lycopene suppressed KB cell proliferation at tf@)/G(1) phase with a
significant decrease in PCNA expression, beta-car@eddutein possessed less
of an inhibitory effect and even exhibited elevated cellifgration at the G(2)/M
phase. These results indicate that different carotepoet®nt various suppressive
abilities against PCNA and cyclin D(1) expressions inmaliferation. In
conclusion, carotenoids suppressed the carcinogenesis odéthbdamster oral
cancer and a cancer cell line by acting as a suppressdr iwhibited the
expressions of PCNA and cyclin D(1).
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Int J Cancer2009 Jun 15;124(12):2929-37.
Dietary carotenoids and the risk of invasive breast cancer.

Mignone LI, Giovannucci E, Newcomb PA Titus-Ernstoff L , Trentham-
Dietz A, Hampton JM, Willett WC , Egan KM.

Department of Epidemiology, Harvard School of Public lHe#8oston, MA
02115, USA. Imignone@hsph.harvard.edu

Certain classes of vitamins and nutrients found in fiaid vegetables have been
of particular interest in relation to cancer prevemtiowing to their potential
anticarcinogenic properties. We examined the associagitmeen certain fruits,
vegetables, carotenoids, and vitamin A and breast caskanm large
population-based case-control study of women residingeiistates of
Massachusetts, New Hampshire and Wisconsin. The studgomasrised of
5,707 women with incident invasive breast cancer (2,363 prgraesal women
and 3,516 postmenopausal women) and 6,389 population contt®4 (2,
premenopausal women and 3,516 postmenopausal women). terareim,
women were asked about their intake of carotenoid natsfand vegetables 5
years prior to a referent date. An inverse associatisereed among
premenopausal women was for high levels of vitamin A:(@B2, 95% CI: 0.68-
0.98, p for trend = 0.01), beta-carotene (OR: 0.81, 95% CI 0930 .for trend =
0.009), alpha-carotene (OR: 0.82, 95% CI: 0.68-0.98, p fod tre07) and
lutein/zeaxanthin (OR: 0.83, 95% CI 0.68-0.99, p for trend =)0ARinverse
association was not observed among postmenopausal wAmeng
premenopausal women who reported ever smoking, theatts were stronger
than among never smokers, although tests for interaat@we not statistically
significant. Results from this study are comparable toipus prospective
studies, and suggest that a high consumption of carotenailseauce the risk of
premenopausal but not postmenopausal breast cancer, paltiamhong
smokers. Copyright 2008 UICC.
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Cancer Causes Contr@009 Jul;20(5):699-711. Epub 2008 Dec 16.

Antioxidant vitamins and the risk of endometrial cancer: a dose-
response meta-analysis.

Bandera EV, Gitkins DM , Moore DF, McCullough ML , Kushi LH .

The Cancer Institute of New Jersey, Robert Wood Johkkeastical School, 195
Little Albany St, New Brunswick, NJ 08903, USA. elisa.ban@uandnj.edu

Antioxidant vitamins may reduce cancer risk by limiting oxiaiDNA damage.
To summarize and quantify the current epidemiologic evidehe@ association
between antioxidant vitamin intake and endometrial cameeiconducted a
systematic literature review and meta-analysis. Onertaind 12 case-control
studies presenting relevant risk estimates were idehbffeconducting
bibliographical searches through June 2008. Dose-response maBtses were
conducted for beta-carotene, vitamin C, and vitamin E fimod sources. Intake
from supplements was not considered in the meta-asabhgszause of the few
studies that reported relevant information. Based on caseet data, the
random-effects summary odds ratios (OR) were, for-batatene: 0.88 (95% CI.
0.79-0.98) per 1,000 mcg/1,000 kcal (12: 77.7%; p < 0.01); for vitamin85:
(95% CI: 0.73-0.98) per 50 mg/1,000 kcal (12: 66.1%; p < 0.01); andjtéomin
E: 0.91 (95% CI: 0.84-0.99) per 5 mg/1,000 kcal (12: 0.0%; p: 0.4%pritrast,
the only prospective study identified provided little indima of an association.
Although the current case-control data suggest an inveles@®nship of
endometrial cancer risk with dietary intakes of betestene, vitamin C, and
vitamin E from food sources, additional studies are regarticularly cohort
studies, to confirm an association.
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Ann Oncol.2009 Jan;20(1):160-5. Epub 2008 Jul 31.

Dietary intake of selected micronutrients and gastric cancer riskan
Italian case-control study.

Pelucchi C Tramacere |, Bertuccio P, Tavani A, Negri E, La Vecchia C

Istituto di Ricerche Farmacologiche Mario Negri, Mildéa)y.
pelucchi@marionegri.it

BACKGROUND: A high consumption of non-starchy vegetalaleg fruits likely
decreases the risk of gastric cancer, but no specifiditcearg of plant foods has
been consistently identified to explain this assoat®ATIENTS AND
METHODS: We considered several micronutrients and ralsen an Italian
case-control study conducted between 1997 and 2007, including 230 patith
incident, histologically confirmed gastric cancer and 54 cheat controls,
admitted with acute conditions. Micronutrients computati@s based on a
validated and reproducible food frequency questionnaire, throutjhlam food
composition database. We estimated odds ratios (ORg) cemitional logistic
regression, adjusted for energy intake and selectediategarRESULTS: We
found decreased ORs for the highest versus lowest quartilamin E
(OR=0.50), alpha-carotene (OR=0.52) and beta-carotene (OR#ad).
Gastric cancer was directly associated with sodiuitin, ORs of 2.22 for the
second, 2.56 for the third and 2.46 for the fourth quartilatake. No significant
relation emerged with iron, calcium, potassium, zuitamin C, thiamin,
riboflavin, niacin, vitamin B6, folate, vitamin D, retinddeta-cryptoxanthin,
lycopene and lutein plus zeaxanthin. CONCLUSIONS: Our sigtport a
favourable effect on gastric cancer of vitamin E andcsedecarotenoids and a
detrimental effect of sodium even at intermediateleof intake.
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Carcinogenesi2008 May;29(5):1042-8. Epub 2008 Mar 13.

Plasma levels of carotenoids, retinol and tocopherol and the risk of

gastric cancer in Japan: a nested case-control study.
Persson G Sasazuki SInoue M, Kurahashi N, Iwasaki M, Miura T, Ye W, Tsugane $
JPHC Study Group.Collaborators (100).

Epidemiology and Prevention Division, Research Cente€Cancer Prevention
and Screening, National Cancer Center, 5-1-1 Tsukijiiocku 104-0045, Tokyo,
Japan.

Fruits and vegetables have been suggested to confer protegimst diseases
such as cancer through the effects of antioxidantsn eépresented by
carotenoids. We investigated the impact of carotenoitiapt@nd tocopherol on
gastric cancer development in a large nested caseststitdy among Japanese
with known Helicobacter pylori infection status. A totdl36 745 subjects aged
40-69 in the Japan Public Health Center-based Prospective \8todesponded
to the baseline questionnaire and provided blood samples in 1990-28895 w
followed until 2004. Plasma levels of carotenoids in 511 gasamcer cases and
511 matched controls were measured by high-performance liquid
chromatography. Odds ratios (ORs) and their correspo@sgconfidence
intervals (ClIs) were estimated using conditional logiegression models.
Plasma level of beta-carotene was inversely assdordth the risk of gastric
cancer (compared with the lowest quartile: OR = 0.63, 95% @81-0.75; OR =
0.48, 95% CIl = 0.31-0.75 and OR = 0.46, 95% CI = 0.28-0.75, for qu2rtd
and 4, respectively, P(trend) < 0.01). Inverse assong@ti@re evident in men for
alpha-carotene (P(trend) = 0.04) and beta-carotenef@]tx 0.01), but not in
women, who had relatively higher plasma levels congasth men. We found
no statistically significant association betweerspla levels of lutein/zeaxanthin,
lycopene, retinol, alpha- or gamma-tocopherol and igasincer risk. Our
findings suggest that those who have very low plasredef alpha-carotene
and beta-carotene are at a higher risk of gastric cancer.
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Urology. 2008 Sep;72(3):633-7. Epub 2008 Feb 15.

The Men's Eating and Living (MEAL) study: a Cancer and
Leukemia Group B pilot trial of dietary intervention for the
treatment of prostate cancer.

Parsons JK Newman V, Mohler JL , Pierce JP Paskett E Marshall J;
Cancer and Leukemia Group B

Moores Cancer Center, University of California-SangdieLa Jolla, California,
USA. jkparsons@ucsd.edu

OBJECTIVES: To evaluate the feasibility of implemagta diet-based
intervention in men with prostate cancer. METHOD8veéhty-four men aged 50
to 80 years with biopsy-proven adenocarcinoma of the giestere randomized
to receive either telephone-based dietary counselinguodardized, written
nutritional information. Telephone dietary counseliagyets included increased
intakes of vegetables (particularly cruciferous vegetadmelstomato products),
whole grains, and beans/legumes. Dietary intakes anch@learotenoid levels
were assessed at baseline and at 6 months' follow-UpURES: In the
intervention arm, mean daily intakes of total vegetaldagifers, tomato
products, and beans/legumes increased by 76%, 143%, 292%, and 95%,
respectively, whereas fat intake decreased by 12% (P = (hQBg control arm,
there were no significant changes in mean intakéstalffvegetables, tomato
products, crucifers, beans/legumes, or fat. Similarlyhénintervention arm, mean
plasma levels of alpha-carotene, beta-carotene, luyeopene, and total
carotenoids increased by 33%, 36%, 19%, 30%, and 26%, respe(®ivay05).
In the control arm, there were no significant changeplasma levels of alpha- or
beta-carotene, lutein, lycopene, or total carotenoi@NCLUSIONS:
Telephone-based dietary counseling increases vegetédite i decreases fat
intake, and significantly increases plasma levels admg@tlly anticarcinogenic
carotenoids in men with prostate cancer. These data suppdeasibility of
implementing clinical trials of dietary interventiaommen with prostate cancer.
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J Biochem Mol Biol.2007 Nov 30;40(6):1009-15.

Cell cycle regulation and induction of apoptosis by beta-carotene in
U937 and HL-60 leukemia cells.

Upadhyaya KR, Radha KS, Madhyastha HK.

Department of Applied Physiology, Faculty of Medicineérsity of Miyazaki,
Miyazaki, Japan.

In this communication, we report the efficacy of bed@stene towards
differentiation and apoptosis of leukemia cells. D&ErficroM) and time
dependence (12 h) tests of beta- carotene showed a higgeitude of decrease
(significance p < 0.05) in cell numbers and cell viabilityHL-60 cells than U937
cells but not normal cell like Peripheral blood monorarcéell (PBMC).
Microscopical observation of beta-carotene treated satbwed a distinct pattern
of morphological abnormalities with inclusion of apoptdiodies in both
leukemia cell lines. When cells were treated with 20 eNtof beta-carotene,
total genomic DNA showed a fragmentation pattern andottiern was clear in
HL-60 than U937 cells. Both the cell lines, on treatmwttt beta- carotene,
showed a clear shift in G(1) phase of the cell cycladdition the study also
revealed anti-oxidant properties of beta-carotene simge thas reduction in
relative fluorescent when treated than the contrtdva@er concentration.
Collectively this study shows the dual phenomenon of asigpand
differentiation of leukemia cells on treatment wiettdp-carotene.
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Br J Nutr.2007 Oct;98 Suppl 1:S127-32.
Nutrition and immunity in cancer.

Valdés-Ramos R Benitez-Arciniega AD

Facultad de Medicina, Universidad Autonoma del Estado de bledésus
Carranza esg. Paseo Tollocan, Col. Moderna de la Tolirza, Estado de
México, 50180, Mexico. rycramos@uaemex.mx

The purpose of this article is to give a general overviethegffects of nutrition
on the development of cancer as well as part ofrapleetic approach. There is
much evidence that diet and lifestyle can alter theaislancer development as is
the case for many other chronic diseases. This maydbegh a direct action on
the immune system, either by enhancing or suppressingwilbas on the
development of the tumour itself, by modulating gene espar by
antioxidant activity. Protective effects can be achidweddequate intakes of
vitamins A and C, beta-carotene, selenium and n-3 faitis @mong others,
while negative effects are found mainly with high intak€s-6 and saturated
fatty acids. Weight gain, obesity and lack of regularsptaf activity have also
been associated with an increased risk of cancer. Dtecpive effects are best
observed when adequate diet and lifestyle are presenhéog#/ith respect to the
therapeutic role of nutrition in cancer, it has beeseoked that the use of pre- or
post-operative enteral or parenteral nutrition may impraatients' survival rates
and quality of life; however, more research is needeldisrparticular area.
Breast, colon, rectum, prostate, stomach and lundharg/pes of cancer most
commonly associated with diet or dietary components.
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J Cancer Res The2006 Jan-Mar;2(1):24-7.

Brain tumor and role of beta-carotene, a-tocopherol, superoxide
dismutase and glutathione peroxidase.

Aggarwal S, Subberwal M, Kumar S, Sharma M.

Department of Biochemistry, Maulana Azad Medical €gdl, New Delhi, India.

The erythrocyte levels of the antioxidant enzymes S@MDG@Px, and serum
levels of antioxidants vitamins beta-carotene and betsptwrol were estimated
in various types of brain tumors, and were comparedtiwihevels in controls.
Statistically significant (P<.001) diminished levels ofebearotene, beta-
tocopherol, SOD and GPx, were observed in all the buanor patients as
compared to controls. Malignant tumor also showed #&veldecrease in
antioxidant levels as compared to benign tumors. Companisbistopathological
sections of brain tumors also suggested a inverseomredaip between antioxidant
level and grades of malignancy. Marked decrease in ardioixldvels may have a
role in genesis of considerable oxidative stress in buamors. Furthermore, the
degree of decline in antioxidant levels may indicate sgvefimalignancy in
brain tumors.
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Eur J Cancer2007 Nov;43(17):2590-601. Epub 2007 Oct 1.

beta-Carotene induces apoptosis and up-regulates peroxisome
proliferator-activated receptor gamma expression and reactive
oxygen species production in MCF-7 cancer cells.

Cui Y, Lu Z, Bai L, Shi Z, Zzhao WE, Zhao B.

Chemical Engineering College, Zhengzhou University, No. 1@n&e Road,
Zhengzhou, 450001, People's Republic of China.

Although the pharmacological role of beta-carotenééngrevention and
treatment of many cancer cells has received increatmgtian, the molecular
mechanisms underlying such chemopreventive activity areleat. Since
peroxisome proliferator-activated receptor gamma (PPAR-ggrhas been
implicated in regulating breast cancer cell differatmin and apoptosis, the
effects of beta-carotene on the PPAR-gamma-mediatad/ggtand its
association with reactive oxygen species production ifrMCells were
investigated in the present study. The results demonsttatedeta-carotene
significantly increased PPAR-gamma mRNA and protein lenetisne-
dependent manner. In addition, beta-carotene increasegdimedependent
kinase inhibitor p21(WAF1/CIP1) expression and decreased tiseapoid
synthesis rate-limiting enzyme cyclooxygenase-2 expres2ighloro-5-nitro-N-
phenylbenzamide (GW9662), an irreversible PPAR-gamma antguenidy
attenuated the cell death caused by beta-carotene. Fuethetiye oxygen species
(ROS) production was induced by beta-carotene, resultimgtathondrial
dysfunction and cytochrome C release. Reduced glutatfi@&el) treatment
decreases the intracellular ROS and prevents cytoeh@melease and cell
apoptosis induced by beta-carotene. In total, these @bgery suggest that the
synergistic effect of PPAR-gamma expression and ROS piodunay account
for beta-carotene-mediated anticancer activities.
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Integr Cancer The007 Sep;6(3):258-70.

Beta-carotene inhibits tumor-specific angiogenesis by altering the
cytokine profile and inhibits the nuclear translocation of
transcription factors in B16F-10 melanoma cells.

Guruvayoorappan C, Kuttan G.

Department of Immunology, Amala Cancer Researchr€gAtnala Nagar,
Kerala State, India.

Angiogenesis is the formation of new blood vesselbthe preexisting vascular
network and involves a sequence of events that are afriyrtance in a broad
array of physiological and pathological processes. Toetrof tumor and
metastasis are dependent on the formation of new bleggkis. The present
study therefore aims at evaluating the antiangiogefectedf beta-carotene using
in vivo and in vitro models. Male C57BL/6 mice as welBd$6F-10 cells were
used for the experimental study. The in vivo study incladesnhibitory effect of
beta-carotene on the formation of tumor-directed k. Rat aortic ring assay,
human umbilical vein endothelial cell proliferation gnmation, and tube formation
are used for assessing the in vitro antiangiogenic effdmta-carotene. The
differential regulation of proinflammatory cytokinesvasll as the inhibitory
effect of beta-carotene on the activation and nu¢teaslocation of transcription
factors are also assessed. Beta-carotene treatmeificaintly reduces the
number of tumor-directed capillaries accompanied by altsgadn cytokine
levels. Beta-carotene is able to inhibit proliferationgnaion, and tube formation
of endothelial cells. Beta-carotene treatment downeggsiithe expression of
matrix metalloproteinase (MMP)-2, MMP-9, prolyl hydroxylaaad lysyl

oxidase gene expression and upregulates the expressiosuefitikibitor of
metalloproteinase (TIMP)-1 and TIMP-2. The study revdals beta-carotene
treatment could alter proinflammatory cytokine productiosh @wuld inhibit the
activation and nuclear translocation of p65, p50, c-Ralsitdof nuclear factor-
kappa B, and other transcription factors such as c-ftisated transcription
factor-2, and cyclic adenosine monophosphate responsentibmding protein

in B16F-10 melanoma cells. These observations shovbétat-carotene exerts
its antiangiogenic effect by altering the cytokine praditel could inhibit the
activation and nuclear translocation of transcripfamtors.
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Beta Carotene and Eye Health

Public Health Nutr2002 Apr;5(2):347-52.

The intake of carotenoids in an older Australian population: The
Blue Mountains Eye Study.

Manzi F, Flood V, Webb K, Mitchell P.

University of Sydney, Department of Public Health & ComityaMedicine,
Westmead Hospital, Australia.

OBJECTIVE: To describe the distribution of carotenotckes and important
food sources of carotenoids in the diet of a represeataopulation of older
Australians. DESIGN: Population-based cohort study. BNG: Two post-code
areas in the Blue Mountains, west of Sydney, Austr&UBJECTS: We studied
2012 (86%) of the 2334 participants aged 55+ years attending tlee ®ijew-
up of the cross-sectional Blue Mountains Eye Study (BMB&D completed a
detailed semi-quantitative food-frequency questionnaire.ifithkes for five
carotenoids were studied: alpha-carotene, beta-carotaectyptoxanthin,
lutein and zeaxanthin combined, and lycopene. RESULTSmEam intake per
day for each carotenoid was: alpha-carotene, 2675 micetgchrotene
equivalents, 7301 microg; beta-cryptoxanthin, 299 microg; l@ethzeaxanthin,
914 microg; lycopene, 3741 microg; retinol, 653 microg; total vittady) 1872
microg retinol equivalents. beta-Carotene equivalem$ribute a substantial
proportion of total vitamin A intake (65%) in this populati®omen had slightly
higher intakes than men for alpha-carotene, beta-careigunvalents, and lutein
and zeaxanthin (P < 0.05). Carrots and pumpkin were theaoainbutors to
alpha-carotene and beta-carotene equivalent intakesg®jace, oranges and
papaw were the main contributors to beta-cryptoxanthaké&tBroccoli, green
beans and oranges contributed substantially to luteinemdmnthin intake. The
main contributors to lycopene intake were tomatoes ataybaise sauce.
CONCLUSIONS: Vitamin A intake in this population is higHative to the
Australian Recommended Dietary Intake. Carotenoid istgbarticularly beta-
carotene, make a substantial contribution, particufesiy fruit and vegetables.
This study provides important information as a basisanmening associations
between dietary carotenoid intake and eye disease BNES.
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Am J Clin Nutr.2008 Jun;87(6):1899-905.

Antioxidant nutrient intake and the long-term incidence of age-
related cataract: the Blue Mountains Eye Study.

Tan AG, Mitchell P, Flood VM, Burlutsky G, Rochtchina E, Cumming RG,
Wang JJ.

Department of Ophthalmology, Centre for Vision ReskaWwestmead
Millennium Institute, University of Sydney, Sydney, NS¥stralia.

BACKGROUND: Oxidative stress has been implicated inreatagenesis. Long-
term intake of antioxidants may offer protection agaiathract. OBJECTIVE:
We investigated relations between antioxidant nutrigakes measured at
baseline and the 10-y incidence of age-related catara@l@NE During 1992-
1994, 3654 persons aged >0r=49 y attended baseline examinatibedBhie
Mountains Eye Study (82.4% response). Of these persons, 248%{67
participants were followed >or=1 time after the basedix@minations (at either 5
or 10 y). At each examination, lens photography was peed and
guestionnaires were administered, including a 145-item semitaiaet food-
frequency questionnaire. Antioxidants, including beta-casteinc, and
vitamins A, C, and E, were assessed. Cataract wasedsgseach examination
from lens photographs with the use of the Wisconsitatact Grading System.
Nuclear cataract was defined for opacity greater thamatd 3. Cortical cataract
was defined as cortical opacity >or= 5% of the total lmes, and posterior
subcapsular (PSC) cataract was defined as the preseseg sfch opacity.
RESULTS: Participants with the highest quintile of taéhke (diet +
supplements) of vitamin C had a reduced risk of incidenieaundataract
[adjusted odds ratio (OR): 0.55; 95% CI: 0.36, 0.86]. An abuogdian intake of
combined antioxidants (vitamins C and E, beta-caroteneziaopwas associated
with a reduced risk of incident nuclear cataract (OR: ®5% CI: 0.34, 0.76).
Antioxidant intake was not associated with incident calioc PSC cataract.
CONCLUSION: Higher intakes of vitamin C or the combineatéke of
antioxidants had long-term protective associations agd@v&lopment of nuclear
cataract in this older population.
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Eye. 2008 Jun;22(6):751-60. Epub 2008 Apr 18.

Antioxidant supplements to prevent or slow down the progression of
AMD: a systematic review and meta-analysis.

Evans J

International Centre for Eye Health, London Schodligfiene and Tropical
Medicine (LSHTM), London, UK. jennifer.evans@Ishtm.ac.uk

INTRODUCTION: The aim of this review was to examine #vidence as to
whether antioxidant vitamin or mineral supplements pretrendevelopment of
AMD or slow down its progression. METHODS: Randomisgals comparing
antioxidant vitamin and/or mineral supplement to controbeweentified by
systematic electronic searches (updated August 2007) andtcorita
investigators. Data were pooled after investigating cliracal statistical
heterogeneity. RESULTS: There was no evidence thabaahnt (vitamin E or
beta-carotene) supplementation prevented AMD. A totaBdd99 people were
randomised in three trials with treatment duration-@P4years; pooled risk
ratio=1.03 (95% Cl, 0.74-1.43). There was evidence that antiaix{data-
carotene, vitamin C, and vitamin E) and zinc supplementatoywed down the
progression to advanced AMD and visual acuity loss in pewph signs of the
disease (adjusted odds ratio=0.68, 95% CI, 0.53-0.87 and 0.77, 996 Z|
0.96, respectively). The majority of people were randedia one trial (AREDS,
3640 people randomised). There were seven other smalltotdsrandomised
525). CONCLUSIONS: Current evidence does not support the usiokidant
vitamin supplements to prevent AMD. People with AMD, atyesigns of the
disease, may experience some benefit from taking suepks as used in the
AREDS trial. Potential harms of high-dose antioxidampe mentation must be
considered. These may include an increased risk of lurepcansmokers (beta-
carotene), heart failure in people with vascular disea diabetes (vitamin E) and
hospitalisation for genitourinary conditions (zinc).
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Invest Ophthalmol Vis ScR008 Aug;49(8):3328-35. Epub 2008 Apr 17.

Blood levels of vitamin C, carotenoids and retinol are inversely
associated with cataract in a North Indian population.

Dherani M, Murthy GV , Gupta SK, Young IS, Maraini G , Camparini M ,
Price GM, John N, Chakravarthy U, Fletcher AE.

Department of Epidemiology and Population Health, LonSidmool of Hygiene
and Tropical Medicine, London, United Kingdom.

PURPOSE: To examine the association of blood antioxsdaith cataract.
METHODS: Cross-sectional study of people aged >or=5&ydantified from a
household enumeration of 11 randomly sampled villages rthNiedia.
Participants were interviewed for putative risk fact@odacco, alcohol, biomass
fuel use, sunlight exposure, and socioeconomic status)ratetwent lens
photography and blood sampling. Lens photographs (nuclear atoancl
posterior subcapsular) were graded according to the Lensti@pa&tiassification
System (LOCS Il). Cataract was defined as LOCS |l graxde?2 for any opacity
or ungradable, because of dense opacification or histagtafact surgery.
People without cataract were defined as LOCS Il <2 otk types of opacity,
with absence of previous surgery. RESULTS: Of 1443 people age®® years,
94% were interviewed, 87% attended an eye examination, and 7&%& ¢pood
sample; 1112 (77%) were included in the analyses. Comparedewls in
Western populations, antioxidants were low, especialamin C. Vitamin C was
inversely associated with cataract. Odds ratios (ORhfhighest (>or=15
micromol/L) compared with the lowest (<or=6.3 microtpkertile were 0.64,
(95% confidence interval [CI] 0.48-0.85; P < 0.01). Tertdégeaxanthin (P <
0.03), alpha-carotene (P < 0.05), and retinol (P < 0.0 associated with
decreased odds of cataract. In analysis of continuoussiigiéicant inverse
associations were found for vitamin C, zeaxanthin, lutga@pene, alpha- and
beta-carotene, and beta-cryptoxanthin, but not for alphgamma-tocopherol.
CONCLUSIONS: Inverse associations were found betweagsract and blood
antioxidants in an antioxidant-depleted study sample.
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Clin Nutr. 2008 Jun;27(3):464-72. Epub 2008 Mar 14.

Dietary and nutritional biomarkers of lens degeneration, oxidative
stress and micronutrient inadequacies in Indian cataract patients.

Tarwadi KV , Chiplonkar SA, Agte V.

Biometry and Nutrition, Agharkar Research Institute, GAGarkar Road, Pune
411004, India.

BACKGROUND & AIMS: Habitual food and nutrient intakes 40 Indian
cataract patients and 100 age- and sex-matched controls ¢g@48p, from high
income group and low income groups, were assessed. METH&08:intake
was recorded by food frequency questionnaire and data wearareed for
linkages with blood/lens parameters of oxidative stressigfr@a case-control
study. RESULTS: Intake of animal foods and fried snacks significantly
higher while vegetables, green leafy vegetables, fratatel micronutrient
intakes were lower in patients than in controls (p<0.004ns oxidative stress
and opacity showed a significant negative associatitnfwiit intake (p<0.05).
Multiple regression analysis indicated associatioimtakes of iron, beta-
carotene, ascorbic acid, tannic acid and inositol pentaphtspvith plasma
oxidative stress (p<0.01) and association of intakes of ascorbic acid and
inositol triphosphate with lens oxidative stress (p<0.@dgighted least square
regression for lens opacity revealed that intakescarag acid, folic acid and
inositol pentaphosphate explained 59.7% of the total vamigp<0.01).
CONCLUSIONS: Dietary deficiency of antioxidant mictanents was greater
for patients than controls. Deficiency of beta-carateseorbic acid, folic acid,
iron, phytate and polyphenols increased oxidative strdsead and lens.
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Orv Hetil. 2007 Dec 2;148(48):2259-68.

[Metabolic therapy for early treatment of age-related nacular degeneration]
[Article in Hungarian]

Fehér J, Kovacs B Kovacs |, Schvéller M, Corrado Balacco G

La Sapienza Tudomanyegyetem, Szemészeti Klinika, Roma.rj@dibero.it

Currently, age-related macular degeneration is onesafitbst common eye
diseases causing severe and permanent loss of visierdiséase is estimated to
affect approximately 300-500 thousand Hungarians. While eadigeatment
was available, in the recent decade an antioxidant thé&egame very popular
using combinations of high dosage antioxidant vitamins ®@etg carotene and
zinc. Based on theoretical concepts and mostly in eiyeriences, this
combination was thought to be effective through neutralimagtive oxygen
species. According to a large clinical trial (AREDS)eitluced progression of
intermediate state disease to advanced state, but ditflnence early disease.
This original combination, due to potential severe sidectdfés not on the
market anymore. However, the efficacy of modified falas has not been proved
yet. Recently, the metabolic therapy, a combinatiooneega-3 fatty acids,
coenzyme Q10 and acetyl-L-carnitine has been introducdtefiting early age-
related macular degeneration through improving mitochondysiudction,
specifically improving lipid metabolism and ATP productiorthe retinal
pigment epithelium, improving photoreceptor turnover andicang generation of
reactive oxygen species. According to a pilot study areh@omized, placebo-
controlled, double blind clinical trial, both central vistiald and visual acuity
slightly improved after 3-6 months of treatment and tieegained unchanged by
the end of the study. The difference was statistiGdjpificant as compared to
the base line or to controls. These functional changes accompanied by an
improvement in fundus alterations: drusen covered dgeeseased significantly as
compared to the base line or to control. Characteai$tj all these changes were
more marked in less affected eyes. A prospective cadg sh long-term
treatment confirmed these observations. With an eioeftat after slight
improvement, visual functions remained stable, drusen igresontinued for
years. Sometimes significant regression of drusen etagifeven in intermediate
and advanced cases. All these findings strongly sugbtsiethe metabolic
therapy may be the first choice for treating ageteelanacular degeneration.
Currently, this is the only combination of ingredientsresponding to the
recommended daily allowance, and at the same time, whimed clinically
proved efficacy.
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Ophthalmic Epidemiol2007 Sep-Oct;14(5):288-98.

Intake of zinc and antioxidant micronutrients and early age-related
maculopathy lesions.

Morris MS , Jacques PEChylack LT, Hankinson SE Willett WC , Hubbard
LD, Taylor A.

Jean Mayer U.S. Department of Agriculture Human NotifResearch Center on
Aging at Tufts University, Boston, Massachusetts 02111, USA.
martha.morris@tufts.edu

BACKGROUND: Macular degeneration, the end stage of atpead
maculopathy (ARM), is the leading cause of legal blindnesridwide, and few
modifiable risk factors are known. The high conceraratf carotenoids in the
macula, plus evidence linking oxidative stress to ARM ardtenoids to
antioxidation, generated the hypothesis that higher adaoxkiintakes can prevent
ARM. Results of observational and intervention stadiave been inconsistent.
OBJECTIVE: To evaluate associations between intakemofand antioxidant
micronutrients and early ARM. METHODS: Between 1993 and 1885/ was
assessed in 398 Boston-area women aged 53-74 y using the \Migsges
related Maculopathy System of grading retinal fundus phopbigral he women
were a subset of the Nurses' Health Study cohort. Mitr@nt intake was
assessed by semi-quantitative food frequency questionading@sistered four
times between 1980 and the baseline eye examinations. IRESSWBfter
multivariate adjustment for potential confounders, 1980gmnadjusted intakes
of alpha-carotene, beta-carotene, lycopene, totabietotal vitamin A, and total
vitamin E were significantly inversely related to thevalence of pigmentary
abnormalities (PA). Furthermore, increasing frequenayoosuming foods high
in alpha-or beta-carotene was associated with lower @fdéa; compared to
women consuming these foods < 5 times/wk, odds ratios (9%%eCe 0.7 (0.3-
1.6) for 5-6 times/wk, 0.6 (0.2-1.3) for 7-9.5 times/wk, and 0.B-Q07)for > or
=10 times/wk. Lutein/zeaxanthin intakes and more receakes of most
carotenoids were unrelated to PA, and intakes of zin@aatioxidant
micronutrients were unrelated to having large or internedieusen alone.
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Mol Biotechnol.2007 Sep;37(1):26-30.

Carotenoids and flavonoids contribute to nutritional protection
against skin damage from sunlight.

Stahl W, Sies H

Institut fur Biochemie und Molekularbiologie I, Heinri¢keine-Universitat
Dusseldorf, Dusseldorf 40001, Germany.

The concept of photoprotection by dietary means is gainingantum. Plant
constituents such as carotenoids and flavonoids arevevat protection against
excess light in plants and contribute to the prevaraidJV damage in humans.
As micronutrients, they are ingested with the diet aeddsstributed into light-
exposed tissues, such as skin or the eye where they psysidenic
photoprotection. beta-Carotene and lycopene prevent UV-iddergghema
formation. Likewise, dietary flavanols exhibit photoproiee. After about 10-12
weeks of dietary intervention, a decrease in the setsitoward UV-induced
erythema was observed in volunteers. Dietary micraanis may contribute to
life-long protection against harmful UV radiation.
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Curr Opin Ophthalmol2007 May;18(3):220-3.

Nutritional supplementation in age-related macular degeneration.

Coleman H, Chew E

Division of Epidemiology and Clinical Research, NatibRye Institute/National
Institutes of Health, Bethesda, Maryland, USA.

PURPOSE OF REVIEW: This review assesses the cur@oisshf the
knowledge of the role of nutrition in age-related macd&generation - a leading
cause of vision loss in the persons with European agc&&ECENT FINDINGS:
We will evaluate the different nutritional factorsddooth observational and
interventional studies used to assess the associatiutrdafon with age-related
macular degeneration. Persons with intermediate fisg@-related macular
degeneration or advanced age-related macular degeneratioa @ye are
recommended to take the formulation proven in the AgetBeélEye Disease
Study (AREDS) to be successful in preventing the developofeadvanced age-
related macular degeneration by 25%. The formulation stsnsf vitamins C, E,
beta-carotene and zinc. In addition, observationalslaggest that high dietary
intake of macular xanthophylls lutein and zeaxanthin sse@ated with a lower
risk of advanced age-related macular degeneration. 8ynilang-chain
polyunsaturated fatty acids derived from fish consummi@nalso associated
with a decreased risk of advanced age-related macular dagener
SUMMARY: Persons with intermediate age-related macidgyeneration or
advanced age-related macular degeneration (neovasculkamtoal geographic
atrophy) in one eye should consider taking the AREDS-$ypplements. Further
evaluation of nutritional factors, specifically, lutaeaxanthin and omega-3 fatty
acids will be tested in a multicenter controlled, randed trial - the Age-Related
Eye Disease Study 2 (AREDS?2).
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Vitam Horm.2007;75:117-30.
Conversion of beta-carotene to retinal pigment.

Biesalski HK, Chichili GR, Frank J, von Lintig J, Nohr D.

Department of Biological Chemistry and Nutrition, Unisigy of Hohenheim
Stuttgart, Germany.

Vitamin A and its active metabolite retinoic acid (RB) play a major role in
development, differentiation, and support of various tisanelsorgans of
numerous species. To assure the supply of target tisstregitamin A, long-
lasting stores are built in the liver from which retinan be transported by a
specific protein to the peripheral tissues to be metadabtia either RA or
reesterified to form intracellular stores. VitamircAnnot be synthesized de novo
by animals and thus has to be taken up from animal foodesaras provitamin
A carotenoids, the latter being converted by centraelge of the molecule to
retinal in the intestine. The recent demonstrationtti@tesponsible beta-
carotene cleaving enzyme beta,beta-carotene 15,15-monooggd&tanol) is
also present in other tissues led to numerous investigatiothe molecular
structure and function of this enzyme in several speriekiding the fruit fly,
chicken, mouse, and also human. Also a second enzyraghddetcarotene-
9',10'-monooxygenase (Bcmo2), which cleaves beta-caroteartdcally to apo-
carotenals has been described. Retinal pigment epitbells were shown to
contain Bcmo1l and to be able to cleave beta-carotemeatihal in vitro, offering
a new pathway for vitamin A production in another tistuantthe intestine,
possibly explaining the more mild vitamin A deficiency symmpsoof two human
siblings lacking the retinol-binding protein for the transpdtepatic vitamin A
to the target tissues. In addition, alternative way®tobat vitamin A deficiency
of specific targets by the supplementation with betateae or even molecular
therapies seem to be the future.
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Br J Nutr.2006 Oct;96(4):643-9.

Protective effects of tomato extract with elevated beta-carotene
levels on oxidative stress in ARPE-19 cells.

Chichili GR, Nohr D, Frank J, Flaccus A Fraser PD, Enfissi EM, Biesalski
HK.

Institute of Biological Chemistry and Nutrition, Univéysof Hohenheim,
Garbenstrasse 30, University of Hohenheim, D-70599 Stuttgarmany.

Epidemiological studies show that dietary products mnctarotenoids delay the
progression of age-related macular degeneration. Expaiahevidence from
cellular studies on the antioxidant actions of carotéai the retinal pigment
epithelium is still, however, fragmentary. The prestndy examined the uptake
and protective potential of dietary carotenoids from toneet the human retinal
pigment epithelial cell line ARPE-19. ARPE-19 cells wmi@ibated in medium
supplemented with tomato extract containing high leveleta-carotene,
lycopene and traces of lutein. The cellular uptake of eaoids was analysed by
reverse-phase HPLC. Oxidative stress was induced dyrteat with 1 mm-
H202. Nitrotyrosine was detected by immunocytochemistig,axidised
proteins (protein carbonyls) were measured by a quantitatil®A method.

Lipid peroxidation was assessed by quantifying thiobarbiturat rezctive
substances. ARPE-19 cells preferentially accumulatedhlated beta-carotene
rather than lycopene. Nitrotyrosine formation was @mrably reduced in cells
incubated with tomato extract compared with contrdlsrdfi202 treatment.
Protein carbonyls were reduced by 30 % (P = 0.015), and ttmation of
thiobarbituric acid-reactive substances was reduced by 14090 .003) in cells
incubated with tomato extract. The present study provigesxtperimental
evidence for protective effects of dietary tomatods inccarotenoids on
oxidative stress in the retinal pigment epithelium.
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Invest Ophthalmol Vis ScR005 Oct;46(10):3562-9.

beta-Carotene conversion into vitamin A in human retinal pigment
epithelial cells.

Chichili GR, Nohr D, Schaffer M, von Lintig J, Biesalski HK.

Institute of Biological Chemistry and Nutrition, Univéysof Hohenheim,
Stuttgart, Germany.

PURPOSE: Vitamin A is essential for vision. The kigpsin the vitamin A
biosynthetic pathway is the oxidative cleavage of betateae into retinal by the
enzyme beta,beta-carotene-15,15-monooxygenase (BCO). Tdusewf the
study was to investigate beta-carotene metabolism anffieittseon BCO
expression in the human retinal pigment epithelial (Rt line D407.
METHODS: BCO mRNA and protein expression were analyzeckalytime
guantitative PCR and Western blot analysis, respecti2€D activity was
assayed in protein extracts isolated from D407 cells.cbhgersion of beta-
carotene to retinoids was determined by measuring retvelslen D407 cells on
beta-carotene supplementation. RESULTS: By RT-PCR, BRDA was
detected in D407 cells, bovine RPE, and retina. Westermbédyses revealed
the presence of BCO at the protein level in D407 cellsgErous beta-carotene
application to D407 cells resulted in a concentration (26@5 microM and 96%
at 5 microM; P < 0.05)- and time (127% at 2 hours and 97%hates in 5
microM beta-carotene, P < 0.05)-dependent upregulatiolCcaf BIRNA
expression. Application of exogenous retinoic acid degwualated BCO mRNA
levels at higher concentrations (1 microM; -96%, PG005) and upregulated it
at a lower concentration (0.01 microM; 399%, P < 0.005).RAR-a-specific
antagonist upregulated BCO expression by sixfold (P < 0.0058{s &
enzymatic activity demonstrated that the mRNA upregulagsalted in
enzymatically active BCO protein (7.3 ng all-trans-rdtmper milligram of
protein). Furthermore, D407 cells took up beta-carotengimeadependent
manner and converted it to retinol. CONCLUSIONS: Tlseilte suggest that
BCO is expressed in the RPE and that beta-caroterigecaretabolized into
retinol. beta-Carotene cleavage in the RPE may baemative pathway that
would ensure the retinoid supply of photoreceptor cells.
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J Histochem Cytochen2005 Nov;53(11):1403-12. Epub 2005 Jun 27.

Cell type-specific expression of beta-carotene 9',10'-monooxygenase
in human tissues.

Lindgvist A, He YG, Andersson S

University of Texas Southwestern Medical Center, Depant of Obstetrics-
Gynecology, F2.106 5323 Harry Hines Blvd., Dallas, TX 75390-9032, USA.

The symmetrically cleaving beta-carotene 15,15-monooxygéB&xsel)
catalyzes the first step in the conversion of provitafcarotenoids to vitamin A
in the mucosa of the small intestine. This enzymése expressed in epithelia in
a variety of extraintestinal tissues. The newly osred beta-carotene 9',10'-
monooxygenase (BCO2) catalyzes asymmetric cleavagaatenoids. To gain
some insight into the physiological role of BCO2, weedmined the expression
pattern of BCO2 mRNA and protein in human tissues. Byumwhistochemical
analysis it was revealed that BCO2 was detected inypels that are known to
express BCOL1, such as epithelial cells in the mucosaalf ;itestine and
stomach, parenchymal cells in liver, Leydig and Sertdls ¢e testis, kidney
tubules, adrenal gland, exocrine pancreas, and retgralepit epithelium and
ciliary body pigment epithelia in the eye. BCO2 wagjuely detected in cardiac
and skeletal muscle cells, prostate and endometrial coma¢issue, and
endocrine pancreas. The finding that the BCO2 enzyme xpasssed in some
tissues and cell types that are not sensitive to vité&naaficiency and where no
BCOL1 has been detected suggests that BCO2 may also besthuobiological
processes other than vitamin A synthesis.

Publication Types:

+ Comparative Study
+ Research Support, N.I.H., Extramural

PMID: 15983114 [PubMed - indexed for MEDLINE]

Beta Carotene and Eye Health

229



Eur J Neurosci2005 Jan;21(1):59-68.

Photoreceptor morphology is severely affected in the beta,beta-
carotene-15,15'-oxygenase (bcox) zebrafish morphant.

Biehlmaier O, Lampert JM, von Lintig J, Kohler K .

Experimental Ophthalmology, University Eye HospitadeRtgenweg 11, 72076
Tuebingen, Germany. konrad.kohler@uni-tuebingen.de

The retinoic acid molecule, a vitamin A derivativepikey importance for eye
and photoreceptor development in vertebrates. Sevachésthave provided
evidence that the ventral part of the retina is paeitususceptible to
impairment in retinoid signalling during the period of ityelepment. In
zebrafish, targeted gene knockdown of beta,beta-carotene-asyf@nase
(bcox), the key enzyme for vitamin A formation, provokdsess of retinoid
signalling during early eye development that results imopitthalmia at larval
stages. Using this model, we analysed the consequenttes fofr the retinal
morphology of the fish larvae in structural detailsir @nalyses revealed that rods
and cones do not express photoreceptor specific proteodofkin, peanut
agglutinin, zprl) in the peripheral retina. The photoregsptothe central retina
showed shortened outer segments, and electron denseidebeir
intermembranal space. The number of phagosomes waasec, and cell death
was frequently observed in the outer nuclear layer. Fumibve, the number of
Muller cells was significantly reduced in the inner nacliyer. Thus, we found
that the lack of retinoid signalling strongly effects tareceptor development in
the ventral and dorsal retina. In addition, shortengdrasegments and cell death
of the remaining photoreceptors in the central retinecatd that there is an
ongoing need for retinoid signalling for photoreceptor intgguitd survival at
later developmental stages.
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Am J Epidemiol2003 Aug 15;158(4):337-46.

Antioxidant intake and primary open-angle glaucoma: a prospective
study.

Kang JH, Pasquale LR Willett W , Rosner B, Egan KM, Faberowski N,
Hankinson SE

Channing Laboratory, Department of Medicine, Harvard Mddichool and
Brigham and Women's Hospital, 181 Longwood Avenue, BosténpRL15,
USA. nhjhk@channing.harvard.edu

The relation between dietary antioxidant intake and pgiropen-angle glaucoma
risk was examined in participants aged over 40 years iNWinges' Health Study
(n =76,200) and the Health Professionals Follow-up Stuey4®284). They
were followed biennially from 1980 and 1986, respectively, to 18@6ing
periods when they received an eye examination. Dietntales were measured
repeatedly from 1980 in the Nurses' Health Study and from 108@ iHealth
Professionals Follow-up Study using validated food frequencytiqueaires.
The authors analyzed 474 self-reported glaucoma caseswedfoy medical
chart review to have primary open-angle glaucoma with Vigld loss. The
authors used Cox proportional hazards models for copedif&c multivariate
analyses, and results were pooled using random effectssndtiel pooled
multivariate rate ratios for primary open-angle glanaacomparing the highest
versus lowest quintile of cumulative updated intake wek@ (95% confidence
interval (Cl): 0.87, 1.58) for alpha-carotene, 1.10 (95%02, 1.48) for beta-
carotene, 0.95 (95% CI: 0.70, 1.29) for beta-cryptoxanthin, @%% (CI: 0.60,
1.12) for lycopene, 0.92 (95% CI: 0.69, 1.24) for lutein/zeaxanthig (95% CI:
0.59, 1.89) for vitamin C, 0.97 (95% CI: 0.62, 1.52) for vitamiauf] 1.11 (95%
Cl: 0.82, 1.51) for vitamin A. In conclusion, the authods mbt observe any
strong associations between antioxidant consumptidnhenrisk of primary
open-angle glaucoma.
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Ophthalmologe2003 Mar;100(3):181-9.

[Antioxidant micronutrients and cataract.Review and

comparison of the AREDS and REACT cataract studies]
[Article in German]

Schalch W, Chylack LT.

Roche Vitamins AG, Basel, Switzerland. wolfgang.sdn@coche.com

Age-related cataract remains the major cause of preéblertthndness
throughout the world. It has long been realized thatodniee important
etiological factors for this disease is oxidative angarticular
photooxidative damage to the lens.Therefore, the antioxidant
micronutrients, vitamins C and E and the carotenoids,riicpéar beta-
carotene, have been discussed as factors that could tedutsk for this
disease. The present article reviews what is known dbheutansport of
these substances to the lens, their accumulatimhtheeir concentrations
in the lens. Furthermore, the available epidemioldditeaiature is briefly
mentioned, but more emphasis has been placed on gtiescand
discussion of major clinical intervention studiesdHy, the design and
results of two of those trials using antioxidant micriients, the Age-
Related Eye Disease Study (AREDS) and the Roche Eurdyearican
Cataract Trial (REACT), are compared.The AREDS ttidlshow a
positive effect only for age-related macular degenerdigamot for
cataract, while the REACT trial demonstrated a smalishatistically
significant deceleration of cataract progression.Thienigaes for
following the course of a cataract in the REACT stugye more
sensitive to subtle changes than those used in the AREDIY, and this
may have been one important factor accounting for fiferelinces.The
authors' detailed comparison of these studies, howswggests that even
more important may have been the fact that in thA&Estudy
intervention started earlier in the disease procésshwgher doses of
vitamins C and E and beta-carotene and consequently wgér flplasma
concentrations of these antioxidant micronutrients RBACT trial
results support the early complementation of a divedsdiet with
supplements containing vitamins C and E and beta-carotenellass
other carotenoids.The authors also believe thar@asonable to include
these micronutrients in the therapeutic armamentaoilgeneral
ophthalmological practice.
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Am J Clin Nutr.2002 Mar;75(3):540-9.

Long-term intake of vitamins and carotenoids and odds of
early age-related cortical and posterior subcapsular lens
opacities.

Taylor A, Jacques PEChylack LT Jr, Hankinson SE Khu PM,
Rogers G Friend J, Tung W, Wolfe JK, Padhye N Willett WC .

Jean Mayer USDA Human Nutrition Research Center @ing Tufts
University, Boston, MA 02111, USA. ataylor@hnrc.tufs.edu

BACKGROUND: Proper nutrition appears to protect againsreats.
Few studies have related nutrition to the odds of devedogortical or
posterior subcapsular (PSC) cataracts. OBJECTIVE: $8esaed the
relation between usual nutrient intakes and age-relartéidad@and PSC
lens opacities. DESIGN: We studied 492 nondiabetic womeah 58;&'3 y
from the Nurses' Health Study cohort who were withoavipusly
diagnosed cataracts. Usual nutrient intake was cadclitet the average
intake from 5 food-frequency questionnaires collected a &$-15-y
period before the eye examination. Duration of vitamjppsement use
was determined from 7 questionnaires collected during this panua.
We defined cortical opacities as grade > or = 0.5 and psbta opacities
as grade > or =0.3 of the Lens Opacities Classificatystes II1.
RESULTS: Some lenses had more than one opacity. Nemutneasure
was related to prevalence of opacities in the full dajrqut significant
interactions were seen between age and vitamin C i(lPake).02) for
odds of cortical opacities and between smoking status &te {® =
0.02), alpha-carotene (P = 0.02), beta-carotene (P = 0.0@biptal
carotenoids (P = 0.02) for odds of PSC opacities. For waged <60 v,
a vitamin C intake > or = 362 mg/d was associated with al6W8r odds
ratio (0.43; 95% CI: 0.2, 0.93) of developing a cortical reettathan was
an intake <140 mg/d, and use of vitamin C supplements fo=>10ry
was associated with a 60% lower odds ratio (0.40; 0.18, 0.8Y s no
vitamin C supplement use. Prevalence of PSC opacitisselated to
total carotenoid intake in women who never smoked (P 5.0.02
CONCLUSIONS: Our results support a role for vitamin @iminishing
the risk of cortical cataracts in women aged <60 y anddootenoids in
diminishing the risk of PSC cataracts in women who heexeer smoked.
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Zeaxanthin and Eye Health

" Clin Dermatol. 2009 Mar-Apr;27(2):195-201.

Lutein and zeaxanthin in eye and skin health.

Roberts RL, Green J, Lewis B.

Kemin Health, LC, 600 E Court Avenue, Suite A, Des Msjnié 50309-2058,
USA. richard.roberts@kemin.com

Less than 20 of the hundreds of carotenoids found in natar@und in the
human body. These carotenoids are present in thefbmaythe foods or dietary
supplements that humans consume. The body does no¢sigetbthem. Among
the carotenoids present in the body, only lutein ancbhkxistent isomer,
zeaxanthin, are found in that portion of the eye wheght is focused by the lens,
namely, the macula lutea. Numerous studies have sh@wiutein and
zeaxanthin may provide significant protection against tterpial damage
caused by light striking this portion of the retina. In¢lye, lutein and zeaxanthin
have been shown to filter high-energy wavelengths dfleisight and act as
antioxidants to protect against the formation of reacixygen species and
subsequent free radicals. Human studies have demonstratéat¢in and
zeaxanthin are present in the skin, and animal studies provided evidence of
significant efficacy against light-induced skin damage, @aflg the ultraviolet
wavelengths. Little was known about the protective edfe€these carotenoids in
human skin until recently. This article reviews thestific literature pertaining
to the effects that lutein and zeaxanthin exhibit inhinman eye and skin.
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Curr Eye Res2009 Apr;34(4):311-8.

Zeaxanthin, a retinal carotenoid, protects retinal cells agaist oxidative
stress.

Nakajima Y, Shimazawa M Otsubo K, Ishibashi T, Hara H.

Department of Biofunctional Evaluation, Molecular Phacology, Gifu
Pharmaceutical University, Gifu, Japan.

PURPOSE: To investigate whether zeaxanthin, the predateasotenoid
pigment of the macular pigments in human retinayigdes neuroprotection
against retinal cell damage. METHODS: We used in vitraioedt retinal
ganglion cells (RGCs), specifically RGC-5, an E1A vittessformed rat cell
line. Cell damage was induced either by a 24-hr exposure to hydregexide
(H202) or by serum deprivation. Cell viability was measureadgushe
tetrazolium salt, WST-8. The scavenging capacity ofaethnin for H202,
superoxide anion radical (O2.-), and hydroxyl radical (HO9 maasured using
a radical scavenging capacity assay with CM-H2DCFD A&aative oxygen
species (ROS)-sensitive probe. RESULTS: When added to R&EQ-cultures,
0.1, 10, and 1 microM zeaxanthin scavenged the free radiclaised by H202,
02.-, and HO., respectively. In addition, pretreatmatit v microM zeaxanthin
permitted scavenging of staurosporine-induced intraceltatiicals. Zeaxanthin
also inhibited the neurotoxicity induced by H202 or serum deivaind
scavenged the intracellular radicals induced by H202 or seéepnivation.
CONCLUSIONS: Our results suggest that zeaxanthin provifiectiee
protection against oxidative stress-induced retinal celladgmn
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J Ocul Biol Dis Infor. 2008 Mar;1(1):12-18.

Macular and serum carotenoid concentrations in patients with
malabsorption syndromes.

Ward MS, Zhao DY, Bernstein PS

Department of Ophthalmology and Visual Sciences, M&wnCenter,
University of Utah School of Medicine, 65 Mario CapecchvB, Salt Lake City,
Utah 84132, USA.

The carotenoids lutein and zeaxanthin are believedotegrthe human macula
by absorbing blue light and quenching free radicals. Intestin&bsorption
syndromes such as celiac and Crohn's disease are kneauns® deficiencies of
lipid-soluble nutrients. We hypothesized that subjects mdtinient malabsorption
syndromes will demonstrate lower carotenoid leveliénrhacula and blood, and
that these lower levels may correlate with earlyedmsaculopathy. Resonance
Raman spectrographic (RRS) measurements of macular reaicbtevels were
collected from subjects with and without a history ofahaorption syndromes.
Carotenoids were extracted from serum and analyzedybypleirformance liquid
chromatography (HPLC). Subjects with malabsorption (n+H22)37% lower
levels of macular carotenoids on average versus coffiekd, P<0.001).
Malabsorption was not associated with decreased sarotenoid levels.
Convincing signs of early maculopathy were not observedctielude that
intestinal malabsorption results in lower maculaotanoid levels.
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L Ophthalmic Epidemiol. 2008 Nov-Dec;15(6):389-401.

Carotenoids and co-antioxidants in age-related maculopathy: design
and methods.

Neelam K, Hogg RE, Stevenson MR Johnston E Anderson R, Beatty S
Chakravarthy U .

Waterford Institute of Technology, Waterford, Republidrefand.

Age-related macular degeneration (AMD), is the leadagse of blind
registration in the Western World among individuals 65yea older. Early
AMD, a clinical state without overt functional loss said to be present clinically
when yellowish deposits known as drusen and/or altesatbfundus
pigmentation are seen in the macular retina. Althdbgletiopathogenesis of
AMD remains uncertain, there is a growing body of evidensipport of the
view that cumulative oxidative damage plays a causal Aglpropriate dietary
antioxidant supplementation is likely to be benefialamhaintaining visual
function in patients with AMD, and preventing or delayihg progression of
early AMD to late AMD. The Carotenoids in Age-Relatddculopathy
(CARMA) Study is a randomized and double-masked clinicdldfiantioxidant
supplementation versus placebo in 433 participants witeregarly AMD
features of sufficient severity in at least one eyany level of AMD in one eye
with late AMD (neovascular AMD or central geographimphy) in the fellow
eye. The aim of the CARMA Study is to investigate whelhtein and
zeaxanthin, in combination with co-antioxidants (vitar@i, E, and zinc), has a
beneficial effect on visual function and/or preventdmprogression from early to
late stages of disease. The primary outcome is imdrorv@reserved distance
visual acuity at 12 months. Secondary outcomes includeowragror preserved
interferometric acuity, contrast sensitivity, shalecrimination ability, and
change in AMD severity as monitored by fundus photographig article
outlines the CARMA Study design and methodology, includimgationale.
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" Nutr Rev. 2008 Dec:66(12):695-702.

Possible role for dietary lutein and zeaxanthin in visual
development.

Hammond BR Jr.

Vision Sciences Laboratory, University of Georgia, &b, Georgia 30602, USA.

The possibility that the macular carotenoids, lutein éind zeaxanthin (Z), could
retard age-related changes in the eye and prevent tlibsewses that result from
such changes (namely, cataract and macular degeneratohgdn carefully
studied. A role for the carotenoids very early in lifewever, has received far
less attention. Nevertheless, an influence on visualdprnent is likely. Retinal
L and Z, for instance, would influence the developmethefvisual system if
they 1) altered input during a critical/sensitive period stial development
and/or 2) influenced maturation and/or 3) protected the rdtinag a period
when it was particularly vulnerable. The available evigeindicates that the
pigments may play a role in all three of these area
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" Arch Ophthalmol. 2008 Oct;126(10):1396-403.

Sunlight exposure, antioxidants, and age-related macular
degeneration.

Fletcher AE, Bentham GC, Agnew M, Young IS, Augood C, Chakravarthy
U, de Jong PT Rahu M, Seland J Soubrane G Tomazzoli L, Topouzis F,
Vingerling JR, Vioque J.

Department of Epidemiology and Population Health, LonSidmool of Hygiene
& Tropical Medicine, Keppel Street, London, England.
astrid.fletcher@Ishtm.ac.uk

OBJECTIVE: To examine the association of sunlight expoand antioxidant
level with age-related macular degeneration (AMD). MET}HO Four thousand
seven hundred fifty-three participants aged 65 yearsder ol the European Eye
Study underwent fundus photography, were interviewed for afitrie sunlight
exposure, and gave blood for antioxidant analysis. Blue éighbsure was
estimated by combining meteorologic and questionnaire datdJRES Data on
sunlight exposure and antioxidants were available in 101 dchehis with
neovascular AMD, 2182 with early AMD, and 2117 controls. Epaiation was
found between blue light exposure and neovascular ogr &&D. Significant
associations were found between blue light exposure avdsadar AMD in
individuals in the quartile of lowest antioxidant level-uita C, zeaxanthin,
vitamin E, and dietary zinc-with an odds ratio of abodtfar 1 standard
deviation unit increase in blue light exposure. Higher adtgs for blue light
were observed with combined low antioxidant levels, egfigaiitamin C,
zeaxanthin, and vitamin E (odds ratio, 3.7; 95% confideneevial 1.6-8.9),
which were also associated with early stages of AMDNCLUSIONS:
Although it is not possible to establish causality emwsunlight exposure and
neovascular AMD, our results suggest that people in therglepopulation
should use ocular protection and follow dietary recontgagans for the key
antioxidant nutrients.
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Med Monatsschr Pharm. 2008 Aug;31(8):299-308.
[Lutein and eye health--current state of discussion]
[Article in German]

Hahn A, Mang B.

Leibniz Universitat Hannover, Institut fiir Lebensmitteaaschaft, Hannover.
andreas.hahn@Iw.uni-hannover.de

Due to increased life expectancy the number of peopleagithrelated diseases
like age-related macular degeneration (AMD) will grow. r€atly AMD is
incurable and only a few therapeutic strategies are awail@berefore prevention
becomes more important. Protective effects relategigdhealth are discussed for
the two carotenoids lutein and zeaxanthin. Meanwhile &altstances are offered
as food supplements to a great extent. Both carotend&la bnd zeaxanthin are
accumulated in the retina, especially in the macukaluthey are able to absorb
blue light, which damages photoreceptors and pigmentattyedipm. Due to their
antioxidative properties they can reduce changes in namalpermeability via
guenching reactive oxygen species and free radicals. Rhstadies suppose
lutein and zeaxanthin may contribute to improvement adnig patients with
AMD and other eye diseases. Based on the scierdtimnale, these carotenoids
may be effective in the prevention of age-related eseades. However, this issue
has to be examined in a differentiated way.
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Vopr Pitan. 2008;77(3):34-8.

[Light-absorbing and antiradical properties of a product with lutein
and zeaxanthin in vitro and kinetics of carotinoids at single oral
administration on rats]

[Article in Russian]

Karlina MV , Pozharitskaia ON, Kosman VM, Shikov AN, Makarov VG .

Light-absorbing and antiradical properties of the new proda basis of lutein
and zeaxanthin for correction of eye diseases in mgdtdm® of initiated
oxidation of isopropylbenzene were investigated. It is sholat the product is
the effective light-absorbing agent and inhibitor of fradical oxidation in vitro.
In experiments on animals (rat) the pharmacokinetic¢ke product was
investigated at single oral administration. A simppeecsfic and sensitive RP-
HPLC method for the determination of lutein in rat plasmas developed, which
was applied to pharmacokinetic investigation in rats afteradministration of
lutein at dose 20 mg/kg. It was established, that the peakgplesels was
achieved to 2 hour and the mean elimination half life 2ydshours.
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Nutr Rev. 2008 Aug;66(8):465-72.
Phytochemicals and age-related eye diseases.

Rhone M, Basu A

Department of Nutritional Sciences, Oklahoma State &fgity, Stillwater,
Oklahoma 74078-6141, USA.

Cataracts, glaucoma, and age-related macular degendprstdary) are common
causes of blindness in the elderly population of the dr8tmtes. Additional risk
factors include obesity, smoking, and inadequate antioxidaiioiss
Phytochemicals, as antioxidants and anti-inflammatorptagenay help prevent
or delay the progression of these eye diseases. Oteaatand clinical trials
support the safety of higher intakes of the phytochemigtds and zeaxanthin
and their association with reducing risks of cataractealthy postmenopausal
women and improving clinical features of AMD in patiedditional
phytochemicals of emerging interest, like green teachats, anthocyanins,
resveratrol, and Ginkgo biloba, shown to ameliorate o@xalative stress,
deserve more attention in future clinical trials.
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Exp Eye Res. 2001 Mar;72(3):215-23.

Identification and quantitation of carotenoids and their metabolites

in the tissues of the human eye.
Bernstein PS Khachik F, Carvalho LS, Muir GJ , Zhao DY, Katz NB.

Department of Ophthalmology and Visual Sciences, M&wnCenter,
University of Utah School of Medicine, Salt Lake CityT 84132, USA.
paul.bernstein@hsc.utah.edu

There is increasing evidence that the macular pigmeates®ids, lutein and
zeaxanthin, may play an important role in the prevertioage-related macular
degeneration, cataract, and other blinding disorders. Althbugivell known
that the retina and lens are enriched in these caidsenmelatively little is known
about carotenoid levels in the uveal tract and in othglaotissues. Also, the
oxidative metabolism and physiological functions of thelar carotenoids are
not fully understood. Thus, we have set out to identity guantify the complete
spectrum of dietary carotenoids and their oxidative naditab in a systematic
manner in all tissues of the human eye in order to lgetier insight into their
ocular physiology.Human donor eyes were dissected, antkoaid extracts
from ocular tissues [retinal pigment epithelium/chdrd®PE/choroid), macula,
peripheral retina, ciliary body, iris, lens, vitreousrnea, and sclera] were
analysed by high-performance liquid chromatography (HPL&)ot€noids were
identified and quantified by comparing their chromatographitspectral
profiles with those of authentic standards.Nearly @lilar structures examined
with the exception of vitreous, cornea, and sclera hadtifjate levels of
dietary (3R,3'R,6'R)-lutein, zeaxanthin, their geomati(iE / Z) isomers, as well
as their metabolites, (3R,3'S,6'R)-lutein (3'-epilutam) 3-hydroxy-beta,epsilon-
caroten-3'-one. In addition, human ciliary body rewalte presence of
monohydroxycarotenoids and hydrocarbon carotenoids, whiletioaliatter
group was detected in human RPE/choroid. Uveal strucfmse<iliary body,
and RPE/choroid) account for approximately 50% of the éy&lscarotenoids
and approximately 30% of the lutein and zeaxanthin. In thetlirese pigments
are likely to play a role in filtering out phototoxic shar&velength visible light,
while they are more likely to act as antioxidantsha tiliary body. Both
mechanisms, light screening and antioxidant, may be opeiatthe
RPE/choroid in addition to a possible function of tigsue in the transport of
dihydroxycarotenoids from the circulating blood to thengetiThis report lends
further support for the critical role of lutein, zeaxanttand other ocular
carotenoids in protecting the eye from light-induced oxieadtamage and aging.
Copyright 2001 Academic Press.
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Invest Ophthalmol Vis Sci. 2000 Apr;41(5):1200-9.

Lutein and zeaxanthin concentrations in rod outer segment membranesoim
perifoveal and peripheral human retina.

Rapp LM, Maple S§ Choi JH.

Cullen Eye Institute, Department of Ophthalmology, Baylor @ellef Medicine,
Houston, Texas 77030, USA. Irapp@bcm.tmc.edu

PURPOSE: In addition to acting as an optical filter, macukmofenoid) pigment has
been hypothesized to function as an antioxidant in the human retinkibying the
peroxidation of long-chain polyunsaturated fatty acids. Howevés kcation of
highest density in the inner (prereceptoral) layers of thedioetina, a specific
requirement for antioxidant protection would not be predicted. The peiqicthis
study was to determine whether lutein and zeaxanthin, the naa@enoids
comprising the macular pigment, are present in rod outer segme8) (R€nbranes
where the concentration of long-chain polyunsaturated fatty acidsuseeptibility
to oxidation, is highest. METHODS: Retinas from human donor eges dissected
to obtain two regions: an annular ring of 1.5- to 4-mm eccentrigitgsenting the
area centralis excluding the fovea (perifoveal retina) and the remgagtina outside
this region (peripheral retina). ROS and residual (ROS-depleted) meemabranes
were isolated from these regions by differential centrifugagimhtheir purity
checked by polyacrylamide gel electrophoresis and fatty acidsaalytein and
zeaxanthin were analyzed by high-performance liquid chromatogea their
concentrations expressed relative to membrane protein. Prepafati@mbranes
and analysis of carotenoids were performed in parallel on bovines&ina
comparison to a nonprimate species. Carotenoid concentrations seedetdrmined
for retinal pigment epithelium harvested from human eyes. RESUROS
membranes prepared from perifoveal and peripheral regions of hetremnwere
found to be of high purity as indicated by the presence of a dense opdiorba
protein gels. Fatty acid analysis of human ROS membranes showeadetetistic
enrichment of docosahexaenoic acid relative to residual membranebrafes
prepared from bovine retinas had protein profiles and fatty acid caiopasmilar
to those from human retinas. Carotenoid analysis showed thet dutd zeaxanthin
were present in ROS and residual human retinal membranes. The combined
concentration of lutein plus zeaxanthin was 70% higher in human R@$tha
residual membranes. Lutein plus zeaxanthin in human ROS membran2g wases
more concentrated in the perifoveal than the peripheral re¢igiai. Lutein and
zeaxanthin were consistently detected in human retinal pigmigimélapm at
relatively low concentrations. CONCLUSIONS: The presence oihlated
zeaxanthin in human ROS membranes raises the possibility thdttiwtion as
antioxidants in this cell compartment. The finding of a higher eoination of these
carotenoids in ROS of the perifoveal retina lends support to their gapostective
role in age-related macular degeneration.
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Exp Eye Res. 2000 Sep;71(3):239-45.

Lutein and zeaxanthin in the eyes, serum and diet of human
subjects.

Bone RA Landrum JT, Dixon Z, Chen Y, Llerena CM.

Department of Physics, Florida International Univeriyami, FL 33199, USA.

Inverse associations have been reported betweendidemnce of advanced,
neovascular, age-related macular degeneration (AMDjtendombined lutein
(L) and zeaxanthin (Z) intake in the diet, and L and #ceotration in the blood
serum. We suggest that persons with high levels of LZanckither the diet or
serum would probably have, in addition, relatively highgiges of these
carotenoids in the macula, the so-called 'macular pign&everal lines of
evidence point to a potential protective effect by the taagigment against
AMD. In this study we examined the relationship betweetadfantake of L and
Z using a food frequency questionnaire; concentration otdL.Zain the serum,
determined by high-performance liquid chromatography, and largaigment
optical density, obtained by flicker photometry. Nineteabjects participated.
We also analysed the serum and retinas, as autopsjesafmpm 23 tissue
donors in order to obtain the concentration of L and thése tissues. The results
reveal positive, though weak, associations between digtaike of L and Z and
serum concentration of L and Z, and between serurcectration of L and Z and
macular pigment density. We estimate that approximduaf of the variability in
the subjects' serum concentration of L and Z can blaiesgl by their dietary
intake of L and Z, and about one third of the variabihttheir macular pigment
density can be attributed to their serum concentratidnand Z. These results,
together with the reported associations between rigiviid and dietary and
serum L and Z, support the hypothesis that low concemisatif macular
pigment may be associated with an increased risk of AGtpyright 2000
Academic Press.
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Invest Ophthalmol Vis Sci. 1997 Aug;38(9):1802-11.

Identification of lutein and zeaxanthin oxidation products in human and
monkey retinas.

Khachik F, Bernstein PS Garland DL .

Beltsville Human Nutrition Research Center, CarotenBidsearch Unit, US Department
of Agriculture, Beltsville, Maryland 20705, USA.

PURPOSE: To characterize fully all the major andanicarotenoids and their
metabolites in human retina and probe for the presehite oxidative metabolites of
lutein and zeaxanthin. METHODS: Carotenoids of a compadit8 pairs of human
retinas and a monkey retina were elucidated by comparimghigb-performance liquid
chromatography (HPLC)-ultraviolet/visible absorption spgahotometry (UV/Vis)-mass
spectrometry (MS) profile with those of authentic diends prepared by organic
synthesis. RESULTS: In addition to lutein and zeaxandaueral oxidation products of
these compounds were present in the extracts fromrhoehiaa. A major carotenoid
resulting from direct oxidation of lutein was identifias 3-hydroxy-beta, epsilon-
caroten-3'-one. Minor carotenoids were identified asp8utein, epsilon,epsilon-
carotene-3,3'-diol, epsilon,epsilon-carotene-3,3'-dioAeyd@'oxy-epsilon,epsilon-
caroten-3-one, and 2,6-cyclolycopene-1,5-diol. Severddeofeometric isomers of lutein
and zeaxanthin were also detected at low concentraifitlese were as follows: 9-cis-
lutein, 9'-cislutein, 13-cis-lutein, 13'-cis-lutein, 9-cisaxanthin, and 13-cis-zeaxanthin.
Similar results were also obtained from HPLC analg$is freshly dissected monkey
retina. CONCLUSIONS: Lutein, zeaxanthin, 3'-epilutemgl 8-hydroxy-beta,epsilon-
caroten-3'-one in human retina may be interconvertedigin a series of oxidation-
reduction reactions similar to our earlier proposed noditatransformation of these
compounds in humans. The presence of the direct oxidataztuct of lutein and 3'-
epilutein (metabolite of lutein and zeaxanthin) in humetima suggests that lutein and
zeaxanthin may act as antioxidants to protect the lmagainst short-wavelength visible
light. The proposed oxidative-reductive pathways for luéeid zeaxanthin in human
retina, may therefore play an important role in prétean of age-related macular
degeneration and cataracts.
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Invest Ophthalmol Vis Sci. 1997 Aug;38(9):1795-801.

Dietary modification of human macular pigment density.

Hammond BR Jr, Johnson EJ Russell RM, Krinsky NI , Yeum KJ, Edwards
RB, Snodderly DM.

Department of Social and Behavioral Sciences, Collégete and Sciences,
Arizona State University West, Phoenix 85069-7100, USA.

PURPOSE: The retinal carotenoids lutein (L) and zettwaZ) that form the
macular pigment (MP) may help to prevent neovascularegeed macular
degeneration. The purpose of this study was to determine wivdEhdensity in
the retina could be raised by increasing dietary intakeawfd Z from foods.
METHODS: Macular pigment was measured psychophysicadl{t3 subjects.
Serum concentrations of L, Z, and beta-carotene weesuned by high-
performance liquid chromatography. Eleven subjects modifieid usual daily
diets by adding 60 g of spinach (10.8 mg L, 0.3 mg Z, 5 mg bebtéeca) and
ten also added 150 g of corn (0.3 mg Z, 0.4 mg L); two otheestisbjvere given
only corn. Dietary modification lasted up to 15 weeksSRETS: For the
subjects fed spinach or spinach and corn, three typesjpbnses to dietary
modification were identified: Eight "retinal respondehngt increases in serum L
(mean, 33%; SD, 22%) and in MP density (mean, 19%; SD, W) retinal
nonresponders” showed substantial increases in seruradn(rd1%) but not in
MP density (mean, -11%); one "serum and retinal nonregyt showed no
changes in serum L, Z, or beta-carotene and no charigP density. For the two
subjects given only corn, serum L changed little (+11%, -®&ut)in one subject
serum Z increased (70%) and MP density increased (25%). COSICINS:
Increases in MP density were obtained within 4 weekBebary modification for
most, but not all, subjects. When MP density increastdddietary modification,
it remained elevated for at least several months edtemrming an unmodified diet.
Augmentation of MP for both experimental and clinical stigation appears to
be feasible for many persons.
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Optom Vis Sci. 1997 Jul;74(7):499-504.

Density of the human crystalline lens is related to the macular
pigment carotenoids, lutein and zeaxanthin.

Hammond BR Jr, Wooten BR, Snodderly DM.

Vision Sciences Laboratory, College of Arts & Scies)orizona State
University, Phoenix, USA. BHammond@asuvm.inre.asu.edu

PURPOSE: Although oxidative stress may play an importdatin the
development of age-related cataract, the degree of gosteeported for
antioxidant vitamins and carotenoids has been inconsstenss studies. These
varied results may be due in part to the lack of good biomsaf&e measuring the
long-term nutritional status of the eye. The presepeements investigated the
relationship between retinal carotenoids (i.e., maqugment), used as a long-
term measure of tissue carotenoids, and lens opticaltgensed as an indicator
of lens health. METHODS: Macular pigment (460 nm) ang (@40, 500, and
550 nm) optical density were measured psychophysically irathne sndividuals.
Groups of younger subjects--7 females (ages 24 to 36 yeads), males (ages
24 to 31 years)--were compared with older subjects--23 tddeales (ages 55 to
78 years), and 16 older males (ages 48 to 82 years). RESUemnSdensity (440
nm) increased as a function of age (r = 0.65, p < 0.00Ex@cted. For the
oldest group, a significant inverse relationship (y = 1.53-0.88x%0.47, p <
0.001) was found between macular pigment density (440 nm) asddnsity
(440 nm). No relationship was found for the youngest groupQi@?2).
CONCLUSIONS: The main finding of this study was an ageedéent, inverse
relationship between macular pigment density and lenstgeliacular pigment
is composed of lutein and zeaxanthin, the only two caratenlbat have been
identified in the human lens. Thus, an inverse relatipnisetween these two
variables suggests that lutein and zeaxanthin, or ote&rgifactors with which
they are correlated, may retard age-related increadess density.
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Am J Clin Nutr. 1995 Dec;62(6 Suppl):1448S-1461S.

Evidence for protection against age-related macular degeneration by
carotenoids and antioxidant vitamins.

Snodderly DM.

Schepens Eye Research Institute, Macular DiseaserReseanter, Boston, MA
02114, USA.

Epidemiologic data indicate that individuals with lovagha concentrations of
carotenoids and antioxidant vitamins and those who smokesttigsmare at
increased risk for age-related macular degeneration (Ald&boratory data show
that carotenoids and antioxidant vitamins help to protectetina from oxidative
damage initiated in part by absorption of light. Primmatenas accumulate two
carotenoids, lutein and zeaxanthin, as the macular pigmhich is most dense
at the center of the fovea and declines rapidly inenp@ripheral regions. The
retina also distributes alpha-tocopherol (vitamin B2 monuniform spatial
pattern. The region of monkey retinas where carotsnamd vitamin E are both
low corresponds with a locus where early signs of AdM@n appear in humans.
The combination of evidence suggests that carotenoids éindidant vitamins
may help to retard some of the destructive processés etina and the retinal
pigment epithelium that lead to age-related degeneratithe anacula.
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JAMA. 1994 Nov 9;272(18):1413-20.

Dietary carotenoids, vitamins A, C, and E, and advanced age-related
macular degeneration. Eye Disease Case-Control Study Group.

Seddon JM Ajani UA , Sperduto RD, Hiller R, Blair N, Burton TC, Farber MD , Gragoudas
ES, Haller J, Miller DT , et al

Epidemiology Unit, Massachusetts Eye and Ear Infirmary,d3o82114.

OBJECTIVE--To evaluate the relationships between diatdake of carotenoids and vitamins
A, C, and E and the risk of neovascular age-relateslilmadegeneration (AMD), the leading
cause of irreversible blindness among adults. DESIGN--T hgcenider Eye Disease Case-
Control Study. SETTING--Five ophthalmology centers in timé&dl States. PATIENTS--A total
of 356 case subjects who were diagnosed with the advanced&rg® within 1 year prior to
their enrollment, aged 55 to 80 years, and residing neatieigpating clinical center. The 520
control subjects were from the same geographic areas asutgeaets, had other ocular diseases,
and were frequency-matched to cases according to ageeanMAIN OUTCOME
MEASURES--The relative risk for AMD was estimated@ciing to dietary indicators of
antioxidant status, controlling for smoking and other fasktors, by using multiple logistic-
regression analyses. RESULTS--A higher dietary intaleaastenoids was associated with a
lower risk for AMD. Adjusting for other risk factorsfédMD, we found that those in the highest
quintile of carotenoid intake had a 43% lower risk for A@mpared with those in the lowest
quintile (odds ratio, 0.57; 95% confidence interval, 0.38.82; P for trend = .02). Among the
specific carotenoids, lutein and zeaxanthin, which aregsilyrobtained from dark green, leafy
vegetables, were most strongly associated with a redisteir AMD (P for trend = .001).
Several food items rich in carotenoids were inverselgaated with AMD. In particular, a
higher frequency of intake of spinach or collard greeas associated with a substantially lower
risk for AMD (P for trend < .001). The intake of prefornatamin A (retinol) was not
appreciably related to AMD. Neither vitamin E nor tatishmin C consumption was associated
with a statistically significant reduced risk for AMBIthough a possibly lower risk for AMD was
suggested among those with higher intake of vitamin C, pantigilam foods. CONCLUSION-
-Increasing the consumption of foods rich in certain cams, in particular dark green, leafy
vegetables, may decrease the risk of developing advanesddative AMD, the most visually
disabling form of macular degeneration among older peoplaeTiaings support the need for
further studies of this relationship.
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Anticancer Res2005 Nov-Dec;25(6B):3871-6.

The photoreceptor protector zeaxanthin induces cell death in
neuroblastoma cells.

Maccarrone M, Bari M , Gasperi V, Demmig-Adams B

Department of Biomedical Sciences, University of TeraRiazza A. Moro 45,
64100 Teramo, Italy. mmaccarrone@unite.it

BACKGROUND: The dietary carotenoid zeaxanthin protagiainst age-related
eye disease by preventing apoptosis in photoreceptsr Thls study examined
the effect of zeaxanthin on neuroblastoma cells in wajpdptosis can be induced
with lipid peroxidation products. Since zeaxanthin can ihlifnd peroxidation
and beta-carotene inhibits lipoxygenase (LOX) activitwas of concern that
zeaxanthin might inhibit apoptosis in these cances.CRIATERIALS AND
METHODS: Apoptosis-resistant CHP100 neuroblastoma celte weated with
zeaxanthin. Apoptosis was assessed via an immunoasdagtime-associated
DNA fragments and cytofluorimetric analysis of apoptbbely formation. The
effect of zeaxanthin on the activity of two model LOa¢sl LOX-mediated lipid
peroxidation in liposomes was assessed. RESULTS: Zdaxattongly induced
apoptosis in neuroblastoma cells. Consistent withfithasng, zeaxanthin did not
inhibit LOX activity. CONCLUSION: Zeaxanthin is a rerkable dietary factor
that is able to induce apoptosis in neuroblastoma célle Wweing able to prevent
apoptosis in healthy cells.
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Invest Ophthalmol Vis ScR002 Nov;43(11):3538-49.

Elevated retinal zeaxanthin and prevention of light-induced
photoreceptor cell death in qualil.

Thomson LR, Toyoda Y, Langner A, Delori FC, Garnett KM , Craft N,
Nichols CR Cheng KM, Dorey CK.

Schepens Eye Research Institute, Department of Ophtlegiydiarvard
Medical School, Boston, Massachusetts, USA.

PURPOSE: Inferential evidence indicates that macudamgnts (lutein and
zeaxanthin) protect photoreceptors and/or retard age-rela@dan
degeneration. These experiments tested the hypothesistihat zeaxanthin
prevents light-induced photoreceptor cell death. METHOR&nal damage was
assessed in quail fed a carotenoid-deficient (C-) died foonths. Groups of 16
birds (8 male, 8 female) were fed a C- diet supplemented3fithg 3R,3'R-
zeaxanthin for 1, 3, or 7 days; one group was continuéct aiiets. Half of each
group was exposed to intermittent 3200-lux white light (1@drlntervals
separated by 2 hours in dark). After 14 additional hours idahie one retina of
each quail was collected for HPLC analysis, and thé&alateral retina was
embedded in paraffin for counts of apoptotic nuclei. REBRI After 7 days'
supplementation, concentrations of zeaxanthin in selfven, and fat had
increased by factors of 50.8, 43.2, and 6.5, respectively €&0.B01). In
contrast, retinal zeaxanthin fluctuated significantly uglar day 3, but there
was no net change on day 7. The number of apoptotic nudsoames in light-
damaged eyes correlated significantly and inversely wakathin
concentration in the contralateral retina (r = -0.6%;®0001 and r =-0.54; P <
0.002), but not with serum zeaxanthin. Similar correlativese observed with
retinal lutein, which correlated strongly with retizalaxanthin (r = 0.95; P <
0.0001). CONCLUSIONS: Retinal zeaxanthin dose dependentlyeddigtt-
induced photoreceptor apoptosis; elevated serum levels didileste data
provide the first experimental evidence that xanthophybtesmoids protect
photoreceptors in vivo.
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Zeaxanthin and Brain Health

Appl Microbiol Biotechnol.2007 Apr;74(6):1350-7. Epub 2007 Jan 11.

Rare carotenoids, (3R)-saproxanthin and (3R,2'S)-myxol, isolated
from novel marine bacteria (Flavobacteriaceae) and their
antioxidative activities.

Shindo K, Kikuta K , Suzuki A, Katsuta A, Kasai H, Yasumoto-Hirose M,
Matsuo Y, Misawa N, Takaichi S.

Department of Food and Nutrition, Japan Women's Univetsi8¢l Mejirodai,
Tokyo 112-8681, Japan. Kshindo@fc.jwu.ac.jp

We isolated three orange or yellow pigment-producing medsacteria, strains
040KA-13-27 (MBIC08261), 040KA-17-12 (MBIC08260), and YM6-073
(MBIC06409), off the coast of Okinawa Prefecture in Jap&ese strains were
classified as novel species of the family Flavobaatede based on their 16S
rRNA gene sequence. They were cultured, and the majoeoaids produced
were purified by chromatographic methods. Their structusre determined by
spectral data to be (3R)-saproxanthin (strain 040KA-13-27) 2(SRmyxol
(strain YM6-073), and (3R,3'R)-zeaxanthin (strains YM6-073 and 04QKA
12). Saproxanthin and myxol, which are monocyclic carotsnrely found in
nature, demonstrated significant antioxidative activaigainst lipid peroxidation
in the rat brain homogenate model and a neuro-protedteet &om L-glutamate
toxicity.
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J Nutr Health Aging2004;8(3):156-62.

Carotenoid, tocopherol, and retinol concentrations in elderly human
brain.

Craft NE, Haitema TB, Garnett KM , Fitch KA , Dorey CK.

Craft Technologies, Inc., 4344 Frank Price Church RoatsowiNC 27893,
USA. ncraft@crafttechnologies.com

BACKGROUND: Antioxidants, such as tocopherols and caratisndave been
implicated in the prevention of degenerative diseaslésough correlations have
been made between diseases and tissue levels ofidatits, to date there are no
reports of individual carotenoid concentrations in hutmain. OBJECTIVE: To
measure the major carotenoids, tocopherols, and ratifir@ntal and occipital
regions of human brain. DESIGN: Ten samples of ktiague from frontal lobe
cortex and occipital cortex of five cadavers were arath Sections were
dissected into gray and white matter, extracted with ocganivents, and
analyzed by HPLC. RESULTS: At least 16 carotenoids, 3pfoemls, and retinol
were present in human brain. Major carotenoids wergiftel as lutein,
zeaxanthin, anhydrolutein, alpha- cryptoxanthin, beta- cxgpithin, alpha-
carotene, cis- and trans-betacarotene, and cis- andycapene. Xanthophylls
(oxygenated carotenoids) accounted for 66-77% of total caridieim all brain
regions examined. Similar to neural retina, the ratieafxanthin to lutein was
high and these two xanthophylls were significantly coreelgp <0.0001). The
tocopherol isomers occurred in the brain over a widege of mean
concentrations (0.11-17.9 nmol/g) than either retinol (87.8 31&8ol/g) or the
identified carotenoids (1.8-23.0 pmol/g). CONCLUSIONS: Troatlal cortex,
generally vulnerable in Alzheimer's disease, had higheresdrations of all
analytes than the occipital cortex which is genenafigffected. Moreover, frontal
lobes, but not occipital lobes, exhibited an age-relatelihdan retinol, total
tocopherols, total xanthophylls and total carotenoids. mipeitance of these
differences and the role(s) of these antioxidantherbrain remain to be
determined.
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Free Radic Re002 Mar;36(3):265-8.

Plasma carotenoid and malondialdehyde levels in ischemic stroke
patients: relationship to early outcome.

Polidori MC , Cherubini A, Stahl W, Senin U Sies H Mecocci P

Institute of Physiological Chemistry |, Heinrich-Heidaiversity, Dusseldorf,
Germany. polidori@uni-duesseldorf.de

An association between ischemic stroke and increadddtve stress has been
suggested from animal studies. However, there is a laekidénce with respect
to this association in humans. Here, the time courpdasma levels of six
carotenoids, which are lipophilic micronutrients with axidlant properties, as
well as of malondialdehyde (MDA), a marker of lipid pedation, was followed
in ischemic stroke patients. Plasma levels of lutesaxanthin, beta-
cryptoxanthin, lycopene, alpha- and beta-carotene, hasvBIDA were
measured by high-performance liquid chromatography in 28 sulfjcteen and
nine women aged 76.9+/-8.7 years) with an acute ischeralesdf recent onset
(<24h) on admission, after 6 and 24 h, and on days 3, 5, &@wdtenoid and
MDA levels in patients on admission were compared witis¢ of age- and sex-
matched controls. Plasma levels of lutein, lycopemdaaland beta-carotene
were significantly lower and levels of MDA were sigoantly higher in patients
in comparison with controls. Significantly higher éés of MDA and lower levels
of lutein were found in patients with a poor early-outcgfuactional decline)
after ischemic stroke as compared to patients who rech&inetionally stable.
These findings suggest that the majority of plasma caoate are lowered
immediately after an ischemic stroke, perhaps asudt ifsincreased oxidative
stress, as indicated by a concomitant rise in MDAceatrations. Among the
carotenoids, only lutein plasma changes are associatea@ wior early-outcome.
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Zeaxanthin as a Hepatoprotective

Dig Dis Sci.2009 May 8. [Epub ahead of print]

Protective Effects of the Carotenoid Zeaxanthin in Experimental
Nonalcoholic Steatohepatitis.

Chamberlain SM, Hall JD, Patel J, Lee JR Marcus DM, Sridhar S, Romero
MJ, Labazi M, Caldwell RW, Bartoli M .

Section of Gastroenterology, Department of MedicWedlical College of
Georgia, BBR-2538, Augusta, GA, 30912, USA, schamberlain@mcg.edu.

Fat infiltration and inflammation cause liver injury anorfisis and may progress
to nonalcoholic steatohepatitis (NASH) and end-stage dlismase. Currently,
there are no effective treatments for NASH. Zeaxantha carotenoid which has
been shown to be preferentially accumulated in theosei tissue and liver. We
hypothesized that treatment with zeaxanthin may desm@adative stress in the
liver and, possibly, halt the inflammation and fibrosisoasated with NASH.
Here we tested zeaxanthin effects in preventing progres§ioser injury in a
model of NASH. Mongolian gerbils, fed a methionine-cholinéeient diet, were
treated with different doses of zeaxanthin. We asskhistopathological changes
by hematoxylin-eosin and Masson trichrome staining andrdeted oxidative
stress by measuring lipid peroxidation. The obtained resiudt® that zeaxanthin
significantly prevented NASH progression by decreasing oxielatress and
liver fibrosis, thus suggesting a potential therapeutic agic for this
carotenoid in the management of NASH.
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Res Commun Mol Pathol Pharmacb®97 Sep;97(3):301-14.

Zeaxanthin dipalmitate from Lycium chinense has hepatoprotective
activity.

Kim HP, Kim SY, Lee EJ, Kim YC, Kim YC.

College of Pharmacy, Seoul National University, Korea.

We previously reported the isolation of zeaxanthin andaglin dipalmitate
using bioactivity-guided fractionation to discover hepatoptatecomponents of
Lycium chinense against carbon tetrachloride induced hepatityo The present
study was designed to uncover the effects of zeaxanrammuitate on hepatic
parenchymal and nonparenchymal cells in vitro. Uptake oft[8i]idine by
cultured rat Ito cells in response to zeaxanthin dipabeitvas measured.
Collagen synthesis was assessed by the collagenaseatigasthod. The effects
of zeaxanthin dipalmitate on the formation of nitricde (NO) and the release of
tumor necrosis factor-alpha (TNF-alpha) from Kupffells and peritoneal
macrophages were also assayed. Zeaxanthin dipalmitatedlosignificant
hepatoprotective activity against carbon tetrachloridecityxiCellular
malondialdehyde (MDA) levels declined significantly witie treatment of the
compound in a concentration dependent manner. Zeaxanthimigie
significantly inhibited the uptake of [3H]thymidine by Ito lseZeaxanthin
dipalmitate also reduced collagen synthesis in I1to bgl5.1% (p < 0.05) as
compared to untreated controls. The formation of N@&itimer Kupffer cells or in
peritoneal macrophages was significantly decreased bpatax dipalmitate in
a concentration dependent manner. The release of Ti\&-alas somewhat less
affected by the compound. From these results, we contllatieeaxanthin
dipalmitate exerts a potent hepatoprotective activitynhybiting Ito cell
proliferation, collagen synthesis and by inhibiting certaschemical functions
of Kupffer cells.
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Cancer Lett2000 Apr 3;151(1):111-5.

Inhibitory effects of carotenoids on the invasion of rat ascites
hepatoma cells in culture.

Kozuki Y, Miura Y , Yagasaki K.

Department of Applied Biological Science, Tokyo Noko \wémsity, Fuchu,
Japan.

The effects of carotenoids--alpha-carotene, beta@aeptycopene, beta-
cryptoxanthin, zeaxanthin, lutein, canthaxanthin, astaxanbn the invasion of
rat ascites hepatoma AH109A cells were investigated lmuttaring the
hepatoma cells with rat mesentery-derived mesothelisl @4-cells). All the
carotenoids examined inhibited AH109A invasion in a dose-dependenter up
to 5 microM. Cancer cells previously cultured with hypoxantkiie€) and
xanthine oxidase (XO) showed a highly invasive activity. Garoids, 5 microM
of beta-carotene and astaxanthin, suppressed this reactiyenosjyecies-
potentiated invasive capacity by simultaneously treating AH1GSIA with the
carotenoids, HX and XO. These results suggest thantiexaative property of
these carotenoids may be involved in their anti-invasaten.
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Aliment Pharmacol The2000 Mar;14(3):353-8.

Plasma antioxidant levels in chronic cholestatic liver diseases.

Floreani A, Baragiotta A, Martines D, Naccarato R D'odorico A.

Department of Surgical and Gastroenterological Scigeneisersity of Padova, Italy.
aflor@uxl.unipd.it

BACKGROUND: [corrected] A predictable consequence of ddtakas is malabsorption of fat-
soluble factors, (vitamins A, D, E, K) and other fradical scavengers, such as carotenoids. It
has been suggested that oxygen-derived free radicals nmtayobesd in the pathogenesis of
chronic liver damage. AIMS: (i) To evaluate retinol, alpbeopherol and carotenoid plasma
levels in two groups of patients with chronic cholestitier disease (primary biliary cirrhosis
and primary sclerosing cholangitis); (ii) to compare #spective plasma levels with those of the
general population; (iii) to correlate the plasma leveth disease severity. METHODS: A total
of 105 patients with chronic cholestasis were included istingdy: 86 with primary biliary
cirrhosis (81 female, five male, mean age 55.5 +/- 11 yeBswith primary sclerosing
cholangitis (seven female, 12 male, mean age 35 +/- 11 yeapstients had associated
inflammatory bowel disease); 105 sex- and age-matched sufy@ct the general population in
the same geographical area (88 female, 17 male, mean ade+31 1 years) served as controls.
Carotenoids (lutein zeaxanthin, lycopene, beta-carotégieg-aarotene, beta-cryptoxanthin),
retinol and alpha-tocopherol were assayed by high-presguré éhromatography. A food
frequency questionnaire was administered to each subjeetluate the quality and the quantity
of dietary compounds. Data were processed by analys&riance and linear regression analysis,
as appropriate. RESULTS: Both primary biliary cirrh@sisl primary sclerosing cholangitis
patients had significantly lower levels of retinol, alpbeeipherol, total carotenoids, lutein,
zeaxanthin, lycopene, alpha- and beta-carotene tharotsofR < 0.0001). Among the cholestatic
patients, no significant difference in the concentratibantioxidants was observed between
primary biliary cirrhosis and primary sclerosing cholaisgtbjects. Anti-oxidant plasma levels
were not affected by the severity of the histological stageimary biliary cirrhosis, but a
negative correlation was found between total caroterasiddoth alkaline phosphatase (ALP)
and gammaglutamyl transpeptidase (GGT) (P < 0.013 and P < 6e8f8ctively). Within the
primary sclerosing cholangitis group, no correlation was fdetadeen total carotenoids and
cholestatic enzymes. Nutritional intake in cholestatic pttieras comparable to controls,
including fruit and vegetable intake. CONCLUSIONS: Althounghclinical sign of deficiency is
evident, plasma levels of antioxidants are low in cholespatiients even in early stages of the
disease. This is probably due to malabsorption of fat-sokitAmins, as well as other
mechanisms of hepatic release, suggesting the need folydiefgplementation.
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J Hepatol1995 Nov;23(5):550-6.

Carotenoids and tocopherols in various hepatobiliary conditions.
Leo MA, Ahmed S Aleynik Sl, Siegel JH Kasmin F, Lieber CS.

Section of Liver Disease and Nutrition, Alcohol ResbaCenter, Bronx, NY
10468, USA.

BACKGROUND: Previous studies revealed hepatic interastaf beta-carotene
with alcohol in non-human primates, but bile carotes@idd alpha-tocopherol
have not previously been explored in man. METHODS: Trapare the plasma
and biliary concentrations of carotenoids, retinoids tacopherols among
controls and patients with biliary and pancreatic disgabese compounds were
measured by high performance liquid chromatography in bileatetii during 41
endoscopic retrograde cholangiopancreatographies. RESUhTL4 subjects
with normal endoscopic retrograde cholangiopancreatogi@plmyrols), bile
contained beta-carotene, alpha-carotene, lycopenepgayphin,
luteintzeaxanthin (23.9 +/- 6.6, 3.9 +/- 1.1, 39.9 +/- 21.6 22.4.6, 217.1 +/-
27.8 nmol/l, respectively) with corresponding plasma vabi€399.7 +/- 72.6,
88.5 +/- 18.8, 588.2 +/- 75.0, 145.1 +/- 25.9, 319.3 +/- 33.7 nmollB3 Ipatients
in whom bile duct stones impaired biliary excretion gfkected by raised serum
bilirubin), beta-carotene was significantly decreasedth plasma (199.6 +/-
35.5 nmol/l) and bile (9.4 +/- 2.0 nmol/l), with a similagrid for other
carotenoids. The beta-carotene plasma/bile ratio wastanaed, as well as a
correlation between the two (r = 0.56; p = 0.048). Furtbeemin three subjects
with complete biliary obstruction, plasma beta-caroi{@e8 +/- 20.2 nmol/l)
decreased even more, probably reflecting malabsorptidil patients with
pancreatic diseases, plasma and bile beta-carotend @2&+/- 17.8 and 6.6 +/-
2.0 nmol/l respectively, while a correlation betweenttie (r = 0.70; p = 0.018)
again persisted, confirming the role of plasma beta-eaeoin determining bile
concentrations. Indeed, for the entire group (n = 4&)cthrelation between
plasma and bile or red blood cell beta-carotene was hgigptyficant, whereas
plasma/red blood cell ratios remained unchanged. Simldinfs were observed
for alpha-tocopherol, with 8.4 +/- 0.9 mumol/l in cartoile (vs. 23.2 +/- 1.7
mumol/l in plasma), and no significant change in theous groups.
CONCLUSIONS: 1) Carotenoids and tocopherols undergo b#iacyetion in
man. 2) Biliary concentrations reflect plasma lewelsoth normal and pathologic
states. 3) Decreased biliary excretion of carotenoiés dot increase plasma
concentrations.
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Iron and Immunity

Arzneimittelforschung2007;57(6A):417-25.

Effect of oral supplementation with iron(lll)-hydroxide polymaltose
complex on the immunological profile of adolescents with varying
iron status.

Devaki PB, Chandra RK, Geisser P

Department of Home Science, S.V University, Tirupatjdn
pbabydevaki@yahoo.co.in

OBJECTIVE: To assess the effects of iron supplememtamn immunological
parameters of adolescents with varying iron status. MEDH&lolescents of
both sexes with varying iron status were allocated to ti@atment groups by
using inclusion criteria. Three of the four groups reakiven(l11)-hydroxide
polymaltose complex (IPC, Maltofer) containing 100 mg o6 days a week
for 8 months. The fourth group was given a placebo. Immgmcdbparameters
were assessed at baseline and after 4 and 8 months adreepgetion.
RESULTS: Increases from baseline to 4 months and freor84months of
supplementation were observed for Bactericidal Capatijeutrophils (BCA),
NitroBlue Tetrazolium Reduction Test (NBT), and phytohaggiutinin (PHA)
in all three supplemented groups. No increase was fouth@ icontrol placebo
group except for PHA. No side effects were noted in anycgzants.
CONCLUSION: IPC supplementation for eight months ledigmificant
improvements of immunological parameters in iron deficadolescents with and
without anemia.
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Biol Trace Elem Re2009 Feb;127(2):95-101. Epub 2008 Sep 30.

Early effects on T lymphocyte response to iron deficiency in mice.
Short communication.

Saldanha-Araujo F, Souza AM.

Faculdade de Ciéncias Farmacéuticas de Ribeirdo Pret@rkidade de Sao
Paulo, Ribeirao Preto, Sdo Paolo, Brazil.

Iron deficiency is a common nutritional disorder, efffieg about 30% of the
world population. Deficits in iron functional compartnte have suppressive
effects on the immune system. Environmental problems,aagkother nutrient
deficiencies are some of the situations which makeaustudies difficult and
warrant the use of animal models. This study aimed teiigage alterations in
the immune system by inducing iron deficiency and promotiogperation in a
mouse model. Hemoglobin concentration, hematocrit; Iree store, and flow
cytometry analyses of cell-surface transferrin reaef@®71) on peripheral
blood and spleen CD4+ and CD8+ T lymphocyte were perform#dteicontrol
(C) and the iron-deficient (ID) groups of animals atltbginning and end of the
experiment. Hematological indices of C and ID miceenot different but the
iron stores of ID mice were significantly reduced. Alilgh T cell subsets were
not altered, the percentage of T cells expressing CD7Sigiaigicantly increased
by ID. The results suggest that iron deficiency induced bygperimental model
would mimic the early events in the onset of anemlgre thymus atrophy is not
enough to influence subset composition of T cells, wbarhstill respond to iron
deficiency by upregulating the expression of transfegaeptor.
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J Autoimmun.2008 Feb-Mar;30(1-2):84-9.

New functions for an iron storage protein: the role of ferritin in
immunity and autoimmunity.

Recalcati S Invernizzi P, Arosio P, Cairo G.

Institute of General Pathology, University of Milana\Mangiagalli 31, 20133
Milan, Italy. stefania.recalcati@unimi.it

Ferritin is a ubiquitous and specialised protein involvedeninttracellular storage
of iron; it is also present in serum and other biolddia&s, although its
secretion processes are still unclear. We here resnggrence supporting the
hypothesis that macrophages play a role in the produatmsecretion of
extracellular ferritin, as well as evidence supportingeehfunction as a
signalling molecule and immune regulator. In particiH&ferritin, which inhibits
the proliferation of lymphoid and myeloid cells, mayrbgarded as a negative
regulator of human and murine hematopoiesis. The idéd &lao acts as a
signalling protein has been supported by the cloning and chasatten of the
specific H-ferritin receptor TIM-2, a member of the Ttdne family. A number
of studies of the mouse TIM gene family indicate that gnotein plays an
important role in immune-mediated diseases. Thisfilaging, together with the
fact that ferritin acts as an immuno-suppressor, hased us to formulate
hypotheses regarding the possible role of alterationsfefrin/TIM-2
binding/signalling in the pathogenesis of autoimmune diseases
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Br J Nutr.2007 Oct;98 Suppl 1:S24-8.
Iron, copper and immunocompetence.

Munoz C, Rios E, Olivos J, Brunser O, Olivares M.

INTA, University of Chile, Santiago, Chile. cmunoz@inta.c

Microminerals including copper and iron are essential toumity and health in
human beings. The development of powerful tools in aicalytell biology and
molecular genetics has facilitated efforts to idergjpgcific cellular and
molecular functions of trace elements in the makumagctivation and functions
of host defence mechanisms. Selected recent repous thie role of copper and
iron nutrition on immune functions are critically &sed here. Effects of trace
element supplementation on infectious morbidity are @s@wed. While
micromineral deficiencies, in general, may have widegpedfects on nearly all
components of immune response, these effects cawvdrsed by
supplementation. However, the conflicting effects ofideficiency and iron
supplementation in vitro on the defensive systems retealsrgent need for
further additional information on the in vivo situatidn.the elderly, vaccination
against respiratory infections is likely to protect only78@%6 of the population.
However, it may be possible to modulate immune functiach ultimately reduce
the severity of infections through micronutrient suppletaigon. Thus,
microminerals contribute to the maintenance of tharimad between immunity
and health in humans.
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Free Radic Biol Med2008 Feb 1;44(3):483-92. Epub 2007 Oct 22.

Ceruloplasmin expression by human peripheral blood lymphocytes:
a new link between immunity and iron metabolism.

Banha J Marques L, Oliveira R, Martins Mde F, Paixdo E Pereira D, Malh6
R, Penque D Costa L.

Instituto Nacional de Saude Dr. Ricardo Jorge, IP (IN&&)hoa, Portugal.

Ceruloplasmin (CP) is a multicopper oxidase involved enatute phase reaction
to stress. Although the physiological role of CP is utagey its role in iron (Fe)
homeostasis and protection against free radical-initegédnjury has been
widely documented. Previous studies showed the existena® aholecular
isoforms of CP: secreted CP (sCP) and a membranesylptmsphatidylinositol
(GPI)-anchored form of CP (GPI-CP). sCP is produceahimaly the liver and is
abundant in human serum whereas GPI-CP is expressahimalian astrocytes,
rat leptomeningeal cells, and Sertolli cells. Hereinsivew using RT-PCR that
human peripheral blood lymphocytes (huPBL) constitutiesdyress the
transcripts for both CP molecular isoforms previousjyorted. Also, expression
of CP in huPBL is demonstrated by immunofluorescence euttiocal
microscopy and flow cytometry analysis using cellsaitad from healthy blood
donors with normal Fe status. Importantly, the reqbitained show that natural
killer cells have a significantly higher CP expresstompared to all other major
lymphocyte subsets. In this context, the involvememyrmphocyte-derived CP
on host defense processes via its anti/prooxidant propisrpesposed, giving
further support for a close functional interaction bemthe immune system and
the Fe metabolism.
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Pediatr Res2007 May;61(5 Pt 1):520-4.

Maternal stress during pregnancy predisposes for iron deficiency in
infant monkeys impacting innate immunity.

Coe CL, Lubach GR, Shirtcliff EA .

Harlow Center for Biological Psychology, UniversitiyWisconsin, Madison,
Wisconsin 53715, USA. ccoe@wisc.edu

The influence of maternal stress during pregnancy opdkpartum iron status
and immune maturation of infants was investigated inrdomman primate model.
Forty infant rhesus monkeys were generated from twaestgpdisturbed
pregnancies, early or late gestation stress, and codhpétte24 undisturbed
controls. Prenatal stress increased the prevalernceagnitude of iron
deficiency (ID) as the infants' growth-related demandsém exceeded dietary
intake from breast milk. At 4-6 mo of age, the emergerid® significantly
accentuated an effect of prenatal stress on natulexl gell activity, an important
component of innate immunity. These findings indicaté iteternal stress,
especially early in pregnancy, should be added to theflritk factors that
warrant closer scrutiny of hematological profilesastfgrowing babies.
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Indian J Med Re<2006 Dec;124(6):647-54.

Impact of iron deficiency anaemia on T lymphocytes & their subsets
in children.

Mullick S, Rusia U, Sikka M, Faridi MA .

Department of Pathology, St John's Medical CollegagBlre, India.

BACKGROUND & OBJECTIVES: While there is evidence ofatered immune
profile in iron deficiency, the precise immunoregulatarle of iron is not known.
Information particular in children who are vulnerablertm deficiency and
infection, is lacking. We undertook this study with the aindocumenting the
changes in T cell subsets in children in the age grodp@b yr with iron
deficiency. METHODS: The levels of T lymphocytes, tl@D4+ and CD8+
subsets and the CD4 : CD8 ratio were evaluated in 40 iraciedefand 30
healthy children. The impact of oral iron supplementattw three months on the
same parameters was also noted in 30 children. RESULg&fiG&ntly lower
levels of T lymphocytes as well as CD4+ cells wasoled in the iron deficient
children (P<0.01 and 0.002 respectively). The CD4 : CD8 ratsalsm
significantly lower in this group (P<0.05). Iron supplemeataimproved the
CD4 counts significantly. INTERPRETATION & CONCLUSIONwur study
demonstrated quantitatively altered T cell subsets mdeficiency in children,
and a relationship between the severity of haematologmchimmunological
compromise. The clinical and epidemiological implicas of this relationship
have topical relevance since ID is the most commonaomigrient deficiency
worldwide.
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Immunobiology.2006;211(4):295-314. Epub 2006 Apr 17.

Iron-withholding strategy in innate immunity.

Ong ST, Ho JZ, Ho B, Ding JL.

Department of Biological Sciences, National Universitysingapore, 14 Science
Drive 4, Singapore 117543.

The knowledge of how organisms fight infections has laren built upon the
ability of host innate immune molecules to recognizeratiial determinants.
Although of overwhelming importance, pathogen recognitidouionly one of
the facets of innate immunity. A primitive yet effeetiantimicrobial mechanism
which operates by depriving microbial organisms of their mitisieas been
brought into the forefront of innate immunity once ag&uch a tactic is
commonly referred to as the iron-withholding strategynonéte immunity. In this
review, we introduce various vertebrate iron-binding protangstheir
invertebrate homologues, so as to impress upon readersamabarm of innate
immune defense. An excellent comprehension of the mexhaf innate
immunity paves the way for the possibility that noveliraicrobial therapeutics
may emerge one day to overcome the prevalent antilvggistance in bacteria.
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Wei Sheng Yan Jil2006 Jan;35(1):79-81.

[Effects of iron deficiency anemia on immunity and infectious
disease in pregnant women]

[Article in Chinese]

Tang YM, Chen XZ, Li GR, Zhou RH, Ning H, Yan H.

North China Coal Medical College, Tangshan 063000, China.

OBJECTIVE: To review the changes in immune functiod gasidence of
infectious diseases in pregnant women with iron defy anemia (IDA),
especially marginalde-ficiency of iron. METHODS: T lyngulyte subsets level
(CD3+, CD4+ and CD8+), nature kill cells activity (CD16)erkeukin-2 (IL-2)
and serum IgA, IgG, IgM and complement C3 were determim&ddifferent
wormen groups, including 69 IDA pregnant women who were diagghbg
Hemoglobin, concentrations of free erythocyte porpand serum ferritin from
280 pregnant women during 30-38weeka of gestation, 52 random sgmpli
normal pregnant women and 50 no pregnant women examinae Ipedoriage.
RESULTS: The prevalenoe of IDA for pregnant women i$24.The average
concentration of Hb for pregnant women of IDA is 102.00{&y/L The level of
CD3+ and CD4+ cells, the ratio of CD4+/CD8+ cells, setl-2 as well as 1gG
levels in the pregnant women were significantly loviramntthat of those normal
pregnant women (P < 0.01, P <0.05, P <0.05, P < 0.01).théittlecreasing
extent of Hb, these significant immunological indicépregnant women will
degrease. The incidence of infectious diseases in |IDdnpré women was
significantly higher than that in normal pregnant warté < 0.05).
CONCLUSION: There are significantly effects of IDA oellular immune
function and infectious disease during pregnancy. The staayfects of IDA
during pregnancy on nature kill cells activity (CD16) anddence of infectious
diseases during puerperium should be continued by increasipde&nmumber.
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Exp Mol Med.2005 Aug 31;37(4):297-310.

Iron chelator induces MIP-alpha/CCL20 in human intestinal
epithelial cells: implication for triggering mucosal adaptive
immunity.

Lee HJ, Choi SC, Choi EY, Lee MH, Seo GSKim EC, Yanqg BJ, Lee MS,
Shin YI, Park Kl , Jun CD.

Department of Physiology, Kyungpook National Universith&ol of Medicine,
Daegu 700-422, Korea.

A previous report by this laboratory demonstrated thaebatiron chelator
(siderophore) triggers inflammatory signals, including tleelpction of CXC
chemokine IL-8, in human intestinal epithelial cellEs). Microarray-based
gene expression profiling revealed that iron chelatoriatbhaces macrophage
inflammatory protein 3 alpha (MIP-3alpha)/CC chemokigand 20 (CCL20).
As CCL20 is chemotactic for the cells involved in has@ive immunity, this
suggests that iron chelator may stimulate IECs to Haesedpacity to link
mucosal innate and adaptive immunity. The basal medium ifian chelator
deferoxamine (DFO)-treated HT-29 monolayers was as claetmas
recombinant human CCL20 at equivalent concentrationsreclCCR6(+) cells.
The increase of CCL20 protein secretion appeared to corgpoimat of CCL20
MRNA levels, as determined by real-time quantitative RRPThe efficacy of
DFO at inducing CCL20 mRNA was also observed in human P8&@ in
THP-1 cells, but not in human umbilical vein endothed&lls. Interestingly,
unlike other proinflammatory cytokines, such as TNF-alpithlb-1beta, a time-
dependent experiment revealed that DFO slowly induce2Gluggesting a
novel mechanism of action. A pharmacologic study asealed that multiple
signaling pathways are differentially involved in CCL20 proaurcby DFO,
while some of those pathways are not involved in TNRalnduced CCL20
production. Collectively, these results demonstrate thaddition to some
bacterial products known to induce host adaptive immup®nses, direct
chelation of host iron by infected bacteria may asaticbute to the initiation of
host adaptive immunity in the intestinal mucosa.
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Int J Biochem Cell Biol2005 Sep;37(9):1768-73. Epub 2005 Mar 16.

Hepcidin: a direct link between iron metabolism and immunity.

Vyoral D, Petrak J.

Institute of Hematology and Blood Transfusion, Praguec@Republic.
vyoral@uhkt.cz

Hepcidin, originally discovered in urine as a bacterigueigptide synthesized by
hepatocytes was later proved to be a key regulator mimetabolism at the
whole body level, namely, in conditions of alteramhidemand such as the
increased or decreased total amount of body iron, inflalmmaypoxia and
anemia. The major mechanism of hepcidin function sderbe the regulation of
transmembrane iron transport. Hepcidin binds to its recgmtatein ferroportin,
which serves as a transmembrane iron channel enablmgfitax from cells.
The hepcidin-ferroportin complex is then degraded indgsnes and iron is
locked inside the cells (mainly enterocytes, hepato@tdsnacrophages). This
leads to lowering of iron absorption in the intestamel to a decrease in serum
iron concentration. Utilizing this mechanism, hepcidigulates serum iron levels
during inflammation, infection and possibly also in canteder these
conditions iron is shifted from circulation into cddlustores in hepatocytes and
macrophages, making it less available for invading migaisms and tumor
cells. In anemia and hypoxia, hepcidin regulates theadhiy of iron for
erythropoiesis. Hepcidin or hepcidin-related therapewgbesd find a place in the
treatment of various diseases such as hemochromatasanemia of chronic
disease.
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Biomed Pharmacothe?005 Jul;59(6):307-11.

Phagocytic capacity and apoptosis of peripheral blood cells from
patients with iron deficiency anemia.

Bergman M, Salman H, Pinchasi R Straussberg R Djaldetti M , Bessler H

Department of Medicine C, Rabin Medical Center, Goldan@us, Petah Tigva,
Israel.

Following clinical observations that patients withnrdeficiency anemia (IDA)
are more susceptible to infections than non-anemicidhiis, the phagocytic
capacity and number of apoptotic peripheral white blood ¢ENWBC) from
patients with IDA were examined. PWBC from 15 patientk WDA and from 18
healthy donors were incubated with various doses of Pbagocytosis was
examined using latex particles and apoptosis was evaluatetldvy @tometric
assay using propidium iodide staining. The percentage of phagpcy
polymorphonuclear cells was lower in IDA patients coragdp that of the
controls. However, there was no difference in thegaiage of phagocyting
monocytes from individuals of both groups. The numbeatei beads engulfed
by each polymorphonuclear or monocyte was lower in Hafients. Incubation
with 100 microg% of iron did not affect the phagocytic igpidf both cell types
in IDA patients, but increased that of control celt&ubation with 300 microg%
of iron caused an increase in the phagocytic capatpgtents’ cells and a
decrease in that function in cells from controlgyiéir dose (500 microg%o)
induced suppression of phagocytosis in cells from both groingse was no
difference in the number of apoptotic cells from induals of both groups.
Apoptosis of polymorphonuclears, but not mononucleas églm both controls
and IDA patients showed a linear dependency on the inocectration in the
medium. It is possible that the impaired phagocytic c&apatihe PBWC found
in patients with IDA contribute to the increased sysibility to infections
observed in these individuals.

PMID: 15996848 [PubMed - indexed for MEDLINE]

Iron and Immunity

272



Hematol J2005;5(7):579-83.

The effect of iron deficiency anemia on the function of the immune
system.

Ekiz C, Agaoglu L, Karakas Z, Gurel N, Yalcin |.

Division of Hematology/Oncology, Department of Pediatristanbul School of
Medicine, Istanbul University, Istanbul, Turkey.

We aimed to study the effect of iron deficiency anernila] on immunity. In 32
children with IDA and 29 normal children, the percentagé-imphocyte
subgroups, the level of serum interleukin-6 (IL-6); andpti@gocytic activity, the
oxidative burst activity of neutrophils and monocytes aeddhels of
immunoglobulins were compared. There was no differentdee distribution of
T-lymphocyte subgroups. The mean IL-6 levels was 5.6+/-3r@lpg/children
with IDA and 10.3+/-5.3 pg/ml in the control group (P<0.001)e percentage of
neutrophils with oxidative burst activity when stimulatethwima was 53.4+/-
32.7% in children with IDA and 81.7+/-14.3% in the control graep(.005).
The percentage of monocytes with oxidative burst actwayg 13.8+/-11.7% in
children with IDA and 35+/-20.0% in the control group (P<0.084¢n
stimulated with pma. and 4.3+/-3.1 versus 9.7+/-6.0% (P=0.008) stmulated
with fMLP. The ratio of neutrophils with phagocytic adty was 58.6+/-23.3% in
the anemic group; and 74.2+/-17.7% in the control group (P=0.06&)atio of
monocytes with phagocytic activity was 24.3+/-12.0% in thesraa group; and
42.9+/-13.4% in the control group (P=0.001). IgG4 level was 18.8:6-mg/dl

in children with IDA and 51.8+/-40.7 mg/dl in healthy childr&x(.05). These
results suggest that humoral, cell-mediated and norgpeemunity and the
activity of cytokines which have an important role imieas steps of
immunogenic mechanisms are influenced by iron deficieneynan
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Zhonghua Xue Ye Xue Za Zhi997 Nov;18(11):566-7.

[Cellular immunity in childhood iron deficiency anemia with
recurrent respiratory infections]

[Article in Chinese]

Liu W, Jiang A, Guo C.

PLA No. 60 Hospital, Yunnan Dali 671003.

OBJECTIVE: To examine interleukin-2 (IL-2) activity,sersamluble IL-2
receptor (slL-2R) level and T lymphocyte subsets in pergl blood from 63
childhood iron deficiency anemia (IDA) patients withugent respiratory
infections(RRI). METHODS: IL-2 activity, sIL-2R levaind T lymphocyte
subsets were assayed by MTT, ELISA and APAAP, respegtiREISULTS: IL-
2 activity, percentages of CD3+ and CD4+ cells as wehasatio of CD4+/
CD8+ cells in the patients were significantly lower € B.01),while sIL-2R
levels were higher than that in normal controls (G1). No significant change
was found in the percentage of CD8+ cells. CONCLUSIO&ItuGar immunity
was impaired in childhood IDA with RRI.
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Nat Rev Microbiol.2004 Dec;2(12):946-53.

Iron and microbial infection.

Schaible UE Kaufmann SH.

Max-Planck-Institute for Infection Biology, Departmexitimmunology,
Schumannstrasse 21-22, D-10117, Berlin, Germany.

The use of iron as a cofactor in basic metabolicvpays is essential to both
pathogenic microorganisms and their hosts. It is alsodghigomponent of the
innate immune response through its role in the generatimxio oxygen and
nitrogen intermediates. During evolution, the shared reapeingé of micro- and
macroorganisms for this important nutrient has shapepatimgen-host
relationship. Here, we discuss how pathogens competdheithost for iron, and
also how the host uses iron to counteract this threat.
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Nature.2004 Dec 16;432(7019):917-21. Epub 2004 Nov 7.

Lipocalin 2 mediates an innate immune response to bacterial
infection by sequestrating iron.

Flo TH, Smith KD, Sato S Rodriguez DJ, Holmes MA, Strong RK, Akira S,
Aderem A.

Institute for Systems Biology, Seattle, Washington 9810#.US

Although iron is required to sustain life, its free cemication and metabolism
have to be tightly regulated. This is achieved througérty of iron-binding
proteins including transferrin and ferritin. During infectidacteria acquire much
of their iron from the host by synthesizing sideropbdhat scavenge iron and
transport it into the pathogen. We recently demongtrdiz enterochelin, a
bacterial catecholate siderophore, binds to the hostipigiecalin 2 (ref. 5).
Here, we show that this event is pivotal in the inmat@une response to bacterial
infection. Upon encountering invading bacteria the T&#-lieceptors on immune
cells stimulate the transcription, translation andetgon of lipocalin 2; secreted
lipocalin 2 then limits bacterial growth by sequestrathmgiron-laden
siderophore. Our finding represents a new component d@irag immune
system and the acute phase response to infection.
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J Vet Med B Infect Dis Vet Public HealtR004 Jun;51(5):231-7.

Impairment of the peripheral lymphoid compartment in iron-
deficient piglets.

Svoboda M Drabek J, Krejci J, Rehakova Z Faldyna M.

University of Veterinary and Pharmaceutical SciencescCiihSwine Diseases,
Palackého 1-3, 612 42 Brno, Czech Republic. svobodama@vfu.cz

The aim of this study was to investigate the effectemnatal iron deficiency on
immune functions in young piglets. While control pigl were not given any iron
preparation until the age of 21 days, another group oftpiglas given 200 mg of
Fe(3+)-dextran i.m. on day 3. Red blood cell parametdtsiformer, iron-
deficient group were characteristic of hypochromic anaemiaddition, the total
leucocyte count (P < 0.01), relative and absolute neutrophiit (P < 0.01) and
absolute lymphocyte count (P < 0.05) in peripheral blooc fieernd significantly
lower in iron-deficient piglets than in their irongplemented counterparts.
Lymphocyte activity as measured by in vitro lymphocyamsformation test was
impaired in iron-deficient piglets. A statistically siioant decrease in circulating
B-lymphocyte numbers was found in non-supplemented aniimatsdeficiency
apparently negatively influenced the immunocompetenpalets.
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Cytokine.2004 Apr 21;26(2):73-81.

Differential effects of iron deficiency and underfeeding on sem
levels of interleukin-10, interleukin-12p40, and interferon-gamma in
mice.

Kuvibidila S, Warrier RP .

Department of Pediatrics, Division of Research, LamiaiState University
Health Sciences Center, and The Research Institutéhitdren, 1542 Tulane
Avenue, Box T8-1, New Orleans, LA 70112, United States. skuvib@@dsedu

BACKGROUND: Over-production of interferon-gamma (IFNag@aa) and
under-production of interleukin-10 (IL-10) are associated aittoimmunity,
whereas the opposite is associated with overwhelmiegtiohs. The influence
of iron deficiency, a public health problem for childreniorivo secretion of
these cytokines has not been previously investigated. OBYECTo determine
whether iron deficiency alters serum levels of IFN-ganIL-10, and IL-12 in
mice. DESIGN AND METHODS: Cytokine levels were measlby enzyme
immunoassay in iron-deficient (ID), control (C), ptad (PF), and iron replete
C57BL/6 mice for 3 (R3) and 14 (R14) days (n = 24-28, 12 R14). RESULT
Iron deficiency was associated with > or = 50% reduatidremoglobin,
hematocrit, liver iron stores, and thymus weight (pG5).lron repletion
improved these measurements. While iron deficiency sagmfly reduced IL-
12p40 (64%) and IFN-gamma (66%) levels, underfeeding reduced thihs&0
(48%) (p < 0.05). Iron repletion improved cytokine conceiungtto PF levels.
Thymus atrophy observed in 16 ID and 19 R3 mice, had no eiffeitt-12p40
and IFN-gamma, whereas it further decreased IL-10 level2%y (p < 0.05).
Cytokine levels positively correlated with indicatofdgron status, body and
thymus weights (r < or = 0.688, p < 0.05). CONCLUSION:&xaiggest that iron
deficiency alters the balance between pro- and anarmflatory cytokines, a
change that may affect innate and cell-mediated immuanitd risk of
autoimmune disorders. Copyright 2004 Elsevier Ltd.
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Am J Clin Nutr.2004 Mar;79(3):516-21.

Immune function is impaired in iron-deficient, homebound, older
women.

Ahluwalia N, Sun J Krause D, Mastro A, Handte G.

Department of Nutritional Sciences, The Pennsylvanige&iatversity,
University Park, PA 16802, USA.

BACKGROUND: Aging is often associated with a dysregolatf immune
function. Iron deficiency may further impair immunityofder adults. Published
reports on iron deficiency and immune response in hu@mconsistent. Most
studies are focused on young children in developing couamgsire often
confounded by comorbid conditions, infections, and nutrientigefties.
OBJECTIVE: Our objective was to determine the relatbmon status with
immune function in homebound older women, who often apairments in
both iron status and immune response. The subjects wleotesl according to
rigorous exclusion criteria for disease, infection, daficiencies in key nutrients
known to affect immunocompetence. DESIGN: Seventyttaxmebound elderly
women provided blood for comprehensive evaluation of iranistnd cell-
mediated and innate immunity. Women were classifiedoaisdeficient or iron-
sufficient on the basis of multiple abnormal iroatss test results. Groups were
compared with respect to lymphocyte subsets, phagocytagiative burst
capacity, and T cell proliferation upon stimulation wititogens. RESULTS: In
iron-deficient women, T cell proliferation upon stimuda with concanavalin A
and phytohemagglutinin A was only 40-50% of that in iron-sigfit women.
Phagocytosis did not differ significantly between trgr@ups, but respiratory
burst was significantly less (by 28%) in iron-deficierdmen than in iron-
sufficient women. CONCLUSIONS: Iron deficiency isasiated with
impairments in cell-mediated and innate immunity and reager older adults
more vulnerable to infections. Further prospective studiag sgmilar exclusion
criteria for disease, infection, and concomitant natréeficiencies are needed for
simultaneous examination of the effects of iron deficy on immune response
and morbidity.
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J Cell Biochem2003 Oct 1;90(2):278-86.

Effects of iron deficiency on the secretion of interleukin-10 by
mitogen-activated and non-activated murine spleen cells.

Kuvibidila S, Yu L, Ode D, Velez M, Gardner R, Warrier RP.

Department of Pediatrics, Division of Research, LamiaiState University
Health Sciences Center, Research Institute for Cim)dr'®42 Tulane Avenue,
New Orleans, Louisiana 70112, USA. skuvib@Isuhsc.edu

Interleukin (IL)-10 plays crucial regulatory roles in imneuresponses by
inhibiting the secretion of several cytokines (IL42;12, interferon-gamma (IFN-
gamma)) and lymphocyte proliferation. Iron deficiereyublic health problem
for children, alters these immune responses. To detemather these changes
are related to altered IL-10 secretion, we measured II0-2@ iand 48 h
supernatant of spleen cell cultures from iron defic{édy}, control (C), pairfed
(PF), and ID mice fed the control diet (iron replejitor 3 (R3) and 14 (R14)
days (d, n = 12/group). Mean levels of hemoglobin, hemiataad liver iron
stores varied as follows: C approximately equal PF appairi;mequal R14 >
R3 > ID (P <0.01). Mean baseline IL-10 levels of ID nimeded to be higher
than those of other groups (P > 0.05, ANOVA). Mean IL-1Rle secreted by
concanavalin A (Con A) and antibody raised againstelus differentiation
molecule 3 (anti-CD3)-treated cells (+/-background) weweel in ID than in C
(48 h) and iron replete mice (P < 0.05). Underfeedingradaced IL-10
secretion by anti-CD3-treated cells (48 h, P < 0.05).alyoeyte proliferative
responses to anti-CD3 +/- anti-CD28 antibodies were lanvHD than in C and
PF mice, and they were corrected by iron repletion QF0S). IL-10 levels
negatively correlated with indicators of iron statusdr= -0.285) and
lymphocyte proliferation (r <or=-0.379 [r <or=-0.743 f@r inice]), but
positively correlated with IFN-gamma levels (r <or= 0.4 0.05). Data suggest
that iron deficiency has a generalized deleterious effieciells that secrete both
cytokines. Reduced IL-10 secretion by activated cells doesvercome the
inhibition of lymphocyte proliferation due to other fact@f T cell activation that
are regulated by iron. Copyright 2003 Wiley-Liss, Inc.
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Iron and Cognitive Function

Arzneimittelforschung2007;57(6A):426-30.

Effects of iron deficiency anemia on cognitive function in children.

Agaoglu L, Torun O, Unuvar E, Sefil Y, Demir D.

Department of Pediatrics, Istanbul Faculty of Matkgilstanbul University,
Capa, Istanbul, Turkey. leyla.agaoglu@gmail.com

OBJECTIVE: To examine the effects of iron deficienogiaia on cognitive
function and intelligence in children. METHODS: Matdhease-control study
was carried out with 30 children (aged 6-12 years) withdefitiency anemia
(IDA) but without any chronic disease and with normairoenotor development.
The WISC-R intelligence test was performed beforeadtet 4-6 months of
iron/vitamin treatment (5 mg iron/kg/day as iron(lI)-hygliae polymaltose
complex, IPC, and multivitamin preparation). Pre- anst{ieeatment IQ scores
of the IDA group were evaluated and compared to the cagrivolp. RESULTS:
Treatment and control groups were similar in termgyefand gender (mean age
9.1 +/- 1.9 years for IDA group, 8.8 +/- 1.5 years fortoals, 37 % versus 40 %
girls, respectively). Mean total 1Q score of the IDAgp was 12.9 points lower
than that of the control group and this was statisyicanificant (p < 0.01).
Although a highly significant increase of 4.8 points iratdQ was found after
treatment with IPC in the IDA group (p < 0.01), post-tmesnt mean total 1Q
score of the IDA group was 8.2 points lower than tidahe control group.
However this difference of 8.2 points was not staidly significant (p > 0.05).
There were significant differences in the subtests I(BGYR between the pre-
treatment IDA group and the control group. A significampriovement was found
especially in these subtests following treatment. CONMSION: Iron deficiency
anemia in children can affect long-term cognitive functibhe WISC-R
intelligence test subsets and pre- and post-treatmemol@ssof the IDA group
were significantly differing from control group.
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J Pediatr Gastroenterol Nug009 Mar;48 Suppl 1:S8-15.

Sleep and neurofunctions throughout child development: lasting
effects of early iron deficiency.

Peirano PD, Algarin CR, Chamorro R, Reyes SGarrido Ml , Duran S,
Lozoff B.

Sleep and Functional Neurobiology Laboratory, Instiaft§utrition and Food
Technology (INTA), University of Chile, Santiago, Chippeirano@inta.cl

Iron-deficiency anemia (IDA) continues to be the nmamhmon single nutrient
deficiency in the world. Infants are at particular mgle to rapid growth and
limited dietary sources of iron. An estimated 20% to 25%efworld's infants
have IDA, with at least as many having iron deficiencthaut anemia. High
prevalence is found primarily in developing countries, &t among poor,
minority, and immigrant groups in developed ones. Infaiits MDA test lower in
mental and motor development assessments and shotwafidifferences. After
iron therapy, follow-up studies point to long-lasting diffeces in several
domains. Neurofunctional studies showed slower neurarrigsion in the
auditory system despite 1 year of iron therapy in IDfamts; they still had slower
transmission in both the auditory and visual systerpsesichool age. Different
motor activity patterning in all sleep-waking states aneise differences in
sleep states organization were reported. Persistent sideparofunctional
effects could contribute to reduced potential for optinedldwvioral and cognitive
outcomes in children with a history of IDA.
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Dev Psychobiol2009 Apr;51(3):301-9.

A history of iron deficiency anemia during infancy alters brain
monoamine activity later in juvenile monkeys.

Coe CL, Lubach GR, Bianco L, Beard JL.

Harlow Center for Biological Psychology, Universitiy\Wisconsin, 22 North
Charter Street, Madison, WI 53715, USA. ccoe@wisc.edu

Both during and after a period of iron deficiency (ID), #ependent neural
processes are affected, which raises the potential wotied the anemia
commonly experienced by many growing infants could have a predratfect

on the developing brain. To further investigate the effe€1D on the immature
brain, 49 infant rhesus monkeys were evaluated acro$issthgear of life. The
mothers, and subsequently the infants after weaning, weiréained on a
standardized diet containing 180 mg/kg of iron and were netdao other iron-
rich foods as treats or supplements. As the infants ghew were all screened
with hematological tests, which documented that 16 (33t&%ame markedly ID
between 4 and 8 months of age. During this anemic periodudosgquently at 1
year of age, cerebrospinal fluid (CSF) specimens walected to compare
monoamine activity in the ID and iron-sufficient infanMonoamine
neurotransmitters and metabolite levels were norinéleand 8 months of age, but
by 1 year the formerly anemic monkeys had significaotlyel dopamine and
significantly higher norepinephrine levels. These fagdiindicate that ID can
affect the developmental trajectory of these two irtgggrneurotransmitter
systems, which are associated with emotionality andwbetal performance, and
further that the impact in the young monkey was masieat during the period
of recovery. (c) 2009 Wiley Periodicals, Inc.
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J Nutr.2008 Dec;138(12):2495-501.

Early-life iron deficiency anemia alters neurotrophic factor
expression and hippocampal neuron differentiation in male rats.

Tran PV, Carlson ES Fretham SJ, Georgieff MK .

Department of Pediatrics, Center for Neurobehavioraeld@ment, University of
Minnesota, Minneapolis, MN 55455, USA.

Fetal-neonatal iron deficiency alters hippocampal neunmoabhology, reduces
its volume, and is associated with acute and long-teanming impairments.
However, neither the effects of early-life iron defncy anemia on growth,
differentiation, and survival of hippocampal neurons ngulaion of the
neurotrophic factors that mediate these processes hagbestigated. We
compared hippocampal expression of neurotrophic factors mnaks made iron
deficient (ID) from gestational d 2 to postnatal d (R) ¥on-sufficient controls
at P7, 15, and 30 with quantitative RT-PCR, Western anabysis
immunohistology. Iron deficiency downregulated brain-¢stineurotrophic
factor (BDNF) expression in the hippocampus without conmgteng upregulation
of its specific receptor, tyrosine-receptor kinase B.g&xtent with low overall
BDNF activity, we found lower expression of early-growsponse gene-1 and -
2, transcriptional targets of BDNF signaling. Doublecoetipression, a marker
of differentiating neurons, was reduced during peak ironidefiy, suggesting
impaired neuronal differentiation in the ID hippocampuascdntrast, iron
deficiency upregulated hippocampal nerve growth factor, epalegrawth
factor, and glial-derived neurotrophic factor accompanied by@ease in
neurotrophic receptor p75 expression. Our findings suggesethknkonatal
iron deficiency lowers BDNF function and impairs newlodhifferentiation in the
hippocampus.
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Neurotox Res2008 Aug;14(1):45-56.

Brain iron deficiency and excess; cognitive impairment and
neurodegeneration with involvement of striatum and hippocampus.

Youdim MB.

Eve Topf and USA National Parkinson Foundation, CentieExcellence for
Neurodegenerative Diseases Research and Departmentofdebigy, Rappaport
Family Research Institute, Technion-Faculty of Mediclreifa, Israel.
youdim@tx.technion.ac.il

While iron deficiency is not perceived as a life threatg disorder, it is the most
prevalent nutritional abnormality in the world, and #&tdreunderstanding of modes and
sites of action, can help devise better treatment progi@mnisose who suffer from it.
Nowhere is this more important than in infants andbodn that make up the bulk of iron
deficiency in society. Although the effects of ironideincy have been extensively
studied in systemic organs, until very recently littkeation was paid to its effects on
brain function. The studies of Oski at Johns Hopkin igedSchool in 1974,
demonstrating the impairment of learning in young schbitddi@n with iron deficiency,
prompted us to study its relevance to brain biochemistryuardion in an animal model
of iron deficiency. Indeed, rats made iron deficientehimwered brain iron and impaired
behaviours including learning. This can become irreversgge@ally in newborns, even
after long-term iron supplementation. We have showhiththis condition it is the brain
striatal dopaminergic-opiate system which becomes dedecesulting in alterations in
circadian behaviours, cognitive impairment and neuroatemhanges closely
associated with them. More recently we have extendeststudies and have established
that cognitive impairment may be closely associated mgturoanatomical damage and
zinc metabolism in the hippocampus due to iron deficiesweg,which may result from
abnormal cholinergic function. The hippocampus is the fofusany studies today,
since this brain structure has high zinc concentratinghighly involved in many
forms of cognitive deficits as a consequence of cholinatgficiency and has achieved
prominence because of dementia in ageing and AlzheimegasdisThus, it is now
apparent that cognitive impairment may not be attribudeaddingle neurotransmitter, but
rather, alterations and interactions of several systiardifferent brain regions. In animal
models of iron deficiency it is apparent that dopamireeirgeraction with the opiate
system and cholinergic neurotransmission may be defective
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Brain Res2008 Oct 27;1237:75-83. Epub 2008 Aug 7.

Iron deficiency alters expression of genes implicated in Alzheimer
disease pathogenesis.

Carlson ES Magid R, Petryk A, Georgieff MK .

Department of Pediatrics, University of Minnesota Scloddliedicine, 420
Delaware Street SE, Minneapolis, MN 55455, USA.

Neonatal brain iron deficiency occurs after insuéfiti maternal dietary iron
intake, maternal hypertension, and maternal diabetgusi@nd results in short
and long-term neurologic and behavioral deficits. Eady nleficiency affects the
genomic profile of the developing hippocampus that persiststeasm

repletion. The purpose of the present study was thredfplgliantitative PCR
confirmation of our previous microarray results, dematstg upregulation of a
network of genes leading to beta-amyloid production andicateld in Alzheimer
disease etiology in iron-deficient anemic rat pup$@time of hippocampal
differentiation; 2) investigation of the potential contitions of iron deficiency
anemia and iron treatment to this differential gerg@ression in the hippocampus;
and 3) investigation of these genes over a developntentatourse in a mouse
model where iron deficiency is limited to hippocampus, isaacompanied by
anemia and is not repletable. Quantitative PCR confiraiteded regulation in 6
of 7 Alzheimer-related genes (Apbb1, Clqa, Clu, App, Cst3, Iftatip) in iron-
deficient rats relative to iron-sufficient contralsP15. Comparison of untreated
to treated iron-deficient animals at this age suggestedrthveggole of iron
deficiency, not treatment, in the upregulation of thisegeetwork. The non-
anemic hippocampal iron-deficient mouse demonstrated upreguétall 7
genes in this pathway from P5 to P25. Our results suggel for neonatal iron
deficiency in dysregulation of genes that may setthge for long-term
neurodegenerative disease and that this may occur theoligtone modification
mechanism.
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Eur Arch Psychiatry Clin Neuros@008 Dec;258(8):489-96. Epub 2008 Jun 20.

Iron states and cognitive abilities in young adults:
neuropsychological and neurophysiological assessment.

Khedr E, Hamed SA Elbeih E, EI-Shereef H Ahmad Y, Ahmed S

Department of Neurology and Psychiatry, Assiut Univerdibgpital, P.O. Box
71516, Assiut, Egypt.

Many investigators found that iron deficiency anemia (IDAJ a great influence
on cognitive functions in infants and children. Howevardi&s of such topic in
adults are few and controversial. We prospectively asdethe possible influence
of IDA and iron supplementation (for 3 months) on cognifiction and
intelligence of 28 young adults with IDA. We used group oh&mlogical,
cognitive, neurophysiological tests for assessment inajuianini-mental state
examination (MMSE), Wechsler memory scale-revised (\WR)SWechsler adult
intelligence scale-revised (WAIS-R), event-related pidén(ERPS), and
electroencephalography (EEG). Compared to controls,maiikemonstrated
lower scores of different cognitive tests (MMSE, WMSaRd WAIS-R), which
showed significant improvement after treatment. Pigddion of ERPS latencies
(N200 and P300) and reduction in their amplitudes (P200 and P308€) wer
identified with significant increase in amplitude ocedrafter treatment. EEG
abnormalities were observed in 55% of patients which sbdamprovement in
35% after treatment. Positive correlation was idexdifbefore and after treatment
between hemoglobin levels and MMSE (P=0.01, 0.05), total /@?8.04) and
performance (P=0.05, 0.04) IQ scores. Negative correlasnidentified
between before and after treatment between P300 laaeactotal 1Q of WAIS-R
(P=0.03, 0.008) and hemoglobin level (P=0.4, 0.01). Positivelation was
found before and after treatment between P300 amplitutieotal 1Q (P=0.028,
0.01) and serum iron (P=0.01, 0.001). In conclusion, IDA igrafgant factor in
cognitive performance in adult population, which can baglgrteversed by
treatment.
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Neurophysiol Clin2008 Apr;38(2):137-43. Epub 2008 Feb 21.

Quantitative EEG and cognitive evoked potentials in anemia.

Kececi H, Degirmenci Y.

Department of Neurology, Duzce University Medical Faculiuzce, Turkey.
hulusikececi@dtip.edu.tr

OBJECTIVE: The anemic status may alter brain funstiand electrogenesis, as
reflected by EEG and cognitive EPs (CEPSs). This study @iregaluate CEPs
and EEG power spectra in adult patients with iron-derficy anemia and to
determine the effects of appropriate iron therapy ottreldiagnostic findings.
METHODS: Fifty-one patients with iron-deficiency aneamnderwent CEP and
EEG recording. All patients were re-assessed after thogg¢hs of oral-iron
therapy. RESULTS: All patients had recovered fromrthaemia through the
three-month iron therapy. Central N1 amplitude and M2 amplitude was
increased. N2 latencies were shortened in frontal artdateegions. P3 latencies
were shortened in frontal, central and parietal aaedsP3 amplitude was
increased in the parietal region. Except in the gammd; =l pretreatment and
post-treatment mean-power values were significantly l@atéhe temporal,
parietal and occipital regions. CONCLUSIONS: This stindlycates that in iron-
deficiency anemia, appropriate iron therapy can impbvae electrogenesis, as
reflected by P300 and EEG power spectra.
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J Dev Behav Pediat2008 Feb;29(1):11-7.

Selective impairment of cognitive performance in the young monkey
following recovery from iron deficiency.

Lubach GR, Coe CL.

Harlow Center for Biological Psychology, DepartmehPsychology, University
of Wisconsin, Madison, Wisconsin 53715, USA. grlubach@wdic.e

OBJECTIVE: While poor nutrition during development is an obsiconcern,
the magnitude and duration of the neural and cognitive defiwt occur after
moderate iron deficiency in infancy have remained coetal. A nonhuman
primate model of infancy anemia was refined to investifeeffects on
cognitive performance. METHODS: Young rhesus monkeysexgerienced a
delimited period of iron deficiency were tested on aeseof cognitive tasks
following normalization of their hematological staté®ginning at 8 to 9 months
of age, 2 months after weaning from their mothers andwuoption of solid food,
the previously iron-deficient (ID) monkeys (n = 17) weoenpared to age- and
gender-matched, iron-sufficient (1S) (n = 27) monkeys sar&s of three tests of
cognitive performance. Using the Wisconsin General Teggpgaratus, a
Black/White Discrimination task was followed by acquisitof Black/White
Reversal (BWR). RESULTS: ID monkeys were significastywer at mastering
the BWR task (p <.04), which required reversing and inhibitiegotieviously
learned response. In addition, ID infants were sigmtigdess object oriented (p
<.017) and more distractible (p < .018). However, on two sjules# tests, the
Concurrent Object Discrimination and Delayed Non-Matclsample, there were
no differences in acquisition, performance, or behavi@activity.
CONCLUSIONS: The initial cognitive and behavioral defi@te similar to those
seen in follow-up evaluations of anemic children, butlithéed extent of the
impairment after this moderate iron deficiency that imed a select nutrient
deficiency is encouraging for the benefits attainalmeugh early identification
and iron supplementation.
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Biochem Soc Tran2008 Dec;36(Pt 6):1267-71.

The role of iron in neurodevelopment: fetal iron deficiency and the
developing hippocampus.

Georgieff MK .

Department of Pediatrics, Division of Neonatology, \énsity of Minnesota
School of Medicine, Minneapolis, MN 55455, USA. georg001@umn.edu

Iron is a ubiquitous nutrient that is necessary for nbnearodevelopment.
Gestational conditions that compromise fetal iratus include maternal iron
deficiency, smoking, diabetes mellitus and hypertendiba.iron-deficient
neonate has altered recognition memory function angdeéeament while iron-
deficient. The memory deficits persist even after mgpietion. Animal models
demonstrate that early iron deficiency affects neurandlglial energy
metabolism, monoamine metabolism and myelination,istamg with
behavioural findings in human infants. Of particular réaeterest are genomic
changes in transcripts coding for signal transductiorgriténstructure and
energy metabolism induced by early iron deficiency tretvieell into adulthood
in spite of iron treatment. Early iron sufficiensycritical for long-term
neurological health.
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Mult Scler.2008 Jun;14(5):602-8. Epub 2008 Apr 11.

The role of iron dysregulation in the pathogenesis of multiple
sclerosis: an Egyptian study.

Abo-Krysha N, Rashed L

Department of Neurology, Cairo University, Cairo, Egypitaha@yahoo.com

BACKGROUND: Iron is essential for virtually all type$ cells and organisms.
The significance of iron for brain function is refled by the presence of
receptors for transferrin on brain capillary endatielells. Iron imbalance is
associated with proinflammatory cytokines and oxidativess, which have been
implicated in the pathogenesis of multiple sclerosiS). Transferrin receptor
(TfR) is the major mediator of iron uptake. Its expi@sss increased to facilitate
iron entrance into the cell. The increased serum lefvebluble transferrin
receptor (sTfR) may indicate an abnormal intraceildlatribution of iron and a
decrease in the cytoplasmic compartment. OBJECTIVE 0Djective is to
assess the possible role of iron metabolism dysfumatithe pathogenesis of
MS. METHODS: Thirty subjects were selected from thefdégy Department
of Kasr El-Aini hospital, Cairo University: 20 MS patisnwhere nine patients
were relapsing and progressive (secondary progressive (8R)abf six were
secondary progressive active (SP-A) and three were dacoprogressive stable
(SP-S)), seven were relapsing-remitting active (RR#) faur were primary
progressive (PP); and 10 control subjects matched inrabsex. Each patient
was subjected to a thorough general medical and neurdlega&aination,
Kurtzke MS rating scales, laboratory assessment, newaging, evoked
potentials and quantitative determination of the indicasoafmetabolism, such
as serum iron and sTfR. RESULTS: The serum leveTl R svas significantly
higher in our MS patients compared with the control grgup (0.0001). The
levels were significantly higher in SP-A (p = 0.001), SR = 0.01), RR-A (p =
0.0001) and PP (p = 0.003) patients than in controls. Iraresabere within
normal limits in all patients. The increased serdiiirdevel in non-anemic MS
patients with active disease reflects the increasedturnover. The elevation of
STfR levels in stable patients may indicate activeamfhation with ongoing
oxidative damage that is not detectable by history or exatian.
CONCLUSIONS: Iron overload and upregulation of iron-harglproteins, such
as TfR, in the MS brain can contribute to pathogeradidultiple Sclerosis and
iron imbalance is associated with a pro-oxidative staessa proinflammatory
environment, this suggest that iron could be a target fotHd@&py to improve
neuronal iron metabolism.
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Early Hum Dev.2008 Jul;84(7):479-85. Epub 2008 Feb 12.

Iron deficiency and infant motor development.

Shafir T, Angulo-Barroso R, Jing Y, Angelilli ML , Jacobson SWLozoff B.

Center for Human Growth and Development, University affiigan, Ann Arbor,
Michigan 48109-5406, USA.

BACKGROUND: Iron deficiency (ID) during early developntempairs
myelination and basal ganglia function in animal mod&ls1S: To examine the
effects of iron deficiency anemia (IDA) and iron defncy (ID) without anemia
on infant motor skills that are likely related to mgation and basal ganglia
function. STUDY DESIGN: Observational study. SUBJEECFull-term inner-
city African-American 9- to 10-month-old infants who wdree of acute or
chronic health problems with iron status indicators rapfrom IDA to iron
sufficiency (n=106). Criteria for final iron status ddiation were met by 77 of
these infants: 28 IDA, 28 non-anemic iron-deficient (NA,l&nd 21 iron-
sufficient (1S). OUTCOME MEASURES: Gross motor deysateental
milestones, Peabody Developmental Motor Scale, Irif@oirological
International Battery (INFANIB), motor quality factof the Bayley Behavioral
Rating Scale, and a sequential/bi-manual coordinatioretoival task. General
linear model analyses tested for linear effects aof gt@tus group and thresholds
for effects. RESULTS: There were linear effects ohistatus on developmental
milestones, Peabody gross motor (suggestive trend), N\B-Atanding item,
motor quality, and toy retrieval. The threshold for etffewas ID with or without
anemia for developmental milestones, INFANIB standieg, and motor quality
and IDA for toy retrieval. CONCLUSIONS: Using a comipeasive and sensitive
assessment of motor development, this study found pooter faoction in 1D
infants with and without anemia. Poorer motor functimmmag non-anemic 1D
infants is particularly concerning, since ID without arers not detected by
common screening procedures and is more widespread than IDA.
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Brain Res2006 May 30;1092(1):47-58. Epub 2006 May 2.

Cellular iron concentrations directly affect the expression levels of
norepinephrine transporter in PC12 cells and rat brain tissue.

Beard JL, Wiesinger JA, Jones BC

Department of Nutritional Science, S-128 Henderson SoutldiBg, The
Pennsylvania State University, University Park, PA 16802, Usfard@psu.edu

Neurological development and functioning are adverselgt@ifeby iron
deficiency in early life. Iron-deficient rats are knotenhave elevations in
extracellular DA and NE, suggesting alterations in reupbdkieese monoamines.
To explore possible mechanisms by which cellular irarceatrations may alter
NE transporter functioning, we utilized NET expressing P12 and iron-
deficient rats to explore the relationship between NEtgm and mRNA
expression patterns and iron concentrations. Treatofé€12 with the iron
chelator, desferrioxamine mesylate (DFO, 50 microM fohR4ignificantly
decreased [3H] NE uptake by more than 35% with no apparangehn Km.
PC12 cells exposed to increasing concentrations of DFO (25-C00NM)
exhibited a dose response decrease in [3H] NE uptake within(28+73% of
control) that paralleled a decrease in cellular NETganatontent. Inhibition of
protein synthesis with cycloheximide resulted in NET plisarance rates from
DFO-treated cells greatly exceeding the rate of lass frontrol cells. RT-PCR
analysis revealed only a modest decrease in NET mRN&sleRat brain locus
ceruleus and thalamus NET mRNA levels were also only sttyd#gecreased (10-
15%) despite a 40% reduction in regional brain iron. Iriresty NET proteins
levels in thalamus and locus ceruleus were strongéctt by regional iron
deficiency with high correlations with iron conceniwas (r > 0.94 and r > 0.80
respectively). The present findings demonstrate that NBfEiprconcentrations
and functioning are dramatically reduced with iron deficietiog;modest effect
on mRNA levels suggests a stronger influence on NET ¢karfiy and
degradation than on protein synthesis.
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Brain Res2008 Oct 27;1237:75-83. Epub 2008 Aug 7.

Iron deficiency alters expression of genes implicated in Alzheimer
disease pathogenesis.

Carlson ES Magid R, Petryk A, Georgieff MK .

Department of Pediatrics, University of Minnesota Scloddliedicine, 420
Delaware Street SE, Minneapolis, MN 55455, USA.

Neonatal brain iron deficiency occurs after insuéfitimaternal dietary iron
intake, maternal hypertension, and maternal diabetgusi@nd results in short
and long-term neurologic and behavioral deficits. Eady nleficiency affects the
genomic profile of the developing hippocampus that persiststeasm
repletion. The purpose of the present study was thredfplgliantitative PCR
confirmation of our previous microarray results, dematstg upregulation of a
network of genes leading to beta-amyloid production andicateld in Alzheimer
disease etiology in iron-deficient anemic rat pup$@time of hippocampal
differentiation; 2) investigation of the potential contitions of iron deficiency
anemia and iron treatment to this differential gerg@ression in the hippocampus;
and 3) investigation of these genes over a developntentatourse in a mouse
model where iron deficiency is limited to hippocampus, isaacompanied by
anemia and is not repletable. Quantitative PCR confiraiteded regulation in 6
of 7 Alzheimer-related genes (Apbb1, C1qa, Clu, App, Cst3, Iftatip) in iron-
deficient rats relative to iron-sufficient contralsP15. Comparison of untreated
to treated iron-deficient animals at this age suggestedrthveggole of iron
deficiency, not treatment, in the upregulation of thisegeetwork. The non-
anemic hippocampal iron-deficient mouse demonstrated upreguétall 7
genes in this pathway from P5 to P25. Our results suggel for neonatal iron
deficiency in dysregulation of genes that may setthge for long-term
neurodegenerative disease and that this may occur theoligtone modification
mechanism.
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Am J Clin Nutr.2007 Mar;85(3):778-87.

Iron treatment normalizes cognitive functioning in young women.

Murray-Kolb LE , Beard JL.

Department of Nutritional Sciences, The Pennsylvanige&iatversity,
University Park, PA, USA. Imurrayk@jhsph.edu

BACKGROUND: Evidence suggests that brain iron deficien@ang time in life
may disrupt metabolic processes and subsequently cbhaggéive and
behavioral functioning. Women of reproductive age are gnlomse most
vulnerable to iron deficiency and may be at high riskctognitive alterations due
to iron deficiency. OBJECTIVE: We aimed to examine thatien between iron
status and cognitive abilities in young women. DESIGNiliAded, placebo-
controlled, stratified intervention study was conductedd@omen aged 18-35 y of
varied iron status who were randomly assigned to receimesupplements or a
placebo. Cognition was assessed by using 8 cognitive perfoertasics (from
Detterman's Cognitive Abilities Test) at baseline (n = B4®) after 16 wk of
treatment (n = 113). RESULTS: At baseline, the irorigeht women (n = 42)
performed better on cognitive tasks (P = 0.011) and completed faster (P =
0.038) than did the women with iron deficiency anemia 84y Factors
representing performance accuracy and the time needed pbeterhe tasks by
the iron-deficient but nonanemic women (n = 73) wetermediate between the 2
extremes of iron status. After treatment, a signifiamprovement in serum
ferritin was associated with a 5-7-fold improvementagrutive performance,
whereas a significant improvement in hemoglobin wkged to improved speed
in completing the cognitive tasks. CONCLUSIONS: Iroatis$ is a significant
factor in cognitive performance in women of reproductiye. &everity of anemia
primarily affects processing speed, and severity ofdeficiency affects
accuracy of cognitive function over a broad range of taBkss, the effects of
iron deficiency on cognition are not limited to the depeng brain.
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Trace Elem Re2007 Winter;120(1-3):92-101.

Acquisition of visuomotor abilities and intellectual quotient in
children aged 4-10 years: relationship with micronutrient
nutritional status.

Gonzalez HE Malpeli A, Etchegoyen G Lucero L, Romero F, Lagunas C
Lailhacar G, Olivares M, Uauy R.

Instituto de Desarrollo e Investigaciones Pediatricastréé\sociado a la
Comision de Investigaciones Cientificas de la Providei8uenos Aires,
Hospital de Nifios Sor Maria Ludovica, La Plata, Argentina
horaciofgonzalez@gmail.com

Lethargy, poor attention, and the high rate and sewvefrityfections in
malnourished children affect their educational achievenwattherefore studied
the association between visuomotor abilities and ig&ice quotient (IQ) and
their relationship with iron, zinc, and copper. A crgsstional study was carried
out on a sample of 89 healthy children (age range, 4-10)y&aduations of
visuomotor ability and 1Q were performed with the Develeptal Test of Visual
Motor Integration (VMI) and the Scale for Measuremdnntelligence for
children aged 3-18 years, respectively. Nutritional statissasaessed using
anthropometry and biochemical assessments, which incgetad ferritin, zinc
and copper levels, and Hb. The sample was classifiedwisg low or normal
VMI scores: 47 children (52.8%, mean age 7 +/- 1.5 yearsloatfMI, and 42
(47.2%, mean age 7 +/- 2.06 years) had normal VMI. There mestatistically
significant differences in socioeconomic and cultuoaldition between both
groups. We found significantly higher serum copper and fetatiels in normal
as compared to low VMI, but we did not find any differenatih zinc. 1Q was
significantly higher in normal vs low VMI children. Tligct that children with
abnormal VMI presented low mean serum copper and fecoticentrations
could indicate that copper and iron deficiencies in thmEe could be related
with visuomotor abilities.
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J Nutr.2004 Sep:134(9):2349-54.

Once-weekly and 5-days a week iron supplementation differeradiy
affect cognitive function but not school performance in Thai
children.

Sungthong R Mo-suwan L, Chongsuvivatwong V. Geater AF.

Epidemiology Unit, Faculty of Medicine, Prince of Soraklniversity, Songkla
90110, Thailand. rassamee@ratree.psu.ac.th

Many studies have reported comparable hemoglobin resposabjetts given
intermittent and daily iron supplements. However, tifece of intermittent iron
supplementation on impaired cognitive function, one osri@us consequences
of iron deficiency among children, has not been studMéslinvestigated the
effects of 1 d/wk (weekly) and 5 d/wk (daily) iron supplenaéinh on changes in
results of intelligence quotient (1Q), Thai languagel arathematics tests among
Thai primary schoolchildren. A double-blind, randomized, g@t@econtrolled

trial was conducted. Primary schoolchildren (n = 397) wandomly assigned to
receive iron supplements daily or weekly or placebo. ksrsoilfate (300 mg) or
placebo tablets were given under direct observationdyetsearcher for 16 wk.
Changes in 1Q, and Thai language and mathematics scoreshe&a compared.
The increases in hemoglobin concentration were corpfamathe weekly and
daily iron supplementation groups but serum ferritin ineeeamore in the
children supplemented daily. Children receiving daily iron seipeits, however,
had a significantly lower increase in 1Q (3 +/- 12 psjrithan those receiving the
supplement weekly (6 +/- 12 points) or placebo (6 +/- 18tphiwhereas the last-
mentioned two groups did not differ. Z-scores of Thai langaaglemathematics
test results did not differ among the groups. We concludevdakly iron
supplementation is the regimen of choice in this stadtgmunity.
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Eur J Clin Nutr.2004 Nov;58(11):1532-42.

Effect of iron supplementation on cognition in Greek preschoolers.

Metallinos-Katsaras E, Valassi-Adam E Dewey KG, Lonnerdal B,
Stamoulakatou A Pollitt E .

Simmons College, Boston, MA 02132, USA. metallin@simmons.edu

OBJECTIVE: To examine effects of iron supplementatiorvigilance, attention
and conceptual learning in preschool children in Greec&IGHE: Randomized
Double-Blind Placebo Controlled trial of iron. Randomiaatstratified by iron
status and day care center (DCC). SETTING: Nine publi€®@ Athens,
Greece. SUBJECTS: In all, 49 3-4-y olds (21 anemic, 28 goodstatus) with
birth weight not less than 2500 g, currently healthy; benignrpeadical history,
IQ > or =1 s.d. below the age-adjusted mean, serumd?l=200 ppb (none
exceeded 50 ppb), and height, weight and head circumfer@nagd > or =10th
percentile. Anemia defined as: (1) pretreatment Hgb <11&hg/ITS <16% and
ferritin <12 microg/L OR (2) Hgb rise of >10 g/l (T2-TO) tviron
supplementation. Good iron status was defined as bassiels bf Hgb >120 g/l
and either TS >20% or serum ferritin >12 microg/l. INTERVIEON: The
intervention consisted of a 2-month supplementatidktbahg iron (and MV) vs
placebo (MV alone). RESULTS: After iron treatmethie anemic subjects made
significantly fewer errors of commission (14% highercspaty, P<0.05),
exhibited 8% higher accuracy (P<0.05) and were significardkerafficient
(mean difference=1.09, P<0.05) than those given placdieseleffects of iron
were not found among preschoolers with good iron statugffidots of iron
treatment were found on the Oddity Learning task. CONCIOMNS: This study
demonstrated that iron supplementation of iron-defia@eimic preschoolers
results in an improvement in discrimination, specificselective attention.
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Asia Pac J Clin Nutr2002;11(2):117-22.

Effects of haemoglobin and serum ferritin on cognitive function in
school children.

Sungthong R Mo-suwan L, Chongsuvivatwong V.

Epidemiology Unit, Faculty of Medicine, Prince of Soragkiniversity, Songkhla,
Thailand. sburapat@medicine.psu.ac.th

The association between iron deficiency anaemia agditive function
impairment has been widely reported in young childrenwither the
impairment is a result of iron deficiency per se eombination of iron
deficiency and anaemia, and how these conditions attasastill questionable.
Four hundred and twenty-seven school children from twoadshn
socioeconomically deprived communities were selectsdunhern Thailand.
Iron status was determined by haemoglobin and serumrieroiticentrations.
Cognitive function in this study was measured by 1Q tegtsahool performance,
including Thai language and mathematics scores, using zsdtased on
distributions within the same grade and school. Data orogeaphy and
socioeconomic status were collected by questionnaire aaduwg the parents.
Linear regression models were used to investigate thet effanaemia and iron
deficiency, reflected by haemoglobin and serum fercibincentration, on
cognitive function and school performance. We found ¢bghitive function
increased with increased haemoglobin concentration idrehiwith iron
deficiency, but did not change with haemoglobin concaatran children with
normal serum ferritin level. Children with iron de&aocy anaemia had
consistently the poorest cognitive function (IQ, 74.6xiThai language score,
0.3 SD below average; and mathematics score, 0.5 Sy betrage). Children
with non-anaemic iron deficiency but with high haenobgt levels had
significantly high cognitive function (1Q, 86.5 points;dilanguage score, 0.8
SD above average; and mathematics score, 1.1 SD abernaga). This study
found a dose-response relationship between haemoglabicognitive function
in children with iron deficiency, whereas no similardance was found in iron
sufficient children.
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Iron deficiency anaemia influences cognitive functions.

Petranovic D, Batinac T, Petranovic D, Ruzic A, Ruzic T.

Department of Hematology, Rijeka University Hospitalegimirova 42, 51000
Rijeka, Croatia.

Many diseases, different nutritional, metabolic aachtonal changes, ageing and
drugs can alter cognitive functions. Anemia via cerebrpbkia and other
possible mechanisms has been suggested to have a greatdafan cognition.
Iron deficiency anemia, the most common form of aaehms been suggested to
result in cognitive deterioration and alteration of neaga@al functions. Previous
studies resulted in significant discrepancies consideongelation between
anemia and cognitive achievement mainly because differemt@ensitive
enough tests used to measure cognition. We suggest a siginifibaence of iron
deficiency anemia on dynamic properties and functiceatures of the central
nervous system activity. Cognitive achievement is styorgdated to hemoglobin
level and could be expected in all patients. Higher héobaglevel results in
better CNS function. As a first step in confirmingrefuting our hypotheses we
suggest standardization of the method used to measure cogsiteh as a very
sensitive apparatus like Complex reactiometer Drend@RD).
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Transpl Int.2009 Apr;22(4):434-40. Epub 2008 Dec 9.
Iron deficiency anemia and iron losses after renal transplantation.

Zheng S Coyne DW, Joist H, Schuessler RGodboldo-Brooks A Ercole P,
Brennan DC.

Department of Internal Medicine, Renal Division, Washamgt/niversity School
of Medicine, St Louis, MO 63110, USA.

Iron deficiency contributes to anemia after transgiaoh. The magnitude of iron
loss from blood loss in the peri-transplantation pehasl not been quantified. We
prospectively estimated phlebotomy and surgical lossastloedirst 12-weeks
following transplantation in 39 consecutive renal trdasprecipients on
hemodialysis (HD), peritoneal dialysis (PD), or chookidney disease (CKD). At
transplant, ferritin levels were <200 ng/ml in 51% of plagients, and iron
saturation was </=20% in 44%. CKD patients more commaandiyférritin levels
<200 ng/ml than either HD or PD patients (100% vs. 21% vs. §7¢4).0002,
respectively). Blood loss was similar among HD, PD aK® @atients (833 +/-
194 vs. 861 +/- 324 vs. 755 +/- 79 ml respectively, P = NS)nardifference
between deceased and living donor transplant recipi®8is+/- 291 vs. 788 +/-
162 ml, P = 0.33). Based on baseline hemoglobin (Hgb) of 1dL3ng
estimated that an additional 330 mg of iron was needed toatiae hemoglobin
to 13 g/dl, and 605 mg to increase hemoglobin to 14 g/dl. Blood@mébsses
over the first 12 weeks post-transplant are substantimay warrant early
administration of intravenous iron.
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Hematology.2008 Dec;13(6):352-5.

Prevalence of iron deficiency anemia among adolescent schoolgirls
from Kermanshah, Western Iran.

Akramipour R , Rezaei M Rahimi Z.

Department of Pediatrics, Kermanshah University of iRl dSciences,
Kermanshabh, Iran.

Iron deficiency anemia is a major health problem irettgying countries. Anemia
reduces physical work capacity and cognitive function andradlyeaffects
learning and scholastic performance in schoolgirls engedolescence. A cross-
sectional study was conducted to determine the prevatéman deficiency, iron
deficiency anemia and anemia among adolescent schtsohged 14-20 years
from 20 different high schools located in three educatiareas of Kermanshah,
the capital of Kermanshah province in Western Ira gievalence of anemia
(Hb<12 mg/dl) among adolescent school girls was 21.4% dediciency using a
ferritin level <12 microg/l was found in 23.7% of studied gifleere were 47
girls (12.2%) with iron deficiency anemia (Hb<12 g/dl aadifin <20 microg/l).
Around 57.3% of anemic girls were iron deficient. Thesrawno significant
differences between the presence of anemia anduleoleeducation of parents.
The mean levels of hemoglobin (Hb), hematocrit (Htigan corpuscular volume
(MCV), mean cell hemoglobin (MCH) and mean cell herabgl concentration
(MCHQCQ) in studied adolescent girls from Western Irarevfound to be lower
than those reported for females aged 12-18 years. Inusioe] regarding the
detrimental long-term effects and high prevalence ofdw®ficiency, iron
deficiency anemia and anemia in Kermanshah, Westarnt&rarevention could
be a high priority in the programs of health systerthefcountry and
supplementation of a weekly iron dose is recommended.
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J Am Coll Nutr.2008 Apr;27(2):229-43.

Determinants of anemia among preschool children in the
Philippines.

Tengco LW, Rayco-Solon P Solon JA Sarol JN Jr, Solon ES

Nutrition Center of the Philippines, Villamor Interclggn South Superhighway,
Western Bicutan, Taguig City 1630, Philippines.

OBJECTIVE: Our objective was to identify the determinasfitanemia among rural
Filipino children aged 12-71 months. METHODS: A cross-seatiearvey was
conducted among 2090 preschool children from 8 rural villages in @alarea non-
endemic for malaria and schistosomiasis. Hemoglobin (Hgerdration was
determined using a HemoCue hemoglobinometer and zinc protopior (biypP)
concentration was measured with a hematofluorometerddydon-consecutive 24-hour
food recall interview with the child's primary caregivasadone to estimate the child's
dietary intake. Stool analysis for presence of soil-trétasthhelminths was performed
through a concentration technique. A separate intererehousehold socio-economic
status with the child's primary caregiver was conducted \RES: Mean Hb
concentration was 12.0 g/dL (SD 1.3). 16.1% were anemicaAdeex had a significant
interaction in their effect on Hb concentration. Femakes higher Hb concentration
between 12 to 23 months of age. Hb levels equalize betwe@rgdreders at around 24
months and increase with similar increments until 71th®aof age. All dietary
parameters improved Hb concentration with increasing intakbe multiple regression,
however, only the index for bioavailable iron and vitamin @kes remained
independent factors. None of the helminths or combinatidrlofinths had significant
effects on Hb concentration. Among the socio-economic iMasamaternal educational
attainment and water supply were significant independentradiiean ZPP
concentration was 72.07 (SD 46.45) and 30.8% were iron defigientith Hb
concentration, age and sex had a significant interactithreir effect on ZPP
concentration, with females having lower ZPP levels beddrmonths of age.
Bioavailable iron (animal iron + 0.3*plant iron) had a siigaint effect on ZPP
concentration at levels of at least 15% of the iron requént. This was seen even after
controlling for multivitamin supplementation. CONCLUSION:€ltontrol of anemia
among preschoolers can be achieved through a combinatieniafis/ nutritional
interventions such as micronutrient supplementation, footi¢atton and nutrition
education. Our findings emphasize the importance of &-sedtoral approach to
nutritional problems--the importance of empowering womero(ihph engagement and
education) and of maintaining a healthy physical environmene(waid sanitation) are
often peripheral concerns of nutritionists. Our study higithéi the importance of
supporting initiatives that address these issues not ontigdarcore benefit, but also for
the potential benefit to nutrition.
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Iron and anemia in human biology: a review of mechanisms.

Handelman GJ, Levin NW.

Clinical Laboratory and Nutrition Sciences, UnivergsifyMassachusetts, 3
Solomont Way, Lowell, MA 01854, USA. Garry_Handelman@udul.e

The biology of iron in relation to anemia is best ustiod by a review of the
iron cycle, since the majority of iron for erythrogsis is provided by iron
recovered from senescent erythrocytes. In iron-aaf@i anemia, storage iron
declines until iron delivery to the bone marrow is insught for erythropoiesis.
This can be monitored with clinical indicators, beginninthvow plasma

ferritin, followed by decreased plasma iron and transfsaturation, and
culminating in red blood cells with low-Hb content. Wrastequate dietary iron is
provided, these markers show return to normal, indicatmeg@onse to the
dietary supplement. Anemia of inflammation (also kn@sranemia of chronic
disease, or ACD) follows a different course, becanghis form of anemia
storage iron is often abundant but not available fatheopoiesis. The diagnosis
of ACD is more difficult than the diagnosis of ironfideency anemia, and often
the first identified symptom is the failure to show sp@nse to a dietary iron
supplement. Confirmation of ACD is best obtained frdeva&ted markers of
inflammation. The treatment of ACD, which typicadynploys erythropoietin
(EPO) supplements and intravenous iron (i.v.-irongnipirical and often falls
shorts of therapeutic goals. Dialysis patients shoanapéex pattern of anemia,
which results from inadequate EPO production by the kidn#gmmation,
changes in nutrition, and blood losses during treatmét@ &nd i.v.-iron are the
mainstays of treatment. Patients with heart failae loe anemic, with incidence
as high as 50%. The causes are multifactorial; inflamomaow appears to be the
primary cause of this form of anemia, with contribusidtom increased plasma
volume, effects of drug therapy, and other complicatafrigeart disease.
Discerning the mechanisms of anemia for the heart fgilatient may aid rational
therapy in each case.
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Toxicol Lett. 2008 Apr 1;177(3):156-67. Epub 2008 Jan 30.

Iron deficiency causes duodenum mucosal hyperplasia in male
Wistar rats.

Cunha GC, van Ravenzwaay BMellert W , Kaufmann W.

BASF SE, Experimental Toxicology and Ecology, Z 470, 67056 ligsivafen,
Germany.

Administration of an iron-deficient diet to Wistar saesulted within 14 days in
reduced serum iron concentrations, a microcytic hypesitranemia,
characteristic for impaired hemoglobin synthesis, amihcrease of duodenal
epithelial cell proliferation. After 5 weeks of ironfaéency, hypochromic
microcytic anemia and a clear increase of duodenum wbkighmo pronounced
effects on cell proliferation was observed. Increaiemtienum weights
corresponded to significant increases in mucosal ardiaatmg a diffuse, simple
mucosal hyperplasia. The sequence of events followamgdepletion thus
appears to be: (1) reduced serum iron levels, (2) inductibgpafchromic
microcytic anemia, (3) increased duodenal epithelialpreliferation, and (4)
increased duodenal weight (increased mucosal area)défmiency anemia was
rapidly reversible after a 2-week recovery period. Hmyeincreased duodenum
weights were still noted at that time. Intramusculan supplementation in
animals fed with iron-deficient diet maintained body itevels not below normal
values, and neither anemia nor increased duodenum celépxtiin were
detected after 14 days. A 5-week iron supplementation pexsudked in slightly
increased serum iron values, and slightly decreased duaatieelial cell
proliferation. Thus, increased duodenum mucosal hyperplesiashown to be
secondary to depletion of body iron and anemia and teféectattempt to increase
iron absorption to counteract iron deficiency.
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Eur J Appl Physiol2008 Apr;102(6):703-9. Epub 2007 Dec 19.

Anemia and iron status in young fertile non-professional female
athletes.

Di Santolo M, Stel G, Banfi G, Gonano F Cauci S

Department of Biomedical Sciences and Technologidgy@of Medicine,
University of Udine, Piazzale Kolbe 4, 33100 Udine, Italy.

We evaluated the effects of regular physical exercisenemia and iron status in
young non-professional female athletes. A total of 191timgathite Italian
women (23.5 +/- 4.68 years) were analyzed; 70 were noegziohal athletes
performing 11.1 +/- 2.63 h week(-1) exercise and 121 were segentatrols.
Blood markers of anemia and iron status-hemoglobin (kHapatocrit (Hct), red
blood cells (RBC), serum ferritin, iron, transfer(irf), transferrin saturation
(TfS), soluble transferrin receptor (sTfR), and théRbg ferritin ratio (STIR-F
index)-were evaluated. Anemia threshold was Hb < 120 g Ketjitin
concentrations < 12 microg I(-1) were considered as irGicielecy (ID).
Frequency of anemia (15.7 versus 10.7%, P = 0.32), ID (27.4sv288%, P =
0.70), and ID anemia (8.6 versus 5.8%, P = 0.46) was noteatiffer athletes and
controls. However, athletes were threefold more likkdn controls (17.1 versus
5.8%) to have serum iron < 50 microg dI(-1) [odds ratio (ARY, P = 0.012].
Low-TfS (<15%) was found in 25.7% of athletes and in 13.2%wnfrols, OR
2.27, P =0.030. Elevated-sTfR (>1.76 mg I(-1)) was found in 24{3&thtetes
and in 12.4% of controls, OR 2.27, P = 0.034. Regular noregsmmnal sport
activity does not cause an increased rate of anemiir@nadeficiency in fertile
women. However, physical exercise has an impactasnstatus as it reduces
serum iron and transferrin saturation, and elevat#s. Nearly one fifth of
recreational athletes have anemia and a third havelefeit, these conditions
can decrease their physical performance.
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Nonhematological benefits of iron.

Agarwal R.

Division of Nephrology, Department of Medicine, Ind@adniversity School of
Medicine, and Richard L. Roudebush VA Medical Centeraimapolis, Indiana,
USA. ragarwal@iupui.edu

Iron deficiency anemia is common in people with chedmilney disease (CKD)
and its importance in supporting erythropoiesis is unquestieggecially in those
patients treated with erythropoietin. Clinical sympé&batogy such as fatigability,
cold intolerance, failure to concentrate and poor efftolerance is often
attributed to anemia or uremia. That iron deficiency,geeican cause these
symptoms is poorly recognized. Clinical and animal stutth@ssupport the
benefits of iron supplementation, independent of inangadgemoglobin, such as
those on immune function, physical performance, theemdation, cognition,
and restless leg syndrome and aluminum absorption isibijecs of this narrative
review. (c) 2007 S. Karger AG, Basel.
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Iron deficiency anemia in an urban slum.

Hanumante NM, Kanvinde S, Sanwalka NJ Vaidya MV , Khadilkar AV .

Poona Medical Foundation Research Center, Ruby HalcCRhune, India.

OBJECTIVE: Of this pilot study was to assess the status and dietary intake of
1-3 year-old apparently healthy toddlers of the lower secanomic class, and
the effect of eight weeks intervention with liquid orah in an urban slum in
Pune, India. METHODS: 50 toddlers (M= 25, F= 25) with mag® of 2.4 years
(SD 0.82) were evaluated. Anthropometry, Food Frequen@s@nnaire, a
hemogram and ferritin were measured. Twenty mg of eleah&on was given to
all toddlers. After 8 weeks clinical examination, antlmmetry, hemoglobin
(HGB) and Ferritin were measured. RESULTS: Prevalehem@mia was 66%
(HGB <11 gm %) and ferritin (iron stores) were low (< 1li2nogm/L) in 45
(90%). After therapy prevalence of anemia was 30%. Tlagea significant
difference in the HGB and ferritin levels of childrafter eight weeks of therapy
(p<0.001). CONCLUSION: The prevalence of anemia decreasadd6 to 30%
after treatment with liquid iron. We propose thatcalhcerned in the care of
toddlers should join the fight against anemia and ptesdaon to all toddlers
when they are seen for minor ailments.
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Iron deficiency anaemia influences cognitive functions.

Petranovic D, Batinac T, Petranovic D, Ruzic A, Ruzic T.

Department of Hematology, Rijeka University Hospitalegimirova 42, 51000
Rijeka, Croatia.

Many diseases, different nutritional, metabolic aachtonal changes, ageing and
drugs can alter cognitive functions. Anemia via cerebrpbkia and other
possible mechanisms has been suggested to have a greatdafan cognition.
Iron deficiency anemia, the most common form of aaehms been suggested to
result in cognitive deterioration and alteration of neaga@al functions. Previous
studies resulted in significant discrepancies consideongelation between
anemia and cognitive achievement mainly because differemt@ensitive
enough tests used to measure cognition. We suggest a siginifibaence of iron
deficiency anemia on dynamic properties and functiceatures of the central
nervous system activity. Cognitive achievement is styorgdated to hemoglobin
level and could be expected in all patients. Higher héobaglevel results in
better CNS function. As a first step in confirmingrefuting our hypotheses we
suggest standardization of the method used to measure cogsiteh as a very
sensitive apparatus like Complex reactiometer Drend@RD).
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Zhonghua Yu Fang Yi Xue Za ZI2008 May;42(5):339-41.

[Anemia status and correlation factors in rural regions of Hebei
province]

[Article in Chinese]

Wangqg YJ, Li JG, Xu WL, Wang XB, Liu YL , Jiang H.

Center for Disease Prevention and Control of Heba¥iRce, Shijiazhuang,
China.

OBJECTIVE: To investigate anemia status and correlatifaction factors in
rural regions of Hebei province and to find out evidencefeventing and
controlling anemia. METHODS: A random-sampling surveg wanducted
among 3367 houses in Hebei rural areas. The investigatiolvesveconomic
levels, ages, education levels and occupations of 11,627 quesgoiie
hemoprotein and serum iron were measured. Unconditiogistic regression
was performed. RESULTS: The anemia prevalence ratsheasn up to 8.4% in
rural regions of Hebei province, and in men and womensa2o and 11.0%,
respectively;mainly in infant (< 2 years old, 27.2%) chighring age women, the
anemia prevalence rate was 11.0%-16.0%. The analysisdhbat the main risk
factors of anemia were sex and serum iron. CONCLWS[The anemia
prevalence is highest in infant and child bearing age waupplying of iron
should be an important measure for preventing and dlimgranemia.
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Acta Chir lugosl2007;54(1):91-105.

[Iron deficiency anemia and its importance in gastroenterology
clinical practise]

[Article in Serbian]

Vuceli¢ D, Nenadik B, Pesko P Bjelovi¢ M, Stojakov D, Sabljak P, Ebrahimi
K, Dunjié S Velickovié D, Spica B

Klinika za digestivnu hirurgiju, Institut za bolesti digesthg sistema, KCS,
Beograd.

Iron deficiency anemia (IDA) is a universal problem inwadvindividuals of all
ages and both sexes and is a common cause of rééematical departments.
This anemia is one of the most common types of andBMaimpairs growth and
intellectual development in children and adolescent. ImermIDA is most
common in reproductive period because of menstrual and p@gman losses.
IDA affects roughly 10-30% of all pregnancies and, among otherbidities,
may contribute of developing postpartum depression. Among athst patient,
chronic occult gastrointestinal bleeding is the leadingeaf IDA.
Approximately, one third of patients with anemia have weficiency and up to
two thirds of patients with IDA have serious gastrointedtiesions detected with
esophagogastroduodenoscopy and colonoscopy, including 10-15% with
malignancy. However, in practice not all anemiceras undergo appropriate
diagnostic tests to detect iron deficiency. Furthermaibstantial proportion of
patients with IDA do not undergo endoscopic evaluation.appeoach to its
investigation and subsequent therapy depends upon a comprehensive
understanding of iron metabolism and heme synthesis. @agrosis of iron
deficiency or IDA is established, evaluation for thassaof anemia must be
appropriate performed and treatment must include corraeplenishment of
body stores.
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Nutritional factors associated with anaemia in pregnant women in
northern Nigeria.

Vanderjagt DJ, Brock HS, Melah GS, El-Nafaty AU, Crossey MJ Glew RH.

Department of Biochemistry and Molecular Biology, Unsigr of New Mexico
School of Medicine, Health Sciences Center, 1 Unityecs New Mexico,
Albuquerque, NM 87131-0001, USA.

This study was conducted to assess the relative comnbuoitiron, folate, and B
12 deficiency to anaemia in pregnant women in sub-Sal#raca. In total, 146
pregnant women, who attended two antenatal clinics imté&o Nigeria, were
recruited into the study. The majority (54%) of the womeme in the third
trimester. Blood samples were obtained for deternunaif haematocrit and for
measurement of serum iron, total iron-binding capaatyitin, folate, vitamin
B12, and homocysteine. Malaria was present in 15 (9.4%)enoBased on a
haemoglobin value of<105 g/L, 44 (30%) women were classifieshasmic. The
major contributing factor to anaemia was iron deficyebased on the serum
concentration of ferritin (<10 ng/mL). The mean homoey® concentration for
all subjects was 14.1 pmol/L, and homocysteine concesnisatvere inversely
correlated with concentrations of folate and vitamih2 The serum
homocysteine increased markedly at serum vitamin B12 leeddsv 250 pmol/L.
The most common cause of anaemia in the pregnant wonmemnthern Nigeria
was iron deficiency, and the elevated concentratibh®mocysteine were most
likely due to both their marginal folate and vitamin B12.sta
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Overview of clinical trials in the treatment of iron deficiency with
iron-acetyl-aspartylated casein.

Lazzari F, Carrara M .

General Medicine, Spedali Civili di Brescia, DistratidGardone VT, Brescia,
Italy.

Iron therapy is necessary in a wide variety of clhsituations, and new
formulations with improved tolerability and efficacy uld be a welcome
alternative to ferrous sulfate. A trivalent iron prateomplex has been developed
using an N-acetyl-aspartylated derivative of caseinA&B) for oral iron therapy.
This paper provides an overview of the pharmacokinetic amdalldata on Fe-
ASP use. To date, 704 paediatric and adult patients affecteanbgeficiency
anaemia with a wide variety of clinical histories (drg, iron absorption defects,
pregnancy, chronic or acute gastrointestinal haemorylaye been treated with
Fe-ASP in 16 clinical trials including nine open and sevetroted trials. In
healthy volunteers, Fe-ASP proved to be an efficiehicle for providing iron
with high bioavailability and more rapid and persistentaases in serum iron
levels than ferritin. In open clinical trials, highdignificant improvements in
clinical and haematological parameters were observedtadatment with Fe-
ASP in all categories of patients with iron deficieacyaemia. In controlled
clinical trials, the changes in clinical and haemataalgprofiles observed with
Fe-ASP were virtually identical to those seen with ipootein succinylate (IPS),
and Fe-ASP also compared well with parenteral iron glat® No safety
considerations were raised.Fe-ASP shows high efficagpmn-deficient anaemia
treatment, and it is an extremely well tolerated wehicle. Fe-ASP represents a
valid alternative to IPS and shows promise as a sutesfir parenteral iron
therapy in selected clinical situations.
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[Iron deficiency anaemia: clinical presentation, biological diagnosis
and management]

[Article in French]

Espanel G Kafando E, Hérault B, Petit A, Herault O, Binet C.

Service d’hématologie, hopital Bretonneau, CHRU de Toursuevard
Tonnellé, 37044 Tours cedex 9, France. espanel@med.univiitours.

The iron deficiency is the first cause of anaemiadalthy young adult, anemia
is well tolerated because of its progressive installafihe most common
symptoms of anemia are pallor, fatigue and dyspnea. logital exams, anemia
is classically associated with microcytosis and hypaia. The origins of
microcytic anemia are iron deficiency, inflammatory @egies, thalassemia and
sideroblastic anaemia. The iron-deficiency diagnosikides two explorations:
biological and clinical. The biological explorationbased on interpretation of
serum biologics tests as blood iron, ferritin, trangh with saturation, total iron-
binding capacity and its soluble receptors. This interpretaisimple if it is not
associated with clinical disorders influencing the irdénmron cycle. The clinical
exploration must always be followed by a careful sssent of the underlying
cause as blood loss. The most common causes in womeprotluctive age are
gynaecologic. In men and menopausal women, the gassomal tract bleeding
is source of anemia. Therapeutic management of ansraraliiron therapy.
Etiological diagnostic of microcytosis is essenbiafore iron therapy. If not, the
treatment could be inefficient or it could mask or delsyetiological diagnostic.
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Pol Merkur Lekarski2007 Jan;22(127):25-7.

[Concentration of ferritin, transferrin and iron as a markers of iron
deficiency in healthy women in reproductive age]

[Article in Polish]

Chetchowska M Laskowska-Klita T, Leibschang J

Department of Biochemistry and Clinical Diagnosticstitute of Mother and
Child, Poland. lipidy@imid.med.pl

Iron deficiency anemia in pregnancy continues to benaal problem, which
contributes to maternal and fetal morbidity. Iron ste@ciency leads to iron
deficient erythropoiesis and to negative iron balancenwhe iron supply is
insufficient to maintain normal concentration of legitobin. The aim of this
study was aimed to establish concentration of fertitamsferrin and iron as a
markers of iron deficiency in healthy women in reproduciige came for control
examination to Institute of Mother and Child in Wars8ATERIAL AND
METHODS: In serum of 108 healthy, multiparas in age up to 46 ye@m urban
agglomerations, middle-class non-pregnant women corat@m of iron, ferritin,
transferrin and transferrin saturation were determinecdommercially available
kits (Hoffman-La Roche, Switzerland). RESULTS: Meamcentration of iron,
ferritin and transferrin were among normal values. lewel of iron (below 49
microg/dl) was observed in serum of 12%, this of fer(i@low 20 ng/ml) in
22% and of transferrin (below 252 mg/dl) in 15% of studied worfeansferrin
saturation lower than 15% was observed in 9 patientsobtaened values were
age dependent. The lowest values of total iron were wdxsan the youngest
group | (below 25 years old) and were accompanied witHifetevel below 20
ng/ml in 26% of women. Low ferritin values were alsoaed in serum of 22%
patients of group Il (25-35 years old) and only in 14% of enmlder than 35
years (group lll). Saturation of transferrin lower tli#&%6, which indicated
deficiency of iron for erythropoiesis, was observe@6f6, 13% and 19% patients
of group I, Il and Ill respectively. CONCLUSIONS: Obted results indicated
that in population of studied women in reproductive age,lisutel iron
deficiency in 20% and negative iron balance in 10% couldbserved.
Therefore, iron status, especially store ferritin,ustidoe assessed very carefully
as a component of medical care.
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Int J Obes (Lond)2007 Sep;31(9):1412-9. Epub 2007 Apr 17.

Inflammation and iron deficiency in the hypoferremia of obesity.

Yanoff LB, Menzie CM, Denkinger B, Sebring NG, McHugh T, Remaley AT,
Yanovski JA.

Unit on Growth and Obesity, Developmental EndocringlBganch, National
Institute of Child Health and Human Development, Betheltia, USA.

CONTEXT: Obesity is associated with hypoferremia, big unclear if this
condition is caused by insufficient iron stores or dinfiagiron availability
related to inflammation-induced iron sequestration. OBJEETT o examine the
relationships between obesity, serum iron, measuriesrointake, iron stores and
inflammation. We hypothesized that both inflammation-cetlisequestration of
iron and true iron deficiency were involved in the hypasria of obesity.
DESIGN: Cross-sectional analysis of factors antigddo affect serum iron.
SETTING: Outpatient clinic visits. PATIENTS: Convensensample of 234
obese and 172 non-obese adults. MAIN OUTCOME MEASURE&tRNnships
between serum iron, adiposity, and serum transfezdaptor, C-reactive protein,
ferritin, and iron intake analyzed by analysis of cauace and multiple linear
regression. RESULTS: Serum iron was lower (75.8+/-35.2 \&+8@4.2 g/d|,
P=0.002), whereas transferrin receptor (22.6+/-7.1 vs 21.Q+irdol/l,

P=0.026), C-reactive protein (0.75+/-0.67 vs 0.34+/-0.67 mg/dI, P<0.0601) a
ferritin (81.1+/-88.8 vs 57.6+/-88.7 microg/l, P=0.009) were highebese than
non-obese subjects. Obese subjects had a higher prevalenen deficiency
defined by serum iron (24.3%, confidence intervals (CI)-B8.2 vs 15.7%, CI
11.0-21.9%, P=0.03) and transferrin receptor (26.9%, Cl 21.6v33.8.7%, CI
11.0-21.9%, P=0.0078) but not by ferritin (9.8%, CI 6.6-14.4 vs 9.3%,7c
14.7%, P=0.99). Transferrin receptor, ferritin and C-reagtrotein contributed
independently as predictors of serum iron. CONCLUSION#&: Aypoferremia of
obesity appears to be explained both by true iron defigiand by inflammatory-
mediated functional iron deficiency.
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Ann Dermatol VenereoR007 Jan;134(1):45-7.

[Vulvar dermatitis and iron deficiency]
[Article in French]

Mateus C, Franck N, Leclerc S Brudy-Gulphe L, Plantier F, Dupin N.

Service de Dermatologie, Institut Gustave Roussy, Millej
christine.mateus@igr.fr

BACKGROUND: Many mucocutaneous signs associated withdeditiency are
described in the current dermatologic and haematologratiire but genital
mucosa involvement has never been reported. CASE REP@R report a case
of iron deficiency anaemia revealed by psoriasis-likear dermatitis. The
vulvar involvement dramatically improved after iron tqgy. In the case reported
herein, iron deficiency resulted from three mechanisneseased loss
(menorrhagia), inadequate dietary iron intake (vegatatiet) and inadequate
absorption (iron absorption inhibitors such as tea) @MISSION: Iron deficiency
may be responsible for genital mucosa involvement. Iréinielecy investigation
must determine the presence of blood loss and dietary lfakssssment of iron
levels and ingestion of iron absorption inhibitors). Gertietary
recommendations are essential to avoid the failureofdupplementation.
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Am Fam Physician2007 Mar 1;75(5):671-8.

Erratum in:

« Am Fam Physician. 2008 Oct 15;78(8):914.

Iron deficiency anemia.

Killip S, Bennett JM, Chambers MD.

Department of Family and Community Medicine, UniversityKentucky,
Lexington, Kentucky, USA.

The prevalence of iron deficiency anemia is 2 perceatlirit men, 9 to 12
percent in non-Hispanic white women, and nearly 20 penedatack and
Mexican-American women. Nine percent of patients oldan 65 years with iron
deficiency anemia have a gastrointestinal cancer whalnaed. The U.S.
Preventive Services Task Force currently recommendsisiaig for iron
deficiency anemia in pregnant women but not in other grdrqpstine iron
supplementation is recommended for high-risk infantsesid months of age.
Iron deficiency anemia is classically described ascaanytic anemia. The
differential diagnosis includes thalassemia, sidertiblasemias, some types of
anemia of chronic disease, and lead poisoning. Seruitinfésrthe preferred
initial diagnostic test. Total iron-binding capacitigrisferrin saturation, serum
iron, and serum transferrin receptor levels may befildfghe ferritin level is
between 46 and 99 ng per mL (46 and 99 mcg per L); bone marrpsybitay
be necessary in these patients for a definitive diagnosthildren, adolescents,
and women of reproductive age, a trial of iron is aageable approach if the
review of symptoms, history, and physical examinatiomagative; however, the
hemoglobin should be checked at one month. If thametis 1 to 2 g per dL (10
to 20 g per L) increase in the hemoglobin level in tima¢, possibilities include
malabsorption of oral iron, continued bleeding, or unkmdéegion. For other
patients, an endoscopic evaluation is recommended beginitimgolonoscopy if
the patient is older than 50.
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Am J Clin Nutr.2007 Mar;85(3):778-87.

Iron treatment normalizes cognitive functioning in young women.

Murray-Kolb LE , Beard JL.

Department of Nutritional Sciences, The Pennsylvanige&iatversity,
University Park, PA, USA. Imurrayk@jhsph.edu

BACKGROUND: Evidence suggests that brain iron deficienn@ng time in life
may disrupt metabolic processes and subsequently cbhaggéive and
behavioral functioning. Women of reproductive age are gnlomse most
vulnerable to iron deficiency and may be at high riskctognitive alterations due
to iron deficiency. OBJECTIVE: We aimed to examine thatien between iron
status and cognitive abilities in young women. DESIGNiliAded, placebo-
controlled, stratified intervention study was conductedd@omen aged 18-35 y of
varied iron status who were randomly assigned to receimesupplements or a
placebo. Cognition was assessed by using 8 cognitive perfoertasics (from
Detterman's Cognitive Abilities Test) at baseline (n = B4®) after 16 wk of
treatment (n = 113). RESULTS: At baseline, the irorigeht women (n = 42)
performed better on cognitive tasks (P = 0.011) and completed faster (P =
0.038) than did the women with iron deficiency anemia 84y Factors
representing performance accuracy and the time needed pbeterhe tasks by
the iron-deficient but nonanemic women (n = 73) wetermediate between the 2
extremes of iron status. After treatment, a signifiamprovement in serum
ferritin was associated with a 5-7-fold improvementagrutive performance,
whereas a significant improvement in hemoglobin wksged to improved speed
in completing the cognitive tasks. CONCLUSIONS: Iroatis$ is a significant
factor in cognitive performance in women of reproductiye. &everity of anemia
primarily affects processing speed, and severity ofdeficiency affects
accuracy of cognitive function over a broad range of taBkss, the effects of
iron deficiency on cognition are not limited to the depeng brain.
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J Clin GastroenteroR007 Jan;41(1):41-4.

Iron-deficiency anemia as presentation of pouchitis.

Pastrana RJ Torres EA, Arroyo JM , Rivera CE, Sdnchez CJMorales L.

Gastroenterology Research Unit, Department of Meditiméversity of Puerto
Rico School of Medicine, University of Puerto Rico, Saan, PR.

GOALS: This study sought to describe the percentage and chasemia in
patients who underwent ileal pouch with anal anaston(#3#A) for ulcerative
colitis (UC), and to compare the distribution of coroalions in patients with and
without anemia, especially pouchitis, after IPAA. BACKGBND: IPAA is the
surgical procedure of choice for UC. Complications inclpdechitis (40%),
strictures (30%), small bowel obstruction (10%), pelvicsge(<5%), and urinary
and sexual dysfunctions (<5%). Few studies have desdhbgurevalence of
anemia after IPAA, but no conclusive findings have beparted. STUDY:
Patients who had undergone IPAA for UC were recruitech fithe UPR
Inflammatory Bowel Disease Clinic and the Gastroembery Research Unit.
Demographic and medical data were obtained. Anemia wasatiad using
standard hematologic criteria. Serum iron, ferritiansferrin, folate, vitamin
B12, erythropoietin, total iron-binding capacity, reticul@cgount, peripheral
smear, and bone marrow aspirate were evaluated in {zatieh anemia. Data
analysis was performed with EPI Info version 6.4d. RES8tLTon-deficiency
anemia was identified in 55.5% (10/18) of patients and pouetsissfound in
77% (14/18). All 10 patients with anemia had pouchitis, whesahs4 of the 8
without anemia had pouchitis. In half of the anemic p&ijgrouchitis was
asymptomatic. CONCLUSIONS: Iron-deficiency anemia fina clinical
presenting sign of pouchitis. Hemoglobin levels may beidened as
surveillance tools for pouchitis in patients with IPAA.
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Am J Clin Nutr.2009 Mar;89(3):853-61. Epub 2009 Jan 28.

Treatment response to standard of care for severe anemia in
pregnant women and effect of multivitamins and enhanced
anthelminthics.

Christian P, Shahid F, Rizvi A, Klemm RD, Bhutta ZA.

Center for Human Nutrition, Department of Internatidrdealth, Bloomberg
School of Public Health, Johns Hopkins University, BaltiepdiD 21205, USA.
pchristi@jhsph.edu

BACKGROUND: Severe anemia (hemoglobin < 70 g/L) in pregyanay
increase the risk of maternal and perinatal mortaliJECTIVES: We assessed
response to standard treatment with high-dose irondglat for 90 d and single-
dose (500 mg) mebendazole among severely anemic pregnanhwome
periurban Karachi, Pakistan. In addition, we evaluateckthicacy of 2 enhanced
treatment regimens. DESIGN: We screened pregnant wonme6Z88) for
severe anemia and provided them all with the standardngeatTo test the
efficacy of 2 additional treatments, women were rangi@assigned to standard
treatment alone (control) or with 100 mg mebendazolestwaily for 3 d or 90 d
of daily multivitamins or both using a 2 x 2 factorial dgsiRESULTS:
Prevalence of severe anemia was high (10.5%) during pregriznesyalence of
geohelminths and malaria was low. Treatment respeasealefined as
hemoglobin > 100 g/L at the 90-d or > or = 25 g/L at the 60-dvialip visit. The
standard-of-care treatment resulted in a responsefra88oat follow-up,
although an adherence of > or = 85% elicited a higher respg@7%). The effect
of the additional treatments was weak. Although respaasehigher in the
enhanced groups than for the standard treatment at thagsedsment, the
differences were not statistically significant. Hee hemoglobin concentration
increased significantly in all groups and was higher iretiteanced mebendazole
group compared with the standard group (P < 0.05). CONCLUSIObIS
deficiency was high in this population, and the standarchoé-treatment resulted
in a treatment response of 50%, although better treaiznkerence showed a
higher response. Multivitamins and the enhanced mebendagiteen had a
modest benefit over and above the standard treatment.
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Iron and Blood Improvement

Nagoya J Med Sck009 Feb;71(1-2):39-49.

Iron and iodine deficiencies among under-2 children, adolescent girls, dn
pregnant women of Bangladesh: association with common diseases.

Harun-Or-Rashid M , Khatun UF, Yoshida Y, Morita S, Chowdhury N, Sakamoto J

Department of Healthcare Administration, Nagoya UnigiGraduate School of
Medicine, Nagoya 466-8550, Japan. mh_rashid67@yahoo.com

We examined the frequency of iron and iodine deficiermmesassociations of iron and
iodine deficiencies with common diseases among under-@&ehjladolescent girls, and
pregnant women of Bangladesh. We assayed the blood hesmogbncentration in 395
under-2 children, 355 adolescent girls, and 263 pregnant woheeuribary iodine
concentration of those adolescent girls and pregnaniewpand the iodine level of all
household salt specimens. The history of common dise@t&n their previous 2 weeks
were also obtained from recall to explore the assioeis of iron and iodine deficiencies
with common diseases. Anemia was found in 49.1% of @nld24.8% of adolescent
girls, and 44.4% of pregnant women using defined cut-off vgides< 11.0 g/dL for
under-2 children and pregnant women; <12.0 g/dL for adoleguds)t Prevalence of
iodine deficiencies (urinary iodine <100 microg/L) was 38.4%dalescent girls and
39.4% in pregnant women, and 39.4% of salt specimens had inadeqlia¢e(<15
ppm). The relative risk (RR) and 95% confidence inten@l} \{ere estimated and
adjusted for age, sex, and gestational age to explerasgociations of iron and iodine
deficiencies with common diseases. The RR of anamagincreased for fever (RR = 1.7,
95% CI = 1.3-2.3), ear infection (RR = 3.4, 95% CI = 1.3-&ij) disease (RR = 1.4,
95% CI = 0.9-2.2), and pneumonia (RR = 3.7, 95% CI = 0.7-19.8)RRhof iodine
deficiency was elevated for diarrhea/dysentery (RRR=25% CIl = 1.1l-4.4) and eye
infection (RR = 2.1, 95% CI = 0.5-9.4). We concluded tfaat and iodine deficiencies
are quite high among the Bangladeshi population. Observedatssas of iron and
iodine deficiencies with common diseases indicated ¢lsessity of eliminating iron and
iodine deficiencies from this vulnerable population througéngthening of iron and
iodine supplementation, in order to prevent diseasepr@amlote health conditions.
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Free Radic Re2008 Sep;42(9):824-9.

Iron-deficiency anaemia enhances red blood cell oxidative stress.

Nagababu E Gulyani S, Earley CJ, Cutler RG, Mattson MP, Rifkind JM .

Molecular Dynamics Section, National Institute onigg National Institutes of
Health, Baltimore, MD 21224, USA.

Oxidative stress associated with iron deficiency ana@maamurine model was
studied feeding an iron-deficient diet. Anaemia was mogitdny a decrease in
hematocrit and haemoglobin. For the 9 week study anaserm total iron
binding capacity was also demonstrated. Anaemia resultaal increase in red
blood cells (RBC) oxidative stress as indicated by inectéesvels of fluorescent
heme degradation products (1.24-fold after 5 weeks; 2.1-fold@fteeks). The
increase in oxidative stress was further confirmed byatdeMevels of
methemoglobin for mice fed an iron-deficient diet. #ased haemoglobin
autoxidation and subsequent generation of ROS can acavuhefshorter RBC
lifespan and other pathological changes associated wittdeticiency anaemia.
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Zhonghua Yu Fang Yi Xue Za ZI®2008 Jun;42(6):437-41.
[Effect of NaFeEDTA on serum ferritin level in iron deficient
epidemic population: a systematic review]
[Article in Chinese]

Wangqg B, Zhan SY, Xia YY, Li LM .

Department of Epidemiology and Biostatistics, Schd®#ublic Health, Peking
University, Key Laboratory of Epidemiology, Ministry Bducation, Beijing
100083, China.

OBJECTIVE: To evaluate effect of NaFeEDTA on serumitie level in iron
deficient epidemic population. METHODS: A comprehensitexditure retrieval
was performed via searching electronic databases, hamtisgabibliographies
of books and relevant journals, collecting grey liter@gdutooking into conference
abstracts, contacting fields experts and reviewing neéeeand citations. Criteria
from Cochrane EPOC review group were used to assess tlitg gtithe

included studies. Generic inverse variance method was aseulértake Meta-
analysis. RESULTS: The pooled estimate for serunitifetevel (weighted mean
difference) was 1.58 microg/L (95% CI 1.20-2.09; P < 0.001). COMSION:
This systematic review indicates that NaFeEDTA migigrove serum ferritin
concentration significantly in iron deficient epiderpigpulation.
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Am J Med.2008 Nov;121(11):943-8.
Individualized treatment for iron-deficiency anemia in adults.

Alleyne M, Horne MK, Miller JL .

The National Cancer Institute, National Institutes ehlh, Bethesda, MD
20892-1801, USA.

Iron deficiency is one of the most common disordéeceing humans, and iron-
deficiency anemia continues to represent a major phbhadth problem
worldwide. It is especially common among women of claliting age because of
pregnancy and menstrual blood loss. Additional patient growpslie those with
other sources of blood loss, malnutrition, or gut malgiigor. Iron-deficiency
anemia remains prevalent despite the widespread abilitpgmase the disease
and availability of medicinal iron preparations. Therefarew approaches are
needed to effectively manage these patient populationkid review, the
diagnosis and treatment of iron-deficiency anemia a@udsed with emphasis
placed on consideration of patient-specific featuras.dtoposed that all patients
participate in their own care by helping their physic@amdentify a tolerable daily
iron dose, formulation, and schedule. Dosing cycleses@mmended for iron
replacement based on the tolerated daily dose and #ierowt deficit. Each cycle
consists of 5000 mg of oral elemental iron ingested averaat 1 month with
appropriate follow-up. This approach should assist physiaadsheir patients
with the implementation of individualized treatmemagtgies for patients with
iron-deficiency anemia.
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Food Nutr Bull.2008 Sep;29(3):186-94.

Weekly iron and folic acid supplementation with counseling reduce
anemia in adolescent girls: a large-scale effectiveness study in Uttar
Pradesh, India.

Vir SC, Singh N, Nigam AK, Jain R.

Public Health Nutrition and Development Centre, Newhbel
sheila.vir@gmail.com

BACKGROUND: Weekly iron-folic acid supplementationamall-scale research
trials and as administered in institutions has been ddanated to be effective in
reducing anemia in adolescent girls. OBJECTIVE: To as$eseffectiveness of
weekly iron-folic acid supplementation in a large-sqatgect in reducing the
prevalence of anemia in adolescent girls. METHODS: pifoject provided
weekly iron-folic acid tablets, family life educaticamd deworming tablets every
6 months to 150,700 adolescent school girls and non-scHea§a total district
population of 3,647,834. Consumption of the iron-folic acideiablvas
supervised for schoolgirls but not for non-schoolgirlentdglobin levels were
assessed in a random sample of non-schoolgirls ad zamonths and
schoolgirls at 6 months. The effect of supplementatiothe prevalence of
anemia and the compliance rate were assessed owgraa geriod. RESULTS:
In 4 years, the overall prevalence of anemia was redinom 73.3% to 25.4%.
Hemoglobin levels and anemia prevalence were influencedisantly at 6
months. No difference in the impact on hemoglobinr@anaia prevalence was
observed between supervised and unsupervised girls. Coungeling positive
effects of regular weekly iron-folic acid intake cobtiied to a high compliance
rate of over 85%. The cost of implementation was US$0eBbeneficiary per
year. CONCLUSIONS: Weekly iron-folic acid supplemeiata combined with
monthly education sessions and deworming every 6 monthstigffective in
reducing the prevalence of anemia in adolescent gipgrdpriate counseling,
irrespective of supervision, is critical for achieving ipge outcomes.
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Nutrition. 2008 Nov-Dec;24(11-12):1116-22. Epub 2008 Aug 9.
Anemia, nutritional status, and inflammation in hospitalized elderly

Ramel A, Jonsson PV Bjornsson § Thorsdottir | .

Unit for Nutrition Research, Landspitali-University Hbhitsl, and Department of
Food Science and Human Nutrition, University of IceldRelykjavik, Iceland.
alfons@landspitali.is

OBJECTIVE: Anemia (hemoglobin <120 g/L) in elderly patieata health
problem. The aim of this study was to investigate the peecal of anemia and
associations of anemia with nutritional status and inftatron in hospitalized
elderly. METHODS: Sixty patients from the DepartmehGeriatrics were
randomly assigned to participate. Blood samples were daadmnalyzed at the
laboratory of the University Hospital in Reykjavik. Ntitmal status was
assessed using anthropometric and hematologic paraniRESEILTS: The
prevalence of anemia was 36.7%. Female participantsmame frequently
anemic than male participants (47.4% versus 18.2%, P = OA¥&ic patients
had a lower albumin level (31.3 versus 33.4 g/L, P = 0.019) a&ighar
erythrocyte sedimentation rate (29.6 versus 16.0 mm#10).B05) and were more
often malnourished (81.8% versus 44.7%, P = 0.005) than nomi@apatients.
Hemoglobin correlated with prealbumin (rho = 0.338, ®G68) and albumin
(rho = 0.250, P = 0.054) levels, but negatively with age £k0.310, P = 0.016)
and erythrocyte sedimentation rate (rho =-0.412, ®&1). In the multivariate
analysis, erythrocyte sedimentation rate and nutafistatus were significant
predictors of hemoglobin (R(2) = 34.0%). CONCLUSION: Thisss-sectional
analysis provides evidence of anemia in 36.7% of patientstatized at the
Landspitali-University Hospital in Reykjavik and showsaasociation among
anemia, deteriorated nutritional status, and inflammataoiture prospective
studies are needed to assess the efficacy of adjuvaitiomat support to
stabilize or improve nutritional status including anemibaspitalized elderly.
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Nutr Cancer2008;60(4):474-82.

Blood iron, glutathione, and micronutrient levels and the risk of oral
cancer.

Richie JP Jr, Kleinman W, Marina P, Abraham P, Wynder EL , Muscat JE.

Department of Public Health Sciences, Penn State Cérstéute, Penn State
University College of Medicine, Hershey, Pennsylvania 17033.US
jrichie@psu.edu

The risk of oral cavity cancer was determined in retet@mserological levels of
iron; vitamins A, B2, C, E; zinc; thiamin; and glutathio®@5SH). The study
included 65 hospitalized patients with oral cancer and 85hadtcontrols. In
comparing the highest to the lowest tertiles, the risk @duds ratio (OR) = 0.3
[95% confidence interval (Cl) = 0.1-0.6] for iron; 3.2 (9= 1.3-8.1) for total
iron binding capacity (TIBC), which measures the concaatraf the iron
delivery protein transferrin; and 0.4 (95% CI = 0.2-0.9) fansferrin saturation
(iron/TIBC x 100). These associations were strongeeirer smokers than in
ever smokers. The risk associated with the iron stquegein ferritin was
significantly elevated, but this association could rtftisease-related
inflammation or comorbidity. The OR for GSH was 0.4%®961 = 0.1-0.9), and
the OR for GSH reductase activity coefficient (indiaf riboflavin deficiency)
was 1.6 (95% CI = 1.3-3.7). These findings suggest that milddieficiency and
low GSH levels, which are associated with increasedadixe stress, increase the
risk of oral cavity cancer.
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Eur J Clin Nutr.2008 Aug;62(8):946-52. Epub 2007 May 23.

Prenatal iron supplementation in rural Vietham.

Aikawa R, Jimba M, Nguen KC, Binns CW.

School of Public Health, Curtin University of Technolo&erth, Australia.

OBJECTIVE: To assess the potential impact of a natimoalsupplementation
programme in rural Vietham. METHODS: The study includedstionnaires,
focus group discussions of pregnant women and key informigantiews,
together with measurements of haemoglobin (Hb) and destamination for
soil-transmitted helminths. RESULTS: Iron supplemaatesignificantly
increased Hb concentration among participants in thenskeand third trimesters
by 0.4 and 0.7 g/dI, respectively (P=0.017 and P<0.001). The rislaefraa (Hb
<10.0 g/dl) was increased significantly by hookworm infestati®=0.041) and in
summer season (P=0.001) and was decreased significandigibg tron tablets
(P=0.041). CONCLUSIONS: The results of this study shaat &ém iron
supplementation programme is beneficial as a parcofigprehensive anaemia
programme for pregnant women in these communities.€Tiressilts will be
useful for developing improved iron-deficiency anaemia @admprograms for
pregnant women.
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J Pediatr (Rio J)2007 Mar-Apr;83(2):149-56.

Risk factors for anemia in infants assisted by public health serviee
the importance of feeding practices and iron supplementation.

Silva DG, Priore SE, Franceschini Sdo C

Universidade Federal de Vigosa, Vigcosa, MG, Brasil.

OBJECTIVE: To investigate risk factors for anemianfants assisted by public
health services. METHODS: In a cross-sectional staglgied out in Vigosa, state
of Minas Gerais, Brazil, 205 children from 6 to 12 montleserevaluated.
Socioeconomic, environmental and biological data weleated, as well as
information on child's birth, nutritional status, maggdrdata, child health care
practices, feeding practices, and iron supplementati@yridsis of anemia was
based on hemoglobin levels under 11 g/dL, using a portaii®é&le
photometer. To analyze variables associated with ayentiierarchical logistic
regression model was used. RESULTS: The prevalence wiameas 57.6%.
Family income per capita less than 0.5 minimum waggquéacy of fruit intake
less than daily and lack of iron supplementation incetlse chance of anemia
among infants. CONCLUSION: Adequate health and nutrgigpport to low
income families, promotion of healthy nutritional halsitel prescription of iron
supplements are of great importance to prevent and managgsain infants
assisted by public health services.
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Toxicol Appl Pharmacol2007 Feb 15;219(1):33-41. Epub 2006 Dec 8.

Iron supplement prevents lead-induced disruption of the blood-
brain barrier during rat development.

Wang O, Luo W, Zheng W, Liu Y, Xu H, Zheng G, Dai Z, Zhang W, Chen
Y, Chen J

Department of Occupational and Environmental Health, BaotiMilitary
Preventive Medicine, Fourth Military Medical Univessitl7 Changlexi Street,
Xi'an, 710032, China.

Children are known to be venerable to lead (Pb) toxi€ie blood-brain barrier
(BBB) in immature brain is particularly vulnerable tb iAsults. This study was
designed to test the hypothesis that Pb exposure damagatetiréy of the BBB
in young animals and iron (Fe) supplement may prevenhstgab-induced BBB
disruption. Male weanling Sprague-Dawley rats were dividedfouogroups.
Three groups of rats were exposed to Pb in drinking watgaining 342 microg
Pb/mL as Pb acetate, among which two groups were contiyradministered by
oral gavage once every other day with 7 mg Fe/kg and 14 mg FeReSD(4)
solution as the low and high Fe treatment group, respégtior 6 weeks. The
control group received sodium acetate in drinking wateexplosure
significantly increased Pb concentrations in blood by 6lésf(p<0.05) and brain
tissues by 1.5-2.0-folds (p<0.05) as compared to controls. UWinel@ectron
microscope, Pb exposure in young animals caused an extertisreascular
staining of lanthanum nitrate in brain parenchyma, suggestiegkage of
cerebral vasculature. Western blot showed that Pbnesditled to 29-68%
reduction (p<0.05) in the expression of occludin as compardektcontrols. Fe
supplement among Pb-exposed rats maintained the nornaastriicture of the
BBB and restored the expression of occludin to normalde Moreover, the low
dose Fe supplement significantly reduced Pb levels in ldoddrain tissues.
These data suggest that Pb exposure disrupts the struictieeBBB in young
animals. The increased BBB permeability may facilitteeaccumulation of Pb.
Fe supplement appears to protect the integrity of the BBBstgab insults, a
beneficial effect that may have significant clinicaplications.
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Pak J Biol Sci2007 Jan 15;10(2):255-60.

Effect of iron repletion and correction of iron deficiency on thyroid
function in iron-deficient Iranian adolescent girls.

Eftekhari MH , Eshraghian MR, Mozaffari-Khosravi H , Saadat N Shidfar F.

Department of Nutrition, School of Health, Shiraz Unsitsr of Medical
Sciences, P.O. Box 71645-111, Shiraz, Islamic Republicaof Ir

The aim of this study was to determine whether iron suppltatien in iron-
deficient adolescent girls would improve thyroid functidrdouble-blind clinical
trial was performed in a region in southern I.R. lranotal of 103 iron deficient
participants were chosen. In all, 94 participants sufidgssompleted this study.
Participants were randomly assigned to one of two grougb$raated with a 300
mg ferrous sulfate 5 times/week (n = 47) and placebo 5/wvee& (n = 47) for
12 weeks. Blood samples were collected and assayed fagleim, hematocrit,
serum ferritin, iron, total iron binding capacity (TIBQhyroid stimulating
hormone (TSH), total thyroxine (TT4), total triiodothyronidd 8), free thyroid
hormones (FT4 and FT3), triiodothyronine resin uptake (T3R&grse
triiodothyronine (rT3), selenium and albumin concentrati®tatistical analysis
was performed with parametric and non-parametric metasdppropriate. Data
analysis revealed a significant increase in TT4, TT3, TaR&Ja significant
decrease in rT3 concentration in comparison to insadles in iron treated group
(12%, p<0.001; 3.5%, p<0.001; 16%, p<0.05 and 47%, p<0.001, respectively). At
12 week there were significant differences between abaid placebo in TT4,
TT3, T3RU and rT3 concentrations (9.9 vs 8.4 microg dL(-1),214% 130.4
microg dL(-1), 32.5 vs 28.4% and 23 vs 41 microg dL(-1), respegtiatl
p<0.001). Alterations in FT3 and TSH concentration weresigmtificant, but
concentration of FT4 revealed a significant differene@vieen the beginning and
the end of the study in iron treated group (10.3 vs 11.4, p<0.064).
supplementation improves some indices of thyroid foncin iron-deficient
adolescent girls.
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Tex Heart Inst J2006;33(3):340-4.

The cardiomyopathy of iron deficiency.

Hegde N Rich MW, Gayomali C.

Department of Medicine, Summa Health System and Nastken Ohio
Universities College of Medicine (NEOUCOM), Akron, Olfid304, USA.

Iron-deficiency anemia can have deleterious effecthemeart. Herein, we
describe the effects of iron deficiency on the headoaoborated with
electrocardiography, radiology, echocardiography, andaaddtheterization.
We review the pathophysiology, clinical features, andagament of iron-
deficiency-induced cardiomyopathy.
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Hypertension2008 Jan;51(1):154-9. Epub 2007 Oct 29.

Long-term circulatory consequences of perinatal iron deficiency in
male Wistar rats.

Bourque SL, Komolova M, Nakatsu K, Adams MA.

Department of Pharmacology and Toxicology, Faculty edlth Sciences,
Queen's University, Kingston, Ontario, Canada K7L 3NG6.

Perinatal iron deficiency (PID) has been reporteddade developmental
abnormalities, including cardiovascular complicationsaiis. These
complications are believed to be "programmed" by an aligueaimatal
environment because the changes persist long after theismeorrected (ie,
despite subsequent iron replenishment). Little is knowawniiaihe mechanisms by
which PID affects blood pressure in the offspring, althainghkidney is likely to
play a central role. The objective of this study veagvestigate the circulatory
complications of PID and the putative role of the kigimvolved therein. Before
and throughout gestation, female Wistar rats were fedrea low-iron diet (3
ppm/10 ppm Fe) or an iron-enriched diet (225 ppm Fe). Aftengibirth, all of
the dams were placed on a standard grain-based diet.#siu?4 postpartum,
hematocrits and hemoglobin levels from offspring of irofietkent mothers were
60% and 59% of control values, respectively. Adult PID argrhat greater
mean arterial pressures (110 versus 106 mm Hg) and systalit fmessures
(129 versus124 mm Hg) than controls, as assessed by radietigleThe
relationship between renal arterial pressure and remasiittal hydrostatic
pressure, assessed in anesthetized rats, was blunted by ¢HE4ID group
compared with controls. In addition, arterial pressun@nges were significantly
greater in response to altered sodium in the PID anicoatpared with controls.
These data confirm that PID adversely affects bloodsprescontrol, which
seems to be mediated, at least in part, by alteredenabhemodynamic
properties.
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Am J Physiol Heart Circ Physid@2009 Mar;296(3):H585-93. Epub 2009 Jan 9.

Adaptive response of the heart to long-term anemia induced by iron
deficiency.

Naito Y, Tsujino T, Matsumoto M, Sakoda T, Ohyanagi M, Masuyama T.

Cardiovascular Division, Dept. of Internal Medicit&ogo College of Medicine,
1-1 Mukogawa-cho, Nishinomiya 663-8501, Japan.

Anemia is common in patients with chronic heart fa@land an independent
predictor of poor prognosis. Chronic anemia leads to lefricetar (LV)
hypertrophy and heart failure, but its molecular mechaniemsin largely
unknown. We investigated the mechanisms, including the natesignaling
pathway, of cardiac remodeling induced by iron deficiem®naa (IDA).
Weanling Sprague-Dawley rats were fed an iron-deficiemtfalie20 wk to induce
IDA, and the molecular mechanisms of cardiac remodelieig evaluated. The
iron-deficient diet initially induced severe anemia, whiesuited in LV
hypertrophy and dilation with preserved systolic funcseociated with
increased serum erythropoietin (Epo) concentrationdi@aSTAT3
phosphorylation and VEGF gene expression increased by 12 Wlidptausing
angiogenesis in the heart. Thereafter, sustained hdéced upregulation of
cardiac hypoxia inducible factor-lalpha gene expression amttamed
upregulation of cardiac VEGF gene expression and cardidqogamgsis;
however, sustained IDA promoted cardiac fibrosis and lungestion, with
decreased serum Epo concentration and cardiac STAT 3hghgkgiion after 20
wk of IDA compared with 12 wk. Upregulation of serum Epocmanration and
cardiac STAT3 phosphorylation is associated with &fieial adaptive
mechanism of anemia-induced cardiac hypertrophy, and latexaded levels of
these molecules may be critical for the transifiom adaptive cardiac
hypertrophy to cardiac dysfunction in long-term anemia. tstedading the
mechanism of cardiac maladaptation to anemia may leachéov strategy for
treatment of chronic heart failure with anemia.
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J Neurochem?007 Dec;103(5):1730-40. Epub 2007 Oct 22.
Iron trafficking inside the brain.

Moos T, Rosengren Nielsen TSkjgrringe T, Morgan EH.

Department of Health Science and Technology, Aalborg Wsitye Aalborg,
Denmark. tmoos@hst.aau.dk

Iron, an essential element for all cells of theygadcluding those of the brain, is
transported bound to transferrin in the blood and the gkertracellular fluid of
the body. The demonstration of transferrin receptarbrain capillary endothelial
cells (BCECs) more than 20 years ago provided the evidentiee now
accepted view that the first step in blood to brain tratggdaron is receptor-
mediated endocytosis of transferrin. Subsequent stepessarelear. However,
recent investigations which form the basis of this reviewe shed some light on
them and also indicate possible fruitful avenues farrutesearch. They provide
new evidence on how iron is released from transfemithe abluminal surface of
BCEC:s, including the role of astrocytes in this process; iron is transported in
brain extracellular fluid, and how iron is taken up by pesrand glial cells. We
propose that the divalent metal transporter 1 isSmuatived in iron transport
through the BCECs. Instead, iron is probably released fransferrin on the
abluminal surface of these cells by the action oftatesead ATP that are released
by astrocytes, which form a very close relationshifn\BICECs. Complexes of
iron with citrate and ATP can then circulate in braxtracellular fluid and may
be taken up in these low-molecular weight forms byyaks of brain cells or be
bound by transferrin and taken up by cells which expressféraim receptors.
Some iron most likely also circulates bound to tramsfeas neurons contain both
transferrin receptors and divalent metal transportedican take up transferrin-
bound iron. The most likely source for transferrinha brain interstitium derives
from diffusion from the ventricles. Neurons expressithn exporting carrier,
ferroportin, which probably allows them to excrete unndexn. Astrocytes lack
transferrin receptors. Their source of iron is prob#idy released from
transferrin on the abluminal surface of BCECs. They a@bbbto export iron by a
mechanism involving a membrane-bound form of the ferroxjdzeseloplasmin.
Oligodendrocytes also lack transferrin receptors. Thelaily take up non-
transferrin bound iron that gets incorporated in nesylythesized transferrin,
which may play an important role for intracellulawnrtransport.
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Int J Obes (Lond)2008 Sep;32(9):1441-4. Epub 2008 Jul 8.

Sedentariness and increased visceral adiposity in adult perinatally
iron-deficient rats.

Komolova M, Bourgque SL, Nakatsu K, Adams MA.

Department of Pharmacology and Toxicology, Queen's Uniygksngston,
Ontario, Canada.

BACKGROUND: Perinatal iron deficiency (PID) adversphlpgrams offspring
resulting in alterations in adult cardiometabolicdtion. Increased visceral
adiposity is the proposed culprit for these sequelae, aydompotentiated by
decreased physical activity. Herein, we determined éieffect of PID on
visceral adipose tissue (VAT) and locomotor activity, @ndvhether increased
VAT is associated with blood pressure responsivenessteeaised dietary
sodium. METHODS AND RESULTS: Dams were fed a low idhet (<10 mg/kg
Fe) prior to and throughout gestation. From 12 to 35 wee&gaflocomotor
activity (assessed by radiotelemetry) in PID offsprirags 5% lower compared
with control offspring (P<0.001). At 36 weeks of age, PIBfing had 15%
more VAT than controls (P<0.05). Furthermore, the ¢iemaof mean arterial
pressure (by radiotelemetry) in response to increasedrsodiake was
approximately twofold greater in the PID offspring (P<O0.@PNCLUSIONS:
PID results in increased visceral adiposity, which was@ated with enhanced
blood pressure responsiveness to dietary salt, perhaps dugranpnoed
sedentary behavior.
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J Pediatr Hematol Oncd2007 Nov;29(11):747-51.

Do cerebral blood flow velocities change in iron deficiency anemia?

Aliefendioglu D, Yilmaz S, Misirlioglu ED , Sayqgi S Ozdogan S Kocak U.

Department of Pediatrics, School of Medicine, Kirikkdleiversity, Kirikkale,
Turkey. didem.aliefendioglu@gmail.com

Infants with iron deficiency had lower scores when tk&be mental and motor
development than their peers with better iron staths.aim of this study was to
examine cerebral blood flow velocity in infants withnrdeficiency anemia.
Thirty-six infants (27 male, 9 female) with iron defisoy anemia, aged 6 to 36
months were divided into 2 groups according to the hemog(éliipvalues
[group 1 (n=23) Hb<10 g/dL and group 2 (n=13) 11 >Hb> or =10 g/dL]. In
anterior and middle cerebral arteries only end-diast@locity (EDV) was
increased in group 1 as compared with group 2 (P=0.05 and P=0.016,
respectively), whereas in posterior cerebral artetly B®V and peak-systolic
velocity were different between the groups (P=0.024 arid(®4). Both peak-
systolic velocity and EDV showed significant correlatwgith Hb level in the
posterior cerebral artery (r=-0.38, P=0.023 and r=-0.35, P=0b2@ Nt in the
anterior and middle cerebral arteries. Increased ra@rklood flow velocities in
children with lower Hb values may be due to increased aawlitput, decreased
vascular resistivity caused by anemia.
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Vitamin B-12 and Brain Health

Prog Neurobiol2009 Apr 24. [Epub ahead of print]

The multi-faceted basis of vitamin B(12) (cobalamin) neurotrophism
in adult central nervous system: Lessons learned from its deficienc

Scalabrino G.

Institute of General Pathology, University of Milana\Wangiagalli 31, 20133
Milano, Italy.

Glial cells, myelin and the interstitium are theustures of the mammalian central
nervous system (CNS) mainly affected by vitamin B(12) é¢inin, Cbl)
deficiency. Most of the response to the damage causedllmeficiency seems to
come from astrocytes and microglia, and is manifessexhancrease in the
number of cells positive for glial fibrillary acidic peih, the presence of
ultrastructural signs of activation, and changes inlage and growth factor
production and secretion. Myelin damage particularlycasféhe lamellae, which
are disorganized by edema, as is the interstitium. Surglysirat Schwann cells
(myelin-forming cells of the peripheral nervous systera)fally activated but the
few oligodendrocytes (myelin-forming cells of the CN&) acarcely activated.
The presence of intramyelin and interstitial edemasaigiestions about the
integrity of the blood-brain barrier and blood-cerebrosbiluid (CSF) barrier.
The results obtained in the CNS of Cbl-deficient nadigcate that cytokine and
growth factor imbalance is a key point in the pathogena&fSCbl-deficient
neuropathy. In the rat, Cbl deficiency increases theakpord (SC) synthesis and
CSF levels of myelinotoxic cytokines (tumor necrdaidor (TNF)-alpha and
soluble (s) CD40:sCD40 ligand dyad) and a myelinotoxic grdadtor (nerve
growth factor), but decreases SC synthesis and CSK lelvalmyelinotrophic
cytokine (interleukin-6) and a myelinotrophic growth fadgpidermal growth
factor, EGF). The in vivo administration of IL-6 or EGor agents antagonizing
the excess myelinotoxic agent, is as effective asrQiglpairing or preventing
Cbl-deficiency-induced CNS lesions. An imbalance in TN#haland EGF levels
has also been found in the CSF and serum of patietitsexnere Cbl deficiency.
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Stroke.2009 May;40(5):1623-6. Epub 2009 Mar 12.

Periventricular white matter lucencies relate to low vitamin B12
levels in patients with small vessel stroke.

Pieters B, Staals J Knottnerus |, Rouhl R, Menheere P Kessels A Lodder J.

Department of Neurology, University Hospital Maastridfiaastricht, the
Netherlands.

BACKGROUND AND PURPOSE: Blood-brain barrier dysfuctimay be an
early phenomenon in the development of the smalleVelssease, which underlies
white matter lesions. Because vitamin B12 plays a rofeaimtaining the
integrity of the blood-brain barrier, we studied serummitaB12 level in

relation to such lesions. METHODS: In 124 patients witst facunar stroke, we
measured serum vitamin B12 level and rated the degree & mhiter lesions on
MRI. RESULTS: Mean vitamin B12 level was 202 pmol/L ($8,9). Thirty-
nine patients (31.5%) had a vitamin B12 level less thalother reference value
of 150 pmol/L. Lower vitamin B12 level was (statisticadignificant) associated
with more severe periventricular white matter lesi@ordds ratio/100 pmol/L
decrease, 1.773; 95% CI, 1.001-3.003), but not with deep white nesiters
(odds ratio/100 pmol/L decrease, 1.441; 95% CI, 0.881-2.358; ordered
multivariate regression analysis). CONCLUSIONS: Mareese periventricular
white matter lesions in lacunar stroke patients ret@tewer vitamin B12 levels.
A possible causal relationship should now be studied prosehcti
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Rev Neurol.2009 Apr 16-30;48(8):444-5.
[Nutritional deficiency of vitamin B12 in infancy as a cause of
encephalopathy]
[Article in Spanish]

Mahfoud A, Dominquez CL Rodriguez D, Giamporcaro R.
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Food Nutr Bull.2008 Dec;29(4):249-54.

Vitamin B12 status of pregnant Indian women and cognitive
function in their 9-year-old children.

Bhate V, Deshpande SBhat D, Joshi N, Ladkat R, Watve S Fall C, de Jager
CA, Refsum H, Yajnik C .

Kamalnayan Bajaj Diabetology Research Center, Pudé. |

BACKGROUND: Recent research has highlighted the infleesfamaternal
factors on the health of the offspring. Intrauteexperiences may program
metabolic, cardiovascular, and psychiatric disorders hé&ve shown that
maternal vitamin B12 status affects adiposity and inselistance in the child.
Vitamin B12 is important for brain development and fiorct OBJECTIVE: We
investigated the relationship between maternal plasmaiwtah® status during
pregnancy and the child's cognitive function at 9 yeaegef METHODS: We
studied children born in the Pune Maternal Nutrition Stdayo groups of
children were selected on the basis of maternal plagarain B12 concentration
at 28 weeks of gestation: group 1 (n = 49) included childrenodiers with low
plasma vitamin B12 (lowest decile, < 77 pM) and group 2 (n <b®jren of
mothers with high plasma vitamin B12 (highest decile, > 224 RESULTS:
Children from group 1 performed more slowly than those fgooup 2 on the
Color Trail A test (sustained attention, 182 vs. 159 se¢cgnds05) and the Digit
Span Backward test (short-term memory, p < .05), aftelogppte adjustment
for confounders. There were no differences between grama roup 2 on other
tests of cognitive function (intelligence, visual agapsCONCLUSIONS:
Maternal vitamin B12 status in pregnancy influences cognftinction in
offspring.
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Nutr Neurosci2009 Feb;12(1):13-20.
Maternal MTHFR 677C>T genotype and dietary intake of folate
and vitamin B(12): their impact on child neurodevelopment.

del Rio Garcia C Torres-Sanchez L Chen J Schnaas L. Hernandez C
Osorio E, Portillo MG , Lépez-Catrrillo L .

Instituto Nacional de Salud Publica, Morelos, Mexico.

Using the Bayley test, the mental and psychomotor dpredot in a cohort of
253 children were evaluated. Maternal dietary intake omma(12) and folate
was assessed from a semiquantitative questionnaire atinad during the first
trimester of pregnancy. Maternal genotypes of MTHFR (6717&xd 1298A>C),
were ascertained by PCR-RFLP. The 677T and 1298C varidetsallere present
in 59% and 10% of participants, respectively. A dietarycikricy of vitamin
B(12) was negatively associated with mental developnteta = -1.6; 95% CI =
-2.8 t0 -0.3). In contrast, dietary intake of folate (< A@fyday) reduced the
mental development index only among children of mothérs were carriers of
the TT genotype (beta = -1.8; 95% CI = -3.6 to -0.04; Pnt@raction = 0.07).
Vitamin B(12) and folate supplementation during pregnancyddeave a
favorable impact on the mental development of childremduheir first year of
life, mainly in populations that are genetically susd#eti
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Am J Clin Nutr.2009 Feb;89(2):707S-11S. Epub 2008 Dec 30.

Vitamin B-12 and cognition in the elderly.

Smith AD, Refsum H.

Oxford Project to Investigate Memory and Ageing, the Depamt of Physiology,
Anatomy and Genetics, University of Oxford, Oxford, Unikgdgdom.
david.smith@pharm.ox.ac.uk

Vitamin B-12 deficiency is often associated with cogeitdeficits. Here we
review evidence that cognition in the elderly may als@dversely affected at
concentrations of vitamin B-12 above the traditional datfofr deficiency. By
using markers such as holotranscobalamin and methylmaoidicit has been
found that cognition is associated with vitamin B-12 statusss the normal
range. Possible mediators of this relation include bitaaphy and white matter
damage, both of which are associated with low vitamit2Bstatus. Intervention
trials have not been adequately designed to test whatss ssociations are
causal. Pending the outcome of better trials, it ggeated that the elderly in
particular should be encouraged to maintain a good, rdtaenjust an adequate,
vitamin B-12 status by dietary means.

Publication Types:

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

PMID: 19116332 [PubMed - indexed for MEDLINE]

Vitamin B-12 and Brain Health

344



J Neurol Neurosurg Psychiatr2009 Feb;80(2):149-57. Epub 2008 Oct 31.

Plasma vitamin B12 status and cerebral white-matter lesions.

de Lau LM, Smith AD, Refsum H, Johnston C, Breteler MM .

Department of Epidemiology and Biostatistics, ErasMadical Centre,
Rotterdam, The Netherlands.

BACKGROUND AND OBJECTIVE: Elevated homocysteine hasrbassociated
with a higher prevalence of cerebral white-matter lesm@nd infarcts, and worse
cognitive performance. This raises the question whethtriainvolved in
homocysteine metabolism, such as vitamin B(12), areralated to these
outcomes. This study examined the association of dawar&ers of vitamin
B(12) status with cerebral white-matter lesions, infagstd cognition.
METHODS: The study evaluated the association of planaentrations of
vitamin B(12), methylmalonic acid, holotranscobalamin aadgcobalamin
saturation with cerebral white-matter lesions and at$aat baseline and cognition
at baseline and during follow-up among 1019 non-demented eldetilyipents

of the population-based Rotterdam Scan Study. Analysesasdg@rsted for
several potential confounders, including homocysteine @atefconcentration.
RESULTS: Poorer vitamin B(12) status was significantlpesded with greater
severity of white-matter lesions, in particular periventiar white-matter lesions,
in a concentration-related manner. Adjustment for comrascular risk factors
(including blood pressure, smoking, diabetes and intimaantbtkness) did not
alter the associations. Adjustment for homocystaim folate modestly
weakened the associations. No association was obsenvadyf of the studied
markers of vitamin B(12) status with presence of brain atgaand baseline
cognition or cognitive decline during follow-up. CONCLUSIONSeEe results
indicate that vitamin B(12) status in the normal ranges#ciated with severity
of white-matter lesions, especially periventriculardesi Given the absence of an
association with cerebral infarcts, it is hypothegidet this association is
explained by effects on myelin integrity in the braithea than through vascular
mechanisms.
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Neurology.2008 Sep 9;71(11):826-32.

Vitamin B12 status and rate of brain volume loss in community-
dwelling elderly.

Vogiatzoglou A Refsum H, Johnston C, Smith SM, Bradley KM , de Jager G
Budge MM, Smith AD.

Department of Physiology, Anatomy and Genetics, UnixecdiOxford, Le Gros
Clark Building, South Parks Rd., Oxford OX1 3QX, UK.
anna.vogiatzoglou@dpag.ox.ac.uk

OBJECTIVES: To investigate the relationship between miarékvitamin B(12)
status and brain volume loss per year over a 5-yearchierian elderly
population. METHODS: A prospective study of 107 community-tngl
volunteers aged 61 to 87 years without cognitive impairmegnrailment.
Volunteers were assessed yearly by clinical exanonaMRI scans, and
cognitive tests. Blood was collected at baseline faxsueement of plasma
vitamin B(12), transcobalamin (TC), holotranscobalamaidhiC),
methylmalonic acid (MMA), total homocysteine (tHcy), esstum folate.
RESULTS: The decrease in brain volume was greatenguimse with lower
vitamin B(12) and holoTC levels and higher plasma tHcyMNA levels at
baseline. Linear regression analysis showed that iaiens with vitamin B(12)
and holoTC remained significant after adjustment for age, creatinine,
education, initial brain volume, cognitive test scoresiadigsblood pressure,
ApoE epsilon4 status, tHcy, and folate. Using the uppetlforitamins) or
lower tertile (for the metabolites) as referencémistic regression analysis and
adjusting for the above covariates, vitamin B(12) indbttom tertile (<308
pmol/L) was associated with increased rate of bralanae loss (odds ratio 6.17,
95% CI 1.25-30.47). The association was similar for loxelieof holoTC (<54
pmol/L) (odds ratio 5.99, 95% CI 1.21-29.81) and for low T@rsdéion. High
levels of MMA or tHcy or low levels of folate weret associated with brain
volume loss. CONCLUSION: Low vitamin B(12) status sl further
investigated as a modifiable cause of brain atrophy ahklebf subsequent
cognitive impairment in the elderly.
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Food Nutr Bull.2008 Jun;29(2 Suppl):S126-31.

Effects of vitamin B12 and folate deficiency on brain development in
children.

Black MM .

Department of Pediatrics, University of Maryland SchafdVledicine, Baltimore,
Maryland 21201, USA. mblack@peds.umaryland.edu

Folate deficiency in the periconceptional period contribtdeseural tube defects;
deficits in vitamin B12 (cobalamin) have negative consecg®on the
developing brain during infancy; and deficits of both vitanairesassociated with
a greater risk of depression during adulthood. This reviamees two
mechanisms linking folate and vitamin B12 deficiency to ababbehavior and
development in infants: disruptions to myelination and mffsatory processes.
Future investigations should focus on the relationship leetwiee timing of
deficient and marginal vitamin B12 status and outcomesasiatfant growth,
cognition, social development, and depressive symptomg alibh prevention

of folate and vitamin B12 deficiency.
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Brain Res2008 Jan 10;1188:122-31. Epub 2007 Nov 1.

Effects of a B-vitamin-deficient diet on exploratory activity, motor
coordination, and spatial learning in young adult Balb/c mice.

Lalonde R, Barraud H, Ravey J Guéant JL, Bronowicki JP, Strazielle C.

Centre Hospitalier de I'Université de Montréal/St-Luc,t&die Recherche en
Sciences Neurologiques, Montréal, Canada. robert.la{@ndeontreal.ca

Elevated homocysteine levels resulting from vitamin Bcgencies have been
hypothesized to contribute to functional decline. To ingeséi the effects of
elevated serum homocysteine on neurobehavioral perfoamayeung adult
Balb/c mice consumed a vitamin-B-deficient diet or a i@dmtiet under free-
feeding and pair-fed conditions. The B-deficient diet eased body weight and
food intake but increased water ingestion. Relativath@recontrol group,
vitamin-B-deficient mice were more active in the opetdfiand in enclosed arms
of the elevated plus-maze. However, vitamin-B-deficraite were not impaired
on sensorimotor coordination and spatial learning tesisjraing to a visible
platform even faster than either control group. Tlaénneffect of this diet
restriction was hyperactivity with no change in anxiegordination, and
memory. It remains to be determined whether severeritdedire demonstrable in
older mice.
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Clin Chem Lab Med2007;45(12):1614-20.

Biomarkers of folate and vitamin B(12) status in cerebrospinal fluid.

Herrmann W, Obeid R.

Department of Clinical Chemistry and Laboratory Méetk¢ Faculty of Medicine,
University Hospital of Saarland, Homburg/Saar, Germany.
kchwher@uniklinikum-saarland.de

Folate and vitamin B(12) are essential cofactors fontathionine/homocysteine
cycle in the brain. These vitamins mediate the renfatiby of homocysteine
(Hcy), which affects the production of the universal metloflor, S-
adenosylmethionine (SAM), in the brain among other orgashditionally,
increased plasma concentrations of total Hcy (tHog)aasociated with
cerebrovascular disease and can compromise the blaodHdarrier. tHcy
concentrations in the brain and cerebrospinal flumbbe increased in several
psychiatric and neurological disorders. Disturbancesanrdnsmethylation
pathway indicated by abnormal SAM, S-adenosylhomocysteitigeir ratio have
been reported in many neurodegenerative diseases, suemastia, depression
or Parkinson's disease. Cobalamin is essential for nalgeneration and its
deficiency can cause degeneration of the nervous systeaialdle data
emphasize that deficiency of folate and vitamin B(12)lead to elevated
concentrations of tHcy and disturbed methylation potemtidie brain.
Therefore, acquired or inherited disorders in these roktgiathways are
associated with brain abnormalities and severe neuralagymptoms that are
mostly irreversible, even after providing the missingactdrs. This review
discusses the relationship between brain and bloodleté&ky vitamins and
metabolites related to one carbon metabolism.
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Z Geburtshilfe NeonatoP007 Aug;211(4):157-61.

[Maternal vitamin B12 deficiency: cause for neurological symptoms
in infancy]

[Article in German]

Licke T, Korenke GC, Poggenburg | Bentele KH, Das AM, Hartmann H.

Klinik fur Kinder und Jugendliche, Medizinische HochschusmHover.

BACKGROUND: Symptoms of Vitamin B (12) deficiency infamcy include
growth retardation, regression of psychomotor developmeauscular hypotonia
and brain atrophy. Besides an inappropriate vegetariaofdiee infants, a vegan
diet or a pernicious anaemia of the mother may leauah tosufficient vitamin B
(12) supply of the child. PATIENTS AND METHODS: We repoeré the
neurological symptoms of 4 fully breast-fed infants fnmthers on vegan diet or
with pernicious anaemia. DISCUSSION AND CONCLUSIONtavhin B (12)
deficiency can easily be diagnosed by detection of madginic acid when
measuring the organic acids in urine. Vitamin B (12) defeyeshould be
avoided or diagnosed as early as possible since a suppdimeaf mother and
child can prevent neurological symptoms of the baby. Euntare, the
neurological symptoms of the infant with manifest vitami(l2) deficiency are
(partially) reversible.
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Zhonghua Yu Fang Yi Xue Za Zf®007 May;41(3):212-4.

[Effects of folic acid, vitamin B(6) and vitamin B(12) on learning and
memory function in cerebral ischemia rats]

[Article in Chinese]

Huang GW, Liu H, Wang YM, Ren DL.

Nutrition Research Unit, School of Public Health, Tiamfedical University,
Tianjin 300070, China. guoweihuang@yahoo.com.cn

OBJECTIVE: To investigate the effects of folic acidamin B(6) and B(12) on
plasma homocysteine and on learning and memory functidiosal cerebral
ischemia rats. METHODS: Sprague-Dawley rats were ratyddivided into four
groups. They were sham operation group (Sham OP), middibrakartery
occlusion model group (MCAO), MCAO + folic acid group (MCACFA) and
MCAOQO + compound vitamin (folate, vitamin B(6) and B(12)) groufCAD +
CV). Plasma homocysteine was measured before and afiglementation and
after ischemia. RESULTS: The level of plasma horstape in MCAO + FA
and MCAO + CV groups were significantly lower than thss&ham OP and
MCAOQ groups after supplementation and ischemia (6.92 +/- imi@&pmol/L
and (5.49 +/- 1.00) micromol/L vs (9.33 +/- 1.11) micromolA0.90 +/- 2.03
micromol/L), P < 0.05. While in MCAO + CV group was lowkan that in
MCAOQO + FA group (5.49 +/- 1.00) micromol/L vs (6.92 +/- 1.04¢momol/L, P
< 0.05. The neurological deficit scores and shock tim&stype maze of MCAO
+ FA and MCAO + CV groups were lower than those in MCg©up (1.75 +/-
0.46 and 1.38 +/- 0.52 vs 2.62 +/- 0.52; 123.50 +/- 39.77 and 86.25 +/- 21.39 vs
173.25 +/- 46.32, P < 0.05). The correct times of MCAO + Q\ugrin Y-type
maze was higher than that in MCAO group (3.75 +/- 0.4212 +/- 0.45, P <
0.05). CONCLUSION: Folic acid intake could not only reducespia
homocysteine concentration but also promote the reg@i¢he learning and
memory functions of rats with cerebral ischemiae Efffects of folic acid
combined with vitamin B(6) and vitamin B(12) on cerebrahéuia rats was
better than that of single folate.

PMID: 17708876 [PubMed - indexed for MEDLINE]

Vitamin B-12 and Brain Health

351



Ann Univ Mariae Curie Sklodowska Me#004;59(2):408-9.

Vitamin B12 deficiency as a potential cause of dementia.

Pilarczyk M, Porebiak J, Fidor A, Nastaj M, Jaworski J, Stelmasiak Z

Chair and Department of Neurology, Skubiszewski MedicaVé&rsity of Lublin.

There is a patient case with dementia and brain MRsr@sbnormalities,
probably in the course of vitamin B12 deficiency.

Publication Types:

« Case Reports

PMID: 16146118 [PubMed - indexed for MEDLINE]

Vitamin B-12 and Brain Health

352



Rev Neurol.2005 May 16-31;40(10):605-8.
[Encephalopathy with methylmalonic aciduria and homocystinuria
secondary to a deficient exogenous supply of vitamin B12]
[Article in Spanish]

Gutiérrez-Aguilar G, Abenia-Usén P Garcia-Cazorla A, Vilaseca MA,
Campistol J.

Servicio de Neurologia, Unitat Integrada Hospital Saah.ite Deu-Clinic, E-
08950 Esplugues de Llobregat, Spain.

INTRODUCTION: A deficient supply of vitamin B12 can appearly during the
first months of life, with haematological and neurotadisymptoms in the form
of progressive encephalopathy. CASE REPORTS: We deswribpatients with
megaloblastic anaemia and halted somatic and cranialgtericlevelopment,
accompanied by neurological involvement. Both of them hadaeased rate of
excretion of methylmalonic acid, as well as homocy&tein urine with
extremely low serum levels of vitamin B12, as compaoeabrmal values. Both
patients were breastfed only. The study of the motiemesaled asymptomatic
pernicious anaemia. Treatment with hydroxycobalamine letinical recovery
and psychomotor development progressively returned toatorm
CONCLUSIONS: Vitamin B12 deficiency due to a shortage of sufspin the
mother must be taken into account in the differedii@nosis of possibly
reversible severe encephalopathies.
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Acta Neurol Belg2004 Dec;104(4):173-5.

Masked deficit of vitamin B12 in the patient with heterozygous beta-
thalassemia and spastic paraparesis.

Bilic E, Bilic E, Zagar M, Juric S.

Department of Pediatric Haematology, University Hos@entre Zagreb,
Croatia. ernest.bilic@zg.htnet.hr

The spinal cord, brain, optic nerves and peripheralasemay be affected by
vitamin B12 (cobalamin) deficiency. Deficiency of vitamithBalso causes
megaloblastic anaemia, meaning that the red blood celissagdly larger than
normal. In this paper we report a 16-year old girl who reéerred to us for the
evaluation of mild paraparesis and paresthesias markedgngi "pins and
needles" feelings and general weakness. The patiergabents and sisters were
on a strict vegan diet, which made us believe thatmitd312 deficiency may be
the possible cause of the neurologic clinical maniftesta. The serum level of
vitamin B12 was low, but there was no macrocytosiiéroutine blood
examination. The electrophoresis of haemoglobin wasfmdic, there was 3.7%
of HbA2 and 11.6% of HbF (heterozygous form of beta-thalasisaeWhen
megaloblastic anaemia occurs in combination with a camditiat gives rise to
microcytic anaemia, many megaloblastic features maydsked. Instead of
being macrocytic, the anaemia could be normocytic an everocytic. Vitamin
B12 deficiency is a diagnosis that must not be overlookbkid. case report turns
the light on the fact that increased MCYV is a hatkria vitamin B12 deficiency,
but it is not an obligatory sign.
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Vitamin B-12 and Psychiatric Disorders

J Indian Med Asso007 Jul;105(7):395-6.

Psychiatric presentations of vitamin B 12 deficiency.

Bhat AS, Srinivasan K, Kurpad SS, Galgali RB.

Department of Psychiatry, St John's Medical College Halsjangalore.

Vitamin B12 deficiency has been implicated in variousch@tric conditions for
a long time. The association could be primary, secordatye psychiatric
disorder, or even just coincidental. However, left watied, the deficiency can
delay or preclude recovery. Hence early recognition pomant, especially when
the traditional manifestations of B12 deficiency likeem#, macrocytosis or
spinal cord symptoms are not prominent. Three casqeesented here where
vitamin B12 deficiency and psychiatric symptomatology wemxstent, and the
patients recovered only on a combination of B12 supplementand psychiatric
medication.

PMID: 18178994 [PubMed - indexed for MEDLINE]

Vitamin B-12 and Psychiatric Disorders

355



J Assoc Physicians Indi2g008 Feb;56:115-6.

Chronic psychosis associated with vitamin B12 deficiency.

Rajkumar AP, Jebaraj P.

Department of Psychiatry, Christian Medical Collegelldfe-632002, Tamil
Nadu, India.

B12 deficiency is widely prevalent and usually presents hsiematologic and
neuropsychiatric manifestations. Psychiatric symptoms sefitecede anaemia
and present as the principal manifestation of B12 defigieheceport an unusual
presentation of long standing psychotic symptoms withocat @ in a 31 year
old male, who presented to a tertiary care psychiaatitfy. His physical
examination revealed hyper pigmentation of extreméies posterior column
involvement. Laboratory investigations confirmed normairhaglobin and low
serum B12 levels. He recovered dramatically with stewrh anti psychotic
medication and intramuscular cobalamin supplementaterremained
asymptomatic and functionally independent at two yearsviolip.
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Psychiatr Clin North Am2007 Dec;30(4):739-59.

Hematologic problems in psychosomatic medicine.

Becker M, Axelrod DJ, Oyesanmi Q Markov DD, Kunkel EJ.

Department of Psychiatry, Thomas Jefferson UniverBityladelphia, PA, USA.

Vitamin B12 deficiency is associated with problems in cogmi mood,
psychosis, and less commonly, anxiety. Folate deficipnoyarily is associated
with problems in mood. Patients who have sickle aséake, a disease of chronic
pain, experience difficulties with depression, anxietignsa, and are at risk for
substance abuse and dependence. Patients with hemophiliseinfited from
advances in treatment; however, their morbidity and aibriwere compounded
in those who received blood products contaminated with BiVhepatitis B and
C. Psychiatrists who practice psychosomatic medidio@ld expect to encounter
patients with the above problems, as they are frequse#in in medical settings.
Finally, most of the commonly used psychotropic medecathave uncommon
but potentially important hematologic side effects oy ingéeract with the
anticoagulants used in medically ill patients.
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Prim Care Companion J Clin Psychiat?p07;9(3):238.

Vitamin b(12) deficiency manifested as mania: a case report.

Gomez-Bernal GJ Bernal-Perez M.

Rehabilitation Unit, Psychiatric Hospital of Teruelrdiel, Spain.
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Gen Hosp Psychiatr008 Mar-Apr;30(2):185-6.

Role of vitamin B12 in depressive disorder--a case report.

Rao NP, Kumar NC, Raman BR, Sivakumar PT, Pandey RS

Department of Psychiatry, National Institute of Meriahlth and Neurosciences
(Deemed University), Bangalore 560 029, India. docharen@goail.c

Vitamin B12 deficiency anemia may have psychiatric matatess preceding
the hematological symptoms. Although a variety of symptarasiescribed, there
are only sparse data on the role of vitamin B12 in dejoresé/e report a case of
vitamin B12 deficiency presenting with recurrent episodeepression.
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Pediatr Emerg Car2008 Aug;24(8):538-41.

Neurological consequences of vitamin B12 deficiency and its
treatment.

Chalouhi C, Faesch SAnthoine-Milhomme MC, Fulla Y, Dulac O, Chéron
G.

Département des urgences pédiatriques, Hbpital Necker EMatddes, Paris,
France. christel.chalouhi@nck.ap-hop-paris.fr

In developed countries, the vitamin B12 deficiency usually aceuchildren
exclusively breast-fed, whose mothers are vegetagansjng low stores of
vitamin B12. Symptoms of vitamin B12 deficiency appear duringéoend
trimester of life and include failure to thrive, letharypotonia, and arrest or
regression of developmental skills. A megaloblasticraaecan be present. One
half of the infants exhibit abnormal movements befoeestiart of treatment with
intramuscular cobalamin, which disappear 1 or 2 dags.d¥tore rarely,
movement disorders appear a few days after treatmeateagneurological
symptoms are improving. These abnormal movements cafoiasto 6 weeks. If
not treated, vitamin B12 deficiency can cause lasting newloitiig. Therefore,
efforts should be directed to preventing deficiency in praggand breast-feeding
women on vegan diets and their infants by giving theamiit B12 supplements.
When preventive supplementation has failed, one shea@pnize and treat
quickly an infant presenting with failure to thrive andaged development.
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Nutr Rev.2008 May;66(5):250-5.

Effect of vitamin B12 deficiency on neurodevelopment in infants:
current knowledge and possible mechanisms.

Dror DK , Allen LH .

Department of Nutrition at the University of Califoridavis, Davis, California,
USA. dkdror@ucdavis.edu

Severe vitamin B(12) deficiency produces a cluster of negicdl symptoms in
infants, including irritability, failure to thrive, apathgnorexia, and
developmental regression, which respond remarkably rafmdypplementation.
The underlying mechanisms may involve delayed myelinatiaemyelination
of nerves; alteration in the S-adenosylmethionine:S-@ldimomocysteine ratio;
imbalance of neurotrophic and neurotoxic cytokines; andfcuwraulation of
lactate in brain cells. This review summarizes theerirknowledge concerning
infantile vitamin B(12) deficiency, including a pooled anadysi case studies of
infants born to mothers with untreated pernicious aaema strict vegetarian
lifestyle and a discussion of the mechanisms thatunalgrlie the manifestations
of deficiency.
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Med Secoli.2007;19(1):9-18.

New pathogenesis of the cobalamin-deficient neuropathy.

Scalabrino G, Veber D, Mutti E .

Institute of General Pathology and Center of Excebeon Neurodegenerative
Diseases, University of Milan, Milano, I.

Subacute combined degeneration (SCD) is considered the oginad|
counterpart of pernicious anaemia because it is the gamatc neurological
manifestation of acquired vitamin B12 (cobalamin (Cbl)) defficy in adulthood.
Hitherto, the theories advanced to explain the patheigEeoéSCD have
postulated a causal relationship between SCD lesionsanchpairment of either
or both of two Cbl-dependent reactions. We have identdiadw experimental
model, the totally gastrectomised (TGX) rat, to reprodheekey morphological
features of the disease, and found new mechanisms rdsdpdosithe
pathogenesis of SCD. We have demonstrated that thepag¢hodogical lesions in
TGX rats are not only due to mere vitamin withdrawal bu tdsthe
overproduction of the myelinolytic tumour necrosis éadfT NF)-alpha, nerve
growth factor, the soluble(s) CD40:sCD40 ligand dyad, aeddtluced synthesis
of the neurotrophic agents, epidermal growth factor andentan-6. Cbl
replacement treatments normalised all of these abiitesa
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J Med Case Report2008 Mar 21:2:90.

Neuropathy caused by B12 deficiency in a patient with ileal
tuberculosis: A case report.

Toosi TD, Shahi F, Afshari A, Roushan N Kermanshahi M.

Imam Khomeini Hospital, Tehran University of Medi&diences, Keshavarz
Blvd,, Tehran, Iran. dormohammadi@tums.ac.ir.

ABSTRACT: INTRODUCTION: Vitamin B12 deficiency can rdsin
macrocytic anemia. Neurologic abnormalities of B12 dkficy include sensory
deficits, loss of deep tendon reflexes, movement dissrdeuropsychiatric
changes and seizures. Segmental involvement of tteg tBstm, such as in
tuberculosis, can cause vitamin B12 deficiency. To our kedyd, macrocytic
anemia with unusual manifestations such as brain atroghgeizures due to
intestinal tuberculosis has not been reported ititdrature. CASE
PRESENTATION: A 14-year-old girl presented with comptigiaf paraplegia,
ataxia, fever and fatigue that had started a few maati®r and which had been
getting worse in the last three weeks. Her laboratsylts were indicative of
macrocytic anemia with a serum B12 level <100 (normal;94@8%) pg/ml and
hypersegmented neutrophils. Her MRI findings showed braiplardier fever
workup eventually led to the diagnosis of tuberculosiciviatas documented by
bone marrow aspiration smear & culture. A small bosegies showed that
tuberculosis had typically involved the terminal ileumevhhad resulted in
vitamin B12 deficiency. She was treated for vitamin B12cgkicy and
tuberculosis. Her fever ceased and her hemoglobin letrgined to normal. At
present, she can eat, write, and speak normally assvelalk and ride a bicycle.
CONCLUSION: Vitamin B12 deficiency should be consideregatients with
neurologic features such as paresthesia, sensory slefiigitary incontinence,
dysarthria, and ataxia. The underlying cause of B12 deficiginoyld be
determined and treated to obviate the patients' need fptdom vitamin B12
therapy.
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Dev Med Child Neurol2007 Oct;49(10):774-6.

West syndrome in an infant with vitamin B12 deficiency in the
absence of macrocytic anaemia.

Erol |, Alehan F, Gimius A.

Division of Child Neurology, Department of PaediatriBaskent University
Faculty of Medicine, Ankara, Turkey. ilknur_erol@yahaorc

Vitamin B(12) deficiency in infants often produces haemafiold and
neurological deficits, including macrocytic anaemia, ndevelopmental delay or
regression, irritability, weakness, hypotonia, ataxatlay, tremor, and seizures.
The diagnosis of vitamin B(12) deficiency can be diftieuhen the typical
macrocytic anaemia is absent. We report the casd @fmonth-old female
diagnosed with West syndrome associated with vitamir2 Bdeficiency but
without macrocytic anaemia caused by nutritional inadequmathe mother. The
patient's motor skills and cognitive development were noamigll she was 9
months old, when she began to exhibit a series of sutidémns of the head,
trunk, arms, and legs. She was exclusively breast-fetiahdeceived no vitamin
supplementation. Results of electroencephalography JEte&ated modified
hypsarrhythmia and the patient was diagnosed as having Wesbsyn
Synthetic adrenocorticotropic hormone was adminidtarel although her spasms
had resolved, the patient remained apathic and could neitlsitut assistance.
EEG results indicated generalized slow activity. Afiee was diagnosed as
having vitamin B(12) deficiency, parenteral treatment witanain B(12) was
initiated. Her symptoms resolved and EEG was completaiynal. When she
was 20 months old she exhibited an age-appropriate develcgdraadt
neurological profile. To our knowledge, this is the firegport of West syndrome
as a presenting symptom of vitamin B(12) deficiency.

Publication Types:

« Case Reports

PMID: 17880648 [PubMed - indexed for MEDLINE]

Vitamin B-12 and Psychiatric Disorders

364



Fortschr Neurol Psychiat?007 Sep;75(9):515-27.

[Review of the role of hyperhomocysteinemia and B-vitamin
deficiency in neurological and psychiatric disorders--current
evidence and preliminary recommendations]

[Article in German]

Herrmann W, Lorenzl S, Obeid R.

Institut fur Klinische Chemie und Laboratoriumsmedizimjuersitatsklinikum
des Saarlandes, Kirrberger Strasse, Gebaude 57, 66421 Homburg.
prof.wolfgang.herrmann@uni-klinikum-saarland.de

Elevated concentration of total homocysteine (Hcyglasma (> 12 micromol/l)
is a risk factor for several diseases of the cengalous system. Epidemiological
studies have shown a dose-dependent relationship betwemmt@ations of Hcy
and the risk for neurodegenerative diseases. Hcy igkemar B-vitamin
deficiency (folate, B12, B6). Hyperhomocysteinemia (HHtauses
hypomethylation which is an important mechanism that linkg td dementia.
Supplementation with vitamins B aims at reducing theafskeurodegenerative
diseases. Current evidence suggests that Hcy-loweririgheeiahas a positive
effect for the secondary and primary prevention ofk&tréiHcy is very common
in patients with Parkinson disease particularly theke receive L-dopa
treatment. Furthermore, a positive association has teported between HHcy
and multiple sclerosis. Moreover, HHcy and vitamin Balency are reported to
have a causal role in depression, and epilepsy. Ini@agiveral anti-epileptic
drugs cause secondary HHcy. Therefore, sufficient intakdge vitamins are
recommended for patients who have already developed ngahigisic diseases.
Vitamin B deficiency should be suspected in children wétielopment
disorders, failure to thrive and unexplained neurologicalif@stations. Elderly
people are also an important at-risk group where vitandefigiency and HHcy
have been linked to neurodegenerative diseases. Treatstieblate, B12, and
B6 can improve cerebral function. Preventive vitamisuBplementation and
sufficient intake seem very important for secondaxy ammary prevention of
neuropsychiatric disorders, especially in subjects wittwaintake or status of the
vitamins.
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Clin Chem.2007 Feb;53(2):326-33. Epub 2007 Jan 2.

Biomarkers of folate and vitamin B12 are related in blood and
cerebrospinal fluid.

Obeid R, Kostopoulos P Knapp JP, Kasoha M, Becker G, Fassbender K
Herrmann W.

Department of Clinical Chemistry and Laboratory Mé&tk¢ Faculty of Medicine,
University Hospital of Saarland, Homburg/Saar, Germany.

BACKGROUND: B-vitamins (folate, B(12)) are important maautrients for
brain function and essential cofactors for homocgst@HCY) metabolism.
Increased HCY has been related to neurological and psychisorders. We
studied the role of the B-vitamins in HCY metabolisnthie brain. METHODS:
We studied blood and cerebrospinal fluid (CSF) sampdas #2 patients who
underwent lumbar puncture. We measured HCY, methylmalordo(BiiviA),

and cystathionine by gas chromatography-mass spectrometry; S
adenosylmethionine (SAM) and S-adenosylhomocysteine (SAHJlog
chromatography-tandem mass spectrometry; and the Bingéwy HPLC or
immunoassays. RESULTS: Concentrations were low&SFk than serum or
plasma for HCY (0.09 vs 9.4 micromol/L), SAH (13.2 vs 16.8 Wop
cystathionine (54 vs 329 nmol/L), and holotranscobalamin (16 psr&dL),
whereas concentrations in CSF were higher for MMA (35286 nmol/L) and
SAM (270 vs 113 nmol/L; all P <0.05). CSF concentrations@¥Horrelated
significantly with CSF folate (r = -0.46), CSF SAHH10.48), CSF-albumin (r =
0.31), and age (r = 0.32). Aging was also associated witér looncentrations of
CSF-folate and higher CSF-SAH. The relationship betvgeemnm and CSF folate
depended on serum folate: the correlation (r) of sexndhCSF-folate was 0.69 at
serum folate <15.7 nmol/L. CSF concentrations of MMA holotranscobalamin
were not significantly correlated. CONCLUSIONS: CS$# aerum/plasma
concentrations of vitamin biomarkers are significantiyrelated. Older age is
associated with higher CSF-HCY and CSF-SAH and lowdt-fotate. These
metabolic alterations may be important indicator®wffolate status,
hyperhomocysteinemia, and neurodegenerative diseases.
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Vitamin B-12 and Anemia

Drug Ther Bull.2009 Feb;47(2):19-21.

Oral or intramuscular vitamin B12?

[No authors listed]

Vitamin B(12) deficiency is common, becoming more so &gk, and estimates
of its population prevalence have ranged from 1.5% to 15&fittéated, it can
lead to megaloblastic anaemia and irreversible neurologpeaplications. In the
UK, the usual treatment is regular intramuscular img@astof hydroxocobalamin.
High-dose oral vitamin B(12) replacement is standard geaatisome other
countries and less costly. Here we review issues aralojptiag an oral vitamin
B(12) replacement regimen more widely in the UK.
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J Am Acad DermatoR009 Mar;60(3):498-500.

Glossitis with linear lesions: an early sign of vitamin B12 deficiency

Graells J, Ojeda RM, Muniesa C, Gonzalez J Saavedra J

Department of Dermatology, Hospital de Sant Joan dedeéant Boi de
Llobregat, Barcelona, Spain. 26449jge@comb.es

The classic oral manifestations of vitamin B(12) deficjeaie considered
nonspecific. We describe 4 patients with oral lineaotesassociated with
vitamin B(12) deficiency. Patients were free of neurolegimptoms and anemia
at diagnosis. We believe that glossitis with lineaioles is an early clinical sign
of vitamin B(12) deficiency. We recommend the determinadioritamin B(12)

in such patients, even in the absence of anemia.
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Am J Clin Nutr.2009 Feb;89(2):702S-6S. Epub 2009 Jan 13.

Folate-vitamin B-12 interaction in relation to cognitive impairment,
anemia, and biochemical indicators of vitamin B-12 deficiency.

Selhub J Morris MS , Jacques PFRosenberg IH

Jean Mayer US Department of Agriculture Human Nutriikesearch Center on
Aging at Tufts University, Boston, MA 02111, USA. jacob.sél@tufts.edu

Previous reports on pernicious anemia treatment suggesateagh folic acid
intake adversely influences the natural history of vitaByl2 deficiency, which
affects many elderly individuals. However, experimemag¢stigation of this
hypothesis is unethical, and the few existing observdtaata are inconclusive.
With the use of data from the 1999-2002 National Health andtidat
Examination Survey (NHANES), we evaluated the interadbetween high
serum folate and low vitamin B-12 status [ie, plasmamwiitaB-12 < 148 pmol/L
or methylmalonic acid (MMA) > 210 nmol/L] with respect tceama and
cognitive impairment. With subjects having both plasmadofabr = 59 nmol/L
and normal vitamin B-12 status as the referent categdds ratios for the
prevalence of anemia compared with normal hemoglobicexatration and
impaired compared with unimpaired cognitive function were 2.%(@%: 1.1,
3.7) and 1.7 (95% CI: 1.01, 2.9), respectively, for thosk lew vitamin B-12
status but normal serum folate and 4.9 (95% CI: 2.3, 10.65.an®5% CI: 2.7,
9.5), respectively, for those with low vitamin B-12 statad plasma folate >59
nmol/L. Among subjects with low vitamin B-12 status, megoulating vitamin
B-12 was 228 pmol/L for the normal-folate subgroup and 354 pnioi/the
high-folate subgroup. We subsequently showed increases utating
homocysteine and MMA concentrations with increasingradnlate among
NHANES participants with serum vitamin B-12 < 148 pmol/L endas the
opposite trends occurred among subjects with serum vitBshd > or = 148
pmol/L. These interactions, which were not seen in NIES 11l before
fortification, imply that, in vitamin B-12 deficienchigh folate status is
associated with impaired activity of the 2 vitamin B-12-deleeh enzymes,
methionine synthase and MMA-coenzyme A mutase.
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Int J Lab Hematol2009 Feb;31(1):1-8. Epub 2008 Nov 19.

Oral cobalamin (vitamin B(12)) treatment. An update.

Andres E, Dali-Youcef N, Vogel T, Serraj K, Zimmer J.

Department of Internal Medicine, Diabetes and Metaldiseases, HOpitaux
Universitaires de Strasbourg, Strasbourg, France. andrea@ttasbourg.fr

The objective of this review was to evaluate oral catat (vitamin B(12))
therapy in adult and elderly patients, from the perspecti a hematologist.
PubMed was systematically searched for English and Rranicles published
from January 1990 to January 2007. Data from our working groufi;tbape
d'étude des carences en vitamine B(12)des Hopitaux Universitkre
Strasbourg', have also been included. Several prospstiiies in well-
determined population (n = 4), prospective randomized studresS)and a
systematic review by the Cochrane group (n = 1) provide ee@that oral
cobalamin therapy may adequately treat cobalamin defigjgarticularly
hematological abnormalities or manifestations. Thasdiess suggest that at least
1000 microg/day of oral cyanocobalmin are needed for pernicioeisia and a
mean daily dose of 250 microg for food-cobalamin malgiigor. This present
review confirms the previously reported efficacy of o@balamin treatment in
adult and elderly patients.
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Eur J Intern Med2008 Nov;19(7):488-93. Epub 2008 Mar 14.

Update of nutrient-deficiency anemia in elderly patients.

Andres E, Federici L, Serraj K, Kaltenbach G.

Department of Internal Medicine, University HospitalStfasbourg, Strasbourg,
France. emmanuel.andres@chru-strasbourg.fr

Anemia, defined as a hemoglobin level < 13 g/dL in men andg{dl2in

women, is an important healthcare concern amongldieely Nutrient-
deficiency anemia represents one third of all anemiatderly patients. About
two thirds of nutrient-deficiency anemia is associateat won deficiency and
most of those cases are the result of chronic bloggiftom gastrointestinal
lesions. The remaining cases of nutrient-deficiency anamiaisually associated
with vitamin B12, most frequently related to food-cobalamalabsorption,
and/or folate deficiency and are easily treated (nutdefitiency replacement).
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South Med J2008 Oct;101(10):1024-31.

Anemia following Roux-en-Y surgery for morbid obesity: a review.

Marinella MA .

Department of Medicine, Division of Hematology-Oncolp@yright State
University School of Medicine, Dayton, OH 45429, USA. MMatla@pol.net

Morbid obesity is a significant problem in the Westeorld. Recently, there has
been an increase in the number of patients undergoing aungaght loss
procedures. Currently, the most widely performed proceduhe iRoux-en-Y
gastric bypass operation which combines restriction af fotake with
malabsorption of calories and various nutrients, reguih weight loss and
nutritional deficiencies, respectively. Various typesiémia may complicate
Roux-en-Y and commonly include deficiencies of iron, tleland vitamin B12.
Iron deficiency is particularly common and may refwin many mechanisms
including poor intake, malabsorption, and mucosal bleeding fnanginal
ulceration. However, less appreciated etiologies aftmrtal anemia include
deficiencies of B-complex vitamins, ascorbic acid, arngpeo. Replacement of
the missing or decreased constituent usually reversesémia. Since physicians
of various medical and surgical specialties are afteolved with the
postoperative care of bariatric patients, a reviewnef@a in this patient
population is warranted.
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Klin Lab Diagn.2008 Jul;(7):29-32.

[Morphometric characteristics of erythrocytes in B12-deficierry
anemia (based on computer morphometric data)]

[Article in Russian]

Potapova SG Shishina RN

The paper presents the results of computed morphometryiph@el red blood
cells in elderly patients with B12-deficiency anemizobeftreatment. The study
was performed in the fine Romanovsky-stained periplidoad smears, by using
an ASPEK Russian hematological cell image analyzez.olijective quantitative
characteristics of the parameters of the major méggdtic hematopoiesis
markers (macro- and megalocytes) in peripheral bloodiae®. The composition
of peripheral blood was determined from the contentebieod cells with
varying amounts of hemoglobin.
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Food Nutr Bull.2008 Jun;29(2 Suppl):S188-95.

Review of interventions for the prevention and control of folate and
vitamin B12 deficiencies.

Cordero JF, Do A, Berry RJ.

National Center on Birth Defects and Developmentahbilities, Centers for
Disease Control and Prevention, Atlanta, Georgia, U&#kdero@rcm.upr.edu

Folate and vitamin B12 deficiencies represent importadtexolving global
health challenges that contribute to the global buode@memia, neurologic
conditions, neurodevelopmental disorders, and birth teeféde present a review
of population-based programs designed to increase consuarpptiolates and
vitamin B12. A folic acid supplementation program targetiagples prior to
marriage in China has led to optimal consumption of supghts containing folic
acid and a significant reduction of neural tube defects (N$Dpplementation
programs that use mass community education show somésprdit have not
been shown to be as effective as targeted educatiorsuthess of
supplementation programs hinges on a strong and persidtergtienal
component and access to the supplements. Fortificatibrfolic acid has been
shown to reduce the prevalence of NTD in the counivieere it has been
implemented. Challenges to fortification programs inclagatifying the
appropriate delivery vehicles, setting the optimal fasifion level, sustaining the
guality assurance of the fortification level, and adsirgsregulatory challenges
and trade barriers of commercially fortified flours. Sleppentation and
fortification are cost-effective and viable approache®tiucing the burden of
NTD, anemia, and other conditions resulting from ®leficiency. The
experience with interventions involving folic acid couldyide a model for the
subsequent development of supplementation and fortificatmgrams involving
vitamin B12.
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Ann Hematol.2008 Dec;87(12):949-59. Epub 2008 Jul 19.

Prepartum anaemia: prevention and treatment.

Milman N.

Department of Obstetrics and Gynaecology, Gentofte kdspniversity of
Copenhagen, Hellerup, Copenhagen, Denmark. nils.mil@dadInet.dk

This review focuses on the occurrence, prevention aathtest of anaemia
during pregnancy in Western societies. Iron deficien@eana (IDA) is the most
prevalent deficiency disorder and the most frequent foramaémia in pregnant
women. Minor causes of anaemia are folate and vit&hihdeficiency,
haemoglobinopathy and haemolytic anaemia. Anaemia Batkéis haemoglobin
of <110 g/L in the first and third trimester and <105 g/L m $kcond trimester.
The diagnosis relies on haemoglobin, a full blood caumat plasma ferritin,
which can be supported by plasma transferrin saturatosenim soluble
transferrin receptor. Among fertile, non-pregnant wonagproximately 40%
have ferritin of <or=30 microg/L, i.e. small or absenn reserves and therefore
an unfavourable iron status with respect to upcoming pregn@heyprevalence
of prepartum anaemia in the third trimester ranges 14-52%1mew taking
placebo and 0-25% in women taking iron supplements, depeo¢iné doses of
iron. In studies incorporating serum ferritin, the frequyeof IDA in placebo-
treated women ranges 12-17% and in iron-supplemented woidfn O
Requirements for absorbed iron increase during pregnameydr8 mg/day in the
first trimester to 7.5 mg/day in the third trimester tb@ average approximately
4.4 mg/day, and dietary measures are inadequate to reducedinenicy of
prepartum IDA. However, IDA is efficiently prevented byabiron supplements
in doses of 30-40 mg ferrous iron taken between mealsdesin pregnancy to
delivery. Treatment of IDA should aim at replenishing bodg deficits by oral
and/or intravenous administration of iron. In womathwlight to moderate IDA,
i.e. haemoglobin of 90-105 g/L, treatment with oral ferrioois of approximately
100 mg/day between meals is the therapeutic option ifirsh@nd second
trimester; haemoglobin should be checked after 2 weeks audl@d an increase
of >or=10 g/L, oral iron therapy has proved effectivd ahould continue.
Treatment with intravenous iron is superior to omahiwith respect to the
haematological response. Intravenous iron is considefedn the second and
third trimester, while there is little experience in finst trimester. Intravenous
iron of 600-1,200 mg should be considered: (1) as second optical iron fails
to increase haemoglobin within 2 weeks; (2) as firsbopt profound IDA, i.e.
haemoglobin of <90 g/L in any trimester beyond 14 weeks gastaind (3) as
first option for IDA in third trimester. Profound IDAals serious consequences for
both woman and foetus and requires prompt interventidnintitavenous iron.
This is especially important for the safety of womerovior various reasons
oppose blood transfusions.
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Neth J Med 2008 May;66(5):216-7.

Anaemia and haemolysis in pregnancy due to rapid folic acid and
vitamin B12 depletion.

van Gellekom SA Lindauer-van der Werf G, Hague WM, de Vries Jl.
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J Pediatr2008 May;152(5):731-3.

Neonatal vitamin B12 deficiency secondary to maternal subclinical
pernicious anemia: identification by expanded newborn screenn

Marble M, Copeland S Khanfar N, Rosenblatt DS

Department of Pediatrics, Division of Clinical Genstitouisiana State
University Health Sciences Center, Children's Hospit&e# Orleans, New
Orleans, LA, USA. mmarbll@Isuhsc.edu

A neonate with elevated propionylcarnitine on the newlsaraen was found to
have methylmalonic acidemia due to vitamin B(12) deficienty mother was
also vitamin B(12)-deficient. This case illustrates thityibf expanded newborn
screening for detection of vitamin B(12) deficiency, allowmingmpt treatment
and prevention of potential sequelae.
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Eur J HaematoR008 May;80(5):448-51. Epub 2008 Jan 23.

Severe vitamin B12 deficiency resulting in pancytopenia,
splenomegaly and leukoerythroblastosis.

Halfdanarson TR, Walker JA, Litzow MR , Hanson CA

Department of Internal Medicine, Division of Hemataolpiylayo Clinic College
of Medicine, Rochester, MN, USA. thorvardur-halfdana@uiowa.edu

Deficiency of vitamin B12 is a well known cause of meg&stic anemia and
pancytopenia. Splenomegaly and leukoerythroblastosisaeh less well known
manifestations of B12 deficiency. We report a B12 deficiemtale with severe
pancytopenia including normocytic anemia who also had enlagleen and
circulating nucleated red blood cells as well as citedammature myeloid
cells. Although these findings are reported in the edilerature, more modern
reviews of the subject often fail to mention this assomn. We review the
literature on these unusual manifestations of B12 defigiand remind clinicians
that splenomegaly and erythroblastosis can serveagaa#tic clues in cases of
severe megaloblastic anemia secondary to B12 deficiency.
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Eksp Klin GastroenteroR005;(6):33-6, 112-3.

[Clinical and morphological characteristics of chronic gastritis
complicated with B12- and iron-deficiency anemia]

[Article in Russian]
Vorob'ev SA.

There was a study of 49 patients with iron- and B12-deftgi@nemia.
Morphological symptoms of chronic gastritis were reveéahel00% of patients.
Chronic gastritis against the background of iron-deficiear@mia was
characterized by superficial and focal atrophic lesiontb@fintral mucous coat,
frequently--by erosions, and clinical manifestationsanform of intestinal
indigestion and abdominal pains. Chronic gastritis againdiatleground of B12-
deficiency anemia always had an atrophic nature, waszedan the body and in
the antral part of the stomach, and had clinical matafens in the form of
intestinal indigestion.
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Eur J HaematoR008 May;80(5):448-51. Epub 2008 Jan 23.

Severe vitamin B12 deficiency resulting in pancytopenia,
splenomegaly and leukoerythroblastosis.

Halfdanarson TR, Walker JA, Litzow MR , Hanson CA

Department of Internal Medicine, Division of Hemataolpiylayo Clinic College
of Medicine, Rochester, MN, USA. thorvardur-halfdana@uiowa.edu

Deficiency of vitamin B12 is a well known cause of meg&stic anemia and
pancytopenia. Splenomegaly and leukoerythroblastosisaeh less well known
manifestations of B12 deficiency. We report a B12 deficiemtale with severe
pancytopenia including normocytic anemia who also had enlagleen and
circulating nucleated red blood cells as well as citedammature myeloid
cells. Although these findings are reported in the edilerature, more modern
reviews of the subject often fail to mention this assomn. We review the
literature on these unusual manifestations of B12 defigiand remind clinicians
that splenomegaly and erythroblastosis can serveagaa#tic clues in cases of
severe megaloblastic anemia secondary to B12 deficiency.
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Vitamin K and Bone Health

Nutr Res.2009 Apr;29(4):221-8.

High-dose vitamin K supplementation reduces fracture incidencen
postmenopausal women: a review of the literature.

Iwamoto J, Sato Y, Takeda T, Matsumoto H.

Institute for Integrated Sports Medicine, Keio Univer8chool of Medicine,
Shinjuku-ku, Tokyo 160-8582, Japan. jiwamoto@sc.itc.keio.ac.jp

Although systematic review and meta-analysis of randednmontrolled trials
(RCTs) have concluded that vitamin K is effective invpreing fractures, the
effect of vitamin K on the skeleton remains a matterasitroversy. The objective
of the present review of the literature was to evaltlsesffect of vitamin K
supplementation on the skeleton of postmenopausal wdtéiMed was used to
search the reliable literature for RCTs by using thecbe@rms "vitamin K(1) or
vitamin K(2)," "bone," and "postmenopausal women" and thewang inclusion
criteria: approximately 50 or more subjects per group and stuahdps 2 years
or longer. Seven RCTs met the inclusion criteria. fEseilts of these RCTs
showed that vitamin K(1) and vitamin K(2) supplementati@luced serum
undercarboxylated osteocalcin levels regardless of dogbdiut had
inconsistent effects on serum total osteocalcin lemedsno effect on bone
resorption. Despite the lack of a significant changehe occurrence of only a
modest increase in bone mineral density, high-dose witKi{l) and vitamin

K(2) supplementation improved indices of bone strengtharfemoral neck and
reduced the incidence of clinical fractures. The reviethefreliable literature
confirmed the effect of vitamin K(1) and vitamin K(2) suppégrtation on the
skeleton of postmenopausal women mediated by mechaniberstioén bone
mineral density and bone turnover.
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Osteoporos Int2009 Jun;20(6):935-42. Epub 2008 Sep 30.

High prevalence of vitamin K and D deficiency and decreased BMD
in inflammatory bowel disease.

Kuwabara A, Tanaka K, Tsugawa N Nakase H Tsuji H, Shide K, Kamao
M, Chiba T, Inagaki N, Okano T, Kido S.

Department of Food and Nutrition, Kyoto Women's Univerdy, Imakumano-
kitahiyoshicho, Higashiyama, Kyoto 605-8501, Japan.

SUMMARY: Vitamin K and D deficiency and decreased boneenal density
(BMD) were highly prevalent in patients with inflammatdigwel disease (I1BD),
especially Crohn's disease (CD). Dietary intakes &fethvitamins, however, were
above the Japanese adequate intakes in IBD patients, snggbati
malabsorption is the basis for hypovitaminosis K andv® decreased BMD.
INTRODUCTION: We have studied the possible involvemédntitamin K and

D deficiency in the pathogenesis of decreased BMD in BETHODS: Seventy
patients with IBD were evaluated for their BMD; plasieels of vitamin K;
phylloquinone (PK), menaquinone-7 (MK-7), and 250H-D; serdid,Brotein
induced by vitamin K absence (PIVKA-II), and undercarboxylattdaralcin
(ucOC) levels; and their food intake. RESULTS: Compavitd ulcerative colitis
(UC) patients, CD patients had significantly lower plasvitamin K and 250H-D
concentrations; significantly higher serum levels 6HPPIVKA-II, and ucOC,;
and significantly lower BMD scores at almost all meament sites. More I1BD
patients were vitamin K deficient in bone than in livdultiple regression
analyses revealed that low plasma concentrationgarhin K and 250H-D were
independent risk factors for low BMD and that they wessoaiated with the
patients' fat intake, but not with their intake of thegsamins. CONCLUSION:
IBD patients have high prevalence of decreased BMD aadchiritK and D
deficiency probably caused by malabsorption of these intam
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Proc Nutr Soc2008 May;67(2):163-76.

Importance of calcium, vitamin D and vitamin K for osteoporosis
prevention and treatment.

Lanham-New SA

Nutritional Sciences Division, Faculty of Health anédital Sciences,
University of Surrey, Guildford, Surrey GU2 7XH, UK. s.|anh
new@surrey.ac.uk

Throughout the life cycle the skeleton requires optind@wvelopment and
maintenance of its integrity to prevent fracture. Bdmeskk because the loads
placed on them exceed the ability of the bone to aliberenergy involved. It is
now estimated that one in three women and one irvénaken aged >55 years
will suffer from osteoporosis in their lifetime antdaacost in the UK of > 1.7
pounds x 10(9) per year. The pathogenesis of osteoporogidtimatorial. Both
the development of peak bone mass and the rate ofitsare determined by
key endogenous and exogenous factors. Ca supplements appeaffextive in
reducing bone loss in women late post menopause (>5 yedrsipnopause),
particularly in those with low habitual Ca intake (<400 djgIn women early
post menopause (<5 years post menopause) who are nonvRadeificient, Ca
supplementation has little effect on bone mineral dgndowever,
supplementation with vitamin D and Ca has been showediace fracture rates
in the institutionalised elderly, but there remains corersy as to whether
supplementation is effective in reducing fracture in freiad populations. Re-
defining vitamin D requirements in the UK is needed stheee is evidence of
extensive hypovitaminosis D in the UK. Low vitamin D gtais associated with
an increased risk of falling and a variety of other healtitomes and is an area
that requires urgent attention. The role of other nmigheents on bone remains to
be fully defined, although there are promising data initeeature for a clear link
between vitamin K nutrition and skeletal integrity, inchglfracture reduction.
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Arch Phys Med RehabiP005 Mar;86(3):576-81.

Vitamin K deficiency and osteopenia in elderly women with
Alzheimer's disease.

Sato Y, Honda Y, Hayashida N Iwamoto J, Kanoko T, Satoh K.

Department of Neurology, Mitate Hospital, Tagawa, Japaato@ktarn.or.jp

OBJECTIVE: To analyze the relation between vitamist&tus and bone mineral
density (BMD) in women with Alzheimer's disease (ADESIGN: Cross-
sectional study. SETTING: Outpatient departments ofalegy and
neuropsychiatry at a hospital in Japan. ParticipantshOndred women with AD
(mean age, 79.8 y) and 100 age-matched community dwelling ®mrean age,
80.6 y). INTERVENTIONS: Not applicable. MAIN OUTCOME MEARES:
Patients were divided into 2 groups according to the degreer@rd&: the mild
AD group was composed of patients with a score in MinrfdEeState
Examination (MMSE) of 16 and above (n=42); patients irstheere AD group
had MMSE scores below 15 (n=58). We assessed body masqBi8. BMD
was measured by computed x-ray densitometry. Serum coaib@mns of vitamin
K 1, 25-hydroxyvitamin D (25[OH]D 3), intact parathyroid hame (PTH), and
Glu osteocalcin (OC) were measured. RESULTS: BMI wgsifgcantly lower in
women with more severe AD. Metacarpal BMD ( P <.02) serum
concentrations of vitamin K 1 ( P <.03) and 25(OH)D 3 (#0%) were
significantly lower in the severe AD group than in thé&mD group. Serum
levels of intact PTH and Glu OC in severely dementegpistwere higher than
those with mild dementia ( P <.001). Serum PTH conceoirabrrelated
negatively with serum 25(0OH)D 3 level ( r =-.241, P =.01&yu$ concentration
of vitamin K 1 correlated positively with that of 25(OHHEX r =.423, P <.001)
and MMSE score (r =.353, P <.001), and negatively with Glu ©=-.580, P
<.001). CONCLUSIONS: In female AD patients, nutritiomsamin K 1
deficiency may reduce production of fully carboxylated O@iclvin turn may
cause reduced BMD. Lower BMIs in more severe AD mayhyrtipe presence of
general malnutrition in such a patient group.
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Br J Nutr.2009 May 19:1-8. [Epub ahead of print]

The effect of menaquinone-7 (vitamin K2) supplementation on
osteocalcin carboxylation in healthy prepubertal children.

van Summeren MJ Braam LA, Lilien MR , Schurgers LJ, Kuis W, Vermeer
C.

Department of Paediatrics, University Medical Centneetht, PO Box 85090,
3508 AB Utrecht, The Netherlands.

Vitamin K contributes to bone health, probably throughrale as cofactor in the
carboxylation of osteocalcin. Intervention studies inltachave demonstrated that
markedly higher osteocalcin carboxylation is obtainechtakes of vitamin K
well above the current recommended dietary intake. Kekyé¢he relationship
between increased vitamin K2 intake and enhanced osteocaftioxylation has
never been shown in healthy children. The objectivetavasudy the effect of 45
mug menaquinone-7 (MK-7; one of the vitamin K2 specieshercirculating
levels of undercarboxylated osteocalcin (ucOC) and carhiexlytasteocalcin
(cOCQC) in healthy prepubertal children. We hypothesised\ia
supplementation will reduce the ucOC:cOC ratio (UCR)iciating an improved
vitamin K status. The present study is a double-blind ranagmhputacebo-
controlled trial examining the effect of 8 weeks MK-7 suppatation on the
carboxylation of osteocalcin in healthy children (n 55yu8elevels of ucOC,
cOC and MK-7 were measured at baseline and after 8 wegkshér with bone
markers and coagulation parameters. The UCR was usedraticator of
vitamin K status. In the MK-7-supplemented group (n 28)cttueilating
concentration of inactive ucOC reduced and the UCR improseereas the
concentration of MK-7 increased. Within the placebo groe@C, cOC, UCR
and MK-7 did not significantly change over time. In bgtbups, bone markers
and coagulation parameters remained constant overTimese findings
demonstrate that in healthy, prepubertal children, modegiesmentation with
MK-7 increases circulating concentrations of MK-7 amcteéases osteocalcin
carboxylation.
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Int J Artif Organs2009 Feb;32(2):67-74.

Coagulation meets calcification: the vitamin K system.

Krueger T, Westenfeld R Schurgers L, Brandenburg V.

Department of Nephrology and Clinical Immunology, Unsity Hospital of the
RWTH Aachen, Aachen - Germany.

Morbidity and mortality are massively increased in pasievith chronic kidney
disease (CKD) and patients with end-stage renale @i¢E&RD). Bone disease
(renal osteodystrophy) and vascular disease (accelendegmsclerosis) are two
typical entities contributing to this excess morbidityd mortality. Vitamin K and
vitamin K-dependent-proteins play pivotal roles in the miygy of
mineralization and in preventing ectopic calcificatiomo of these vitamin K-
dependent-proteins are osteocalcin (regulating bone miregrah) and matrix-
Gla protein (MGP, local calcification inhibitor in thessel wall). Vitamin K
deficiency impairs the physiological function of ostalzin and MGP and,
therefore, presumably contributes to bone demineralisatio vascular
calcification (the so-called calcification paradox this context, the usage of
vitamin K antagonists for long-term oral anticoagulatieerapy might be risky
especially in CKD patients exhibiting a high background le¥eascular
calcification. We present a summary of data describiagttential role of
vitamin K deficiency and supplementation in bone andwlasdisease in
patients with CKD or ESRD.

PMID: 19363777 [PubMed - in process]

Vitamin K and Bone Health

386



Am J Clin Nutr.2008 Aug;88(2):356-63.

Vitamin K, circulating cytokines, and bone mineral density in older
men and women.

Shea MK, Dallal GE, Dawson-Hughes BOrdovas JM, O'Donnell CJ,
Gundberg CM, Peterson JW Booth SL.

US Department of Agriculture Human Nutrition Researemt@€r on Aging at
Tufts University, Boston, MA, USA.

BACKGROUND: Vitamin K modulates cytokines involved iore turnover,
including interleukin-6 (IL-6) and osteoprotegerin in vitro. GBI IVE: The
objective of this study was to assess 1) associatiomebatmeasures of vitamin
K status [plasma phylloquinone and serum percentage of anbdexylated
osteocalcin (%ucOC)] and IL-6, osteoprotegerin, and Ctkeaprotein (CRP)
concentrations and 2) the effect of daily 500 mug phylloquisopplementation
for 3 y on cytokine concentrations. DESIGN: Concemare of IL-6,
osteoprotegerin, and CRP and bone mineral density (BMY measured at
baseline and after 3 y of follow-up in 379 healthy men anchevo(60-81 v;
58.5% women) participating in a randomized trial that stuitiedeffect of
vitamin K supplementation on bone loss. RESULTS: Csessionally, plasma
phylloquinone was inversely associated with IL-6 and CRRRreds serum
%ucOC was inversely associated with IL-6. Osteoprotegeasagsociated
positively with plasma phylloquinone and inversely with @ac No differences
were observed in the 3-y change in IL-6, osteoprotegamoh CRP concentrations
between participants who received phylloquinone supplementatid those who
did not. Overall, no association was observed betwseB-y changes in
circulating cytokines and BMD. CONCLUSIONS: Poor vitarKistatus was
associated with high concentrations of cytokines Ivaa in bone turnover, but
vitamin K supplementation did not confer a decreasgtwkme concentrations.
The healthy status of this cohort may explain a lagffetct of vitamin K
supplementation on cytokine concentrations. This trialnegstered with
www.clinicaltrials.gov as NCT00183001.

PMID: 18689371 [PubMed - indexed for MEDLINE]

Vitamin K and Bone Health

387



Clin Exp Rheumatol2008 May-Jun;26(3):484-91.

Extremes in vitamin K status of bone are related to bone ultrasound
properties in children with juvenile idiopathic arthritis.

van Summeren MJ Vermeer C, Engelbert RH, Schurgers LJ, Takken T,
Fischer K, Kuis W.

Department of Paediatric Immunology, University Medtli€antre Utrecht, The
Netherlands. m.j.h.vansummeren@umcutrecht.nl

OBJECTIVE: Osteopenia is a common complication oéfule idiopathic
arthritis (JIA). In adults, low bone density and incexhfacture risk are
associated with low vitamin K status of bone. The vitaltdependent protein
osteocalcin plays an important role in bone metabulits activity depends upon
post-translational carboxylation in which vitamin Kais essential co-factor.
Hence, vitamin K deficiency leads to under-carboxylated, (nactive)
osteocalcin (ucOC). Little is known about the vitamistatus and bone health in
children with juvenile idiopathic arthritis (JIA). Weuslied the vitamin K status
of bone and its association with bone mass propentieisildren with JIA
compared to healthy children. METHODS: We performed ascsestional study
in 55 children with JIA and 54 healthy controls between 6-B8syef age. Bone
markers, ultrasound bone mass properties and vitaminkssiabone were
determined. RESULTS: Overall, no differences in vitaKistatus of bone were
found between the study groups. Among children with JIAgh fatio of
ucOC/cOC indicating low vitamin K status was associateéd liv bone
ultrasound parameters, whereas children with a high vit&hstatus had
markedly higher bone properties. This association wapéerdient of physical
activity, age, gender and BMI. CONCLUSION: These rassiiggest that vitamin
K may be one of multiple risk factors for low bonass in children with JIA, in
addition to other recognized determinants of bone masgsqii&stion remains
whether JIA patients would benefit from increased dyetdamin K intake.
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Vitam Horm.2008;78:417-34.

Diagnosis of osteoporosis with vitamin k as a new biochemical
marker.

Heiss C Hoesel LM, Wehr U, Wenisch S Drosse | Alt V, Meyer C, Horas U,
Schieker M, Schnettler R.

Department of Trauma Surgery, University Hospital ofsG&n-Marburg,
Giessen, Germany.

Osteoporosis is a metabolic bone disease charactdryzeeduced bone quality
and quantity. As a consequence, patients are at rigkafdures, subsequent
immobility, and higher mortality especially among eldatients. Because of the
high incidence of complications and the associateddiiad burden for the health
system, new parameters for diagnostic and therapeuticgasaoe urgently
needed. In this regard, research focused on vitaminakbaschemical bone
marker has provided promising results. Vitamin K represenisiportant
enzyme-cofactor for the posttranslational modificatmd activation of several
proteins involved in bone metabolism. Vitamin K has beengn to be a
valuable diagnostic as well as therapeutic parameteciaipen osteoporosis.
Patients with osteoporosis have been shown to haveadert levels of vitamin
K. Further, regular intake of vitamin K may increase bomeeral density
(BMD), thereby lowering the fracture risk. Yet vitaminaone may not
sufficiently indicate the mineral status of the badewever, the usefulness of a
combination of several biochemical bone markers as inggrsurrogate markers
of bone metabolism has been shown recently. Thexetfois review will focus on
the significance and importance of vitamin K for boretabolism. Beyond this,
aspects on the current and prospective use of vitaminwekhas other newly
developed biochemical bone markers will be discussed.
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Vitam Horm.2008;78:393-416.

Vitamin K and bone health in adult humans.

Bugel S

Department of Human Nutrition, University of Copenhadgeuljghedsvej 30,
DK-1958 Frederiksberg C, Denmark.

Vitamin K is receiving more attention in relation te iole in bone metabolism.
Vitamin K is a coenzyme for glutamate carboxylase, whneliates the
conversion of glutamate to gamma-carboxyglutamate (Gl&g gamma-
carboxylation of the Gla proteins is essential for tlegins to attract Ca2+ and
to incorporate these into hydroxyapatite crystals. Tis¢é lkeown of the three
known bone-related Gla proteins is osteocalcin (OC)nEweugh the exact role
of OC is not known, a number of studies have shoahwitamin K insufficiency
or high levels of undercarboxylated osteocalcin (ucO@¥sociated with an
increase in the concentration of circulating ucOC. larrhore, several studies
have demonstrated that vitamin K insufficiency is asgéed with low bone
mineral density (BMD) and increased fractures. Vitaminugdementation, on
the other hand, has been shown to improve the bonevaurpofile and decrease
the level of circulating ucOC. Dietary recommendatiare based on saturation of
the coagulation system, and in most countries the giettake is sufficient to
obtain the amount recommended. In relation to bonejrezgants might be
higher. The aim of this chapter is to give an overviethefimportance of

vitamin K in relation to bone health in adult humansl thereby in the prevention
of osteoporosis. Furthermore, | will shortly disctiss interaction with vitamin D
and the paradox in relation to warfarin treatment.
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Br J Nutr.2008 Oct;100(4):852-8. Epub 2008 Feb 18.

Vitamin K status is associated with childhood bone mineral content.

van Summeren MJ van Coeverden SCSchurgers LJ, Braam LA, Noirt F,
Uiterwaal CS, Kuis W, Vermeer C.

Department of Paediatric Immunology, University Medli€antre Utrecht, PO
Box 85090, Utrecht, The Netherlands. m.j.h.vansummeren@uectt.nl

In adult bone, vitamin K contributes to bone healthpply through its role as
co-factor in the carboxylation of osteocalcin. In chiildréhe significance of
vitamin K in bone-mass acquisition is less well knoine objective of this
longitudinal study was to determine whether biochemicatatdrs of vitamin K
status are related to (gains in) bone mineral content (BM@ markers of bone
metabolism in peripubertal children. In 307 healthy childreean age 11.2
years), BMC of the total body, lumbar spine and fednoeak was determined at
baseline and 2 years later. Vitamin K status (ratio deurarboxylated (ucOC) to
carboxylated (cOC) fractions of osteocalcin; UCR) wias eneasured at both
time points. Markers of bone metabolism, sex ster@ismin D status and
growth hormones were measured at baseline only. Largeigas in the levels
of the UCR were found at both time-points, indicatinglassantial

interindividual difference in vitamin K status. Improvamef vitamin K status
over 2 years (n 281 children) was associated with a mankeebise in total body
BMC (r -49.1, P<0.001). The UCR was associated with pubstetge, markers of
bone metabolism, sex hormones and vitamin D statustt&rvitamin K status
was associated with more pronounced increase in bos® imaealthy
peripubertal children. In order to determine the signifieasicthese findings for
childhood bone health, additional paediatric studieheegled.
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Mayo Clin Health Lett2007 Nov;25(11):4.

Vitamin K linked to bone strength.
[No authors listed]
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J Endocrinol Invest2007;30(6 Suppl):24-8.

Role of vitamin K on biochemical markers, bone mineral density,
and fracture risk.

Francucci CM, RIlli S, Fiscaletti P, Boscaro M.

Division of Endocrinology, Department of Internal Mede, Polytechnic
University of Marche, Ancona, Italy. cm.francucci@ao-enbprimo.marche.it

Osteoporosis is a multifactorial chronic disease it become even more
prevalent and more of a public health problem in the dedad=sne. Recent
research has indicated that a number of macro- armtrients are involved in
the development of bone health. In the past decadeant®evident that vitamin
K played a significant role in human health beyond #d-@stablished function
in blood clotting. In fact, among the proteins known or sciggeto be involved
in bone and vascular biology there are several menabéing vitamin K
dependent or gamma-carboxyglutamic acid protein family. dasdhe current
evidence from epidemiologic and intervention studiesglare insufficient data
to recommend a routine supplementation of vitamin Kofttrmal bone health.
New experimental and placebo-controlled studies in Imsrs@ould clarify our
understanding of the role vitamin K plays in improving bondthea

Publication Types:

+ Review

PMID: 17721070 [PubMed - indexed for MEDLINE]

Vitamin K and Bone Health

393



Clin Calcium.2007 Nov;17(11):1717-26.

[Serum vitamin K concentration and nutrition]
[Article in Japanese]

Tsugawa N Okano T.

Kobe Pharmaceutical University, Department of Hygiemie&ces.

Vitamin K (VK) is well known for its role in the syhesis of a number of blood
coagulation factors. VK is also an important factorifone metabolism via
gamma-carboxylation of VK-dependent proteins such as adt@ocmatrix Gla
protein, and protein S. Recently, it is rare that seVé&eleficiency is observed.
However, low dietary VK intake or low VK status haseh shown to be
associated with low bone mineral density and increageftdtdture risk. These
studies suggest that there is potential VK insufficiendyoine, even in sufficient
VK status for blood coagulation. In the present revidgw,studies concerning
relationship between serum VK concentration and beadttn including
pharmacokinetics of VK analogues (such as phylloquinoneremiquinone) and
factors which affect on blood circulation of VK, aeviewed.
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Clin Calcium.2007 Nov;17(11):1678-84.

Related Articles, Links

[Vitamin K and bone quality]
[Article in Japanese]

Hara K, Akiyama Y.

Eisai Co., Ltd., Clinical Research Center, AppliedifpResearch Department,
Pharmacological Evaluation Section.

Meta-analysis involving previous clinical studies showed YK(2) decreased
the incidence of fracture. In particular, the resudtsdal on the data on bone
mineral density and fracture suggested that VK(2) improves Quoality.
Preclinical studies regarding bone quality reported thayKgproved the
trabecular microarchitecture (connectivity and widthain ovariectomized
model, and that VK(2) increased the bone strength witinéluencing the bone
mineral content in a model fed a low-Mg diet and a vita@ideficiency model,
increasing the collagen level and proline hydroxylation. Timygrovement in
bone quality via actions on the bone geometry and caolliyel/quality may be
involved in a VK(2)-related decrease in the incidenceesf fracture in clinical
studies.
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Int J Vitam Nutr Res2006 Nov;76(6):385-90.

A preliminary assessment of vitamin K1 intakes and serum
undercarboxylated osteocalcin levels in 11-13 year old Irish girls.

Collins A, Cashman KD, Kiely M .

Department of Food and Nutritional Sciences, Universalle@e, Cork, Ireland.
collinsaoife@ucc.ie

Low vitamin K1 intakes have been associated with lonebomeral density in
women and reduced bone turnover in girls. No Europearedataon the
relationship between vitamin K1 and serum undercarboxylatsbcalcin
(ucOC), an indicator of K1 status in adolescents. Timeddithe current study was
to assess intakes of vitamin K1 in relation to serum ud@@ssin Irish girls. A
detailed dietary history method, which measured habituddestiom a typical
14-day period, was used to estimate vitamin K1 intakes inrisSagjed 11-13
years. Recently compiled and validated food compositaia for vitamin K1
were used to determine vitamin K1 intakes. An enzyme immgagasgas used to
measure ucOC in fasting serum samples. The mean@)intake of vitamin K1
in the girls was 72.4 microg/day (SD 34.4). Vegetables (pdatiy broccoli,
composite dishes, and lettuce) contributed 53% of total int&h intakes.
Thirty-Seven percent of the girls failed to meet theentrU.S. adequate intake
for adolescents of 60 microg/day vitamin K1. Serum ucO€l$awere inversely
related to body weight-adjusted vitamin K1 intakes, cdimigpfor energy intake
(partial correlation r = -0.538; p = 0.026). The data inditaaé large-scale
studies to examine relationships between vitamin K1 (and gesggtable)
intakes and bone growth and development in adolescentsaar@nted.
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[Vitamin K for prevention of fracture]
[Article in German]

Ecker-Schlipf B.

PMID: 17262902 [PubMed - indexed for MEDLINE]

Vitamin K and Bone Health

397



Nippon Rinsho2006 Sep;64(9):1639-43.

[Active vitamin D and vitamin K as therapeutic agents for
osteoporosis]

[Article in Japanese]

Kataqiri H .

Department of Orthopaedic Surgery, Medicine of SensodyMotor Organs,
Faculty of Medicine, Tottori University.

Active vitamin D has been most widely used in Japanheititeatment of
osteoporosis. However, clinical evidence for its efficas an anti-osteoporotic
drug is scarce in terms of fracture prevention. Re@gpurts suggest that active
vitamin D may prevent fracture not only through enhance¢wkintestinal
calcium absorption but also by improving bone quality ansti@ngth
independently of bone mass and by improving neuromusculetidario reduce
the number of fall. Low serum concentrations of vitak have been reported in
patients with osteoporosis, and serum osteocalcin epfebe undercarboxylated
in these individuals, a process dependent on vitamin kekéarboxylated
osteocalcin is also a significant risk for hip fractu€énical studies in Japan
suggest that menatetrenone (vitamin K2) reduces skeletaklasd, in a small
randomized clinical trial, it reduced the rate of veraébractures. Menatetrenone
is currently used in Japan, the Republic of Korea and armil
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Clin Calcium.2006 Sep;16(9):1526-34.

[Protective effects of vitamin K against osteoporosis and its
pleiotropic actions]

[Article in Japanese]
Kaneki M.

Harvard Medical School, Massachusetts General Hospigpartment of
Anesthesia & Critical Care.

Vitamin K is a nutrient originally identified as an estial factor for blood
coagulation. Recently, vitamin K has emerged as a patg@mttector against
osteoporosis and hepatocarcinoma. Accumulated evidedioates that
subclinical non-hemostatic vitamin K deficiency in ekepatic tissues,
particularly in bone, exists widely in the otherwiseltigaadult population. Both
vitamin K(1) and K(2) have been shown to exert protecatiffects against
osteoporosis. Moreover, therapeutic potential of vitaki) as an anti-hepatoma
drug has been recently highlighted. Most of the new bicdéddunctions of
vitamin K in bone and hepatoma cells are considered &tthlutable to
promotion of gamma-carboxylation of glutamic acid residnestamin K-
dependent proteins, which is shared by both vitamins K@ X42). In contrast,
vitamin K(2)-specific, gamma-carboxylation-unrelated fumasi have also been
demonstrated. These functions include stimulation obst@nd xenobiotic
receptor (SXR)-mediated transcription and anti-oxidanpeny. Thus, biological
differences between vitamins K(1) and K(2), and a poteiniialvement of
gamma-carboxylation-independent actions in the new rdkeisamin K remain
open issues. Molecular bases of coagulation-unrefaégatropic actions of
vitamin K and its implications in human health desduréher investigations.
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Arch Intern Med.2006 Jun 26;166(12):1256-61.
Vitamin K and the prevention of fractures: systematic review and
meta-analysis of randomized controlled trials.

Cockayne S Adamson J Lanham-New S Shearer MJ, Gilbody S, Torgerson
DJ.

York Trials Unit, Department of Health Sciences, Ursitgrof York, York YO10
5DD, England. djt6@york.ac.uk

BACKGROUND: Observational and some experimental data stitjgggdow
intake of vitamin K may be associated with an increasidof fracture.
OBJECTIVE: To assess whether oral vitamin K (phytonagl@amd menaquinone)
supplementation can reduce bone loss and prevent fradDA&#& SOURCES:
The search included the following electronic databas&DMNE (1966 to June
2005), EMBASE (1980 to June 2005), the Cochrane Library (issue 2, 2005),
ISI Web of Science (1945 to June 2005), the National ResBagister
(inception to the present), Current Controlled Triatg] the Medical Research
Council Research Register. STUDY SELECTION: Randodhamntrolled trials
that gave adult participants oral phytonadione and mémagg supplements for
longer than 6 months were included in this review. DATA RRCTION: Four
authors extracted data on changes in bone density andftirpeture. All articles
were double screened and double data extracted. DATA SYNIS4HSirteen
trials were identified with data on bone loss, and 7 tegdracture data. All
studies but 1 showed an advantage of phytonadione and menaguinedecing
bone loss. All 7 trials that reported fracture efagere Japanese and used
menaquinone. Pooling the 7 trials with fracture datarmeta-analysis, we found
an odds ratio (OR) favoring menaquinone of 0.40 (95% confedererval [CI],
0.25-0.65) for vertebral fractures, an OR of 0.23 (95% CI,-0.42) for hip
fractures, and an OR of 0.19 (95% CI, 0.11-0.35) for all naeleal fractures.
CONCLUSIONS: This systematic review suggests that supp letiem with
phytonadione and menaquinone-4 reduces bone loss. In thefdas latter,
there is a strong effect on incident fractures amapgidese patients.
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Vitamin K and Blood Improvement

J Perinat Med2006;34(2):173-6.

Maternal antenatal administration of vitamin K1 results in increasing the activities
of vitamin K-dependent coagulation factors in umbilicd blood and in decreasing the
incidence rate of periventricular-intraventricular he morrhage in premature infants.

LiuJ, Wang Q, Gao F, He JW, Zhao JH.

Department of Neonatology, Beijing Obstetrics and Gynecolaggphil, Affiliated to
Capital University of Medical Science, China. liuzhuokun@ laitcom

AIMS: Infants less than 35 weeks' gestation age are silsecto periventricular-
intraventricular hemorrhage (PIVH). This may be distiattributable to low
concentrations of vitamin K-dependent coagulation facldns.purposes of this study
were: (1) to determine the umbilical blood activity levaflzitamin K-dependent
coagulation factors I, VII, IX and X; (2) to investigathe change in activities of these
factors in premature infants' umbilical blood after prehatiministration of vitamin K1
to the mothers; and (3) to study the prophylactic effec®BI¥H after maternal antenatal
supplemental vitamin K1. METHODS: Pregnant women in pnelabor at less than 35
weeks of gestation were randomly selected to receiwematatl vitamin K1 10 mg per day
injection intramuscularly or intravenously for 2-7 daysgitn K1 group, n = 40), or no
such treatment (control group, n = 50). At the same pecad, blood samples were
collected from thirty full-term neonates to compare theofaletvels with those of
premature infants. Intracranial ultrasound was perforoyeitie same sonographer to
determine the presence and severity of PIVH. RESULTSatheities of vitamin K-
dependent coagulation factors in umbilical blood in the ocbgtoup were: factor I
25.64+/-9.49%, factor VII 59.00+/-17.66%, factor IX 24.67+/-8.88%,fantbr X
30.16+/-5.02%. In full-term infants, the respective valuesewfactor Il 36.70+/-4.88%,
factor VIl 64.54+/-10.62%, factor 1X 30.18+/-5.69%, and fact®@4x32+/-12.63%. In
vitamin K1 group these factors were: factor Il 36.35+/-6.8&tor VIl 69.59+/-
16.55%, factor IX 25.71+/-10.88%, and factor X 39.26+/-8.02%. Bte sliggest the
absence of vitamin K-dependent coagulation factors inrpnatéants, and antenatal
supplement of vitamin K1 may increase the cord blood actitgictor 1, VIl and factor
X (P <0.001). In addition, the overall rates of PIVH in¥itamin K1 group and in
controls were 32.4 and 52.0%, respectively (P = 0.036), andetinesincy of severe
PIVH was 5.0 and 20.0%, respectively (P = 0.038). CONCLUSIGN&inistration of
vitamin K1 to pregnant women at less than 35 weeks' gastadie may result in
improved coagulation and may reduce the incidence as witié &®verity degree of
PIVH.
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Eur J Nutr.2004 Dec;43(6):325-35. Epub 2004 Feb 5.

Beyond deficiency: potential benefits of increased intakes of vitan
K for bone and vascular health.

Vermeer C, Shearer MJ, Zittermann A , Bolton-Smith C, Szulc P Hodges S
Walter P, Rambeck W, Stocklin E, Weber P.

Dept. of Biochemistry, University of Maastricht, P. Bax 616, 6200 MD
Maastricht, The Netherlands. c.vermeer@bioch.unimhas.

Vitamin K is well known for its role in the synthe®f a number of blood
coagulation factors. During recent years vitamin K-depengieneins were
discovered to be of vital importance for bone and vastigalth.
Recommendations for dietary vitamin K intake have beadenon the basis of
the hepatic requirements for the synthesis of bloodwaton factors.
Accumulating evidence suggests that the requirementsHer fatnctions than
blood coagulation may be higher. This paper is the rekalctwsed workshop
(Paris, November 2002) in which a number of European vit&arperts
reviewed the available data and formulated their standpatimtrespect to
recommended dietary vitamin K intake and the use of witdéntontaining
supplements.
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Arch Dis Child Fetal Neonatal E@004 Nov;89(6):F546-50.

Intracranial haemorrhage due to late onset vitamin K deficiency
bleeding in Hanoi province, Vietnam.

Danielsson N Hoa DP, Thang NV, Vos T, Loughnan PM.

Astrid Lindgren's Children's Hospital, Stockholm, Sweden.

BACKGROUND: In many developing countries vitamin K prophysaisi not
routinely administered at birth. There are insufficidata to assess the cost
effectiveness of its implementation in such coust@BJECTIVE: To estimate
the burden of intracranial haemorrhage caused by laté atemin K deficiency
bleeding in Hanoi, Vietham. METHODS: Cases of intra@bhaemorrhage in
infants aged 1-13 weeks were identified in Hanoi provinc® fgears (1995-
1999), and evidence for vitamin K deficiency was sought.d&ta were
compared with those on vitamin K deficiency bleeding inettgsed countries and
used to obtain an approximation to the incidence of irdraal haemorrhage
caused by vitamin K deficiency bleeding in Hanoi. RESULTI® estimated
incidence of late onset vitamin K deficiency bleedinghfiamts who received no
prophylaxis was unexpectedly high (116 per 100,000 births) with Ad 8% per
100,000 births in rural and urban areas respectively. Mgrtadis 9%. Of the
surviving infants, 42% were neurologically abnormal at iine ©f hospital
discharge. Identified associations were rural residenaé& sex, and low birth
weight. A significant reduction in the incidence waseated in urban Hanoi
during 1998 and 1999, after vitamin K prophylaxis was introduced airba@
obstetric hospital. CONCLUSIONS: Vitamin K deficienclgeding is a major
public health problem in Hanoi. The results indicate thatine vitamin K
prophylaxis would significantly reduce infant morbidity andrtality in Vietnam
and, costing an estimated 87 US dollars (48 pounds, 72 Eurdispeéility
adjusted life year saved, is a highly cost effectiveri@ntion.

Publication Types:

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

PMID: 15499152 [PubMed - indexed for MEDLINE]

PMCID: PMC1721780

Vitamin K and Blood Improvement

403



Pediatr Blood Cance009 Jul;53(1):92-5.

Novel splice site mutations in the gamma glutamyl carboxylase gene
in a child with congenital combined deficiency of the vitamin K-
dependent coagulation factors (VKCFD).

Titapiwatanakun R, Rodriguez V, Middha S, Dukek BA, Pruthi RK .

Division of Pediatric Hematology Oncology, Mayo CiinRochester, Minnesota
55905, USA.

Congenital combined deficiency of the vitamin K-dependenuasion factors
is a rare bleeding disorder caused by either a defeat igaimma-glutamyl
carboxylase or the vitamin K epoxide reductase enzyme camjiie diagnosis
should be considered when vitamin-K dependent factor aeti\are decreased
and liver dysfunction, vitamin K deficiency, and factitsocoumarin ingestion
have been excluded. We report a case of VKCFD in a aslalting from
compound heterozygosity for two novel splice site matatiof the gamma-
glutamyl carboxylase gene. Oral vitamin K supplementagsualted in partial
resolution of proteins and complete resolution of bleeddagpyright 2009
Wiley-Liss, Inc.
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Thromb Haemost2009 Feb;101(2):410-1.

An oral vitamin K protocol to reverse over-anticoagulation in

patients presenting with an International Normalised Ratio above
10.0.

Denas G Cucchini U, lliceto S, Pengo V.

Clinical Cardiology, Thrombosis Centre, Via Giuséini 2, 35128 Padova, Italy.
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Eur J Pediatr2009 Feb;168(2):127-34. Epub 2008 Nov 4.

Vitamin K, an update for the paediatrician.

Van Winckel M, De Bruyne R Van De Velde SVan Biervliet S.

Department of Paediatrics, UZ Gent, De Pintelaan 185, Gb@ht, Belgium.
myriam.vanwinckel@ugent.be

INTRODUCTION: This review summarizes current knowledgevbamin K for
the paediatrician. Vitamin K is a fat-soluble vitanpnesent in plants as
phylloquinone and produced by bacteria as menaquinonedtiigy as a co-
factor for gamma-glutamyl carboxylase. This enzyme is respte for post-
translational modification of some glutamate sidarchtéo gamma-
carboxyglutamate. The majority of gamma-carboxylated prsteinction in
blood coagulation; others play a role in calcium horteeis. DATA: Newborn
babies are at particular risk of vitamin K deficiencypéacental transfer is
limited and human milk is a poor source. Vitamin K propkiglat birth
effectively prevents vitamin K deficiency bleeding (VKRBormerly known as
"haemorrhagic disease of the newborn". Recent epalegical studies provide
data on the effectiveness of different administrateutes and dosing schemes.
Infants of mothers taking drugs that inhibit vitamin K areisk of early VKDB
and should receive 1 mg intramuscular (i.m.) as soonssijpe after birth.
Classic VKDB is prevented by intramuscular as welbwasral administration of
1 mg vitamin K. In exclusively breast-fed infants, single. administration at
birth is also effectively preventing (rare) late VKDBtlsingle oral administration
is not. If given orally, prophylaxis should be continuecklthier weekly
administration of 1 mg till 12 weeks or repeating 2 mgetks 1 and 4. Daily
administration of 25 microg offers insufficient protecti The only infants not
fully protected in this way are those with yet unrecogphiver disease.
CONCLUSIONS: Further work is needed before firm rec@ndations can be
made regarding dose in preterm infants and in patientdatith
malabsorption/cholestasis or regarding the role of \mafin the prevention of
osteoporosis.
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Wien Med Wochenschf008;158(13-14):385-95.

The neonatal coagulation system and the vitamin K deficiency
bleeding - a mini review.

Pichler E, Pichler L.

Department of Paediatrics, Landeskrankenhaus Klagenfagelifurt, Austria.

Coagulation factors do not cross the placental bdstitare synthesized
independently by the conceptus. At birth, activities ofviteemin K dependent
factors Il, VII, IX, and X and the concentrationstieé¢ contact factors Xl and XIlI
are reduced to about 50% of normal adult values. Theslevehe factors V,

VIII, X1, and fibrinogen are similar to adult valueBlasma concentrations of the
naturally occurring anticoagulant proteins (antithrompnotein C, and protein S)
are significantly lower at birth than during the adulinge Plasminogen is
reduced by approximately 50%. Platelet counts are within threaloange,
regarding function, however, neonatal platelets seelpe hyporeactive. The von
Willebrand factor contains large multimers and itsamration is increased.
Properties and functions of vitamin K as well as requanatnand plasma
concentrations in newborns are reviewed. Regarding vit&ndieficiency
bleeding (VKDB), the classical nomenclature is used:lyégoresenting within
the first 24 h of life), "classical" (day 1-7 after bjthnd "late" (8 days to 6
months). After the presentation of the history ofmia K prophylaxis, vitamin K
levels are described as can be expected after the attatiois of prophylactic
doses at various routes. Subsequently, the actual scldditiemin K
prophylaxis as recommended by the "Osterreichische Gdstidar Kinder-

und Jugendheilkunde" is given as follows: i) the oraktneat of healthy full-
term babies and orally fed preterm babies, ii) the pa@rtreatment of small
preterm and sick full-term babies, and iii) the treathegémothers under
medication with enzyme-inducing drugs with vitamin K duringlést 15-30
days of pregnancy. The regimes of prophylactic vitamineldttment of different
countries are also given. Finally, the therapeutic usétarhin K is addressed;
the potential use of fresh-frozen plasma, prothrombinpdexpreparations, and
recombinant factor Vlla is discussed.
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J Toxicol Sci.2008 Aug;33(3):307-14.
Blood coagulation-related parameter changes in Sprague-Dawley
(SD) rats treated with phenobarbital (PB) and PB plus vitamin K.

Mochizuki M , Shimizu S Kitazawa T, Umeshita K, Goto K, Kamata T, Aoki
A, Hatayama K.

Toxicology Department, Gotemba Laboratory, Bozo Rese@enter Inc.,
Shizuoka. mochizuki@bozo.co.jp

Effects of dose and duration of phenobarbital (PB) admatish and those of co-
administration of PB and vitamin K on blood coagulatielated parameters were
examined in specific pathogen-free (SPF) rats of SpragudeRatrain kept on
an ordinary diet. In Experiment 1, oral administrand®B (0, 25, 50, 100 or 150
mg/kg/day) for 2 weeks induced increases in hepatic cytochireis@ content
and CYP2B expression, prolongation of coagulation timev@ed partial
thromboplastin time (APTT) and Thrombotest (TBT)jlam increase in anti-
thrombin III (AT IIl) concentration in a dose-depender@mmer. In Experiment 2,
PB administration (100 mg/kg/day) for up to 14 days produceddependent
increases in hepatic cytochrome P450 content and CYP2BZBY and
CYP2B2) expression. APTT was prolonged from day 1 and Agolhicentration
was increased from day 2, whereas the coagulation tiBi€)(Was prolonged
from day 7. In Experiment 3, APTT prolonged by PB (100 mg/kg/deg
shortened after vitamin K(2) (30 mg/kg/day) co-administratathough AT 111
concentration was still increased. This suggests thaahdil but PB-induced
vitamin K deficiency may play an important role in #8luced prolongation of
coagulation time in SPF rats kept on an ordinary diet.
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Vitam Horm.2008;78:265-79.

Vitamin K and thrombosis.

Merli GJ , Fink J.

Professor of Medicine, Director Jefferson CenteMascular Diseases, Jefferson
Medical College, Thomas Jefferson University HospR&liladelphia, PA 19107,
USA.

Vitamin K was discovered in the 1930s during cholesteroabadism
experiments in chickens. It is a fat-soluble vitaminakihoccurs naturally in
plants as phylloquinone (vitamin K1) and is produced by gragatne bacteria
in the human gastrointestinal tract as menaquinot@nfin K2). This vitamin
was found to be essential for normal functioning of dstasis. In addition, a
number of clinical conditions in which vitamin K de@eicy was found to be the
underlying pathophysiologic problem were discovered. Thesatmglinclude
hemorrhagic disease of the newborn, obstructive jaendnd malabsorption
syndromes. The importance of this vitamin has become aqgparent with the
discovery of the anticoagulant warfarin which is awitn K antagonist. There are
millions of patients on this therapy for a varietytlafombogenic conditions such
as atrial fibrillation, deep vein thrombosis, pulmonambelism, and prosthetic
cardiac valves. The wide use of this narrow therapeutixiddeg has resulted in
significant risk for major bleeding. Vitamin K servesosme of the major
reversing agent for patients over-anticoagulated wittianar In the past few
years, research has focused on new areas of vitamiet&bolism, which include
bone and endovascular metabolism; cell growth, regulathigration, and
proliferation; cell survival, apoptosis, phagocytosis, ancésidin. These new
areas of research highlight the significance of vitakhlout raise new clinical
guestions for patients who must be maintained on longuenrfarin therapy.
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Vitam Horm.2008;78:227-46.

VKORCL1: a warfarin-sensitive enzyme in vitamin K metabolism
and biosynthesis of vitamin K-dependent blood coagulation factors.

Wallin R, Wajih N, Hutson SM.

Departments of Internal Medicine and Biochemistry, Wia&eest University
School of Medicine, Winston-Salem, North Carolina 27157.

The recently discovered enzyme VKORCL1 of the vitamiryBle, which is the
target for the anticoagulant drug warfarin, has openedoppartunities to
understand warfarin resistance and biosynthesis of vitKrdiependent blood
coagulation factors and other members of this protein fafusthermore, it has
opened new opportunities to study the vitamin K-dependent aosidtional
gamma-carboxylational system in the endoplasmic reticuh greater detail and
its molecular operation in vivo. Other accomplishmseaetulting from this
discovery are: (1) the finding that VKORCL is the ratating step in
biosynthesis of functional vitamin K-dependent proteind, @) engineering of
recombinant intracellular gamma-carboxylation systentglinines producing
recombinant coagulation factor used clinically to treagdileg disorders. The
engineered cells significantly enhance production of dutin of fully
functional gamma-carboxylated proteins compared to cefl limdy
overexpressing the specific coagulation factor. Thédescribed inhibitor of the
gamma-carboxylation system has been identified as ealinna resident
chaperone in the endoplasmic reticulum (ER). Togethe new information
gained about the vitamin K-dependent gamma-carboxylatioaraysill
stimulate new research which will benefit medicind aar understanding of the
molecular mechanisms involved in this protein modificatierction.
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Clin Calcium.2007 Nov;17(11):1717-26.

[Serum vitamin K concentration and nutrition]
[Article in Japanese]

Tsugawa N Okano T.

Kobe Pharmaceutical University, Department of Hygiemie&ces.

Vitamin K (VK) is well known for its role in the syhesis of a number of blood
coagulation factors. VK is also an important factorifone metabolism via
gamma-carboxylation of VK-dependent proteins such as adt@ocmatrix Gla
protein, and protein S. Recently, it is rare that seVé&eleficiency is observed.
However, low dietary VK intake or low VK status haseh shown to be
associated with low bone mineral density and increageftdtdture risk. These
studies suggest that there is potential VK insufficiendyoine, even in sufficient
VK status for blood coagulation. In the present revidgw,studies concerning
relationship between serum VK concentration and beadttn including
pharmacokinetics of VK analogues (such as phylloquinoneremiquinone) and
factors which affect on blood circulation of VK, aeviewed.
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Biosci Biotechnol Biochen006 Apr;70(4):926-32.

Vitamin K suppresses lipopolysaccharide-induced inflammation in
the rat.

Ohsaki Y, Shirakawa H, Hiwatashi K, Furukawa Y, Mizutani T, Komai M.

Laboratory of Nutrition, Department of Science of Bdaunction and Health,
Graduate School of Agricultural Science, Tohoku Univers$gndai, Japan.

Vitamin K (K) is essential for blood coagulation and bometabolism in
mammals. K acts as a cofactor in the posttranskit®ynthesis of gamma-
carboxyglutamic acid from glutamic acid residues. In agidito the liver and
bone, K is found in the brain, heart, kidney and gonaski¢. However, the
physiological role of K in these various organs is noffyly understood. It is
likely that K has functions other than its role as acitor of protein gamma-
glutamyl carboxylation. We used in this study the DNA nmacray technique to
identify the effect of K status on gene expressioménrat liver. The expression
of genes involved in the acute inflammation response waaneed in rats fed
with a K-deficient diet relative to the control and K1-sigppented diet groups.
Moreover, dietary supplementation with K1 suppressed th@mnfiation induced
by lipopolysaccharide administration. These resultcatdithat orally
administrated K1 suppressed inflammation in the rat.
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Blood Coagul Fibrinolysis2005 Oct;16(7):525-7.

Congenital vitamin K-dependent coagulation factor deficiency: a
case report.

Bhattacharyya J, Dutta P, Mishra P, Dixit A, Srinivas U, Kannan M, Kumar
R, Choudhry VP, Saxena R

Department of Haematology, All India Institute of MealiSciences, New Delhi,
India.

Congenital vitamin K-dependent coagulation factor defician@yvery rare
bleeding disorder, which usually presents with episodeti@icerebral bleed in
the first few weeks of life, sometimes leading totalfautcome. We report a case
of combined factor deficiency of vitamin K-dependent factonghich the patient
presented with both intracerebral bleeding, and possibdytAfombosis, and
responded to a vitamin K supplement along with fresh frpisma.
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Clin Calcium.2002 Aug;12(8):1123-8.

[Vitamin K and vascular calcification]
[Article in Japanese]

Shoji S.

Internal Medicine, Inoue Hospital.

Until recently, vitamin K has been exclusively rethte blood coagulation.
During the last decade, a second function for vitamin geddent proteins has
become apparent : the regulation of tissue calcifinat@ne of them is the
function of Matrix Gla Protein (MGP) : potent inhibitayEvascular calcification.
The function of MGP became clear from transgenic tM@&P-deficient mice).
Further research on MGP will resolve the complicatedhanism of
atherosclerosis, especially of the arterial calatfmn. The recommended daily
allowance for vitamin K to prevent vascular calcificatshould be evaluated.
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JPEN J Parenter Enteral Nu2004 Nov-Dec;28(6):388-98.

Observations on possible effects of daily vitamin K replacement,
especially upon warfarin therapy.

Bern M.

Cancer Center of Boston, New England Baptist Hospttatyard Medical
School, Boston, Massachusetts, USA. mbern@cancercmte

Daily parenteral vitamin K supplement is now recommendeithéy).S. Food
and Drug Administration (FDA) for patients receiving IV hgglementation. This
is considered as preferable to the previous recommendafioreekly parenteral
or oral supplement, or as in some cases no supplemaht&applemental
vitamin K1 will ensure adequate supplies for hepatic saturatol thus the
production of clotting factors Il, VII, IX, and X, plusdlanticoagulants protein C,
protein S, and protein Z. But this is not the entire stbhys recommended
supplement will affect other physiologic systems thso ailse vitamin K-
dependent gamma-carboxylation. Vitamin K is not 1 mo&bulk rather 2 natural
substances, vitamin K1 and K2, and the synthetic K3snitt understood, what,
if any, effect may occur because of the saturatiozoarpetition from the vitamin
K1 upon the functioning of vitamins K2 and the derivatives 8fitkKvivo upon
bone mineralization, cell growth, and blood vessel healt known to be
influenced by the vitamins K. There are probably other iplogic systems yet to
be studied relative to vitamins K and gamma-carboxylatibis fieview also
considers the available research upon warfarin when govpatients receiving
hyperalimentation and what effects the vitamin K supplgmmay have.
Because studies to date have not controlled for vitamiridke, consideration is
given to whether one should expect any change in previoggtyrted outcomes
when using low-dose warfarin for prophylaxis against cernt thrombosis.
Also considered are possible positive or negative &ffibat chronic warfarin
therapy may have upon the other vitamin K-dependent systedes discussion.
This review offers a platform for further discussiol @erived clinical research
provoked by this new FDA recommendation.
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Haemophilia.2004 Oct;10 Suppl 4:188-95.

Acquired bleeding disorders: the impact of health problems in the
developing world.

Isarangkura P, Mahasandana C Chuansumrit A, Angchaisuksiri P.

Department of Pediatrics, Ramathibodi Hospital, Mahidlolversity, Bangkok
10400, Thailand.

Several acquired bleeding disorders in the developing waxld iImpacts on
health, including late vitamin K deficiency bleeding (VKPIB infants, dengue
haemorrhagic fever (DHF), and malaria. This paper desstheir clinical
manifestations, mechanisms involved, and treatment.
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J Thromb Thrombolysi2003 Aug-Oct;16(1-2):69-72.

Vitamin K for the treatment of asymptomatic coagulopathy
associated with oral anticoagulant therapy.

Crowther MA , Wilson S.

Department of Medicine, McMaster University, Hamilt@ntario, Canada.
crowthrm@mcmaster.ca

Patients with asymptomatic elevated International Nézew Ratios (INRs) are
commonly seen in practice, but there is no consenshswrbest to manage this
condition. Evidence suggests that low-dose (1 mg to 2.5 mgyitamin K
restores patients to INR values associated with a logleof hemorrhage more
rapidly than discontinuing warfarin alone. Vitamirttierapy remains under-
utilized despite evidence for its effectiveness. The studiscussed in this review
suggest that vitamin K1 should be considered if rapid rechgtiothe INR are
desired. For most rapid corrections in the INR, vitakighould be administered
by the intravenous route since it begins to reduce thewl#n 8 hours.
Subcutaneous vitamin K is relatively ineffective, andige may be associated
with over-correction of the INR.
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Vitamin K and Alzheimer's Disease

J Am Diet Assoc2008 Dec;108(12):2095-9.

Low vitamin K intakes in community-dwelling elders at an early
stage of Alzheimer's disease.

Presse N Shatenstein B Kergoat MJ, Ferland G.

Département de Nutrition, Université de Montréal, Maadir€anada.

An increasing body of evidence points to a role for vitamin Krain physiology
through its participation in sphingolipid metabolism anddgeal activation of
the vitamin K-dependent protein Gas6. One hypothesis is thaatini K may also
play a role in the pathogenesis of Alzheimer's diséasecent study found that
patients with early-stage Alzheimer's disease consurssdziamin K than did
cognitively intact control subjects. To learn more alibatdietary intakes and
food sources of vitamin K in these patients, a detaitedyais was conducted.
Dietary vitamin K intakes were assessed from 5 noncorisealsays of food
records collected from 31 community-dwelling patients wéHyestage
Alzheimer's disease and in 31 age- and sex-matched cobynititget control
subjects. Mean vitamin K intake on a person-day basis wds983microg/day in
patients and 139+/-233 microg/day in control subjects. Vitdfrimakes were
significantly less in participants with Alzheimer's dise (P<0.0001), even after
adjusting for energy intakes (P=0.0003). Vegetables, fadisfraits contributed
more than 70% of total vitamin K intake in both groups. iffaén source of
vitamin K was green vegetables, which contributed 33% and d436tal intakes
in patients and control subjects, respectively. Thagetoconsumption of green
vegetables in participants with Alzheimer's diseaséaggd their lower vitamin
K intakes overall. Despite their limitations, reswdts in line with the most recent
research in both vitamin K and Alzheimer's disease and suggeed to consider
vitamin K in future investigations on the role of dietAlzheimer's disease.
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J Am Diet Assoc2007 Dec;107(12):2091-9.

Poor nutrient intakes during 1-year follow-up with community-
dwelling older adults with early-stage Alzheimer dementia
compared to cognitively intact matched controls.

Shatenstein B Kergoat MJ, Reid |I.

Départment de Nutrition, Université de Montréal, Montr€anada.
bryna.shatenstein@umontreal.ca

OBJECTIVE: Decreased food intakes, eating behavior tiahaes, and loss of
body weight are patrticularly significant problems amtwase with Alzheimer
dementia. To follow the natural evolution of dietarg anutrition status among
elderly community-dwelling adults with Alzheimer demenMETHODS: With
their caregivers, 36 community-dwelling patients in eatiges of Alzheimer
dementia, aged > or =65 years, were recruited from menlinigscin Montréal,
age-matched to cognitively intact community-based confnslS8), and
interviewed at four to five time points (TO to T4) acrassl8-month period.
Current diet and supplement use were assessed monthly liyasveecords
and/or 24-hour diet recalls (666 records/recalls from pstiemd 1,678
records/recalls from controls), using adapted data collettchniques among
patients, and analyzed using CANDAT with the 2001b CanadiameNtfEile.
RESULTS: Nutrient intakes from diet and supplementsvigher in control
subjects, with significant differences in energy, ttecranutrients, calcium, iron,
zinc, vitamin K, vitamin A, and dietary fiber as well@8 and n-6 fatty acids.
Repeated measures analysis of variance confirmedabssevations among
balanced groups of participants aged > or =70 years withdtrdient data during
12 months' follow-up. CONCLUSIONS: Dietary intakes by passaith
Alzheimer dementia are poor compared to cognitively intgetraatched
controls. Suboptimal diet is evident early in the onde¢he disease. This
vulnerable population would benefit from systematic dyetessessment and
intervention to prevent further deterioration in food ssamption and increased
nutritional risk.
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Med Hypothese2001 Aug;57(2):151-5.

The possible role of vitamin K deficiency in the pathogenesis of
Alzheimer's disease and in augmenting brain damage associated
with cardiovascular disease.

Allison AC.
SurroMed Corporation, Mountain View, California 94043, USA.

The incidence of Alzheimer's disease (AD) increasds age and in carriers of
the apolipoprotein E4 genotype. A relative deficiency afmin K, affecting the
extrahepatic functions of the vitamin, is common in agenen and women. The
concentration of vitamin K is lower in the circulaiblood of APOE4 carriers
than in that of persons with other APOE genotypes.dfad is accumulating that
vitamin K has important functions in the brain, including tagulation of
sulfotransferase activity and the activity of a grofeittor/tyrosine kinase
receptor (Gas 6/Axl). The hypothesis is now proposed ttaatiw K deficiency
contributes to the pathogenesis of AD and that vitamsupplementation may
have a beneficial effect in preventing or treatingdisease. Vitamin K may also
reduce neuronal damage associated with cardiovascséasdi. Copyright 2001
Harcourt Publishers Ltd.
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SOD (Superoxide Dismutase)

Editors’ Note: There has been much discussion about the human balbiity to
assimilate SOD (Superoxide Dismutase) from the diet. rBujole Dismutase is a potent
free radical eliminator produced by the human body; howyelee to increased levels of
free radicals in modern life (due to a number of factarg)st scientists feel that the
human body’s production of SOD is insufficient and iased dietary antioxidants
and/or supplementation is necessary. SOD would setVe gerfect dietary antioxidant,
however this fragile enzyme has not proven sturdy enouglwitbstand severe
deterioration by stomach acids prior to assimilation.

Fortunately, Spirulina in tablet form is not fully dgjed in the stomach; only a portion of
the Spirulina tablets are digested in the stomach, wahslebstantial amount of the tablets
are then digested in the intestines. It appears evitlent that by taking Spirulina in
tablet form, the SOD in the part of the tablets digkstehe intestines where there is no
stomach acid present should be assimilated by the hbathn
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SOD and Arthritis

Arthritis Rheum.2005 Nov;52(11):3479-91.

Extracellular superoxide dismutase and oxidant damage in
osteoarthritis.

Regan E Flannelly J, Bowler R, Tran K, Nicks M, Carbone BD, Glueck D,
Heijnen H, Mason R, Crapo J.

Department of Medicine, National Jewish Medical andelaesh Center, 1400
Jackson Street, Denver, CO 80206, USA. regane@nijc.org

OBJECTIVE: To use human cartilage samples and a moodelrof
osteoarthritis (OA) to determine whether extracellslgperoxide dismutase (EC-
SOD) is a constituent of cartilage and to evaluate vendtiere is a relationship
between EC-SOD deficiency and OA. METHODS: Sampldsuofian cartilage
were obtained from femoral heads at the time ot jeaplacement surgery for OA
or femoral neck fracture. Samples of mouse tibial legeiobtained from STR/ort
mice and CBA control mice were compared at 5, 15, and 8ksne&f age. EC-
SOD was measured by enzyme-linked immunosorbent assayeV/bkitting,
and immunohistochemistry techniques. Real-time quangtagiverse
transcription-polymerase chain reaction was used to meamsgenger RNA for
EC-SOD and for endothelial cell, neuronal, and inducililecroxide synthases.
Nitrotyrosine formation was assayed by Western blottingiouse cartilage and
by fluorescence immunohistochemistry in human cartilESULTS: Human
articular cartilage contained large amounts of EC-§@8&an +/- SEM 18.8 +/-
3.8 ng/gm wet weight of cartilage). Cartilage from pasevith OA had an
approximately 4-fold lower level of EC-SOD compared withitzage from
patients with hip fracture. Young STR/ort mice had decrelsesls of EC-SOD
in tibial cartilage before histologic evidence of digeascurred, as well as
significantly more nitrotyrosine formation at all agegadied. CONCLUSION:
EC-SOD, the major scavenger of reactive oxygen spetedracellular spaces,
is decreased in humans with OA and in an animal mod@kofOur findings
suggest that inadequate control of reactive oxygen spdaigsarole in the
pathophysiology of OA.
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Cell Transplant2008;17(12):1371-80.

The therapeutic effect of extracellular superoxide dismutase (ECED)
mouse embryonic fibroblast (MEF) on collagen-induced arthritis (CIA
mice.

Yu DH, Kim MO , Kim SH, Shin MJ, Kim BS, Kim HJ, Lee SR Lee SG Yoo SA
Kim WU , Hyun BH, Park YS, Kim TY , Ryoo ZY.

School of Life Sciences and Biotechnology, Kyungpook Nati®niversity, Daegu 702-
701, Korea.

Rheumatoid arthritis is a chronic inflammatory dised$® generation of reactive
oxygen species (ROS) within an inflamed joint has been stegjas playing a
significant pathogenic role. Extracellular superoxide dissei{ EC-SOD) is a major
scavenger enzyme of ROS, which has received growing attdatidts therapeutic
potential. To investigate the therapeutic effect of EM3®mice with collagen-induced
arthritis (CIA), we used mouse embryonic fibroblast (MBFRransgenic mice that
overexpresses EC-SOD on the skin by using hK14 promoBx/Dmice that had been
treated with bovine type Il collagen were administratiglodcutaneous injections of EC-
SOD transgenic MEF (each at 1.4 x 10(60 cells) on days 28n83l2aafter primary
immunization. To test EC-SOD activity, blood samplesenallected in each group on
day 49. The EC-SOD activity was nearly 1.5-fold highehentransgenic MEF-treated
group than in the nontransgenic MEF-treated group (p <.0T0®)severity of arthritis in
mice was scored in a double-blind manner, with each paw bssngnad a separate
clinical score. The severity of arthritis in EC-S®@nsgenic MEF-treated mice was
significantly suppressed in the arthritic clinical scfpe< 0.05). To investigate the
alteration of cytokine levels, ELISA was used to meabloed samples. Levels of IL-
1lbeta and TNF-alpha were reduced in the transgenic MEkettgroup (p < 0.05).
Abnormalities of the joints were examined by H&E stainifigere were no signs of
inflammation except for mild hyperplasia of the synoviarthe transgenic MEF-treated
group. The proliferation of Cll-specific T cells wasvier in the transgenic MEF-treated
mice than in those in the other groups. The trangfBGaSOD transgenic MEF has
shown a therapeutic effect in CIA mice and this approaa be a safer and more
effective form of therapy for rheumatoid arthritis.
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J Control Releas®005 Mar 21;103(2):419-34. Epub 2005 Jan 15.

Developments in the rat adjuvant arthritis model and its use in therapetic
evaluation of novel non-invasive treatment by SOD in Transfersomes.

Simodes S] Delgado TC, Lopes RM, Jesus SFerreira AA , Morais JA, Cruz ME
Corvo ML , Martins MB .

Unidade de Novas Formas de Agentes Bioactivos, Departarderiotecnologia,
Instituto Nacional de Engenharia, Tecnologia e InovagEddicio F, Estrada do Paco do
Lumiar, 22 1649-038 Lisboa, Portugal. sandra.simoes@ineti.pt

The aim of this study was firstly to refine a rat miaafearthritis, the adjuvant arthritis
(AA) model, by studying the time course of the diseagepducing new evaluation
methods such as haematological and biochemical paranretader to identify the main
stages of the disease. An optimisation of treatnmaredule and evaluation criteria was
developed. This refinement provided novel non-invasive affammatory treatment of
the AA with SOD by using mixed lipid vesicles specially eleped for transdermal
delivery, Transfersomes (Tfs), this being the second na&jarThe time course of AA
includes a first stage: 1 day after the disease indydterinduced paw volume more
than doubled and the paw circumference increased by approxTv@%weeks later,
another stage occurred where the disease shifted feofadal arthritis form towards
polyarthritis: an additional increase of volume andwmnference of the induced and non-
induced paws, occurred. The animals also started to loaghtvaeound day 14 after the
disease induction. Radiographic observable lesions inctreassespondingly. Treatment
of animals, started at day 1 after induction, by epicutas@pplication of SOD-Tfs
showed that 1 mg SOD/kg body weight is more efficibant0.66 mg SOD /kg body
weight. As a positive control, SOD liposomes intraosly injected were used for
comparison and confirmed the biological efficiency atefaneously applied SOD in
Tfs. SOD solution and empty Tfs epicutaneously appliedtedero effect. In addition,
epicutaneous application of SOD-Tfs used prophylactically atde to suppress the
induced rat paw oedema. Radiographic images showed leskegamts in SOD-Tfs
treated animals in comparison with control and pladetaied rats. It was shown for the
first time that SOD incorporated into Tfs and applietbca skin area not necessarily
close to the inflamed tissue is able to promote non-imgdseatment of induced arthritis.
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Pol Merkur Lekarski2008 May;24(143):396-8.

[Activity of superoxide dismutase (CuZn-SOD) in erythrocytes of
patients after hips alloplasty]

[Article in Polish]

Mrowicka M , Garncarek P, Bortnik K , Galecka E Miller E , Smigielski J.

Medical University of Lod, The Faculty of Physiotherapy, Chair and Department
of Chemistry and Clinical Biochemistry, Poland. mroi@a2.pl

Hip osteoarthritis leads, among others, to abnorna@treased physical activity
(hypokinesia). Adverse effect of physical inactivity canise inhibition of
anabolic processes in favour of enhancement of prat@ibphydrate, and lipid
catabolitic reactions, as well as inadequate metabalfgmolyunsaturated fatty
acids. These alterations can induce an increased lipacidersynthesis,
overproduction of reactive oxygen species (ROS) and aatele of lipid
peroxidation processes. The aim of the study was to detssuperoxide
dismutase activity (CuZn-SOD) in red blood cells of pasesuffering from hip
osteoarthritis prior to and following total alloplastyy@mpared to healthy
subjects, and also to evaluate effect of hypokinesia ontosadstress.
MATERIAL AND METHODS; CuZn-SOD activity in red blood delwas
determined according to the Misra and Fridovich method in 3énpsitwith hip
osteoarthritis hospitalized at the Traumatic-OrthdgaBepartment of the
Ministry of Internal Affairs and Administration Hospl in Lédz. RESULTS: In
patients with decreased physical activity in ten days afi@plasty, enzyme
activity increased (+24.9%), one month since the operdtaecireased, but it
higher as compared to result activity of CuZn-SOD poosurgery (+16.8%).
CONCLUSIONS: The results activity of superoxide dysmeifaads to ROS
generation and their overgeneration in hip osteoastatid in first time of
treatment.
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Scand J Rheumat®008 Mar-Apr;37(2):103-8.

Increased levels of autoantibodies against catalase and superoxide
dismutase associated with oxidative stress in patients with
rheumatoid arthritis and systemic lupus erythematosus.

Mansour RB, Lassoued SGargouri B, El Gaid A, Attia H, Fakhfakh F.

Units of Biotechnology and Pathology, Higher Institut@mtechnology of Sfax,
Sfax, Tunisia. riadhbm2004@yahoo.fr

OBJECTIVE: To evaluate the level of autoantibodies agjamgeroxide
dismutase (SOD) and catalase (CAT) in the sera aina&oid arthritis (RA) and
systemic lupus erythematosus (SLE) Tunisian patienstutty the oxidative
profile among the same patients and to establish a aborebetween the two
parameters in order to understand the role of eachnahe genesis of the two
diseases. METHOD: Using a standard enzyme-linked immubesbassay
(ELISA), the levels of immunoglobulin G (IgG) and IgMetited against CAT
and SOD in the sera of 39 RA patients, 40 SLE patientisS@rcontrol healthy
individuals were evaluated. The oxidative/antioxidative peafias tested by
measuring serum malondialdehyde (MDA), conjugated dierne}, (CAT
activity, and SOD activity. RESULTS: Our data showed iaseel levels of IgG
antibodies (Ab) against CAT in both groups of patient®(ps) compared to
control subjects. However, the SLE patients displaredtcreased level of anti-
SOD IgG (p<0.05). In all patients the lipid peroxidatiorswanfirmed by high
levels of MDA and conjugated dienes (p<0.05). RA patients ézHilan
increasing CAT and SOD activity in their sera (p<0.05) &itbositive correlation
observed between CAT and IgG anti-CAT (p<0.05). The sasdts were
observed for SLE patients. In addition, a positiveaation was observed
between anti-CAT Ab and anti-SOD Ab in SLE patiempts(.05).
CONCLUSION: Collectively, these results suggestedttimaprimary factor
causing the oxidative stress observed in RA and SLE esseike free radical
production rather than impaired CAT or SOD activity duautoantibody
inhibition.
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Joint Bone Spine2007 Jul;74(4):324-9. Epub 2007 May 24.

Reactive oxygen species and superoxide dismutases: role in joint
diseases.

Afonso V, Champy R, Mitrovic D , Collin P, Lomri A .

INSERM U606, IFR-139, Paris 7 University, Lariboisiere Teaghilospital, 2
rue Ambroise Paré, 75475 Paris Cedex 10, France.

Reactive oxygen species (ROS) are produced in many nandabnormal
processes in humans, including atheroma, asthma, jsgéasbs, aging, and
cancer. The superoxide anion O(2)(-) is the main ROS.dseteROS production
leads to tissue damage associated with inflammation. ®igerdismutases
(SODs) convert superoxide to hydrogen peroxide, which is #ranved by
glutathione peroxidase or catalase. Thus, SODs prevefdrthation of highly
aggressive ROS, such as peroxynitrite or the hydroxyl radigpkrimental
models involving SOD knockout or overexpression are beginta shed light on
the pathophysiological role of SOD in humans. Althoudghdntiinflammatory
effects of exogenous native SOD (orgotein) are modegsthetic SOD mimetics
hold considerable promise for modulating the inflammatesponse. In this
review, we discuss new knowledge about the role o$tiperoxide anion and its
derivates as mediators of inflammation and the rolB@Ds and SOD mimetics
as antioxidant treatments in joint diseases sucheasmétoid arthritis,
osteoarthritis, and crystal-induced arthropathies.
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Biochem Biophys Res Commu2007 Aug 17;360(1):275-9. Epub 2007 Jun 18.

Targeted delivery of catalase and superoxide dismutase to
macrophages using folate.

Lee S Murthy N .

The Wallace H. Coulter Department of Biomedical Eegiing, Georgia Institute

of Technology, Atlanta, GA 30332, USA. slee60@mail.gatsiin.

Reactive oxygen species (ROS) secreted by activatedpheagges play a central

role in causing rheumatoid arthritis, and therapeuticscdmainhibit the

production of ROS by macrophages have great clinical pateStiperoxide

dismutase (SOD) and catalase (CAT) are two enzymesdaaenge ROS and

have great potential for treating rheumatoid arthitidiswever, clinical trials with
these enzymes have been ineffective, due to drug delivelnjepns, and effective
SOD and CAT delivery vehicles are greatly needed. Ircthnismunication, we

demonstrate that CAT and SOD can be effectively tadgetactivated

macrophages, via the folate receptor. Folate was corig@tCAT and SOD

using NHS/EDC chemistry with high efficiency. Cell eu# experiments

demonstrated that folate conjugation increased theiryatmliscavenge ROS,

produced by the macrophages, and also enhanced their uptaaetivited

macrophages. We anticipate numerous applications oéfotatjugated CAT and

SOD in treating inflammatory diseases, based on tffesaey and
straightforward synthesis.
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J Control Releas®007 Feb 12;117(2):186-95. Epub 2006 Nov 10.

Enzymosomes with surface-exposed superoxide dismutase: in vivo
behaviour and therapeutic activity in a model of adjuvant arthritis.

Gaspar MM, Boerman OC, Laverman P, Corvo ML , Storm G, Cruz ME.

Unidade Novas Formas de Agentes Bioactivos, DepartarderiBiotecnologia,
Instituto Nacional de Engenharia Tecnologia e Inovad¢doE:strada do Pacgo do
Lumiar, 22, 1649-038 Lisboa, Portugal.

Acylated Superoxide Dismutase (Ac-SOD) enzymosomes, lipakenzymatic
systems expressing catalytic activity in the intact fou@re previously
characterized. The main scope of the present workaviasestigate the
biological behaviour of Ac-SOD inserted in the lipid bilagé liposomes, in
comparison with SOD located in the aqueous compartnidippgsomes. Two
types of liposomes were used: conventional liposomesrgnegean unmodified
external surface and long circulating liposomes coatddpaly (ethylene glycol)
(PEG). Liposomal formulations of Ac-SOD and SOD werppred and labelled
with indium-111 and their in vivo fate compared. Data et led us to the
conclusion that, for liposomes coated with PEG theva fate was not
influenced by the insertion of Ac-SOD in the lipid bigsg. The potential
therapeutic effect of Ac-SOD enzymosomes was compartédS@D liposomes
in a rat model of adjuvant arthritis. A faster anflammatory effect was
observed for Ac-SOD enzymosomes by monitoring the voloitiee inflamed
paws. The present results allowed us to conclude th&®{8-enzymosomes are
nano-carriers combining the advantages of expressing engyanavity in intact
form and thus being able to exert therapeutic effect beéare liposomes
disruption, as well as acting as a sustained releabe ehzyme.
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Arthritis Rheum.2004 Nov;50(11):3702-11.

Enhancement of collagen-induced arthritis in mice genetically
deficient in extracellular superoxide dismutase.

Ross AD Banda NK, Mugqgli M , Arend WP.

National Jewish Medical and Research Center, De®@@orado, USA.

OBJECTIVE: To examine the influence of superoxide on thergg\wf collagen-
induced arthritis (CIA) in mice. METHODS: CIA was induaaddBA/1J mice
lacking the extracellular superoxide dismutase (EC-SOD9 ¢Jarockout [KO])
and in normal DBA/1J mice (wild-type [WT]). RESULTS: §klinical disease
activity score was significantly higher in EC-SOD-KGcethan in WT mice
between days 36 and 53, and the histologic scores fordamage on day 53
increased 2-fold or more in the EC-SOD-KO mice. Theseawo significant
differences between the 2 groups of mice in prolifenaitilices of spleen or
lymph node cells in vitro after stimulation with typecollagen. Although both
IgG1 and IgG2a anticollagen antibody levels increasedtin groups of mice
between days 21 and 53, there were no significant diffessbetween the 2
groups. Lipopolysaccharide-stimulated spleen cells frorSBED-KO mice
produced greater levels of tumor necrosis factor alphédélpha) over 48 hours
in culture compared with cells from WT mice. Increasexhdy-state levels of
messenger RNA (mRNA) for interferon-gamma (IFNgammalf-alpha, and
interleukin-1beta (IL-1beta), and lower levels of ILeceptor antagonist (IL-
1Ra) mRNA were present in the joints of the EC-SOD+Ki0e compared with
the WT mice. CONCLUSION: The absence of EC-SODddadmore severe
CIA, which may be accompanied by enhanced production of tweflammatory
cytokines IFNgamma, TNFalpha, and IL-1beta, and decrgaseliction of the
antiinflammatory cytokine IL-1Ra in the joints.
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Scand J Rheumatd004;33(4):239-43.

Correlation between soluble intercellular adhesion molecule 1 level
and extracellular superoxide dismutase activity in rheumatoid
arthritis: a possible association with disease activity.

Ugur M, Yildirim K , Kiziltunc A , Erdal A, Karatay S, Senel K

Department of Physical Medicine and Rehabilitation, édatiniversity, 25240
Erzurum, Turkey. mugur66 @hotmail.com

OBJECTIVE: We investigated serum levels of soluble agkular adhesion
molecule-1 (sSICAM-1) and the activity of extracellusaperoxide dismutase
(EC-SOD) in rheumatoid arthritis (RA). We also coesetl whether there was a
correlation between sICAM-1 and EC-SOD and diseasetgcMETHODS:
Levels of sSICAM-1 were measured in serum from 42 patieiitsactive RA and
30 control subjects by enzyme-linked immunosorbent asdd$ /4. EC-SOD
activity was determined in sera isolated from patients astive RA and from
controls. RESULTS: The serum levels of SICAM-1 weigmificantly higher in
patients with RA than in control subjects (p<0.001).dntcast, the activity of
EC-SOD was significantly lower in RA patients tharhealthy controls
(p<0.001). A significant negative correlation was found leetwthe levels of
SICAM-1 and EC-SOD activity (r=-0.39, p<0.01). There watatistically
positive correlation between sICAM-1 levels with Ricarticular index (RAI)
score and C-reactive protein (CRP) (r=0.32, p<0.05; r=0.42.0pp<
respectively). CONCLUSIONS: These results show thaticreased levels of
sICAM-1 present in active RA patients might be due todéwreased activity of
EC-SOD, and increased levels of SICAM-1 may also cetiesease status or
activity.
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[Extracellular superoxide dismutase (EC-SOD)--structure,
properties and functions]

[Article in Polish]

Skrzycki M, Czeczot H

Katedra i Zaktad Biochemii Akademii Medycznej w Wansia
skrzyckimp@poczta.onet.pl

EC-SOD catalyzes the dismutation of superoxide rathchydrogen peroxide
and oxygen in the interstitial spaces of tissues angtraeellular fluids (plasma,
lymph, and synovial fluid). It eliminates superoxide ragidedm the cell
environment and prevents the formation of reactive oxygeaiss and their
derivatives. EC-SOD is a secretory, tetrameric glyostgan containing copper
and zinc, with a high affinity to certain glycosaminamgiys, such as heparin and
heparan sulfate. It plays an important role in mammagi vascular tone, lung
function, and the metabolism of NO, and in the patipplof such diseases as
atherosclerosis, diabetes, and arthritis. This paperides EC-SOD structure,
function in tissues, and possibilities of therapy vaifiplication of this enzyme.
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SOD and Skin Health

Biochem Biophys Res Commu2006 Sep 22;348(2):450-8. Epub 2006 Jul 28.

Inhibition of the TPA-induced cutaneous inflammation and
hyperplasia by EC-SOD.

Ha HY, Kim Y, Ryoo ZY, Kim TY .

Department of Dermatology and Catholic Research InstatiMedical Science,
College of Medicine, The Catholic University of Kor&85 Banpo-dong,
Seocho-gu, Seoul 137-040, Republic of Korea.

This study reports the roles of extracellular superoxidemdiase (EC-SOD) in
the cutaneous inflammation and hyperplasia with 12-@detranoylphorbol-3-
acetate (TPA) application in EC-SOD transgenic miggEC-SOD). Topical
double TPA treatment induced the various inflammatory atsngeluding the
epidermal thickness, elevated the PCNA-labeling indexetleena formation, and
increased production of hydrogen peroxide (H202) in wild type fWeT).
These changes were markedly suppressed in TPA-treate@-BB. The
expressions of the inflammatory cytokines, IL-1alphalantbeta, were reduced
in the TPA-treated Tg EC-SOD compared with those in TieAted WT. The
expression of IL-1alpha was significantly increased engkin of TPA-treated
WT, especially in the basal and suprabasal layers, tuatsitrestricted focally in
basal layer of the skin of TPA-treated Tg EC-SOD. iilmnber of infiltrating
inflammatory cells and the IL-1beta expressing cells @agously reduced in
TPA-treated Tg EC-SOD in comparison with TPA-treated. Wie result
suggests that EC-SOD might play an important role irstippression of TPA-
induced cutaneous inflammation and epidermal hyperplasia byatgguihe
expression of IL-1alpha and IL-1beta, although the mesharemain to be
elucidated.
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Biomed Pharmacothe?005 May;59(4):209-14. Epub 2005 Mar 17.

Modulation of skin tumorigenesis by SOD.

St Clair D, Zhao Y, Chaiswing L, Oberley T.

Graduate Center for Toxicology, University of Kentuckgxlngton, KY 40536,
USA. dtsc100@pop.uky.edu

Generation of reactive oxygen species (ROS) has beaitated in the
development of cancer. Groundwork establishing mitochordre critical source
of ROS generation and the role of manganese superoxidatdse (MnSOD) in
preventing mitochondria-mediated cell death have bedirestablished. In a
seemingly contradictory role, it also is well docuneehthat increased MnSOD
expression suppresses the carcinogenesis effect of RD$ec@nt studies
demonstrated that overexpression of MNSOD reduced tumdeimee in the two-
stage 7,12-dimethylbenz(a)-anthracene (DMBA)/12-O-tetradstaimorbol-13-
acetate (TPA) skin carcinogenesis model. However, teucf MNSOD by
heterozygous knockout of the MnSOD gene (Sod 2+/-) didelaok o an increase
in tumor incidence. Thus, how modulation of mitochondr@lS levels alter the
outcome of developing cancer is unclear. This reviewpadlide background
information on the sequence of ROS-mediated eventeimitochondria and
evidence that suggests that the antioxidant and tumor supph@sstions of
MnSOD are indeed inter-related. It also will offesights into the mechanisms by
which MnSOD modulates the outcome of early stage Gkicinogenesis.
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Indian J Dermatol Venereol Lepr@009 May-Jun;75(3):268-71.

Determination of oxidative stress in vitiligo by measuring superoxide
dismutase and catalase levels in vitiliginous and non-vitiliginous
skin.

Sravani PV, Babu NK, Gopal KV, Rao GR Rao AR, Moorthy B, Rao TR.

Department of Dermatology, King George Hospital, Andhna/ersity,
Visakhapatnam, AP, India.

BACKGROUND: Vitiligo is an acquired disorder characted by circumscribed
depigmented macules devoid of identifiable melanocytesiplax genetic,
immunological, neural and self destructive mechanisibasgfay in its
pathogenesis. According to autocytotoxic hypothesis, oxidatress has been
suggested to be the initial pathogenic event in melanocgendeation. AIMS:
The aim of our investigation was to evaluate the rolexafative stress by
measuring levels of the antioxidant enzymes superoxigeutise (SOD) and
catalase (CAT) in lesional and normal skin of patemith vitiligo and in the skin
of normal controls. METHODS: We determined the actieify5sOD in lesional
and non-lesional skin and CAT in lesional skin onl@bfvitiligo patients and 25
controls by using the spectrophotometric assay and Aeltiteothaespectively.
RESULTS: There was statistically significant incieeasthe levels of SOD in
vitiliginous and non vitiliginous skin of patient group congzto the control
group (P < 0.001). No significant difference was found betvke levels of SOD
in lesional skin and non-lesional skin of vitiligo @atis. The levels of CAT in the
skin of patients were found to be significantly lowearthhose of controls (P <
0.001). CONCLUSIONS: There is increased oxidative stresgiligo as is
indicated by high levels of SOD and low levels of CAThe skin of vitiligo
patients.
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J Burn Care Re2009 Mar-Apr;30(2):321-8.

Lecithinized superoxide dismutase suppresses free radical sikates
during the early phase of burn care in rats.

Koizumi T, Goto H, Tanaka H, Yamaguchi Y, Shimazaki S

Burn Care Unit, Division of Critical Care Medicine, &tyn University Hospital,
Mitaka City, Tokyo.

Severe hypovolemia is caused by an increase in blood pessgeability in the
early phase after an extensive burn; massive fluid vohemlacement has been
used for the treatment of this condition. The releds¥xygen free radicals and
chemical mediators, especially from skin tissue, indtioesncrease in blood
vessel permeability. Free radical burst is associatédischemia-related skin
tissue injury. Although various antioxidant therapies haenhused to inhibit the
consequences of hypovolemia, an effective method hdseratestablished. To
elucidate the protective effects of lecithinized superoxigegtase (PC-SOD) as
an antioxidant agent. Each rat sustained a 30% total hothce area burn (n =
20) on the back by the Walker and Mason method werea#didanto three
groups: (1) no treatment group (n = 6), (2) a low dose eEPO (0.67 mg/kg)
group (n =7), and (3) a high dose of PC-SOD (1.33 mg/kg) groaZ{nThe
concentrations of malondialdehyde and SOD in the seskimtissue, and lung
tissue were measured in each group 1 hour after burning. ®&etnd high doses
of PC-SOD prevented malondialdehyde concentration agsdowith free radical
burst after burning compared with the no treatment group.(B)x<serum (27.7
+/- 6.8, 10.8 +/- 2.7, and 12.1 +/- 2.8 nmol/L), skin tissue (254.560.5, 802.7
+/- 228.8, and 790.1 +/- 188.3 nmol/wet.g), and lung (157.3 +/- 105} +/-
23.9, and 81.9 +/- 20.3 nmol/wet.qg). These data suggest thaDPGray be a
protective agent against free radical-induced vasodilatetiosed by severe,
extensive burns.
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Biochem Pharmaco2008 Mar 15;75(6):1348-57. Epub 2007 Dec 3.

Topical transduction of superoxide dismutase mediated by HIV-1
Tat protein transduction domain ameliorates 12-O-
tetradecanoylphorbol-13-acetate (TPA)-induced inflammation in
mice.

Song HY, Lee JA, Ju SM, Yoo KY, Won MH, Kwon HJ, Eum WS, Jang SH
Choi SY, Park J.

Department of Biomedical Science, Hallym University, icRun-dong,
Chunchon, Kangwon-Do 200-702, Republic of Korea.

A domain (RKKRRQRRR) derived from HIV-1 Tat is one bé&tmost efficient
protein transduction domains (PTD) for delivering macromdéecincluding
proteins into cells and tissues. Antioxidant enzymes ssisigeroxide dismutase
(SOD) and catalase are major cellular defenses agaidsitive stress which
results in various diseases including skin inflammatiorhis study, we
examined the effect of SOD fused with HIV-1 Tat PTD {$&D) on TPA-
induced skin inflammation in mice. Topical application at-BOD to mice ears
1h after TPA application once a day for 3 days dose-dependambited TPA-
induced ear edema in mice. Topical application on mice@&arat-SOD also
suppressed TPA-induced expression of proinflammatory cytokiredsas TNF-
alpha, IL-1beta, and IL-6 as well as cyclooxygenase@X«) and production of
PGE(2). Furthermore, topical application of Tat-SOD ltedun significant
reduction in activation of NF-kappaB and mitogen-activatedepr kinases
(MAPK) in the mice ears treated with TPA. These dhlgaonstrates that Tat-
SOD inhibits TPA-induced inflammation in mice by reducing kvels of
expression of proinflammatory cytokines and enzymes aégniby the NF-
kappaB and MAPK and can be used as a therapeutic agent against
inflammation related to oxidative damage.
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Bull Exp Biol Med.2006 Oct;142(4):447-9.

Antinecrotic and antioxidant effects of superoxide dismutase during
skin ischemia.

[Article in English, Russian]
Galenko-Yaroshevskii VP Galka VV, Stoyalova ON Agadzhanova AV,

Lapina IV, Gaivoronskaya TV, Popkova LV, Churilova IV , Gorelashvili AS,
Antelava NA, Berberashvili TM, Sukoyan GV.

Krasnodar Branch, Southern Bureau of the Russian AcadéMgdical
Sciences, Kuban State Medical University, Krasnodar.

Antinecrotic activity of SOD was studied in rats watkperimental skin ischemia.
Treatment with SOD increased activity of endogenous $(dRin homogenates
(by 70 and 26% compared to the ischemic and intact skin, tesgc

However, the rate of superoxide anion generation remaingtanged after SOD
treatment. Creatine phosphate content and NAD/NADQtéxgotential increased
by 16 and 21%, respectively, on day 3 after SOD adminisirafine increase in
functional activity of the energy supply system aise in the reserve capacity of
the antioxidant protection system contribute to inhibibbtactate dehydrogenase
and creatine phosphokinase and decrease in the cgtoigleix under the
influence of SOD. Our results indicate that SOD produhke antinecrotic effect
and holds much promise for the therapy of skin ischemi
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Eur J Pharm Biopharn2007 Jun;66(3):451-9. Epub 2006 Nov 26.

Assessment of physical and antioxidant activity stability, in vitro
release and in vivo efficacy of formulations added with superoxide
dismutase alone or in association with alpha-tocopherol.

Di Mambro VM , Fonseca MJ

Department of Pharmaceutical Science, University of S@toPRibeirdo Preto,
Brazil. valeriadimambro@yahoo.com.br

A topical formulation was added with different concetibres of superoxide
dismutase (SOD) alone or in association with alphagberol (alpha-TOC). The
physical stability was evaluated by rheological behavidowhulations stored at
4 degrees C, 30 degrees C/60% RH and 40 degrees C/70% RH foth&.n&dD
alone and formulations containing SOD 0.2%, 0.4% or 0.6%QD and alpha-
TOC were stored in the same conditions and the enkyattivity was evaluated
by the superoxide anion scavenging using chemiluminescence sreastyr In
vitro release study was carried out using modified Frahzsen cell and SOD
formulations photoprotection against skin erythemaaserved for 72 h. SOD
and alpha-TOC formulation proved to be instable, sineanteraction between
the antioxidants led to both physical and enzymatic actingtability. SOD
formulations showed to be physically stable and maiethihe enzymatic
activity for 6 months when stored at 4 and 30 degrees C/609DBs$pite the fact
of low SOD release from the formulation, it waseefive in inhibiting the UVB-
induced skin erythema for 48 h after a single applicafiopical administration
of antioxidants provides an efficient way to enricheéhdogenous cutaneous
protection system, and SOD formulations could be usednjoroving
photoprotection of skin.
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Cancer Res2005 Feb 15;65(4):1401-5.

A mechanism-based antioxidant approach for the reduction of skin
carcinogenesis.

Zhao Y, Chaiswing L, Oberley TD, Batinic-Haberle |, St Clair W, Epstein
CJ, St Clair D.

Graduate Center for Toxicology and Department of Radhd#ledicine,
University of Kentucky, Lexington, Kentucky, USA.

Studies in our laboratories showed that overexpress$ioranganese superoxide
dismutase (MnSOD) reduced tumor incidence in a multist@gecarcinogenesis
mouse model. However, reduction of MNSOD by heterozygooskaut of the
MnSOD gene (MnSOD KO) did not lead to an increasenmotr incidence,
because a reduction of MNSOD enhanced both cell praldarand apoptosis.
The present study extends our previous studies in the MiSDmice and
shows that apoptosis in mouse epidermis occurred pricelk proliferation (6
versus 24 hours) when treated with tumor promoter 12+@eetanoylphorbol-
13-acetate (TPA). To investigate the possibility thinad administration of
SOD following apoptosis but before proliferation maydléa suppression of
tumor incidence, we applied a SOD mimetic (MnTE-2-PyP(&2)hours after
each TPA treatment. Biochemical studies showed tmatBA2-PyP(5+)
suppressed the level of protein carbonyls and reduced thigyagfiactivator
protein-1 and the level of proliferating cellular nuclaatigen, without reducing
the activity of p53 or DNA fragmentation following TPAetment. Histologic
examination confirmed that MnTE-2-PyP(5+) suppressed miatisut
interfering with apoptosis. Remarkably, the incidence anitiptiaity of skin
tumors were reduced in mice that received MnTE-2-PyP (&fox® cell
proliferation. These results show a novel strategwfoantioxidant approach to
cancer intervention.
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Exp Dermatol2004 Nov;13(11):691-9.

Extracellular superoxide dismutase tissue distribution and the
patterns of superoxide dismutase mRNA expression following
ultraviolet irradiation on mouse skin.

Choung BY, Byun SJ Suh JG, Kim TY .

Laboratory of Dermatology-Immunology, Catholic Rasdh Institute of Medical
Science, College of Medicine, The Catholic UniversitiKorea, Seoul, South
Korea.

Superoxide dismutases (SODs) are believed to play a cralgah protecting
cells against oxygen toxicity. There are three formS@D: cytosolic Cu-Zn
SOD, mitochondrial Mn SOD, and extracellular SOD (&GD). Extracellular
SOD is primarily a tissue enzyme, but the role of E$®skin is unclear.
Therefore, this study investigated the distribution of E@3®the skin using
immunohistochemistry and examining the patterns of EC §&1i2 expression
following ultraviolet (UV) irradiation in comparisonith those of Cu-Zn SOD
and Mn SOD in mouse dorsal skin using Northern blot aisalys
Immunohistochemical analysis showed that EC SOD Wwasdantly located in
the epidermis as well as in the dermis, but the gepeession of EC SOD mRNA
was more abundant in the dermis than in the epideilrh&s gene expression
levels of all three types of SODs after UV irradiatiwere induced differently
according to the type and UV irradiation dose. The BD $RNA expression
level was increased relatively later than that of @QUSOD and Mn SOD. The EC
SOD mRNA level was significantly higher at 6 h and 4ter UVA irradiation
and psoralen plus ultraviolet-A treatment, respectivdliraviolet-B irradiation
increased the EC SOD mRNA expression level, with mamirati48 h. These
suggest that EC SOD patrticipates in the majority obaigtant systems in the
skin, and it may have different defensive roles from @usDD and Mn SOD
against UV-induced injury of the skin.
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