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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 12-188273- -9 FECHA: 2014-05-14 14:46:00

DEP: 2020 DIRECCION DE NUEVAS CREACIONES EVE: 378 FASE NACIONAL INCLUIDO CAPITULO |
TRA: 11 PCT-PATENTE DE INVENCION CAPITULOS I Y I FoLIOS: 7

ACT: 519 PRESENTACION

DIRECCION DE NUEVAS CREACIONES
2020
Bogota, D.C.,

Abogado(a)/Sefior(a)
GERMAN CASTILLO GRAU

Asunto: Radicacion: 12-188273- -9

Tramite: 11

Evento: 378

Actuacion: 519

Oficio: 5670

Folios: 7
Patente de Invencion X Patente de Modelo de Utilidad
Via Nacional
Via PCT (Fase Nacional) X Capitulo | X | Capitulo Il
No. Solicitud Internacional PCT/US2011/038346
Fecha de Presentacion Internacional 27/05/2011

Como resultado del examen de fondo realizado, con fundamento en el Articulo
45 de la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Radicado No. 12-188273-00000-0000  23/octubre/2012
Reivindicaciones: ' Radicado No. 12-188273-00000-0000 @ 23/octubre/2012
Radicado No. 12-188273-00008-0000 @ 30/diciembre/2013

Dibujos: Radicado No. 12-188273-00000-0000  23/octubre/2012
Respuesta del | Radicado No. 12-188273-00008-0000 @ 30/diciembre/2013
solicitante:
Prioridad: US 127790666 28/Mayo/2010

US 127790666 28/Mayo/2010

2. Andlisis de la Prioridad
Se acepta la reivindicacién de prioridad porque ésta solicitud fue presentada

dentro del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde
con el de la prioridad reivindicada.
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3. Modificaciones aceptadas

Se acepta el nuevo capitulo reivindicatorio (Radicado No. 12-188273-00008-
0000) porque no se amplia el objeto de la solicitud.

4. Objeto de la invencién

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del
Titulo 10 de la Circular Unica para efectos del examen de patentabilidad, se
tendra en cuenta la tasa pagada por el solicitante al momento de comenzar el
examen para las reivindicaciones adicionales; esto es que cuando la solicitud
contenga mas de diez (10) reivindicaciones y no se haya pagado la tasa
complementaria, sélo se estudiardn las cubiertas por la tasa pagada. En el
presente caso, se tiene en cuenta la totalidad del nuevo capitulo reivindicatorio
(Radicado No. 12-188273-00008-0000) para el examen de patentabilidad.

Titulo de la solicitud: “COMPOSICIONES NUTRICIONALES".

El problema planteado en esta solicitud consiste en la necesidad de suministrar
una composicion nutricional para nifios que comprenda un suplemento
nutricional que estimule al sistema inmunolégico, en donde el suplemento se
suministra en una matriz de sucedaneo de la leche materna que no inhibe los
efectos beneficiosos del suplemento.

Para resolver este problema técnico la solicitud en estudio se presenta una
composicién nutricional a base de leche que comprende una fuente de lipidos,
una fuente de proteinas y una fuente de 3-1,3-glucano.

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional
de Patentes (CIP): A61K 31/ 716, A61P 37/00, A23L 1/29, A23C 9/13.

5. De la solicitud de patente
Titulo

El titulo de la solicitud no divulga el objeto de la materia reivindicada debido a
gue es general y no da al lector una idea clara del producto reclamado.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacion 1 utiliza en la expresion “a cerca de”, esta es ambigua y no
limita de manera clara el alcance de la materia reivindicada. Se recomienda a la
solicitante utilizar rangos claramente definidos.

La solicitud carece del requisito de concisién, debido a que se utilizan términos
generales que no limitan el alcance de la solicitud tales como: “fuente de grasa”,
“fuente de carbohidratos” y “fuente de proteinas”. Se reitera a la solicitante que
las fuentes de grasas, carbohidratos y proteinas son infinitas y algunas ni si
quiera son aptas para consumo humanao.

La expresion “nutricionalmente completa” de la reivindicacion 12 carece de

claridad y es ambigua puesto que no proporciona ningun paradmetro que permita
diferenciar las formulaciones de aquellas divulgadas en el arte previo.
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Las reivindicaciones 13 y 14 mencionan las expresiones “por lo menos un
prebiético” y “por lo menos un probi6tico” los cuales no son concisos ya que
dichas expresiones comprenden un infinito namero de alimentos, que tengan hoy
y a futuro esa funcionalidad, tomando en consideracién el significado de dichas
expresiones:

Alimentos probidticos son aquellos adicionados con microorganismos vivos que
permanecen activos en el intestino y ejercen importantes efectos fisioldgicos
gue, ingeridos en cantidades suficientes, pueden tener efectos beneficiosos
como contribuir al equilibrio de la microbiota (microflora) intestinal del huésped y
potenciar el sistema inmunitario.

Los prebidticos son una especie de alimentos funcionales, definidos como:
ingredientes no digestibles que afectan beneficiosamente al organismo mediante
la estimulacion del crecimiento y actividad de una o varias cepas de bacterias en
el colon, mejorando la salud. La definicion de prebidtico es literalmente como
"promotores de vida" (contrario a antibiético), este tipo de alimentos se muestra
en forma de productos lacteos.

La expresion “cadena larga” de la reivindicaciébn 15 carece de concision y no
limita el alcance de la materia reivindicada.

La reivindicacién 8, no es concisa por el hecho de incluir la expresion “un
producto
nutricional para nifios”, ya que esta no especifica de que producto se trata.

6. Determinacion del Estado de la Téchica
El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad: 28 de mayo de 2010, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de publicacién

“Glucan containing nutritional

D2 US6168821 product and method of making the 2 de enero de 2001
same”
D3 W02005/039319 “Synbiotic Compositon for Infants” 6/mayo/2005

El documento D2* divulga una composicién que comprende una composicion en
forma de jugo de frutas y vegetales enriquecidos que ademas comprende B-
glucanos en un porcentaje entre el 0.001% y 0.5%.

El documento D3? ensefia composiciones para nifios lactantes la cual es Util para
el tratamiento o prevencion de desdrdenes inmunes (Resumen).

1http://worldwide.espacenet.com/searchResults?

compact=false&PN=W00247612&ST=advanced&locale=en_EP&DB=EPODOC

2http://worldwide.espacenet.com/publicationDetails/originalDocument?

CC=WO&NR=2005039319A2&KC=A2&FT=D&ND=3&date=20050506&DB=EPODOC&Ilocale=en
EP

Expediente 12-188273- -9 2do Art. 45



: Pros ad
Indusiria vy Comercio p S
SUPERINTENDENCIA

7. Examen de Patentabilidad (Art 14 D436)
Nivel inventivo (Art18 D486)

La reivindicacion 1 consiste en : “Una composicion nutricional para un sujeto de
edad pediatrica...” (Pag. 7 del radicado N° 12-188273-00008-0000)

La siguiente tabla presenta la comparacién entre las caracteristicas técnicas
esenciales de la solicitud estudiada, mencionadas en la reivindicacion 1, y las
reveladas en el (los) documento(s) D1 y D2 que representa(n) el estado de la

técnica:

Tabla 1

Caracteristicas esenciales

D2

D3

Una composicién nutricional para un
sujeto de edad pediatrica, que
comprende:

Un producto nutricional para
consumo humano que
comprende:

(Resumen, Reiv. 1)

Formula de leche infantil que
comprende:
(Pags. 29 a 35)

De 3 a cerca de 7 g/100 kcal de una
fuente de grasa;

De 8 a cerca de 12 g/100 kcal de una
fuente de carbohidratos;

De 1 a cerca de 5 g/100 kcal de una
fuente de proteinas; y

una fuente de 3-1 ,3-glucano en

Jugo de frutas o vegetales como
fuente de carbohidratos y lipidos
(Reiv. 1)

0.01 a 5 gramos por litro de -
glucano

Leche desnatada como
fuente de proteina (Pag. 11,
linea 31 a 39);

0.5 a 30 g de carbohidratos
(Pag. 10, lineas 35 a 39);
20% a 40% una fuente de
grasa (Pag. 11)

macroparticulas derivado de la (Reiv. 3y 4) B-glucano  (ejemplo  1,3)
levadura, que se caracteriza porque oligosacaridos (Pag. 7, lineas
el B -1,3-glucano en macroparticulas 10 a 16)

se encuentra presente en una
cantidad que va de 0,010 g a cerca
de 0,050 g por 100 g de la
composicion nutricional.

El documento D3 es considerado el estado de la técnica cercano a la invencion
definida en la reivindicacion 1 porque divulga una formula de leche para nifios
(Pag. 29 a 35, ejemplos 4 a 29, Reiv. 1, 10 y 11), dicha formulacion comprende
leche condensada desnatada o leche sin grasa como una fuente de proteinas
(P4g. 11, lineas 31 a 39; pag. 12, lineas 1 a 2); 0.5 a 30 gramos de
carbohidratos (Pag. 10, lineas 35 a 39) 20% a 40% de una fuente de grasa (Pag.
11). Ilgualmente, la anterioridad indica que la composicion puede comprender (3-
glucano (ejemplo 1,3) (Pag. 7, lineas 10 a 16).

La diferencia entre la invencion, definida en la reivindicacion 1, y las
composiciones del documento D3 consiste en que no se especifican en las
anterioridades las mismas concentraciones de los componentes propuestas en
la presente solicitud.

El efecto que logra el seleccionar las concentraciones de los componentes de la
formulacidén consiste en proporcionar una composicion nutricional que refuerzan
la funciéon inmunolégica en un nifio. Sin embargo, la solicitud carece de
informacion que permita evidenciar una ventaja o efecto superior de las
composiciones reivindicadas con relacion a aquellas que habian resuelto de
manera previa el mismo problema.

El problema técnico objetivo que pretende resolver esta invencion se puede
formular asi: ¢Cdémo modificar las composiciones conocidos en D3 para
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proporcionar formulaciones nutritivas alternativas que fortalezcan el sistema
inmune?.

Ahora bien, teniendo en cuenta que el documento D2 da a conocer una
composicién nutricional para consumo humano que comprende [(-glucanos
(Reiv. 1y 4), donde dichos B-glucanos se encuentran presentes en un rango de
0.01 a 5 gramos.

En consecuencia, para la persona versada en la materia seria evidente utilizar (3-
glucanos en el rango de concentracién propuesto por D2 en la composicion
nutricional divulgada en D3. Por lo tanto carece de nivel inventivo.

Puesto que las reivindicaciones dependientes 2 a 17 no mencionan
caracteristicas adicionales, se considera que tales reivindicaciones tampoco
tienen nivel inventivo.

8. Conclusion

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

item Documento Reivindicaciones afectadas Requisito que afecta
D2 US6168821 1-17 Nivel inventivo
D3 W02005/039319 1-17 Nivel inventivo

9. Respuesta a los argumentos de la solicitante.

En respuesta al requerimiento interpuesto por esta Oficina, la sociedad
solicitante argumenta que los suplementos alimenticios de D1 no tiene por objeto
ser composiciones nutricionales para sujetos pediatricos, como los que se
reivindican puesto que dichas composiciones estan descritas como tabletas
masticables, las cuales no son productos nutricionales para nifios, la anterioridad
tampoco divulga (-1,3-glucano en microparticulas.

Al respecto, esta Superintendencia aclara que el documento D1 no es ya el
estado de la técnica cercano a la solicitud, debido a las modificaciones
presentadas por la solicitante al pliego reivindicatorio allegado con el radicado
No. 12-188273-00008-0000, en consecuencia, este Despacho presenta el
documento D3 que se encuentra relacionado con el mismo campo técnico como
se evidencid en el analisis de patentabilidad. EI documento D3 divulga una
férmula de leche para nifios (Pag. 29 a 35, ejemplos 4 a 29, Reiv. 1, 10 y 11),
dicha formulacion comprende leche condensada desnatada o leche sin grasa
como una fuente de proteinas (Pag. 11, lineas 31 a 39; pag. 12, lineas 1 a 2);
0.5 a 30 gramos de carbohidratos (Pag. 10, lineas 35 a 39), 20% a 40% de una
fuente de grasa (Pag. 11). Igualmente, la anterioridad indica que la composicion
puede comprender B-glucano (ejemplo 1,3-oligosacéaridos) (Pag. 7, lineas 10 a
16).

En cuanto al documento D2 la solicitante argumenta que este no se refiere a una
composicion nutricional para un sujeto de edad pediatrica. Antes bien, D2 se
refiere a jugo de acido de frutas y/o vegetales. Este documento afirma que los
glucanos que se usan en sus composiciones son derivados de granos en tanto
gue las presentes reivindicaciones incluyen un (-1,3-glucano derivado de la
levadura en microparticulas.
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En relacion con los anteriores argumentos, esta Superintendencia se permite
aclarar que el documento D1 si constituye una anterioridad relevante en relacion
con el estudio de patentabilidad de la presente solicitud, toda vez que esta
relacionada con el mismo campo técnico y da a conocer una composicion
nutricional para consumo humano que comprende [-glucanos (Reiv. 1 y 4),
donde dichos [B-glucanos se encuentran presentes en un rango de 0.01 a 5
gramos. En relacion con la fuente de obtencion del 3-1,3-glucano y el uso de los
mismos en forma de microparticulas, esta Oficina aclara que es ampliamente
conocido por la persona versada en la materia el proceso de preparacion de
microparticulas de B-glucano obtenido a partir de Saccharomyces cerevisiae
para ser utilizado en la potenciacién del sistema inmune, y que estas
preparaciones son ampliamente usadas en suplementos nutricionales de venta
libre toda vez que se ha evidenciado que los glucanos microparticulados
incrementan la activacion de macréfagos peritoneales cuando son
administrados oralmente®.

Del mismo modo, esta Superintendencia reitera a la solicitante que la presente
solicitud se deriva de manera evidente del arte previo representado en los
documentos D2 y D3 que divulgan de manera previa composiciones
nutricionales pediatricas que comprenden derivados de [(-glucano, y que
sugieren las concentraciones del mismo en la formulaciéon con la finalidad de
fortalecer el sistema inmune, esta informacion en conjunto con los conocimientos
generales de la persona versada en la materia permiten lograr sin mayor
esfuerzo las composiciones actualmente reivindicadas, las cuales como se
discuti6 anteriormente carecen de un efecto técnico inesperado ya que D3
también utiliza este tipo de compuestos con la finalidad de fortalecer el sistema
inmune del individuo que consume la composicién, por lo cual los productos
reivindicados se consideran una alternativa a aquellos divulgados en D3. Del
mismo modo, es ampliamente conocido en el campo técnico que los B-glucanos
se obtienen de Saccharomyces cerevisiae y que estos productos se adicionan a
las formulaciones nutricionales en forma de microparticulas. En consecuencia,
las composiciones reivindicadas adolecen del requisito de nivel inventivo.

3 K.W. Hunter Jr, R.A Gault and M.D Berner. Preparation of microparticulate 3-glucan from Saccharomyces

cerevisiae for use in immune potentiation. Letters in Applied Microiology Vol. 35, Issue 4, publicado online: 30
Septiembre de 2002. (http://onlinelibrary.wiley.com/doi/10.1046/j.1472-765X.2002.01201.x/pdf)
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

_—

—

JOSE LUIS SALAZAR LOPEZ
Diractor de Nuevas Craaciones (c)

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2014-05-20

Elabord: Emilse Cano Urrego
Revisoé: Gloria Jacqueline Alfonso Rozo
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Preparation of microparticulate p-glucan from Saccharomyces
cerevisiae for use in immune potentiation

K.W. Hunter Jr, R.A. Gault and M.D. Berner
Department of Microbiology, University of Nevada School of Medicine, Reno, NV, USA

2002 /126: received 29 April 2002 and accepted 20 June 2002

K.W. HUNTER JR., R.A. GAULT AND M.D. BERNER. 2002.
Aims: To develop a method for the preparation of an immunologically active, homogeneous,

nonaggregated, microparticulate -glucan-containing material from the budding yeast

Saccharomyces cerevisiae.

Methods and Results: Using a combination of sonication and spray-drying, a homogeneous

preparation of 1-2-u diameter f-glucan-containing particles was made from alkali- and acid-

insoluble yeast cell wall material. This microparticulate f-glucan remained in suspension

longer and, following oral administration at 0-1 mg kg™' for 14 d, enhanced phagocytosis of
mouse peritoneal macrophages significantly better than did aggregated f-glucan particles.
Conclusions: A new sonication and spray-drying method can be employed to overcome the

problem of aggregation of f-glucan microparticles in aqueous media.

Significance and Impact of the Study: A microparticulate form of -glucan that remains in

suspension longer for pharmaceutical applications and has superior immune potentiation

characteristics has been developed.

INTRODUCTION

f-glucans are polymers of f-(1,3)-D-glucose [with or
without f-(1,6)-D-glucose side chains] found in the cell
walls of many bacteria, plants and yeasts. There is an
extensive literature describing the immunomodulating
effects of both water soluble and insoluble f-glucans, with
macrophages as the principal target cells (Reynolds ez al.
1980; Dil.uzio 1983; Gallin ez al. 1992; Cleary et al. 1999).
While various soluble and particulate f-glucans have been
used in pharmaceutical applications (Williams et al. 1992,
Chihara 1992; Babineau e al. 1994) particulate [-glucan
preparations derived from the yeast Saccharomyces cerevisiae
are widely used as over-the-counter nutritional supplements.
Examination of several commercially available products
consistently revealed a predominant ‘globular’ morphology
consisting of aggregated f-glucan particles ranging in size
from 5 to 100-u diameter, with some unaggregated single
particles in the 1-2-y range. While globular f-glucan
preparations have immune potentiating activity, it was
thought that a homogeneous preparation of smaller parti-
cles would be more efficient at activating macrophages, as

Correspondence to: Dr K. Hunter, Department of Microbiology, University of
Nevada School of Medicine, Reno, Nevada 89557, NV, USA
(e-mail: khunter@unr.edu,).

© 2002 The Society for Applied Microbiology

well as more suitable for incorporation into pharmaceutical
and cosmetic formulations. As 1-2-p diameter particles are
optimally phagocytized by macrophages (Tabata and ITkada
1988), our goal was to increase the number of micropar-
ticles in this size range in the f-glucan preparations.
However, even after extensive grinding and sieving of dried
f-glucan extracted from yeast cell walls, it was discovered
that the pf-glucan particles formed aggregates when
suspended in aqueous media. Therefore, we devised a
sonication and spray drying method that yielded a consis-
tent 1-2-u diameter particle that remained dispersed upon
hydration. Although both aggregated and microparticulate
glucans enhanced peritoneal macrophage activation when
administered orally to mice, the microparticulate glucan
was significantly better than the aggregated form.

MATERIALS AND METHODS
Processing of yeast glucan

The starting S. cerevisize f-glucan material was obtained
from Nutritional Supply Corporation (Carson City, NV,
USA). This material was processed from common baker’s
yeast using the following procedure. Active dry yeast was
added to 0-1 mol I of NaOH and stirred for 30 min at
60 °C. The material was then heated to 115 °C at 8-5 psi for
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45 min and then allowed to settle for 72 h. The sediment was
resuspended and washed in distilled H,O by centrifugation
(350 g for 20 min). The alkali insoluble solids were com-
bined with 0-1 mol 17" acetic acid and heated to 85 °C for
1 h, then allowed to settle at 38 °C. The acid insoluble solids
were drawn off and centrifuged as above. The compacted
solid material was mixed with 3% H,0; and refrigerated for
3 h with periodic mixing. The material was then centrifuged
and the pellet washed twice with distilled H,O followed by
two washes in 100% acetone. The harvested solid material
was dispersed on drying trays and dried under vacuum at
38 °C for 2 h in the presence of Ca,SQOy, and then further
dried overnight under vacuum at room temperature. This
procedure yielded a white powder with less than 5% protein,
lipid and nucleic acid. Carbohydrate analysis revealed 85%
hexoses (using the anthrone method) with 4-5% chitin
(measured as N-acetylglucosamine).

Preparation of microparticulate g-glucan

Examination of the f-glucan-containing powder dispersed
in saline revealed aggregates ranging from 5 to 100 u in
diameter (20 u on average). To make a uniform 1-2-u
diameter particulate preparation, the aggregated f-glucan
material was first hydrated in distilled H,O overnight at
4 °C. A 1'5% suspension of the hydrated material was
subjected to sonic energy via a 19-mm probe utilizing a 300-
V/T Sonic Dismembrator (Biologics, Gainesville, VA,
USA). Using an ultrasonic output frequency of 20 kilohertz
per s at 192 watts, the glucan suspensions were sonicated on
ice for 12 min (12 48-s cycles of sonication with a 12-s pause
between cycles). The sonicated f-glucan suspension was
spray-dried using a Buchi 190 Mini-Spray Dryer (Buchi,
Germany) with an inlet air temperature of 110-170 °C| an
outlet air temperature of 90-120 °C and an atomizer
pressure of 30—100 psi. Using flow cytometric analysis with
an EPICS XI.-MCL Flow Cytometer (Coulter Electronics,
Hialeah, FL., USA), 1 mg of sonicated glucan consisted of
181 x 10" microparticles.

Morphology and sedimentation
of the p-glucan preparations

p-glucan preparations were suspended in normal saline and
viewed with a Nikon Eclipse E400 microscope under
bright-field illumination. Photomicrographs were taken with
a Kodak DC digital camera. Dried f-glucan samples were
placed on an S.E.M. specimen holder and sputter-coated
with gold to an approximately 200-A thickness. Prepared
samples were viewed on a JEOL TSM T300 Scanning Elec-
tron Microscope (S.E.M.).

Suspensions of aggregated f-glucan and microparticulate
f-glucan were prepared in distilled H,O (1-5% w/v). Each

suspension was vortexed for 10 s and allowed to settle in one
gravity in a 15-ml test tube for 0, 2, 5, 10, 20, 30 or 60 min.
Photographs were taken of the sedimentation using a Kodak
digital camera.

Phagocytosis of bioparticles by peritoneal
macrophages from mice treated orally
with f-glucan preparations

Six- to eight-week old female BALLB/c mice were obtained
from Jackson Laboratories (Bar Harbor, ME, USA). The
mice were housed and cared for under an approved protocol
in accordance with NIH/USDA guidelines. They were
given daily oral doses of 0-1 mg kg™' aggregated ff-glucan or
microparticulate -glucan adsorbed on a food pellet (vehicle
control was food pellet only) for 2 weeks. On day 14 the
mice were killed and their resident peritoneal macrophages
removed by lavage with cold RPMI-1640 medium without
serum. Because Gram-negative bacterial endotoxin or
lipopolysaccharide is a potent macrophage activator and
inducer of proinflammatory mediators, all biochemical
reagents and culture media were obtained as endotoxin-free
or screened for LLPS by the Limulus test (BioWhittaker,
Walkersville, MD, USA). However, because f-glucan also
triggers clotting in the standard Limulus test, we employed
the LPS-specific Glucospecy test to screen for LPS in our
p-glucan preparations (Shigegaku, Tokyo, Japan). All
reagents and f-glucan preparations had < 10 pg ml™'
LPS. After 1 h of incubation at 37 °C in a 5% CO, in air
atmosphere, nonadherent cells were removed by washing in
warm culture medium and the adherent cells (> 85%
macrophages by morphology) were cultured for 24 h in
RPMI-1640 medium containing 10% fetal bovine serum.
The macrophages were tested for their ability to ingest
fluorescein isothiocyanate-labelled bioparticles using the
Vybrant™ Phagocytosis Assay Kit (Molecular Probes,
Eugene, OR, USA). The percentage of cells ingesting
fluorescent bioparticles, and the number of fluorescent
bioparticles per cell were determined using a Nikon
Eclipse E400 fluorescent microscope. At least 100 cells in
each of 10 replicate wells per treatment were counted after
the fluorescence of noninternalized bioparticles was
quenched with trypan blue. Differences between the means
of the treatment groups were evaluated using Student’s
t-test for paired samples.

RESULTS AND DISCUSSION

p-glucan-containing material resulting from the chemical
extraction process detailed in the Methods section was
examined by light microscopy after hydration in distilled
H,0 or saline. This material was determined to be a
heterogeneous mixture of individual microparticles (1-2 u

© 2002 The Society for Applied Microbiology, Letters in Applied Microbiology, 35, 267-271
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in diameter) and glucan particle aggregates ranging from 5 to ical activity of f-glucans, preferentially ingest particles in
100-p diameters (Fig. la). As there was evidence that the 1-2-u diameter size range (Tabata and Ikada 1988), we
macrophages, key target cells for the immunopharmacolog- wanted to develop a method for making microparticulate
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Fig. 1 Morphology of -glucan-containing material from Saccharomyces cerevisiae following alkali, acid, and acetone-extraction. (a) Aggregates of
f-glucan particles suspended in distilled H,O, (b) f-glucan microparticles in distilled H,O following sonication of the aggregates shown in (a),

(c) re-aggregation of f-glucan particles following air-drying of the material shown in (b) and resuspension in distilled H,O, (d) f-glucan microparticles
after spray-drying of the material shown in (b) and resuspension in distilled H,O, (e) S.E.M. of aggregated f-glucan, and (f) microparticulate f-glucan
following sonication and spray-drying. Size bars in a—d are 10 g, and 3 g in (e) and (f). The arrows in (e) point to individual microparticles
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glucan. However, initial attempts to disrupt the aggregates
by vigorous vortexing, heating (100 °C), or treatment with
strong acid (2 N HCI) or strong base (2 N NaOH) failed
(data not shown). Because ultrasonic energy has been used to
prepare microparticles in other systems (Hata ez al. 2000),
we investigated sonication as a method of disrupting the
glucan aggregates. Although disaggregation was accom-
plished by sonication using the optimized conditions
outlined in the Methods section (Fig. 1b), when the
sonicated material was air-dried (either directly or after
addition of various organic solvents such as acetone) the
resulting dry material had the consistency of cardboard.
This material could be ground into a fine powder with a
mortar and pestle, but upon hydration in distilled H,O or
saline it demonstrated significant aggregation (Fig. 1¢). To
overcome this re-aggregation problem, we employed a
spray-drying technique. The fine powder resulting from
this spray-drying process when hydrated in distilled H,O or
saline resulted in a homogeneous suspension of 1-2-u
diameter particles with very few small aggregates (Fig. 1d).
Interestingly, the addition of an excipient like maltodextrin
did not significantly improve the process. A similar ultrasonic
approach was used by Levis and Deasy (2001) to achieve
particle size reduction of microcrystalline cellulose. These
authors discovered that re-aggregation in aqueous media was
substantially reduced by spray-drying, with or without the
addition of a surfactant. Just how sonication and spray-drying
alters the chemical or physical attributes of particles to
mitigate against re-aggregation remains to be determined.

The aggregated ff-glucan and the microparticles obtained
following the sonication and spray-drying procedure were
gold shadowed and examined with a S.E.M.. Figure 1(e)
shows the morphology of a typical aggregate with a diameter
of approximately 35 u. Note that this aggregate appears to
be composed of subunits in the 1-2-u diameter size range
(—). Sonication and spray drying results in separate and
discrete microparticles in the 1-2-p diameter size range
(Fig. 1f). This analysis indicates that the aggregated
p-glucan is composed of discrete subcomponents that can
be disrupted into 1-2-p diameter microparticles by a com-
bination of sonication and spray-drying. The chemical
composition (f-glucan and chitin) and size of the f-glucan
microparticles suggest that they may be yeast bud scars
(Bacon ez al. 1969; Manners e al. 1973). We are presently
investigating this notion.

To demonstrate that the microparticulate f-glucan
preparation had a lower sedimentation rate, we performed
the experiment shown in Fig. 2. As can be seen from this
figure, after 1 h of sedimentation at 1 g the microparticulate
p-glucan demonstrated very little settling, whereas the aggre-
gated f-glucan preparation had nearly sedimented fully.
Indeed, some settling of the aggregated f[-glucan was
observed at even the earliest time point. Because the

minutes

minutes

Fig. 2 Time course for the one gravity sedimentation of 1:5% (w/v)
suspensions of (a) aggregated f-glucan, and (b) microparticulate
p-glucan in distilled H,O

microparticulate f-glucan remains in aqueous suspension
longer, it can be more easily formulated into gels and creams
for dermatological applications.

p-glucans bind to glucan receptors on phagocytic cells
(Goldman 1988; Czop and Kay 1991; Brown and Gordon
2001) and cause these cells to become ‘activated’ (Dil.uzio
1983). Earlier studies by Suzuki ez a/. (1990) in mice showed
that oral administration of a f-1,3-glucan derived from
the fungus Sclerotinia sclerotiorum enhanced the phagocytic
activity of peritoneal macrophages. Therefore, we compared
the ability of orally administered microparticulate and
aggregated f-glucan preparations given at 0-1 mg kg~ daily
for 14 d to enhance peritoneal macrophage phagocytosis.
Note that this dosage is equivalent to a 10-mg capsule
of f-glucan given orally to a 75-kg human. As shown in
Table 1, cultured peritoneal macrophages taken from mice
treated with either microparticulate f-glucan or aggregated
p-glucan increased the percentage of peritoneal macro-
phages ingesting bioparticles over the vehicle control
(P < 0:05). In addition, the microparticulate f-glucan
was more stimulatory than the aggregated f-glucan
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Table 1 Effect of oral fi-glucan treatment on the phagocytic activity
of mouse peritoneal macrophages*

% cells Bioparticles /cell
Treatment group with bioparticles (n)
Vehicle control 344 + 250 2:20 £ 065
Aggregated glucan 520 £ 116 2:62 £ 0-83
Microparticulate glucan 666 = 186 340 £ 145

*Values represent the mean * S.D. from counts of 100 cells in each of
10 replicate wells per treatment group.

(P =0-06). Also, the number of bioparticles ingested/cell
was increased over controls by both aggregated fi-glucan and
microparticulate f-glucan (P < 0-05), and macrophages
from microparticulate ff-glucan-treated mice ingested more
bioparticles/cells than macrophages from mice treated with
aggregated f-glucan (P = 0:06). These data imply that both
microparticulate and aggregated f-glucan can survive transit
through the gastrointestinal tract in forms capable of being
absorbed and ultimately of interacting with f-glucan
receptors on the surfaces of resident peritoneal macro-
phages. It appears that the same dose of microparticulate
f-glucan is better able to enhance macrophage phagocytosis
than aggregated f-glucan.

In conclusion, we have developed a new method for
preparing homogeneous, nonaggregated, 1-2-u diameter
p-glucan-containing particles from yeast cell walls. Compared
with the aggregated form of f-glucan, the f-glucan micro-
particles remain in suspension longer for pharmaceutical
applications and are more effective at enhancing phagocytosis
by peritoneal macrophages following oral administration.
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