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Observacion preliminar: Efectos de la suplementacion
dietaria con levadura de cerveza (Saccharomyces uvarum)
sobre el estallido respiratorio de neutréfilos en equinos

criollos en entrenamiento

Preliminary observation: Effects of dietary supplementation
with brewer’s yeast (Saccharomyces uvarum) on the
respiratory burst of neutrophils in creole horses in training
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Maria Cecilia Fornari**
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Abstract

This study was undertaken to examine the effect of dietary supplementation with brewer’s yeast (Saccharo-
myces uvarum) over the respiratory burst of peripheral blood leukocytes of Creole horses in training. The
control group received a daily ration including 3 kg of oat grain and 4.5 kg alfalfa hay. The treatment group
received the same ration supplemented with 0.35 kg brewer’s yeast for 120 days. All horses performed the
same exercise routine. Neutrophil respiratory burst was studied at the beginning of the experiment (BASAL)
and after 120 days (D120) using flow cytometry. The oxidation of dihydrorhodamine 123 was measured by
the increased fluorescence of cells stimulated with phorbol myristate acetate (PMA). On day 120, an enhanced
response was observed in brewer’s yeast-supplemented horses (548 = 28 FAU) when compared with the basal
level (483 = 37 FAU), while the control group did not show significant variations (385 =+ 86 FAU vs. 406 % 3
FAU). These preliminary results suggest that a diet supplemented with brewer’s yeast improves the oxidative
capacity of neutrophils.

Key words: EQUINE, EXERCISE, BREWER’S YEAST, NEUTROPHILS, RESPIRATORY BURST.
Resumen

Este trabajo fue realizado para determinar el efecto de la suplementacién dietaria con levadura de cerveza
(Saccharomyces uvarum) sobre el estallido respiratorio de los neutrofilos sanguineos de caballos criollos en
entrenamiento. El grupo testigo recibid unaracién diaria de 3 kg de grano de avenay 4.5 kg de heno de alfalfa,
elgrupotratado recibid lamismaracion mas 0.35 kg de levadura durante 120 dias. Todos los caballos realizaron
la misma rutina de ejercicio. Se midi6 el estallido respiratorio de los neutro6filos mediante citometria de flujo
endosmuestras: Aliniciodel ensayo (Basal) y alos 120 dias (D120) de iniciado. Laoxidacion de dihidrorodamina
123 fue medida por el incremento de la fluorescencia de las células estimuladas con PMA. El tratamiento con
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levadura aumento el estallido respiratorio a los 120 dias (Basal 483 = 37 UAF vs D120 548 = 28 UAF), a
diferencia del grupo testigo, que no modificé significativamente esta funcidn (Basal 385 = 86 UAF vs 406 +
3 UAF). Estos resultados preliminares sugieren que la suplementacién con levadura de cerveza en la dieta de
equinos criollos en entrenamiento aumenta la capacidad oxidativa de los neutréfilos sanguineos.

Palabras clave: EQUINOS, EJERCICIO, LEVADURA DE CERVEZA, NEUTROFILOS, ESTALLIDO

RESPIRATORIO.

posing factor that could change several mecha-

nisms of the immune response in horses,'?among
them, the functional capacity of neutrophils.®>¢ These
results have been obtained from horses of different
breeds. However, to our knowledge, similar studies
have not been performed with the Creole breed. If
training induces a similar immune alteration in this
breed, the resulting model could be useful for evaluat-
ing corrective interventions.

Until now, a relationship between exercise, im-
mune response and disease has been difficult to es-
tablish because of the complex nature of the immune
system and the variety of training procedures em-
ployed.!Recently, nutrition-based attempts have been
used to decrease the effect of intense exercise on the
immune system of human athletes,”® though nutri-
tional recommendations to handle this post-exercise
immune defect are based on evidence that is not
conclusive.® In addition, nutritional value of different
foods can vary depending on stocking condition,-12
which poses a significant limitation at the time of
making diet adjustments according to calculated re-
guirements.

Several factors take place in an exercise-induced
immune defect and nutrition is believed to play a
critical role.®® A priori, dehydrated brewer’s yeast
presents a wide spectrum of beneficial qualities for
horses, including its nutritional value and, proba-
bly, additional effects on the immune system. Nu-
tritional components have been the subject of many
studies, with emphasis on protein and essential
amino acid content.’* An ill-balanced energy-pro-
tein ration is one of the most frequent causes of
secondary immunodeficiency.®® Additional mecha-
nismsare less evident, probably depending on struc-
tural components of the cellular wall; Saccharomy-
ces cerevisiae and related species stimulate the im-
mune response.

The objective of this work was to establish wheth-
er exercise and in vivo nutritional supplement with
brewer’s yeast could affect the ability of blood neu-
trophils to perform their main effector activity,®
respiratory burst, with the assumption that such a

I ntense exercise has been recognized as a predis-
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factor predisponente que puede alterar significati-

vamente varios mecanismosde larespuestainmu-
neenlosequinos,?entreellosdisminuyendosucapacidad
funcional de los neutrdfilos.*® Estos resultados se han
obtenido con caballos de diferentes razas, aunque hasta
donde sabemos no se hanincluido caballosde razaCriolla.
Es probable que el ejercicio realizado por los caballos
criollos en entrenamiento produzca unaalteracién similar
desu respuestainmuneg, lo que proporcionariaun modelo
atil para valorar intervenciones destinadas a modificarla.

Hastael momento hasidodificil definir unarelacion
entre ejercicio, respuestainmune, y enfermedad, debi-
do probablemente anumerosos factores, incluyendo la
complejidad del sistemainmuney la naturaleza varia-
ble de los ejercicios utilizados.* Recientemente se han
realizado intentos en atletas humanos para disminuir
los efectos del ejercicio intenso sobre el sistemainmune
conbaseenlanutricion,”®aunque todavialasrecomen-
daciones nutricionales paraevitar el deterioro posejer-
ciciodel sistemainmune se basan en evidencias que no
son concluyentes.’ Un componente adicional es que la
calidad nutricional de distintos alimentos varia en
funcion de las condiciones de almacenamiento,'**? lo
cual es una dificultad importante al momento de ajus-
tar la dieta a los distintos requerimientos.

Son numerosos los factores que influyen en lainmuno-
supresion inducida por el ejercicio, la nutricién juega un
papel critico.”® La levadura de cerveza deshidratada pre-
senta a prioriuna amplia variedad de cualidades para los
equinos, que abarcan su valor nutricional y, probablemen-
te, efectos adicionales sobre el sistema inmune. El compo-
nente nutricional hasido relativamente bien estudiado, en
especial el contenido proteinico y tenor de aminoéacidos
esenciales. Lamalanutricionenergética-proteinicaesuna
de las causas mas frecuentes de inmunodeficiencia secun-
daria.®® Los mecanismos adicionales son menos claros,
probablemente dependen de componentes estructurales
delaparedcelulardelaslevaduras: Saccharomycescerevisiae
y especies relacionadas estimulan la respuesta inmune.

El objetivo de este trabajo fue determinar si el ejercicio
yelsuplemento nutricional conlevaduradecervezainvivo
pueden afectar la capacidad de los neutrofilos sanguineos
de generar su principal actividad efectora,’® el estallido
respiratorio, asumiendo que tal suplemento podria corre-

IB | ejercicio intenso ha sido reconocido como un



supplement could correct dietary deficiency during
training. To this end, flow cytometry was used to
evaluate the respiratory burst of peripheral blood
neutrophils in horses with or without diet supple-
mentation.1:18

Eight clinically healthy, adult female horses, be-
tween six and eleven years old, of the Creole horse
ranch, “LaRepublica” (Buenos Aires, Argentina), were
selected from a group being trained for the 750 km
“Endurance Annual March”,whichisafourteen stage
event. Two treatments were assigned: one group
(CONTROL; n=3) was fed with 3 kg of oat grain and
4.5 kg of alfalfa hay, during the night they were
housed in natural pasture grounds. The other group
(YEAST; n=5) received the same diet, with an addi-
tional 350 g of acommercial brewer’s yeast * prepara-
tion. This preparation is obtained as a by-product of
beer fermentation. It is composed of heat inactivated
and dehydrated Saccharomyces uvarum, approximate-
ly 8 x 10® yeasts per gram of dry matter. Following
beer fermentation, decantation results in a pre-
warmed material, which is later concentrated and
heat-inactivated, followed by spray dehydration at
360° C. The final product is filtered through 500 pm-
pore. Both the quality control of the manufacturer
and cultures performed in our lab demonstrate that
the preparation does not contain viable complete
yeasts (<10 UFC/g). Under microscopic examination
no impurities are detected.

Feeds were administered twice daily; water was
available ad libitum. During the study, animals did
not show clinical evidence of infection. Whole hep-
arinized blood was drawn from the external jugular
vein by venepuncture, in resting condition, before
beginning training (BASAL) and after it, at day 120
(D120).

Assay of respiratory burst was carried out in a
FACSortTM **cytometer, with acquisition conditions
adapted to the leukocyte population to be studied.
The cytometer is able to analyze one cell at a time as
itflowsthroughthe laser (lightapplication stimulation
excitation radiation). Up to five parameters can be
detect from the cells. Two of these parameters can be
detected due to changes in the laser characteristics
after cell-laser interaction. The other three are due to
laser stimulation of fluorochromes with different
emission spectra.

Cell size, determined by forward light scattering
(FSC), allows the identification and differentiation of
cellsubpopulations. Internal cell complexity (presence
of granules, nuclei and other subcellular structures)
was determined by side light scattering, that also al-
lows cell subpopulation identification.

gir eventuales carencias en la dieta durante el entrena-
miento. Paraellose utilizoé lacitometriade flujo, evaluando
las posibles modificaciones en el estallido respiratorio in-
tracelular de los neutroéfilos sanguineos de equinos. '8

Se reclutaron ocho equinos adultos (hembras entre seis
y once afios de edad), clinicamente sanos, de raza Criolla
(argentina), pertenecientes a la Cabafia “La Republica”
(Buenos Aires, Argentina), en entrenamiento para la Mar-
cha Anual de Resistencia de 750 kilometros en catorce
etapas. Se asignaron dos tratamientos: El grupo testigo
(convencional, n = 3) fue alimentado con 3kg de grano de
avenay aproximadamente 4.5 kg de heno de alfalfa, per-
maneciendo en potreros de pastizal natural durante la
noche. El otro grupo (levadura, n = 5) recibio la misma
racion que el grupo convencional, mas 350 g de un prepa-
radocomercial delevadurade cervezadeshidratada.* Este
preparado se obtiene como subproducto de la fermenta-
ciéndelacerveza, consistiendoen Saccharomucyesuvarum,
aproximadamente 8 < 108 levaduras por gramo de prepa-
rado seco, inactivado por calor y deshidratado. Tras el
proceso de fermentacion de la cerveza, la decantacion
produce un material precalentado que se concentra ain
mas e inactiva por calor, deshidratando por atomizacion
(spray) a 360°C. El resultante asi obtenido es pasado por
filtro de 500 pm de poro. Tanto el control de calidad del
fabricante como el cultivo realizado en el laboratorio de-
muestranqueel producto consiste en levadurasenterasno
viables (<10 UFC/g). En la observacion microscépica del
producto no se detectan impurezas.

Las raciones fueron suministradas divididas en dos
dosisdiariasy los animales disponian de aguaa volun-
tad. Durante el desarrollo del estudio los animales no
manifestaron evidencia clinica de infeccion. Se obtuvo
sangre venosa de yugular externa mediante puncién
detodoslosequinosenestado de reposo, tantoal inicio
del estudio (Basal) como al finalizar el tratamiento al
dia ciento veinte (D120).

El ensayo del estallido respiratorio se realizé en un
citbmetro FACSortNR** adecuando las condiciones
deadquisicidonalapoblacionaestudiar. El citdmetrode
flujo es un instrumento capaz de analizar las células
una tras otra, a medida que pasan en una corriente
fluidaatravésdeunrayolaser (lightapplication stimu-
lation excitation radiation). De estas células se pueden
determinar hasta cinco parametros. La deteccion de
dos de ellos se basa en el cambio de las caracteristicas
del laser después de interactuar con lascélulas. Los tres
restantes son consecuencia de la estimulacion que el
laser es capaz de producir (en funcién de su energia)
sobre fluorocromos con diferente espectro de emision.

Eltamafiocelular permite diferenciareidentificar subpo-
blaciones celulares a través de la dispersion de la luz hacia

* Compal S.A., Buenos Aires, Argentina.
** Becton Dickinson, San Jose, California, USA.
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Figura 1. Efecto del suplemento nutricional con levadura sobre el estallido respiratorio de neutréfilos en equinos criollos. Estallido respiratorio
de los neutrofilos sanguineos de equinos tratados con levadura de cerveza o dieta convencional durante cuatro meses. El estallido respiratorio
fue medido como oxidacion de dihidrorodamina 123 por citometria de flujo. Las barras representan media = error estandar (mostrado por
exceso) del estallido respiratorio. El tratamiento con levadura aumenté el estallido respiratorio a los 120 dias (basal 483 + 37 UAF vs D120 548
=+ 28 UAF), adiferencia del grupo testigo, que no modifico significativamente esta funcién (Basal 385 = 86 UAF vs406 = 3 UAF). El asterisco (*)
denota significacion estadistica tanto contra su valor basal (D0), como contra el valor del grupo testigo al mismo tiempo (D120).

Effect of supplement nutritional with brewer’s yeast on respiratory burst of peripheral blood neutrophils in adult Creole horses. Respiratory
burst of peripheral blood neutrophils in horses treated or not treated with brewer’s yeast during four month. Respiratory burst detection was
performed by flow cytometry measuring oxidation of dihydrorhodamine 123 (DHR-123). Data are expressed as mean =+ standard error. An
enhanced response was observed in brewer’s yeast-supplemented horses (548 =+ 28 FAU) when compared with the basal level (483 & 37 FAU),
while the control group did not show significant variations (385 = 86 FAU vs 406 = 3 FAU). * indicates statistical significance both against the

basal value and against the value at the same time point (D120).

Activation of three different wavelengths, corre-
sponding to different fluorochromes, allow one to
evaluate either surface or intracellular antigens, or
other molecules, by means of fluorochrome combina-
tion. Respiratory burst detection was performed by
flow cytometry through the activation of a fluoro-
chrome, dihydrorhodamine 123 (DHR-123), by oxida-
tion mediated by radicals generated during respirato-
ry burst; the active compound, rhodamine 123, is de-
tected as green fluorescence (in FL1). The Burstest™
commercial kit was employed, this uses phorbol
myristate acetate (PMA) asastimulantand DHR-123as
the fluorogenic substrate. Analysis with the appropri-
ated software * allowed the determination of the per-
centage of cells that had produced oxygen-derived
radicals, as well as the extent of radical production by
the shift in the fluorescence peak. In each case, the
mean value was obtained by reading 10,000 cells; re-
sults are shown as mean channel fluorescence, in arbi-
trary fluorescence units (AFU).

Results were statistically analyzed with indepen-
dent or paired Student’s t test, as appropriate.
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adelante (Foward light scatter, FSC). La complejidad del
interior celular (es decir, presencia de nucleo, granulos,
etc.) se evalia mediante la dispersion lateral de laluz (Side
light scatter, SSC), que también permite diferenciar morfo-
I6gicamente subtipos celulares. Laactivacion de hasta tres
tipos de longitud de onda, correspondientes a fluorocro-
mosdiferentes, permite evaluar antigenosde membranao
intracelulares u otras moléculas, mediante lacombinacién
de los mismos. La deteccion del estallido respiratorio se
realiz6 aprovechando la oxidacion de un fluorocromo
(dihidrorodamina 123, DHR-123) por losradicales genera-
dosdurante el estallido respiratorio, detectada en labanda
de fluorescencia verde (FL1). Se empled el equipo comer-
cial Burstest,* utilizando como estimulante PMA (forbol
12-miristato 13-acetato)y laDHR-123comosustratofluoro-
génico. El andlisis con el software apropiado** permitio
determinar el porcentaje de células que habian producido
radicales derivados del oxigeno, y estimar la magnitud de
estaproduccion medianteelanalisisde lospicosde fluores-

* Orpegen Pharma, Heidelberg, Germany.
**  Cell Quest™, Becton Dickinson.



Figure 1 shows the variation of respiratory burstin
both groups throughout the study. Initially, both
groupsshowed respiratory burstvalues that fell within
the normal range,’® although the treatment group
(yeast) showed significantly higher basal levels (ap-
proximately 20%) than the control group. Analysis
within each of the groups showed that respiratory
burst for the yeast-treated group increased during
treatment: the value at day 120 was significantly
higher than the value at day 0. On the contrary, there
was no significant variation in the control group. By
treatment day 120, the respiratory burst value of the
yeast-treated group was significantly higher than the
value of the control group (by 25%).

The first feature to analyze is the effect of the
training program. Jensen-Waern et al.® evaluated the
effects of a endurance ride on neutrophil function
among trained horses. They concluded that both hor-
monal and metabolic changes occur during a ride,
which not only trigger neutrophil activation, but also
decrease their functional capacy. One day after the
exercise, the chemotactic index and chemilumines-
cence peak decreased significantly, transiently im-
pairing neutrophil antimicrobial functions.® During
strenuous exercise of horses trained for the Interna-
tional Three-Day-Event a significant decrease in the
in vitro phagocytosis and killing rate of yeast cells by
blood granulocytes was observed. Inthe same study,
other immunologic parameters, such as the phorbol
myristate acetate-dependent chemiluminescence in
granulocytes and the mitogenic stimulation of blood
lymphocytes, remained unchanged. Those resultsare
consistent with ours: in the control group no signifi-
cant change in respiratory burst was seen during the
follow-up.

Among other possibilities, training in this study
might not have been sufficiently intense so as to affect
phagocytic activity during the whole training period.
Raidal et al® showed that the extent of exercise and
training can significantly modify their effecton phago-
cyte function; moderate exercise can even improve
immune competence. The variability among individu-
al values of respiratory burst in our study also support
that interpretation.

As opposed to the lack of variation under control
diet conditions, the addition of brewer’s yeast induced
anincrease in respiratory burst, that was significant by
day 120. This effect could be beneficial for horses, since
the oxidative activity of leukocytes contributes to im-
munocompetence. However, the clinical impact of this
increase still needs to be evaluated.

This preliminary finding, if confirmed by inde-
pendent studies, could be of practical importance.
Several mechanisms could be involved to explain
this effect of brewer’s yeast. The most obvious is its

cenciaenFL1, utilizando el valor de lamedia obtenida por
lectura de diez mil células. Los resultados se expresan en
unidades arbitrarias de fluorescencia (UAF).

Los resultados fueron analizados estadisticamente
por prueba de “t” de Student paragrupos independien-
tes 0 para muestras apareadas, segun correspondiera.

LaFiguralmuestralavariaciondelestallido respirato-
rio de los dos grupos a lo largo del estudio. Al inicio del
tratamientoambosgrupos presentaban valores de estalli-
do respiratorio dentro del rango normal,’®* aunque de
maneraimportante el grupotratadocon levaduramostrd
valores basales significativamente mayores que el grupo
testigo (enaproximadamente 20%). Lacomparaciénden-
tro de cada uno de los grupos mostré que el estallido
respiratorio del grupo tratado con levaduraaumentdalo
largo del periodo de tratamiento, siendo el valor del dia
120significativamente superior al del diacero. Encambio,
el grupo testigo no tuvo variacion significativa de sus
valores. El valor de estallido respiratorio del grupo leva-
duraalos120diasdetratamientoerasuperioral delgrupo
convencional (cerca de 25% mas alto).

Un primer aspecto a considerar es el efecto del pro-
grama de entrenamiento. Jensen-Waern et al.? evalua-
ron los efectos de una carrera de resistencia sobre la
funcion de los neutréfilos en equinos entrenados para
tal fin. Aquéllos concluyen que durante la carrera ocu-
rren cambios tanto hormonales como metabdlicos, que
no solo “disparan” la activacion de los neutrdfilos, sino
que también reducen su capacidad funcional. Un dia
después del ejercicio, el indice de quimiotaxis y el pico
de quimioluminicenciadisminuyensignificativamente,
afectando transitoriamente la funcionalidad antimicro-
biana de los neutrdfilos.® En equinos ejercitados parala
preparacion del Evento Internacional de los Tres Dias,
se observo una disminucion significativa en la capaci-
dad de los granulocitos sanguineos para fagocitar y
matar levaduras.® También sefialaron que no hubo
cambios en otros pardmetrosinmunolégicos, talescomo
laquimioluminicenciaPMA-dependiente de granuloci-
tos y la estimulacion mitogénica de linfocitos sangui-
neos. Confirmando estaobservacion, el comportamien-
to del estallido respiratorio en el grupo testigo fue simi-
lar: no tuvo modificacion significativa del estallido res-
piratorio a lo largo del tiempo de seguimiento.

Entre otras posibilidades, es probable que el ejerci-
cio que realizaron los caballos en este estudio no fuera
tan intenso como para perjudicar su actividad fagociti-
cadurantetodo el periodo de entrenamiento. Raidal et
al.® observaron que la magnitud del ejercicio y del
entrenamiento puede variar significativamente el efecto
sobre la respuesta de los fagocitos conduciendo, en
algunos casos con ejercicio moderado, incluso a mejo-
ria de la inmunocompetencia. La variabilidad en los
resultados de estallido respiratorio que hemos encon-
trado también apoya esta interpretacion.
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nutritional value:; there is a clear association be-
tween malnutrition, mainly due to a lack of pro-
teins, and immunodeficiency. Though we did not
find reports of a relationship between brewer’s
yeast, the immune system and infections in horses,
this supplement is a source rich in protein and
essential amino acid for horses.** It also contains
amino acid precursors, such as glutamine, that has
been shown to be involved in the functional regu-
lation of the immune system.??2® Further studies
are needed to test this hypothesis, based on the
measure of nutritional value of foods and compar-
ing diets with similar energy but different protein
content and their relation with the immune res-
ponse.

Besides the nutritional value, an alternative ex-
planation may involve the immunoregulatory abil-
ity of yeasts. Several species of Saccharomyces are
potent in vitro stimulators of innate immune res-
ponse, at least in part through the interaction be-
tween their surface mannan and mannose recep-
tors on phagocyte membranes. Since innate immu-
nity plays a central role both as an effector and as a
regulator of the immune response, this possibility,
if correct, could have interesting clinical applica-
tions.

Such effects could involve yeast activity within
the digestive tract, its interaction with resident
flora, its relationship with the mucosal immune
system, or even distant effects resulting from the
systemic absorption of mannose. Though none of
these possibilities can be formally excluded, some
seem quite improbable. First, due to heat inactiva-
tion, brewer’s yeast contains mainly dead cells.
Repetitive viability controls performed in our lab
did not show colony development, though it is not
possible to exclude the survival of a few yeasts.
Thus, digestive colonization by Saccharomyces
uvarum or its interaction with the resident flora
seem improbable.

Second, the effect could be associated with leu-
kocyte activation after yeast phagocytosis, under
microscopic examination yeasts look complete and
easily undergo phagocytosis in vitro. However, pas-
sage of complete yeasts across the mucous layer
seems unlikely, and thus activation would have to
be intraluminal, from phagocytes entering the lu-
men and somehow generating a systemic response
intense enough to modify the oxidative activity of
jugular leukocytes. Though possible, this interpre-
tation is unlikely.

More probableissome kind of systemic activation of
leukocytes, with priming as a result of mannose ab-
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En contraposicion con la falta de modificacion en
condiciones espontaneas, el suplemento de levadura
indujo un aumento del estallido respiratorio, que eva-
luado al D120 resulto significativo. Esto Gltimo proba-
blemente esbenéfico paraque loscaballos mantengan la
funcidn oxidativa de los leucocitos, ya que ésta deberia
contribuir a la inmunocompetencia. Sin embargo, la
valoracién de suimpacto clinico esta por documentarse.

Este hallazgo preliminar, de confirmarse en estudios
independientes, puede ser de importancia practica. Va-
rios mecanismos puedenestar involucradosen laexplica-
cion de este efecto de la levadura. El mas obvio podriaser
su efecto nutricional: es claralaasociacion entre desnutri-
cion, especialmente proteinica, y faltade inmunocompe-
tencia. Si bien no hemos encontrado antecedentes que
relacionen de manera directaeste aditivo con infecciones
ni con las distintas funciones del sistema inmune en los
equinos, lalevadurade cerveza constituye unsuplemen-
to alimentario caracterizado por tener alto contenido en
proteinas y aminodacidos esenciales para el caballo.** Asi-
mismo, contiene otros aminoacidos o precursores, tal
como la glutamina, que si ha sido involucrada en la
regulacién funcional del sistema inmune.?# Para avan-
zar en esta hipotesis, habria que desarrollar estudios
complementarios midiendo el real valor nutricional de
los alimentos administrados a los animales (y no mera-
mente calculados a partir de tablas tedricas) y comparar
dietas de igual valor caldrico pero diferente contenido
proteinico, valorando inmunocompetencia.

Existen otras explicaciones alternativas especialmente
desafiantes, centradas en la capacidad inmunorregulato-
riade lalevadura, no vinculadaa su poder nutricional. In
vitrodiversostiposde Saccharomyces,en parte comocon-
secuencia de su contenido en mananos, son potentes
activadores de lainmunidad innata, al menos en parte a
través de la activacion de receptores de manosa en la
superficie de los fagocitos. Dado el rol central de lainmu-
nidad innata, tanto como mecanismo efector o en la
regulacién de la respuesta inmune, la actividad a este
nivel podria tener enormes implicancias clinicas.

Tales efectos podrian involucrar la actividad de la
levaduradentro del tubo digestivo, suinteracciénconla
flora, su relacion con el sistema inmune a nivel de la
mucosa, o incluso efectos a distancia, resultantes de la
absorcion sistémica de la manosa. Si bien ninguna de
estas posibilidades puede ser formalmente excluida,
algunas parecen poco probables. En primer lugar, el
preparado de levadura consiste fundamentalmente en
células muertas, como consecuencia de la inactivacion
porcalor. Ninguno de loscontroles de viabilidad realiza-
dosen nuestro laboratorio arrojé desarrollo de colonias,
aunque es imposible excluir en forma absoluta la sobre-
vida de algunalevadura. En estos términos, la coloniza-
ciondigestivapor Saccharomycesuvarumosuinteraccion
con la flora residente parecen poco probables.



sorption or other Saccharomyces immunoregulatory
components. Digestive mannose absorption has been
demonstrated and characterized among pigs* and is
probably similar among other mammals, including
horses. Additional studies searching to correlate man-
nose absorption and immune function, could be useful
to test this hypothesis.

In summary, this study confirms that exercise does
notreduce respiratory burstofblood neutrophilsamong
horses, and shows, in a preliminary way, that the
addition of brewer’s yeast supplementinduces a small
but significant increase of this function during train-
ing. Further studies are required to confirm this obser-
vation and to determine the mechanisms involved.
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