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ABSTRACT

Mushroom sciencein Cubaallowsthe valorization of agricultural by-productsinto functional foods/nutraceuticalsfor
human consumption to address obj ectives of sustainability and biotechnol ogical development. Much research work done
in Cuban eastern region has been performed on the Pleurotus genus, whose cultivation hasincreased greetly during thelast
few decades. Pleurotus species, like many edible and medicinal mushrooms, are agood source of immunomodul atorsand
“host defense potentiators’ (HDPs). In this context, dietetic supplementswith ahigh therapeutic potential acting onthe
immunesystem and formulated from refined or partially refined mushroom extracts, or from dried mycelialfruiting bodies
biomassarereferred as* mushroom immunoceuticals’. The present study examined the synergy exerted by the structural
diversity of biomoleculesfound in Pleurotus crude extractsand powders onimmuneresponses of both immunocompetent
and immunodeficient Balb/c mice. Pleurotus derived-products coul d potentiate the host defense mechanismsin vivo and
should bepromising for further pharmacol ogicad studies. Theeffectson cdl immunity areespecidly vauableintheprophylaxis
of tumors, immunodeficienciesand as co-adjuvant in chemotherapy. Theresultsal so demongtratethat not only mushrooms
but sotheir myceliamay beagood candidatefor nutraceutica's production. Through thisimmunologica “window” weare
ass sting to arevol utionin mushroom science characterized by thediversity of compoundsfound in mushroomsand onthe
other hand, by the possibilities given by the abundance of specific molecular targets. An extended knowledge of the
immuno-enhancing activity of Pleurotus nutraceuti calswould be useful in understanding their potentia applicationsfor
immunonutrition andimmunotherapy.

Keywords: Pleurotus, edibleand medicina mushrooms, functional foods, nutraceuticals, immunomodul ating activity
INTRODUCTION

Today thewe l-being of humankind facesunprecedented chalengesinvolving inadequateregiona food supplies, deficiency
innew indght into healthy eating, diminishing quality of health, and increasing environmenta deterioration. Therefore, we
liveinanageof human health crises, especially when considering theleading killer diseases of our time such ascancer,
HIV/AIDS and the upsurge of hypertension, diabetes, cardiovascular disordersand obesity worldwide. Themagnitude of
these problemsis set to increase as the world’s population continues to grow [1]. A cost analysis made in 2010 at
Harvard sUniversity suggested that if present hedlth tendenciesarenot reverted, the costs dueto medical servicesassociated
to chronic non-transmissiblediseaseswill riseto 47 USD trillionsin the next 20 years [ 2]. Cubaisnot an exceptioninthis
international sceneand Table 1 showsthe statisticsfor the main causes of mortality caused by these diseasesin 2013 3].

Taking into account that the main health determinantsinvolve the environment, thelife-styles, human biology and the
medical assistance and that of thesefactorsdiet isthe determinant towhich all of usaredaily exposed, the chalenge now
istodrasticaly changethefood habits[4]. Inthiscontext, the use of mushrooms, past and present, and practices, represent
animportant cultura heritage asthey have been used sinceimmemoria timesasfood and medicineaccording totraditiona
ecologica knowledgetransmitted a ong generations; itscurrent useissupported by scientific evidences[5, 6]. Mushrooms
havelong been valued ashighly tasty/nutritional foodswith an established history of useintraditiona oriental therapiesand
modern clinicd practicein several Asian countries[7, 8].

Inthelast fiveyears, the consumption of mushrooms, either aswhole mushroom or extracted supplementshasincreased
[9]. Most mushroom-derived preparations (extracts, powdersand tabl ets) are usualy included in thefollowing categories
of products: dietary supplements, functional foods, nutraceutical s, nutriceuticas, phytochemicalsand design foods[ 10, 11]
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Table 1. Selection of the main causes of mortality for al groups of agein Cuba (2013)*

Diseases Number of deaths Mortality(number of deaths/
100 000 inhabitants)

Cancer 22868 2048
Cardiovascular diseases 22651 2029
Cerebrovascular diseases 9011 80.7
Influenzaand pneumonia 6091 546

Diabetes 2246 201

VIH/SIDA 3£3 32

* Adapted from the Cuban Health Statistical Annals (2013).

andimmunoceuticals[12]. Therefore, the S gnificant impact of mushroom cultivation and mushroom productson long-term
food nuitrition, health enhancement and human welfarein the 21 century could be considered globally asanon-green
revolution[13].

Theverification of beneficid effectspointing mainly to thereduction of risk factorsfor chronic non-transmissiblediseasesis
themajor issuein the science of functional foods. Medicina effects have been demonstrated for many traditionally used
mushrooms, including extractsof speciesfrom generaAuricularia, Flammulina, Ganodermea, Grifola, Hericium, Lentinus
(Lentinula), Pleurotus, Trametes (Coriolus), Schizophyllum, and Tremella[9, 14].

The number of recogni zed mushroom speci es has been reported to be 14,000 which account for 10% of theestimated 140
000 mushroom species. Of the recognized mushroom species, about 7,000 (50%) are considered to possessvarying
degreesof edibility and approximately 700 are considered to be safe specieswith medicina properties[9, 15]. Therefore,
mushroomsrepresent amajor and yet largely untapped source of powerful new functiona and pharmacol ogical products
[16].

Strictly speaking, mushroom biodiversity in Cubaisnot estimated. The Cuban National Botanical Garden presented alist
of 97speciesbelonging to 59 genera, 31familiesand 11orders, standing out for their representativenessthe families
Polyporaceae and Coprinaceae. Inthe study, 17 specieswereidentified asedible and six possessed medicina properties
[17]. Thusthe eva uation of the genetic and phenotypic biodiversity and the effectsof variationsin environmental factorson
thequality of products (edible mushroom and activeingredients) are needed.

Unlike Latin American countries, edible mushroomsarenot part of the culinary tradition of the Cuban people. Until afew
decades, Pleurotuswasthe only genus of mushroom cultivated in Cubafor human consumption. Itscultivation beganin
1988 at the Cuban Research Ingtitutefor Sugar Cane Derivatives(ICIDCA, Havand) using sugar cane bagasse assubstrate
[18]. Taking into account that Cuban eastern mountai nous region produces about 80% of the high quality coffeeinthe
island, and asaresult large amounts of organic by-productslike coffee pul p are generated, the Center for Studieson
Industrial Biotechnology (CEBI, Santiago de Cuba) began to usetheselignocel lulosic material sassubstratesfor Pleurotus
cultivation [19].Thisisan efficient biotechnol ogica processfor their bioconvers on and recycling asasustainablemodel for
rural productionin agreement with the“cluster thought” of agriculturein the 21% century [1].Other activitiesin Cuban
eastern region generate severd by-products (cocoashells, coconut husks) aso used as substratesfor mushroomsproduction
bothin CEBI experimenta unit andinarura mushroomfarm[19].

Recently, theMinistry for Foreign Investment and Economic Cooperation of Cubaand the Food and Agriculture Organization
of the United Nations (FA O) signed aTechnical Cooperation Project devoted toincreasethe cultivation of ediblefungi,
mainly \olvaridlavolvacea using ricestraw asasubgtrate. Themain executor of theprojectisthelngtituteof Fundamental
Researchin Tropica Agriculture (INIFAT, Havana), and now is part of the urban agriculture program of that ingtitution.
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Why mushroom research in Cuba? The Cuban Socia Policy guidelinesfor Health declare: “ the need to pay the highest
attention to the development of natural and traditional medicine” as well as “ to strengthening promotion and
prevention actionsthat delay or prevent the onset of chronic non-transmissible diseasesand their sequelae’ . Inthis
context, the CEBI” s Biotechnology of Edibleand Medicina Mushroomsgroupisaimed” To carry out innovativeresearch/
devel opment activitiesin Biotechnol ogy of Edible and Medicinal Mushrooms aimed to obtain new natural products
with potential applications as dietetic supplements and/or biopharmaceuticals, thus achieving a favorableimpact
on public health” .

Why Pleurotus genus? This genus comprises some of the most popular Basidiomycetes edible mushrooms whose
cultivation hasincreased grestly throughout theworld during thelast few decades|[20]. Its popul arity hasbeen expanded
duetoitsvigorousgrowth on avariety of agroforestry substrates and for the production of ahigh nutritional value-food
[21] containing compoundswith therapeutic effects[22]. On the other hand, recent studies on Pleurotus spp. have shown
anumber of pharmacological activities, such as antitumour, immunomodulatory, antioxidant, anti-inflammatory,
hypochol esterolaemic, antihypertensive, antihyperglycaemic, antimicrobia and antivira activities[23].

Withtheview of devel oping new therapeutic agentsto potentiate host resistance to cancer and infectiousdisease, such as
AIDS, there hasbeen an upsurge of interest inimmunomodul ating substancesfrom medicind mushrooms| 16, 24]. Pleurotus
species, likemany edibleand medicinal mushrooms, areagood source of immunomodul ators and substances considered
as" host defense potentiators’ (HDPs) asjudged by their immunostimul ating properties. Severa moleculesableto augment
or complement adesired immune response have beenisolated from Pleurotus spp., particularly polysaccharides. These
compounds stimulate different cell popul ationsof theimmune system, for instance, macrophages, Natural Killer (NK)
cels, T cells, and dso modulate cytokine system [ 24, 25]. The study of the synergy exerted by thevast Sructura diversity
of biomoleculesfound in Pleurotus crude extracts, powdersand other preparationsonimmune responses deserves special
attention [26].

In Cuba, theimplementation of technol ogiesfor the cultivation of Pleurotus spp. on agricultural substrates, in additionto
food generation for human consumption opened new research activitiestowards mushroom immunoceuticas. In addition
totheuseasfunctiona foods, Pleurotusfruiting bodiesand myceliaobtained under Good M anufacture Practicescan be
appliedintheformulation of nutraceuticalsand biologically active products.

Through different examples of recent research madein our laboratory, this paper illustratesthe effects of Pleurotus sp.
crude extractsand powders onimmuneresponsesof both immuno competent and immuno deficient Balb/c mice. An
extended knowledge of theimmuno-enhancing activity of Pleurotusfunctional foods/ nutraceuticalswould be useful in
understanding their potentia gpplicationsfor immunonutrition and immunotherapy.

MATERIALSAND METHODS

Mushroom material
Pleurctussp. srain (CCEBI-3024) isdeposited at the Culture Collection of the Center for Sudieson Industrid Biotechnology
(CEBI, Cuba). The strain was maintained on dantswith solid medium of potato dextroseagar (PDA) incubated at 5 °C.

Prepar ation of Pleurotus-derived products

Pleurotus sp. cultivation was performed by solid-state fermentation of mushroom spawn on pasteurized coffee pul p used
assubstratein plastic bagsof 2 kg (30-40 cm) [19]. Thefruiting bodieswere harvested, diced into small piecesand dried
at 45 °Cfor 24 h. Thedried material (Pleurotus-DP) wasmilled, and theresulting powder was preserved away from light
and humidity in plastic bagsfor further use.

For obtaining the Pleurotusfruiting bodies cold water-extract (CW-E), the collected carpophoreswere exhaustively
washed with distilled water and sliced into 1 cm? pieces. They wereweighed and 5 ml of distilled water was added per
gram of biological material. The extraction wasmadeat 20 °Cwith continuousstirring at 100 rpm for three hoursand the
final extractswere collected by centrifugation andfiltration. Theextractswere stored at -20 °C and freezedried. They are
mainly composed of 43% of carbohydrate and 35% of protein.
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The preparation of Pleurotus mycelium hot-water extract (HW-E) started with theinoculation of myceliumin Erlenmeyer
flasks, which contained Y PG medium (yeast-peptone-glucose). The flaskswereincubated at 27 °C with continuous
dtirring at 100 rpmfor 15 days. After the submerged fermentation was carried out, myceliawere collected by centrifugation
at 4000 rpm and washed twicewith distilled water. | solated mycelia, suspendedin 200 g (wet weight)/L of distilled water,
wereextracted with boiling water for 10 h and thefind extractswere collected by centrifugation and filtration. Theextracts
werestored at -20 °C and freeze dried. The magjor components of HW-E were carbohydrate (76.8%) and protein (12%).

Mycochemical profile of Pleurotus-derived products
Thefpowder of ruiting bodieswas extracted with hot-water to obtain an aqueousextract for assessing itsmycochemical
profile. The metabolites contained in Pleurotus-derived productswere estimated qualitatively [27].

L aboratory animals

Balb/c mice purchased from the National Center for Production of Laboratory Animals (CENPALAB, Havana) were
used. Experimentsweredone under conventiona sanitary conditionsand animal sweremaintained at controlled temperature
and humidity throughout theinvestigation ensuring the optimal interval for the specie. Theadministration of productswas
madedaily inthemorning between 9-10 am. Theresearch wasapproved by theingtitutional Ethica Committee (University
of Oriente) and has been performed in accordance with Cuban legid ation and the National Research Council Guidelines
for the Careand Use of Laboratory Animals.

Effect of oral administration of Pleurotusfruiting bodiespowder toimmune competent Balb/c mice

Both femaeand maeBa b/c mice of eight weeksweighing between 18-25 g were used. Micewerefed astandard diet and
acidified water ad libitum. Twenty micewererandomly divided into four groups (n=5), two groupsbelonging to each sex.
Thegroupsidentified as Pleurotus-DPfemal esand Pleurotus-DPwere administered orally for 14 dayswith 0.2 ml of a
freshly prepared suspension of fruiting bodies powder in saline solution, equivalent to adose of 1000 mg/kg of body
weight, asasupplement of the standard pelleted diet. Control-femalesand -males groupswerefed with the conventiona
diet throughout theinvestigation. On day 15, blood sampleswere collected from the orbital vein of micefor total and
differentid leukocyte counts. For differentia counts, ablood samplewas placed onto glassdides, fixed with methanol, and
then stained with Giemsasolution.

Inaparalle-conducted experiment, the cell-mediated immune response was assessed by the delayed-type hypersenativity
reaction (DTH). Animalswereimmunized by anintradermal (i.d.) injection of 50 pl of 5mg/ml bovine serum albumin
(BSA) emulsifiedin Complete Freund Adjuvant (CFA) (Sigma, S. Louis, MO) at two siteson the abdomen. Eight days
after immuni zation, themicewererechallenged by injection of 20l of 5mg/ml BSA into onerear foot pad, whiletheother
rear foot pad received acomparable volume of phosphate buffered saline (PBS). Measurementsof foot pad swelling were
taken at 24, 48 and 72 h after challenge by use of micrometer (Mitutoyo, Tokyo, Japan). The magnitude of the DTH
responsewas determined asthe differencesin foot pad thickness between the antigen and PBSinjected foot pads[28].

Effect of oral administration of Pleurotusfruiting bodies cold water-extract (CW-E) to malnourished Balb/c
mice

Fema eBab/c mice, weighing 20 g, werehoused individualy at 23 °Cwith a12-hour/12-hour light/dark cycle. Thirty mice
that were starved for 3 daysand had free accessto salted water were studied. After thistime, blood was collected from the
orbital vein of 10 miceand theanimaswerekilled (M group). Theotherswerere-fed ad libitumfor 8 dayswith commercid
pelleted diet (M-DCgroup) or with the commercia diet and the Pleurotusfruiting bodies cold water-extract (CW-E)
administered orally at adose of 100 mg/kg of body weight per day (M/CW-E group). A control group of 10 micewasfed
withcommercid diet throughout the study.

After thesmall intestinewas coll ected, the segment correspondent to je unum wasrinsed thoroughly withice-cold saline
solution, opened, and bl otted dry. The mucosawas scraped with aglassdide and wel ghed separately. Jg unal mucosawas
homogenized withice-cold phosphate-buffered salinewith apH of 6.0 (1:3w/v). Total protein and DNA were quantitied
by themethodsof Lowry et al.[29] and Burton [30], respectively. Humora immune response was eval uated through an
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immuni zation protocol with sheep red blood cells(SRBC) asantigen. Threegroups, comprised of fivemice, weredesigned:
M-DC, M/CW-E and control asdescribed above. After the starvation (day 0) micewereinjected intraperitonealy (i.p.)
with 0.2 ml of a25% SRBC sdline solution. After 7 daysfromthefirst injection, blood samplesof 50 ul weredrawn from
theorbital plexusto measureantibody titresby ahaemagglutination (HA) reaction. Thereciproca serumdilution, whichjust
gave aggl utination, was considered to bethetitre. At thistime, mice recelved the second immunization and on day 14,
antibody titreswere determined.

Effect of intraperitoneal (i.p.) administration of Pleurotus mycelium hot-water extract (HW-E) to
cyclophosphamide-treated or whole-body irradiated mice

Cyclophosphamide (CY)-treated mice.Fifteen male mice (20-25 g) weredivided into two groups. Pleurotus mycelium
hot-water extract (HW-E) was administered intraperitoneally (i.p.) at 100 mg/kg for 7 daysto ten Balb/c mice and
cyclophosphamide (CY) USP23for injection, obtained from JSLY P(China), at 100 mg/kg wasgiveni.p. onthefifth day.
The control group, comprised of fivemice, wasinjected i.p. with physiological saline. On the eighth day, blood was
collected from the orbital vein and animal swerethen bled to death.

Whole-body irradiated mice

Male micewererandomly allocated into two groups (n= 10) for eventual whole-body irradiation with a®Co source
Theratronteletherapy unit (Siemens, Erlanger, Germany) in the Oncological Hospital “ Conrado Benitez” (Santiago de
Cuba, Cuba) at adoserate of 0.43 Gy/min for 20 min (date of exposureto be designated Day 0). For the analyses of
effectsof the mushroom-derived materiad's, onegroup of micewasadministered theextract intraperitonedly (i.p.) at adose
0f 100 mg/kg inavolumeof 0.2 ml on days-10to-6 and -2 to +1 with respect to theirradiation. Micein the control group
(n=10) wereinjected with saline solutionin place of the extract; non-irradiated mice were used as negative controls. All
mice were euthanized by cervical dislocation 24 h after thefinal administration of extract or saline and tissues/bloods
isolated for analyses.

In both experiments, the blood specimenswere anayzed for whiteblood cell count. Moreover, femora bone marrow cells
werewithdrawnwith Hanks' solution and counted with aNeubauer chamber (Germany). The effectsof theextract onin
Vivo phagocytic activity was estimated by measuring carbon clearancein peripheral blood (asanindex of the phagocytic
activity of liver and spleen) (seereference[24] for details).

Satistical analysis

Theresultswereexpressed asmean + standard deviation (SD). One-way anaysisof variance and post hoc Tukey’stests
or Kruskal-Wallisrank test followed by the Student-Newman-K eul stest was applied to determine the significance of
differencesbetween treatments. The Student’ st-test was used to compare the two meansin the experimentsrelated to the
effectsof HW-E admini stration in cyclophosphamide-treated or whole-body irradiated mice.Differencesat p< 0.05were
accepted assignificant. The software Statgraphics Plusv. 5.1 (Statistical Graphics Corporation, 1994-2001) wasusedin
theanaysis.

RESULTSAND DISCUSSION

Inthelast decade numerousreports have been published on preclinical studiesand clinical triasrelated to thefunctionality
and bioactive properties of edible mushroomsand their nutraceutica derivatives, including theimmunemodul atory effects.
The 77% of the productswere obtained from thefruiting bodies, commercially grown or harvested from thewild, 21%
comefrom the mycelium and about 2% of filtered culture media[9].

Dried Pleurotusmushroom would becomean atractivedternativefor the devel opment of functiond foodsand nutraceutica
preparations. The powder eva uated inthiswork contained in termsof dried weight: carbohydrate (55%), protein (25%),
fat (4%), total fibre (7.5%), ash (7.57%) and total phenols (138 mg/100 g) with an overal energy value of 336 kcal /100
g. Differencesin biosynthesi spatternsof cell molecular componentsin distinct stagesof thevital cycle[31] would explain
thedissmilaritiesin biochemica compostion of fruiting bodiesand mycelium extracts.
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Table 2. Mycochemical profile of Pleurotus sp. fruiting bodies and mycelium derived aqueous extracts*.

M etabolites Assays Fruitingbodies Fruitingbodies Mycdlium
hot-water cold-water hot-water
extract extract extract
Alkaloids Dragendorff ++ +++ ++
Wagner + + +
Terpenoids Solkowski - - -
Lieberman-Burchard + - -
Carbohydrates/Glycosides Molisch + + +
Reducing Sugar Fehling + + +
Benedict + + +
Phenols and tannins FeCl, + + +
Amino acids Ninhydrin + + ++
Flavonoids Concentrated H,SO, + + +
Rosemheim + + +

*The mycochemicals contained in the aqueous extracts were estimated qualitatively according to Harbourne (1984). Three replicates
were used for each assay. (-) none, (+) present, (++) mild, (+++) marked.

Although in our study polysaccharides appear to be the most important bioactive component in Pleurotus-derived
preparationswith respect to immunomodul ation, the presencein varying amountsof different secondary metabolitescould
lead to asynergy intheimmuneenhancing activity (Table 2). Theresult of themycochemicd test showsthat both Pleurotus
fruiting bodiesand mycelium extracts contain dkal oids, phenolic compoundslikeflavonoidsand tannins, reducing sugars
andaminoacids.

Fatsand oil were generally absent inthe extracts dueto the polarity of the solvent used in their preparation. Among the
mentioned bioactive componentsidentified in aqueousextracts, phenolic compounds have been studied for their antioxidant
properties, and they also play animportant rolein cancer prevention [32]. Reducing sugarsare structural constituents of
beta-D-glucans, componentsof mycetes' cell wallswith awell-documented immunity-stimul ating effect [33]. On the other
hand, amino acidsarethestructural unitsof proteinsthat may be associated to polysaccharidesto form immunomodul ating
complexes, like PSPisolated from the mycelium of Trametesversicolor [34]. Moreover, fungal immunomodulatory
proteins, purified from medicind mushroomscompriseagroup of nove proteinswhich passessimmunomodul atory properties
and haveastrong potentia of being applied to food or pharmaceutica productsfor commercia development [35].

Immune system isavery complex homeostatic system consisting of anetwork of interacting cells, tissuesand organs. It
dlowstheorganismto exist withinitself and maintainsasurveillanceto recognize components considered non salf. Among
higher fungi investigated for immunomodul ating effects, severa mushroom speciesdemongtrategreet potential and someof
themareaready commercially developed[36].

Theord adminigtration of Pleurotusfruiting bodiespowder toimmune competent Balb/c miceindependently of animal sex
ledto asignificant increasein total leukocyte countswith respect to controls (p<0.05) between theinterva considered as
normal for thisrodent strain (6-17x10%L)(Fig. 1). Thesefindingswould be related with the stimul ation of the production of
whiteblood cells precursorsin bone marrow by hematopoietic cytokinesas part of the action mechanism of metabolites
contained in mushrooms preparations.

Although leukocyte popul ations (lymphocytes and neutrophils) increased in Balb/c micetreated with Pleurotuspowder as
adiet complement, adifferential pattern was showed depending on animal sex. Inthiscontext, lymphocyte countswere
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higher in ma esreceiving the mushroom preparation while neutrophilsexhibited superior vauesinfema es(p<0.05). The
magnitude of delayed-type hypersengitivity reaction (DTH) inmalemice, particularly at 48 h after antigen rechallenge
(p<0.05) (Fig. 2), may reflect theinduction of CD4* Thl cellsand the activation of macrophages by cytokines: tumor
necrosisfactor alpha(TNF-a) and gammainterferon (IFN-y) [30].

Because most chronic disease states are associ ated with fasting, which contributesto the establishment of mal nutrition,we
investigated the effect of Pleurotusfruiting bodies cold water-extract (CW-E)on theimmunonutritional recovery of
mal nourished mice. Theintestinal tract isan important i nterface between the organism and the environment. In protein-
energy malnutrition, the adaptive responses and defense mechanismsof thegut mucosaareatered[37]. After 72 hof food
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Figure 3. Effect of starvation and refeeding with commercial diet supplemented (M/CW-E) or not (M-DC) with Pleurotusfruiting
bodies cold water-extract on protein and DNA contentsin the jejunum of Balb/c mice.
All values are given asthe arithmetic mean + standard deviation of 10 mice. Different | ettersindicate signicant differences among the
groups according to the Tukey test (p < 0.01).
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deprivation, fasted mice (group M) showed decreasesin
mucosal DNA and protein contents (Fig. 3). Recovered M-
DC mice exhibited a trend toward increased DNA and
protein contents, but CW-E refed animal sshowed valuesin
both gut mucosal proteinand DNA higher than control mice
(p<0.05). Theincreased DNA content inmice supplemented
with CW-E might be associated with the stimulation of
proteinsynthesis, cell division and turnover of enterocytes.

Another effect of CW-E on the immune system was a
potentiation of the humora response, which wasdetermined
by measuring antibody titresto SRBC, aT-dependent antigen
(Fig. 4). The secondary response (day 14) in CW-E group
evoked antibody titres higher than M-DC and controls
(p<0.05). Thesefindings suggested the stimul ation of the
functional abilitiesof Th (T-helper cells) and/or expanded
poolsof memory B cellsby CW-E.

Thesefindings suggest that oral administration of edible
mushroomsderived productswould stimul ate theimmune
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Figure 4. Effect of starvation and refeeding with commercial diet
supplemented (M/CW-E) or not supplemented (M-DC) with
Pleurotus fruiting bodies cold water-extract on humoral immune
response against a T-dependent antigen (sheep red blood cells,
SRBO).

All values are given asthe arithmetic mean + standard deviation of
5 mice. Different lettersindicate signiGcant differences among the
groupsin Tukey test, p < 0.05.

system after their absorptioninthegastrointestingl tract and the activation of gut-associated lymphoid tissues, thusintegrating
different elements of theimmunefunction.An enhancement in Thl responsethroughintestinal epithelial cellsand the
suppression of ovalbumin (OVA)-sengtized dlergy in micewasreported by Bouikeet al.[38] asresult of theord treatment

with extract of Agaricusblazel Murill.
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Figure5. Alterationsin theimmunol ogical response during cyclophosphamide (CY) or whole-body irradiation (*Co) treatments and
theimmunoenhancing effects of amycelium hot-water extract from Pleurotus sp. (HW-E) in Balb/c mice. Thesign (-) indicatesan
inhibitory effect of the suppressive treatments and the sign (+) the immunomodulating action of HW-E inimmunodeficient mice

429



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

The chemotherapy and radiotherapy in cancer treatment contribute to further depression of theimmune system. Use of
immunomodul ating therapeutic agents can solvethese problemsand effortsto find new immunomodul atorsare on-going
[39]. For that reason, we studied the effects of intraperitoneal administration of Pleurotus mycelium hot-water extract
(HW-E) to cyclophosphamide-treated or whole-body irradiated mice (Fig. 5).

Cyclophosphamideisprobably the most common antineoplastic used in cancer chemotherapy; however, cyclophosphamide
showspotent immunosuppress ng properties| 24]. Asexpected, cyclophosphamide severely impaired the mice hematopoietic
tissue, but Pleurotus HW-E was found to have an active protective effect. HW-E increased bone marrow cellularity
(4.1x10°vs. 1.5x10°per femur in saline control group, p< 0.05), thewhite blood cell counts (7.6x10°s. 4.8x10%ellg/L,
p< 0.05) and enhanced the monocyte-macrophage system asjudged by the shorter rate of carbon clearance (4.23 vs.
6.18 min, p< 0.05). The stimulant effect on hemopoiesisand cell immune response exerted by aPleurotusfruiting bodies
powder administered in aprophylactic schedul e to cyclophosphamide treated micewasreported by Morriset al.[40].

On the other hand, the radioprotective effect exerted by mycelium HW-E was evident by increasesin bone marrow
cdlularity (5.1x10°vs. 1.1x10%femur in saline-control mice, p<0.05), leukocyte counts (10.5x10°vs. 4.5x10°%L , p<0.05)
and the stimulation of macrophage phagocytic activity demonstrated by afaster rate of carbon clearance (1.62 vs. 2.01,
p<0.05). Hence, thisextract may beacandidate therapeutic agent with radioprotective activity for hematopoiesisdamage,
particularly to cdlsinvolvedinimmunefunction.

Although current knowledge of therole of Pleurotus-derived productsin the prophylaxisand treatment of diseasesaretill
largely at theempirical level, resultsobtained in thisstudy demonstrate that not only Pleurotus mushroomsbut alsotheir
myceliaobtained by submerged fermentation may be aninteresting renewabl e resourcefor devel oping functional foods,
nutraceutical sand new thergpeutic agentswithimmunomodul ating activity.

CONCLUSION

Throughthisimmunol ogica window inmushroom biotechnol ogy, weareass sing toarevol utionin nutrition and pharmacol ogy.
Therefore, attemptsto “ domesticate” theimmune system for the benefit of man, in addition to specific vaccinesand
antibodies, would find in mushrooms new and unlimited possi bilities of exogenous molecules. Our findings providethe
basi sfor submitting thefirst Cuban dietetic supplement designed from mushroommateria “NUTRISETAS® tothenationa
regulatory agency. Twoimportant challengesfor Cuban researchersinvolvedin mushroom scienceare: (i) theeva uation of
both nutritional and pharmacological potentiditiesof wild mushroom strainsand (ii) the devel oping of new therapiesand/or
clinical assaysbased on mushroomsderived preparations a one or combined with traditional therapies. To accomplish
these goal sin present and future investigations we have to keep in mind the optimization of technologies/ production
techniquesaswell astotal quality assurance.
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