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ABSTRACT

Immunostimulants are considered as an effectivetool for enhancingimmune
status of cultured organisms. Among different immunostimulants used in
aquaculture practices, B -glucan isone of the promising immunostimulant,
which isahomopolysaccharide of glucose moleculelinked by the glycoside
bond. It forms the major constituents of cell wall of some plants, fungi,
bacteria, mushroom, yeast, and seaweeds. Major attention on B-glucan
was captivated with the gain in knowledge on its receptors and the
mechanism of action. The receptor present inside theanimal body recognizes
and bindsto p-glucan, whichinturn rendersthe animal with high resistance
and enhanced immune response. This review highlights p-glucan as an
immunostimulant, its effective dosages, and route of administration and
furthermore provides an outline on role of B-glucan in enhancing growth,
survival, and protection against infectious pathogens pertaining to fishes
and shellfishes. Study also summarizes the effect of B -glucan on its
receptors, recognition of proteins, immune-rel ated enzymes, immune-related
gene expression and their mechanisms of action.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Among variousimmunogimulants, f-Glucansstands
apart becauseitsmode of action hasbeen clearly es-
tablished, when administered into an animal, B-glucan
isreadily recognized by theanima and thisrecognition
triggersanimmuneresponsereactionintheanimd. The
cellsand specific Stesonthecdlsthat play aroleinthis
immuneresponse havebeen sudied indetail. Itisnow
wel| established that cellsinvolved intheimmunere-
sponse by abroad range of animal s have specific re-
ceptorswith which the -glucan bindsleadingtoacas-

cade of eventsthat result inanincreased immune status
of theanimal. Thereceptors havebeenidentified and
characterized in the white blood cells of fish and
haemocytes of crustaceans. The primary responseto f3
-glucaninanimalsistheactivation of non-specific de-
fencemechanismsthat seek to protect theanimad against
any type of invading pathogen. So 8 -glucanasoim-
provestheefficacy of vaccination asan adjuvant.
B-Glucansarenaturaly occurring polysaccharides
with glucoseasstructural component, linked by b-gly-
cosidic bonds. In nature, B-glucansarewide spreadin
the cell wall of many plants (whest, rye, barley, and
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oat), baker’s and brewer’s yeast (Saccharomycesge-
nus), and Echinaceae membergYl. Other sourcesof 3 -
glucaninclude seaweed like Laminaria sp.13, various
species of mushrooms such as Shiitake (Lentinus
edodes), Maitake (Grifola frondosa), Reishi
(Ganoderma  lucidum)®,  Schizophylan
(Schizophyllum commune), and SSG (Sclerotinia
sclerotiorum), and certain fungi (Agaricus
subrufesuns). B -glucans are al so the structural con-
dtituentsof someof the pathogenicfungi, Pneumocystis
carini®, Cryptococcus neoformang®, and some bac-
teriabel onging to Rhizobiaceaefamily™. Thecommon
sourcesof B -glucan are derived fromthe cell wall of
baker’s yeast Saccharomyces cerevisiae and the most
important anongal are -1, 3and 1, 6 glucan. Glucans
are heterogeneous group of glucose polymers, consist-
ing of abackboneof {3 (1, 3)-linked 3-D-glucopyranosyl
unitswith B-(1,6)-linked side chains of varying distri-
bution and length. B -glucans derived from different
sourceshavedifferencesinther structure. Oat and bar-
ley B -glucansarelinear with § (1, 4) and (1, 3) link-
ages. Mushrooms 3-glucanshave short 8 (1, 6)-linked
branchesfrom 3 (1, 3) backbone. Yeast -glucanshave
B (1, 6) branches further with additional (1, 3) re-
gions. Thesestructurd differencescantrigger difficul-
tiesinextraction and differencesonther activity. Larger
molecular weight glucansactivateleukocytes, stimul at-
ing their phagocytic, cytotoxic, and antimicrobial ac-
tivities, and production of reactive oxygen species
(ROS). Low molecular weight glucanshaveless cellu-
lar effects, whereas very short glucansare considered
asinactive®, Studieshave shownthat insoluble (1, 3/1,
6) B-glucanshavegresater biologica activity thanthat of
itssoluble (1, 3/1, 4) counterparts®. Basicaly, glucan
molecules are of two typeson thebasisof glycosidic
bondspresent inthem, that is, a -glucan (dextran with
1,6, starch with o -1,4- and o -1,6-glycosidic bonds)
and 8 -glucan (cellulosewith 8 -1,4, zymosanwith 3 -
1,3, laminarinwith 3 -1,3-and  -1,6, licheninwith 3 -
1,3and 8 -1,4 glycosidic bond). Because of complex
structurein B-glucans, they havesuperior ability to ac-
tivatetheimmune response and act ashiological re-
sponsemodifierg?.

B-glucan aso exhibit hypochol esterolemic and an-
ticoagulant properties. Recently, they have been dem-
ondtrated to beanti-cytotoxic, antimutagenic and anti-
tumorogeni ¢, making them promising candidateas phar-
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macol ogica promotersof hedth.

B -glucan refer to the glucose linkageswhich are
classfied asfollows;
e 1 3glucan linkage
1,4 glucan linkage
1, 6 glucan linkage
2, 3glucan linkage
3, 6glucan linkage
Properly manufactured p 1, 3 glucan, more com-
monly known as 3 1, 3-D glucan, has only a small
amount of the other B-glucan present in thefinished
material where as B-glucan derived from oats and
barley have a higher percentage of the 1, 4 B-glucan
linkage present and have only been shownto provide
beneficid effectin cardiovascular hedlth. Thismay ex-
plain the specific health benefitsassociated with barley
and oat derived B-glucan products.

Typesof glucans
1 Alphaglucans
2 Beaglucans

a- and B-glycosidic bonds are differentiated de-
pending on whether the substituent groups on the car-
bonsflanking thering oxygen are pointingin the same
or oppositedirectionsin the standard way of drawing
sugarsmolecule.

Alphaglucans

Dextran -a-1,6-glucan

Glycogen -0-1,4- and a-1,6-glucan

Pulluan -0-1,4- and a-1,6-glucan

Starch -0-1,4- and a-1,6-glucan

Beta glucans

Cdlulose -B-1,4-glucan

Curdan -B-1,3-glucan

Laminarin -B-1,3- and B-1,6-glucan

Chrysolaminarian  -B-1,3-glucan

Lentinan -a strictly purified p-1,6:p-1,3-
glucan

Lichenin -B-1,3- and B-1,4-glucan

Peuran - B-1,3- and B-1,6-glucan

Zymaosan -B-1,3-glucan

Sour ceof B-glucan

1 They commonly occur ascdluloseinplant & trees
and especially found in cereal grains of family
Graminaceae (Oat, whest, Rice, Barley etc)

2 Inthecdl wal, they arefoundin asexample-

| Baker’s yeast (Echinacea and Saccharomyes
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cerevisiae)
Il Medicina mushrooms (Reishi, Shiitake and
Maitake)
1l Certaintypesof fungi (Agaricus subrufescens)
IV Bacteria (belonging to Rhizobiaceae etc) &
seaweeds
Thefour most popular sourcesof B-glucan are:
(1) Yeast
It is one of the most studied considered as “the
mother of al § glucan’s” for its immune system support
resultsaswell asinawidevariety of other areassuch
asonradiaioninjuries, tumorsand hasa so been shown
cholesterol lowering properties.

(2) Barley

Itisasourceof dietary fiber and heart health.
(3) Oat

Itisasource of dietary fiber and heart health and
hasshown beneficid hypocholesterolemic effects. Barley

& Oat act withinthe colonand intestinal tract and re-
ducecholesterol, lowersblood sugar level & insulin.

(4) Mushrooms

Studiesshow mushroom derived glucan supportim-
mune system function however not at the effectiveness
of yeast derived glucan. They stimulatetumor necrosis
factor; block colon cancer cell progression, protected
lymphocyteblood cdlsfrom undergoing DNA damage
etc.

Yeast  glucan

B -glucanisacomplex polysaccharidethat can be
connected in severa different ways, including (1,3) B
glucan, (1,4) B glucan and (1,6) p glucan (they are
mainly acombination of al three). Thesearemedium-
chain molecules that can be extracted from Baker’s
yeast, mushrooms, oatsand barley. Itisn’t completely
clear whether or not there are absol ute differencesbe-
tween thevariousderivationsof {3 -glucan. For example,
oat and barley -glucan appear to remain within the
colonandintestind tract and helplower cholesterol and
reducetheinsulin and blood sugar level sinthe body.
Mushroom B-glucan, on the other hand, appearsfrom
availableresearch to have someanti-tumor and immune
system effects.

Research on yeast f-glucanisabit differentand a

great deal more detailed than the research performed
ontheother sourcesof B-glucan. Infact, agreat deal of
detailed research has been done on yeast -glucan
showing it to have asubstantia effect ontheimmune
system, oninjuriesdueto radiation and on tumor re-
gression. Theresearchisso precisethat exact receptor
stesonimmunecel Ishave been discoveredthat give -
glucantoimmunesupporting and tumor fighting effects.

Inoneresearch effort, it wasfound that yeast (1,3)
[3-glucan bindsdirectly to the Dectin-1 receptor onmac-
rophages, givingusour first lineof defenseagainst dan-
gerous bacteriaand other health challenges. Dectin-1
is believed to be how f -glucan istaken up into the
body intheintestina tract, aswell ashow it activates
themacrophageto doitsjob asamolecular scavenger.

B -glucan hasbinding sitesto similar receptorson
human monocytes, activating them as part of theim-
mune system. Immune cells, such as neutrophils, re-

Typical Yeast Beta Glucan Shape
Beta 1, 3-D glucan Iinkage
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leaseleukotrieneswhich areadtiveintheinfection-fi ghtl ng
process. Betaglucanisknown to beapart of thisacti-
vation.

Yeast Betaglucan hasapotential roleinthe pre-
vention of sepsisfollowing surgery, inradiation injury,
in cancer irradiation and in the prevention of patho-
genicinfections. Thedataisvery strongand hasbeen
determined downtothebiochemicd. Thegreatest prob-
lem with yeast derived  -glucanisthequality issue.
Much controversy surrounds glucan products these
days. Thiscontroversy centerson thequality issue(s)
of purity level and molecular 1, 3-dlinkage. In order to
be effective the material must contain theproper 1, 3-d
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linkage.
Mushroom betaglucan

A ubiquitouspolysaccharide, B-glucanisabioactive
moleculefound in many different substances. When it
comesto our health, themain sourcesof f-glucanin-
clude barley, oats, yeast and mushroom because f3-
glucanisalong-chain polysaccharide, thedifferent sug-
arscan belinkedin severa different ways, which al-
lowsfor different appearances and functionsto thedif-
ferent formsof B-glucan. Glucose (glucan) linkages of
(1-3), (1-4) and (1-6) link types are known to occur
and are known to have some health benefits. It isnot
well knownif thelinkagetype makesadifferencein
how the substanceworksor if longer chainsare better
than shorter chains. However, themedica evidencedoes
pointinthat direction.

Mushroom B-glucan and yeast 3-glucan appear to
have someoverlapping features. Themushroom source
of B-glucan hasbeen used inmany countriesinAsiafor

Typical Mushroom Beta Glucan Shape
Beta 1, 3-D glu:an \Iinkage
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health purposesfor along time. 3-glucan extracted from
different mushroomsnow hastrade namesused for re-
search and health uses, like Lentinan, Schizophyllan,
Krestinand PSK. Having these kinds of standardized
mushroom f3-glucan can makeit easier to comparere-
search studiesbetween [aboratories.

B-glucan isderived from theripefruiting bodies of
various mushrooms. Mushroom B-glucan hasshown
effectiveness as an anti-tumor defense and as an im-
mune system booster. In one recent study, mushroom 3
-glucan wasableto activate and promotethe rel ease of
infection-fighting cytokines. However theimmunere-
sponseresults of yeast-derived -glucan have shown
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to bemoreeffective. It hasa so been shownto provide
positive resultson cholesterol and blood sugar chal-
lengedindividuds.

Beta glucansarecommercially availableas
Glucasan®

A nonwheat yeast derivativeistaken asahuman
food supplement. Now availableinthe UK.

L eucogar df

A poultry, swineand fish food supplement used as
andternativeto antibiotic growth additives.

GlucafermR

Specialy developedfor useinthevery latest face
creams, it firmsthe skin and reversesthesignsof skin
ageng.

Health-promoting activities

B -Glucans are believed to have various
immunomodul atory properties. Studiesinvitroandin
vivo reveal that theimmunostimulating activity of -
glucan dependson structure, molecular we ght and num-
ber of branches. B-Glucansact through stimul ation of
theimmunesystem, exerting abeneficid effect against
avariety of bacterial, viral, fungal and parasitic. The
immunostimul ating effect of 3 -glucanisprobably asso-
ciated with theactivation of cytotoxic macrophagesand
T-helper and naturad killer (NK) cellsand with thepro-
motion of T lymphocytedifferentiation and activation,
for thedternative complement pathway. B-Glucanshave
a 0 been described asmodul ators of both humord and
cdlular immunity. B (1, 3)-D-Glucansfrom fungi were
shown to be capable of having beneficial effectsin pre-
inflammatory responses, indicating that -glucan canbe
a modulator of the anti-inflammatory response as
interleukin mediators. Animal studiesindicatethat -
glucans, when used asanutritiona supplement, stimu-
late growth and improve nutrient retention and immune
sysemfunction, thelatter by simulatingCD8and TCR1
cells. It hasbeen demonstrated that Candidaal bicans
(yeast) b-glucans activate macrophages and induce
interleukin (1L-6) and tumor necrosisfactor (TNF) in
vitro, promoting vascular permesability and stimulating
theclassic complement pathway. 3-Glucansfrom mush-
room mycelium show larger molecular weightsthan p3-
glucansfromyeasts. However, thetwo B-glucansdem-
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ondratesimilar ability in theinduction of macrophages
and chemotactic factor. When blood cellsfrom hepati-
tis C patients were exposed to Agaricus blazel ex-
tract, ap-glucan mediated immunomodul atory effect
was observed in monocytes. However, the
immunomodul atory activity observedinvitroandin
animal modelswerenot observed invivo in humans,
possibly duetothefact that f-glucansarenot absorbed
well by theintestine. 3 -Glucan from oatshasbeen dem-
onstrated to have antimicrobial effectsagainst E. coli
and B. subtilis. Inacomparison of cationic and native
B -glucans, thelatter wasshown to inhibit the growth of
these bacteria by approximately 35% while the cat-
ionic onewasfound to cause 80% inhibitionin both
microorganisms, indicating that f-glucan amination pro-
motesantimicrobid effects. Saccharomycescerevisae
B-glucan extract wasshown haveantimicrobid activity
inmice, against Saphyl ococus aureusresistant to an-
tibiotics, because B-glucan administration helpsinthe
elimination of bacteriaand increases the number of
monocytes and neutrophils, thereby resultingin antibi-
otic potentia. The combination of an antifungal agent
and B-glucan in paracoccidiomycosistreatment was
demonstrated to improvetherapeutic response, where
the patientsthat received only theantifungal agent had
morefrequent relgpsesthan the group that received the
[-glucan-antifungal combination. The administration of
B-glucan to miceinfected with Eimeria vermiformes
showed increased resistance to infection due to
immunomodulation, whichinvolved non-specificaswel
asspecificresponse. f-glucanspartially restored T and
B cdll responseto themitogenin miceinfected by Toxo-
cara canis, reducing the larval number found in the
muscles of theanimal sthat received  -glucans. Sur-
vival increased in mice exposed to Venezuelan equine
encepha omyditisvirus, when pre-treated with 3-glucan.
b-Glucan produced higher resistancein micetovirulent
Francisdlla tularensiswhen pre-treatment was given
intravenoudy in comparisonwithintranasal administra:
tion. In addition, thevaccineagainst Venezud an equine
encepha omyelitisvirus combined with b-glucan was
found to be more protectivein miceand monkeys. 3-
glucans are not degraded by human enzymes, which
providethemwith nutritiond fiber properties. Thegresat-
estinterest inthesefibersisdueto their demonstrated
protective hypocholesterolemic effect, reducing risk of
chronic diseases. It isknown that  -glucansreduce

blood cholesterol levels. Theingestion of B-glucanin-
creasesintestinal viscosity and reduces cholesterol ab-
sorption, thereby promoting itsexcretion.

Beta glucan asimmune stimulant

1 Glucansfunction aspotent immunostimulantsin
mammalsandfish.

2 Immune-stimulantsare chemica compoundsthat
activate WBCs & may render fish and other ani-
malsmoreresistant to infections by viruses, fungi
bacteriaand parasites.

3 pB-1,3-glucansmay improvehedth, growth and gen-
era performanceof many different animal groups,
including farmed shrimp, fish and other land ani-
mas.

¢ Infish, they can activate macrophages, increasing
their capacity to kill pathogeng®.

e They haveaso been shownto reinforce other non-
specific immune factors such as lysozyme and
complement activities2.

e Whenadministered orally, glucanshaveaproven
protectiveeffect in severd fish speciesand against
a variety of bacterial pathogens including
Aeromonas hydrophilal*® Edwardsiella tarda™
& Vibrio salmonicidal*.

M ode of action

e [-1,3/1,6-Glucans bind specifically to a receptor
mol ecule onthesurface of phagocytes. Thisrecep-
torisfoundinal anima groupsfrominvertebrates,
such asshrimp, to man.

e Whenthereceptor isengaged by 3 -1,3/1,6-glucan,
the cellsbecome more activein engulfing, killing
and digesting bacteriaand secretesignal molecules
(cytokines) which stimulatethe formation of new
WBC.

¢ Animdswithspecificimmunemechanismsinaddi-
tionto non-specific defense (fishesand higher upin
evolution), the activated phagocytes produce
cytokineswhich a so activate antibody-producing
whiteblood cells(B- and T-cdlls).

e Thereforep -1,3/1,6-glucan enhancesalso the ef-
ficacy of vaccines.

Experimental dosage & effectsof beta glucan in

fishf617

e Anexpeiment wascarried usng multipleinjections
of different dosagesof B-glucanfrom barley.
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e Toshowthat it would enhancetheimmuneresponse
and diseaseres stance against opportuni stic patho-
gens Aeromonas hydrophila & Edwardsiella
tardain Labeo rohita fingerlings.

e They hasshownthat injectionsof 10 mg of beta-
glucan kg* body wt. for threetimes can be advo-
cated to enhancetheimmuneresponse of fish spe-
ciesunder aquaculture after testingwith 4 dosages
0,5, 10, 15mg kg™ of barley B -glucansin PBS.

Resear ch findings

Effect on Labeorohitafingerling

e Four different Dietswith 0, 100, 250 or 500 mg of
B-glucan kg diet werefed for 56 daysto Labeo
rohitafingerlingby Misraetal.,[2617,

e Biochemical and hematological parameterswere
evauated at twoweek intervals.

e After 56 days, the SGR & FCR were calculated
and fish were challengewith A. hydrophila & E.
tardain 2 groups.

Effect against Vibrio harveyi infection in large
yellow croaker 8l

e Diet supplemented with 0% (control), 0.09% (low)
and 0.18% (high) beta-1, 3 glucan was used to
investigatetheeffectson theinnateimmuneresponse
and protection against Vibrio harveyi infectionin
largeyellow croaker.

e Theresultsof 8 weeksfeeding trial showed that
low glucan supplementation significantly enhanced
fish growth, whereashigh supplementation did not
& fishfedthediet with high glucan had significantly
higher lysozyme activity compared with low beta-
glucan.

Effect in sea bass

e Study ontheimmunomodul atory activity of yeast
derived glucan oninnate and specificimmunity in
seabasswas carried by Bagni et al ™9,

e Serum complement, lysozyme, total proteinsand
heat shock protein (HSP) concentrations were
measured at 15, 30 and 45 days. Significant eleva-
tion in serum complement activity at 15 days, se-
rum lysozyme, gill and liver HSP concentration at
30 days & no significant change at 45 days was
seen.

e They have showssomeinnateimmuneresponses
in sea bass, particularly under conditions of
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immunodepressionrelated to environmenta stress.

Effects of p-glucans on carpet shell clam
(Ruditapes decussatus) & mediterranean mussel
(Mytilus galloprovincialis)

e Effectsof B-glucans on carpet shell clam (Ruditapes
decussatus) and Mediterranean mussel (Mytilus
galloprovincialis) were determined by Costaa et
al.[20,

e [-glucan treated mussels and clams showed en-
hanced Nitric oxide.

¢ Inclams, hemolymph treated with severa dosesof
B-glucans limited the growth of the three bacteria,
Vibrio algynolyticus (strain TA15), Vibrio
splendidus (strain TA2) and Escherichia coli.
Theseresultswerenot shown by mussel.

e They suggested that theimmuneresponsesof these
animal s can be up and down modul ated by exter-
na stimuli & therebehavior toimmunity varies.

Effect on juvenileoliveflounder

o Effectsof dietary supplementation of -1,3 glucan
and alaboratory devel oped feed stimulant, BAISM,
as feed additives for juvenile olive flounder,
Paralichthys olivaceus were studied by Yoo et
al 2y,

e Eight experimentd dietswereformul ated.

e Theseresultsindicated that the optimum dietary
supplementation leve of B-1,3 glucan and BAISM
could be approximately 0.10% p-1,3
glucan + 0.90% BAISM (G0.1B0.9) of diet.

Futur e per spectives

[3-Glucans have been shown to possessimportant
biologicd propertiesregardlessof origin TABLE 1. This
finding callsfor future perspectivesinto wide produc-
tion through biotechnol ogy using microorganismssuch
asS cerevisae, aswdl astheinsertion of specific genes
for the production control of aparticular b-glucanin
foods (food transgenic), depending onitseventua pur-
pose as apharmaceutical product or functional food,
respectively. Theidentification of foodsthat produce
high level s of these polysaccharides and that can un-
dergo modifications of the b-glucan gene control to
improvethe r absorption and consequently efficacy; can
be an approach in the production of functional foods
with medicind properties. Besides, the consumption of
food with antimutagenic activity could contributeto a
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reductioninrisk of cancer and of other degenerative
diseases. However, further studiesare needed involv-
ing epidemiol ogic evaluation of the public’s intake of
cereal s such as oats and barley which are B-glucan-
rich foods, for the moment no epidemiologica study
concerning theincidence of cancer and consumption of
B-glucanisavailable, theonly epidemiologicd studyin-
volving B-glucan relatesits consumption with the de-
crease of cholesterol levels. Furthermore, abetter fu-
ture perspectivewould bethe use of 3-glucan in sup-
porting thetreatment of cancer patients submitted to
chemotherapy, toimproveimmunol ogic statusand re-
duce untoward effects on normal tissues, athough at-
tention must be pai d oncethereduction of isoenzymes
of the CY P450family couldlead tolow leve of activa
tion of the chemotherapeutic drug, leading to higher
presence of thedrugintheorganismAlso useof intra:
venous sol ution of b-glucan should beused carefully
due to the possibility of granuloma formation and
hepatosplenomegaly. f-Glucan may, in some cases,
TABLE 1: Structure, origin and biological activitiesof f -
glucans

Structure Sour ce Effects
B(l(’lg) SROCharomYOes  Antiperasitic

Antibacterial
Antivird
Antifungal
Antimutageni ¢/antigenotoxic
Antitumoral
Hematopoietic stimulator
Mitogenic

Candida abicans Imunostimulating activity

Poria cocus Antitumoral

Agaricusblazei Cytokine induction

Antimutageni ¢/antigenotoxic

Lentinus edodes Inhibition of CY P450

isoenzymes
Antitumor
Schizophyllum )\ i imor
commune
Cor |.0I us Antitumor
versicolor
B (13 imicrobi
o Oat Antimicrobial
Antiparasitic
Hypochol esterolemic
Anti-thrombotic
Barley Antimutagenic

have use asan antitumor agent, but clinical triasin hu-
mansarestill needed. Studiesof B-glucanshaveshown
these polysaccharidesto beimportant and promising
substancesin the promotion of healthin humans, and
that further investigationiswarranted.
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