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ABSTRACT

This investigation examined the application of acid-
treated yeast cell wall (AYC) as a binder functioning as
a disintegrant. Acetylsalicylic acid (ASA) was granu-
lated with AYC, hydroxypropylcellulose (HPC), poly-
vinylpyrrolidone (PVP), or pullulan (PUL) and com-
pressed into a tablet in the absence of disintegrant. Par-
ticle size and angle of repose of the granules, tensile
strength, disintegration time, and water absorption be-
havior of the tablets and ASA release profiles from the
tablets were measured. The surface of AYC-granules
was observed with a scanning electron microscope. As
was the case with the granules of HPC, PVP, or PUL,
D50 of the granules of AYC increased with increasing
AYC addition percentage, indicating that it is possible
to granulate ASA with AYC. Tablets incorporating
HPC, PVP, and PUL failed to disintegrate within 30
minutes at all percentages of binder addition because in
the case of the HPC, PVP, or PUL tablets in the disso-
lution medium, water scarcely penetrated into the inner
region of the tablet, causing no disintegration. In the
case of the AYC tablets, disintegration was not de-
tected at 3% or less of AYC. When AYC was equal to
or greater than 5%, AYC tablets disintegrated in ap-
proximately 4 minutes and rapid ASA release from the
tablets was observed. These results may have been
caused by the following. In the case of the AYC 3%
granules, ungranulated aspirin powder remained, but in
the case of the AYC 5% granules, ASA powder was
granulated and covered with AYC. Water absorption
was observed initially; however, a plateau was reached
in the case of the AYC 3%-tablet. In contrast, in the
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cases of the AYC 5% and more tablets, water absorption
was greater and increased with time. The angle of repose
of the AYC 5% granules was 25.7°, which represented
high fluidity. The tablets produced by compressing the
granules demonstrated sufficient tensile strength greater
than 0.8 MPa. The tablets rapidly disintegrated and rapid
ASA release was obtained. AYC functioned as a binder
at granulation; additionally, AYC served as a disinte-
grant in the dissolution of drug from the tablets. These
results indicate that AYC affords high utility as a unique
pharmaceutical additive possessing contrary functions
such as binding and disintegration.
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INTRODUCTION

Recently, natural materials have been examined as
pharmaceutical additives from the perspective of utili-
zation of available resources and safety.'™ Previously, a
novel preparation for acid-treated yeast cell wall
(AYC) via acidification of brewers’ yeast cell wall in
an attempt to elucidate novel applications regarding its
unique functions was reported.”® The chemical com-
ponents of the yeast cell wall of Sacchromyces cere-
visiae, known as brewers’ yeast, are mainly polysac-
charides such as glucan and mannan and a small per-
centage of protein.”'’ A model involving a double layer
is currently advocated for the structure of the yeast cell
wall comprising mannan-protein complex serving as
the upper layer and glucan functioning as the lower
layer.""'? Although a portion of these components
might be lost during the acidification process, the re-
maining glucan and mannan-protein complex exist in
the form of graft chains on the surface of AYC; this
complex forms a hydrogel layer in water.
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AYC exhibits great utility as a novel aqueous coating
material for tablets and granules.”” In accordance with
these findings, AYC maintains the shape of the origin
yeast, which is characterized by a baggy structure. In
water, AYC was dispersed as independent hydrogel
particles displaying a hydrogel layer on the surface;
moreover, water was included within the structure
unlike other polymers generally employed as a solu-
tion. Acetaminophen was used as a model drug and the
drug release from tablets coated with AYC exhibited a
sigmoidal release profile with an initial lag time. Fur-
thermore, drug release was scarcely affected by the pH
of the dissolution fluid or by storage at room tempera-
ture for 120 days. Control of lag time and release rate
of drug was feasible upon variation of curing time and
temperature. AYC-coated granules demonstrated
smooth surfaces at a coating ratio of only 5%, which
generally requires approximately 15% to 30% coating
against the core granule weight, with no aggregation.
The AYC film revealed an extremely small oxygen
permeability coefficient corresponding to the value for
aluminum foil laminated with polyethylene and poly-
ethyleneterephtalate as well as a sufficiently low water
permeability coefficient, which protects the medicine
from moisture. Based on the aforementioned result,
AYC was listed on the market as a coating agent for
food in April 2000 (YeastWrap, Kirin Brewery Co,
Ltd, Tokyo, Japan).

Binder is an additive agent that affords binding power
between powder particles."*'* Water-soluble synthetic
polymers or starches are generally employed in the
form of a powder, solution, or slurry.”*° Although the
binding power between powder particles increases with
increasing amounts of binder addition, the disintegrat-
ing ability of the granules, or the tablet produced by
compressing the granules, decreases. Therefore, in the
case of pharmaceutical formulation design, the level of
addition of the optimal binder must be carefully deter-
mined; the amount of disintegrant must be consid-
ered.”'*

Generally, an additive agent is selected and prescribed
according to function. For example, a binder is added
in order to bind between particles, whereas a disinte-
grant is added in order to disintegrate granules and a
tablet rapidly. In the event that 1 additive agent demon-
strates 2 or more functions in pharmaceuticals, the type
and amount of additive agent and the number of manu-
facturing processes can be reduced; thus, design of the
preparation of high drug content is attained. Dumoulin
et al utilized a cross-linked amylose as a binder and as
a disintegrant at direct powder compaction.”” In our
previous report, the plate-like calcium hydrogenphos-

phate dihydrate was granulated with AYC. This finding
indicated that AYC possesses dual functions, as a coat-
ing agent as well as a binder.

In the present study, adhesion and binding ability of the
AYC-hydrogel layer as well as water absorption and
swelling properties of AYC were examined. ASA was
selected as a model drug because of its high plastic de-
formability and compressibility. We attempted to apply
AYC as a unique pharmaceutical material possessing
contrary functions such as binding and disintegration
(ie, as a binder functioning as a disintegrant).

MATERIALS AND METHODS

Materials

Acetylsalicylic acid (ASA) (Tsukishima, Co, Tokyo,
Japan) served as a model drug. The mean diameter
(Feret diameter) of ASA was approximately 52 mm.
AYC (YeastWrap), hydroxypropylcellulose (HPC)
(HPC-SL, Shin-Etsu Chemical Co, Ltd, Tokyo, Japan),
polyvinylpyrrolidone (PVP) (Plasdone, K-29/32, ISP
Japan, Ltd, Tokyo, Japan) or pullulan (PUL) (PI20,
Hayashibara Co, Ltd, Okayama, Japan) were used as
binders. YeastWrap is the AYC aqueous dispersion
containing 8.5% (wt/vol) AYC. Magnesium stearate
(Wako Pure Chemical Industries, Ltd, Osaka, Japan)
was employed as a lubricant. The viscosities of disper-
sions or solutions of AYC, HPC, PVP, and PUL at 5%
(wt/vol), which were measured with a corn-plate vis-
cometer (digital viscometer, model DV-II+, Brookfield
Engineering Laboratories Inc, Middleboro, MA), were
3.32,21.5,2.50, and 16.3 MPa, respectively. These 5%
(wt/vol) dispersions/solutions were used as binders.

Methods
Granulation

ASA was granulated with a fluidized bed (MP-01,
Powlex Corp, Osaka, Japan) by the top spray method.
Operating conditions for granulation were as follows:
ASA powder, 500 g; concentration of binder, 5%
(wt/vol); inlet and outlet air temperatures, 80°C and
45°C, respectively; fluidization air flow rate, 15 to 70
m3/h; spray pressure, 1.5 kgf/cm2; spray air flow rate,
25 L/min; nozzle insert diameter, 0.8 mm; spray rate,
15 g/min; percentage of added binder weight as a solid
mass; 1% to 10% against an ASA weight.
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Angle of Repose

Angle of repose of the AYC 5% granules, immediately
after drying in the fluidized bed, was measured with a
Konishi angle of repose testing machine (Konishi
Medical &#amp; Surgical Co, Osaka, Japan) in an air-
conditioned room. The granules were poured onto a
circular plate. The conic sedimentary layer of the gran-
ules was generated, and the angle between the base line
and the slope of the cone was measured with a fixed
protractor.

Particle Size of Granules

Test sieves of woven wire cloth and perforated metal
plate (Tokyo screen Co, Ltd, Tokyo, Japan) were used.
Sizes of openings were 38, 75, 106, 150, 212, and 355
mm. Samples (10 g) were sieved with an electromag-
netic vibrating sieving machine (Tsutsui Rikagaku Ki-
kai Co, Ltd, Tokyo, Japan) by vibrating the sieves for
10 minutes. Particle size distributions were determined
by weighing the amount of granules on the sieves. The
mean particle diameter (Dso) was defined as the 50%
diameter at cumulative curve of particle size distribu-
tion.

Scanning Electron Microscope Observation

ASA powder, AYC 3% granules and AYC 5% gran-
ules were observed under a scanning electron micro-
scope (SEM) (S-2250N, Hitachi Co, Ltd, Tokyo, Ja-
pan). The samples were coated with gold with a thick-
ness of 25 nm using a quick carbon coater (SC-701C,
Sanyu Electronics Co, Ltd, Tokyo, Japan). Magnifica-
tions were 50 and 150 times.

Tableting

ASA powder or the granules were compressed employ-
ing a universal testing machine (TCM-5000C, Keiaisha
NMB Co, Ltd, Tokyo, Japan) equipped with a 8-mm
diameter flat-punch at 100 MPa of compression pres-
sure and 50 mm/min compression speed by the external
lubrication method. Tablet weight was 200 mg.

Tensile Strength

Hardness of the tablets was measured with a tablet
hardness tester (KHT-20, Kiya Corp, Tokyo, Japan).
Tensile strength was calculated employing the follow-
ing equation:

Tensile strength = 2P/zDt @)

where P, 7, D, and ¢ are the hardness of tablet, the ratio
of the circumference of a circle to its diameter, the di-
ameter of tablet, and the thickness of tablet, respec-
tively.

Disintegration Time

Disintegration time of tablets was measured with a dis-
integration tester (NT-20H, Toyama Sangyo Co, Ltd,
Osaka, Japan) using distilled water at 37 + 2°C.

Release Study

The release profiles of ASA from the tablets and the
AYC granules were examined with a dissolution tester
(NTR-6100A, Toyama Sangyo), in accordance with the
paddle method (JP14), involving 900 mL of distilled
water at 37 + 0.5°C and a rotating paddle at 100 rpm
functioning as the flow system. Aliquot portions of the
solution were obtained for measurement of the absorb-
ance and immediately returned to the test solution. The
quantity of ASA released was determined spectropho-
tometrically via measurement of absorbance at 246 nm.
The flow system was used as mentioned above; 1 g of
ASA dissolved in 300 mL of water at 25°C. The re-
lease study was performed under sink conditions.

Water Absorption into Tablet

The amount of water absorption into the tablet was
measured with contact angle infiltration rate equipment
(PHW, Kyowa Interface Science Co, Ltd, Tokyo, Ja-
pan) at 25°C.° One tablet was used for the measure-
ment. Water was absorbed through the filter paper into
the tablet; subsequently, the change in the weight of the
tablet was determined.

RESULTS AND DISCUSSION

Mean Particle Diameter of Granules

Figure 1 exhibits the mean particle diameter (Dsg) of
the granules granulated with various binders. As was
the case with the granules of HPC, PVP, and PUL, Ds
of the granules of AYC increased with increasing AYC
addition percentage, indicating that it is possible to
granulate ASA with AYC, following calcium hydro-
genphosphate dihydrate as discussed in our previous
1report.8 The increase in the Dsy of the AYC granules
with increasing AYC addition percentage was smaller
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Figure 1. Mean particle diameter (Dsp) of granules
prepared with various binders.

than that of other binders. HPC, PVP, or PUL binders
were employed as a solution; moreover, after drying,
solid bridges of the polymers between particles gener-
ated the binding force, and granulation proceeded. In
contrast, the binding force of the AYC binder origi-
nated within the tangling of hydrogel layers of the
AYC particles after drying. So, the binding force of the
AYC may be smaller in comparison with other poly-
mers. However, this result suggests that the phenome-
non of hardening into a lump, which prohibits the
granulation procedure, cannot occur readily in granula-
tion by AYC.

Tensile Strength of Tablets

Tablets were produced via compression of granules
granulated with various binders; subsequently, tensile
strength, disintegration time of tablets, and ASA re-
lease profiles from the tablets were measured. The
study was performed at 1%, 2%, 3%, 5%, 7%, and
10% binder. Figure 2 presents the tensile strength of
the tablets produced by compression of the granules by
the external lubrication method in the absence of disin-
tegrant. In the case of tablets prepared by compression
of the granules granulated with HPC, PVP, or PUL,
tensile strength increased with increasing percentage of
binder. This phenomenon may be caused by the adhe-
sion (tacking) force of the polymers and the plastic de-
formation of the polymers in addition to the plastic de-

formation of ASA.*** On the other hand, tensile
strength of the tablets prepared by compression of the
granules granulated with AYC slightly decreased with
increasing percentage of AYC. This observation may
be attributable to the fact that the adhesion force be-
tween dried AYC, which covered the ASA particles at
compression, is smaller and the compressibility of
AYC is poor. At all AYC percentages, however, tensile
strength was greater than 0.8 MPa, which corresponded
to approximately 5.2 kgf for hardness. When the hard-
ness of a commercial tablet is 3 kgf or greater, it is sat-
isfactory at practical use. These results indicate that it
is feasible to prepare tablets displaying sufficient ten-
sile strength produced by compression of the granules
granulated employing AYC aqueous dispersion as a
binder.
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Figure 2. Tensile strength of tablets prepared via com-
pression of granules granulated with various binders.
Each point represents the mean + SD (n = 5).

Disintegration Time of Tablets and ASA Release

Tablets including HPC, PVP, or PUL failed to disinte-
grate within 30 minutes, which is the disintegration
time specified by JP14 at all addition percentages of
binders. In the case of AYC tablets, disintegration was
not observed at AYC contents of 3% or less. On addi-
tion of AYC at concentrations of 5% or greater, the
AYC tablets disintegrated within approximately 4 min-
utes.
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Figure 3. Release profiles of ASA from granules and
tablets prepared via compression of granules granulated
with various binders. Each point represents the mean =+
SD (n=3).

Figure 3 illustrates the ASA release profiles from tab-
lets prepared via directly compressing ASA powder,
AYC 3% and AYC 5% tablets, HPC, PVP, or PUL 5%
tablets, and AYC 5% granules. The ASA release pro-
files from the directly compressed tablet and HPC ,
PVP, or PUL tablets were nearly identical. These tab-
lets did not disintegrate in 180 minutes during the dis-
solution test; furthermore, ASA was gradually released
from the surface of the tablets. In the case of AYC 3%
tablets, an initial rapid release occurred; however, the
release rate after that point was similar to that of the
directly compressed tablet and HPC, PVP, or PUL tab-
lets. In the case of AYC 5% tablets, extremely rapid
ASA release was observed, which was similar to the
behavior of the AYC 5% granules. This phenomenon
may be attributable to the rapid disintegration of the
tablet into granules.

When the angle of repose of granules is 40° or less, it is
generally considered that the fluidity is sufficient for
use in the manufacture of tablets. The angle of repose
of the AYC 5% granules was 25.7°, which represented
high fluidity. The tablets produced by compressing the
granules demonstrated sufficient tensile strength
greater than 0.8 MPa. The tablets rapidly disintegrated,
and rapid ASA release was obtained. These results in-
dicate that the granules granulated with AYC are useful
as granules for tableting.

The results from Dsy testing of the granules, tensile
strength and disintegration of the tablet, and drug re-

lease from the tablet indicate that AYC is a novel
unique material possessing contrary functions such as
binding and disintegrating character. That is, AYC is a
binder functioning as a disintegrant.

Water Absorption Into Tablet and Observation of
Granules

To investigate the disintegration behavior of the tablets
with AYC, water absorption behavior into the tablet
and SEM observation of the granules were performed.
Figure 4 illustrates the water absorption behavior of
tablets prepared via compression of ASA powder and
granules granulated with 5% of various binders. In the
case of the ASA tablet (no binder), water absorption
was initially observed; however, a plateau was reached.
The water absorption profiles of the HPC, PVP, or
PUL tablets were similar to that of the ASA tablet.
These results suggest that, in the case of the HPC, PVP,
or PUL tablets in the dissolution medium, water
scarcely penetrated into the inner region of the tablet,

(o)
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Figure 4. Water absorption behavior of tablets pre-
pared via compression of ASA powder and granules
granulated with various binders (5%). Each point
represents the mean = SD (n = 3).

causing no disintegration. The amount of water absorp-
tion of the AYC tablet was greater than that of the
other tablets and increased with time. Figure S exhibits
water absorption behavior of the ASA tablets in the
absence of binder and with AYC of various percent-
ages. The AYC 3% tablet, which did not disintegrate
within 30 minutes, revealed similar water absorption
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Figure 5. Water absorption behavior of tablets pre-
pared via compression of ASA solo powder and
granules granulated with various percentages of
AYC. Each point represents the mean + SD (n = 3).

Figure 6. SEM photographs of ASA powder and granules immediately after granulation with AYC:
(A) ASA powder, granules with AYC; (B) 3%; (C) 5%.

behavior in comparison with the ASA solo-tablet: wa-
ter absorption was observed initially; however, a pla-
teau was reached. In contrast, in the cases of the AYC
5% and AYC 10% tablets, which disintegrated in ap-
proximately 4 minutes, water absorption was greater
and increased with time.

Figure 6 presents SEM photographs of ASA powder
and the AYC 3% and AYC 5% granules. In the case of
the AYC 3% granules, ungranulated ASA powder re-
mained. In the case of the AYC 5% granules, ASA

powder was granulated and covered with AYC. In the
case of the tablets prepared by compression of the
AYC 3% granules, the ungranulated ASA powder was
compressed. Moreover, many portions were evident in
which the level of water penetration into the inner as-
pects of the tablets was small, resulting in no disinte-
gration within 30 minutes. At AYC concentrations of
5% and greater, ASA powder was granulated and the
surface of aspirin particles was covered with AYC. In
the case of tablets prepared by compression of the
granules at AYC levels of 5% and greater, the AYC
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absorbed water and swelled within the tablet, causing
disintegration of the tablet.

CONCLUSION

Tablets prepared via compression of granules at AYC
concentrations of 5% and greater displayed sufficient
tensile strength and rapidly disintegrated; additionally,
rapid drug release was observed, although the tablets
included no other disintegrant. These findings arose
because ASA powder was granulated and sufficiently
covered with AYC at concentrations of 5% and greater.

The results obtained in the present study indicate that
AYC functions as a binder at granulation; in addition,
AYC acts as a disintegrant upon dissolution of drug
from the tablets. AYC affords high utility as a novel
unique pharmaceutical additive possessing opposing
functions with respect to binding and disintegration.
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