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bstract

Pellet formulations as represented by multiparticulate systems are often contained in hard capsules. We examined the use of a different approach
o the making of compressed tablets containing pellets, OSDRC-technology. OSDRC-technology employs a double-structure punch (center punch
nd outer punch) allowing for dry-coated tablets to be assembled in a single run. We examined the effects of the thickness of the outer punch,
ormability of pellets, and diameter of tablets on pellet filling. The results revealed that thinner outer punches are not always better for filling small
ablets with large amounts of pellets. We considered that this was because the core pellets spread in a cone shape within the formulating tablets at
lling, requiring a thickness of the outer punch and a particle density of the diluents at which pellets would not exude from the formulating tablets.
t was suggested that the formability of core pellets affects the maximum number of layers of pellets, and higher formability would yield better

esults. However, we found that pellets with poor formability (tensile strength of �2 kPa) could be used in tablets. For the tablets, the larger the
iameter, the greater the maximum number of layers. We considered this to be due to the friction between the pellets and punch wall. We concluded
hat OSDRC-technology could be applied to capsule-like forms containing pellets �50 wt% through an unconventional approach.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Multiparticulate systems usually consist of coated pellets,
ellets without a coating membrane, microcapsules, or micro-
pheres, and have been receiving increasing attention as one
f the technologies and methodologies of controlled release.
ultiparticulate systems using pellets are thought to be more

esirable than single unit dosage forms (Yao et al., 1997, 1998).
ekete et al. (1998) reported that the use of pellets prevented high

ocal drug concentrations, since the pellets spread uniformly in
he gastrointestinal tract, etc. Capsules are often employed as
dosage form to facilitate the oral administration of pellets as

ultiparticulate systems. It is expected that the pellets will be

apidly redispersed in the stomach with the disintegration of the
apsules (Yao et al., 1997).

∗ Corresponding author. Tel.: +81 594 72 6221; fax: +81 594 82 0070.
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Capsules, however, do not satisfy all demands as a platform
or the oral delivery of pellets, and a great deal of effort has been
evoted to finding ways to incorporate pellets into compressed
ablets (Bechard and Leroux, 1992; Maganti and Celik, 1994;
chwartz et al., 1994; Aulton et al., 1994). The demand for com-
ressed tablets containing pellets is increasing compared with
hat for hard gelatin capsules. Torrado and Augsburger (1994)
eported the advantages of tablets of be: (I) lower production
osts; (II) reduced liability to tampering; (III) ease of swallow-
ng. Haslam et al. (1998) showed the greatest advantage is what
cored tablets-containing pellets can be prepared, easily offering
ividable doses.

Though tablets have various advantages over capsules, it is
ifficult to apply conventional pharmaceutical technology to the
reparation of tablets containing a lot of pellets. This is because

ellets, in general, are not formable and are readily segregated
rom other diluents, and they are more likely to be destroyed
n the compression process. For example, the segregation of
he pellets from the blended powder is unavoidable as long as

mailto:m_andoh@mb3.skk-net.com
dx.doi.org/10.1016/j.ijpharm.2006.11.042
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powder flow exists because of differences in size or density
Yubuta et al., 1995). Frequently, a blended powder with pellets
or tableting segregates on the turntable of a rotary-tableting
achine during the compression process due to vibration and

entrifugal force (Edited by the Society of Powder Technology,
apan, 1998a). Tanino et al. (1995) reported that tableting
sing a segregated powder affected drug content and tablet
eight.
For the reasons described above, it has been difficult until

ow to make tablets containing a lot of pellets and having good
ompression characteristics. We previously reported one-step
ry-coated tablets (OSDRC®) manufactured by a new process
sing a unique punch and die (Ozeki et al., 2000, 2002, 2003a,b,
004). Our own manufacturing technique, OSDRC-technology,
oes not require the preparation of core tablets beforehand,
llowing for dry-coated tablets to be assembled in a single
un with a rotary-type tableting machine. Further, OSDRC-
echnology makes it possible to form tablets with ingredients
hich are not suitable for conventional tableting due to their poor

ormability (Ozeki et al., 2003c). Furthermore, in the manufac-
ure of OSDRC, since a blended powder of pellets and diluents
s not used for the tableting, there are no conventional problems
egarding the segregation of pellets and diluents. Thus, we tried
o make dry-coated tablets containing only pellets in the core
sing our own manufacturing technique.

The objective of this study was to examine whether tablets
ontaining large amounts of pellets can actually be prepared
sing OSDRC-technology. This study therefore focused on
he pellet content and formability of the tablet. Another issue
egarding pellet-containing formulations, damage to the pel-
ets sustained during the compression process, will be discussed
n another report. If preparations containing a large amount of
ellets are to be made using the OSDRC-technology, a thin-
er outer punch equivalent thickness to the outer layer of the
ormulated tablets may be advantageous. Then, this study set
s a target, pellet-containing preparations with an outer layer of
.5 mm, which is absolutely impossible to prepare using the con-
entional dry-coated tablet manufacturing technique. The target
lling volume was set at �50 wt% at which pellet channels are
ore likely to be developed in conventional physically mixed

ablets as shown by percolation theory.

. Materials and methods

.1. Materials

The pellets used as a model in this experiment were Harnal®

.2 mg capsules (tamsulosin hydrochloride (JAN), a commercial
roduct for hospital-use marketed by Yamanouchi Pharmaceu-
ical Co., Japan (current Astellas Pharma Inc.)) which were
vailable on the market. They were taken out of the capsule
nd used as a core for dry-coated tablets. Commercial lactose-
rystal and cellulose-crystal spray dry granules (Microcelac 100;

actose and cellulose at a ratio of 3:1 in weight), a product of

eggle Co., Germany, were used as the ingredients for the outer
ayer. Magnesium stearate (MgSt) obtained from Taihei Chemi-
al Co., Ltd., Japan, was used as a lubricant. Furthermore, food
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ed No. 3 aluminum lake (Sankyo Chemical) was used as a col-
rant. Microcelac, MgSt, and aluminum lake were mixed at
atio of 99:1:0.01 in terms of weight, using a V type blender
Micro blender; Tsutsui Rikagaku Instrument Co., Japan) for
min. The mixture obtained was used as a powder for the outer

ayer.

.2. Evaluation of the physical properties of model pellets

The mean particle diameter, particle density, and flowability
f the pellets used for experiments were evaluated. The mean
article diameter was determined by the sieve method, and the
article density, bulk density, and tap density were determined
ith a powder tester (Hosokawa Micron Corporation). For the
owability, the angle of repose and compressibility were also
easured using this tester.

.3. Preparation of the one-step dry-coated tablets
OSDRC) containing pellets using a model punch and die

We have developed a rotary-type tableting machine to man-
facture pellet-containing OSDRC (Fig. 1). For this study,
owever, we used a single set of punches and die for the prepa-
ation of OSDRC. The OSDRC were prepared by the method
escribed below. The manufacturing process involved the use
f an upper-center punch (5–9 mm in diameter), a lower-center
unch, an upper-outer punch, and a lower-outer punch (7–11 mm
n outer diameter).

This method of manufacturing employs three compression
rocesses; the first compression is to form the bottom-outer layer
indicated as the first-outer layer), the second is to make the
rst-outer layer/core layer complex, and the third is to form the
hole tablet consisting of the upper-outer and side-outer layers

the second-outer layer).
In the first step, the lower-center punch was slid down to fill

he space made by the lower-center punch and the inside wall
f the lower-outer punch, with the powder for the first-outer
ayer, and then the powder was pre-compressed by the upper-
enter punch. While the upper-center punch was pushing down
n the pre-compressed first-outer layer, the lower-center punch
as slid down. The upper-center punch was pulled up to make

he space which was to be filled with the pellets for the core
ayer, and was then pre-compressed by the upper-center punch.
he lower punch was slid down with a pre-compressed layer to
ll the die with the powder for the second-outer layer. Then, the
re-compressed layer was pushed up into the die filled with the
owder for the second-outer layer. During the final compression,
he remaining powder was compressed by the upper and lower
unches with the pre-compressed complex. The final compres-
ion employed the simultaneous movement of the center and
uter punches at a fixed speed of 1 mm min−1 under various
ompression pressures using a universal tension and compres-
ion tester (AG-I 20 kNT; Shimadzu Co., Japan). The tips of

he center and outer punches were adjusted to create a flat face,
ike a normal punch. The tablets were left at room temperature
or 24 h in a desiccator with silica gel, and then subjected to
esting.
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Fig. 1. Overhead view of the ro

.4. Stress relaxation test

The stress relaxation test was performed using the univer-
al tension and compression tester. The decrease in force was
ecorded for 1200 s after the compression pressure reached a
redetermined value during the final compression at a fixed
ompression speed (1 mm/min) (Cutt et al., 1987; Kawashima

t al., 1995; Imai et al., 2001). The stress relaxation value
as adjusted by deducting the distortion value measured
nder the same conditions without powder. The rate of relief,
(t), was calculated using the following equation (Peleg and

e
t

Y

ableting machine for OSDRC.

oreyra, 1979):

(t) = P0 − Pt

P0
(1)

here P0 is the initial force, and Pt is the force after time t. Y(t)
ith t was fitted to Eq. (3), obtained by modifying Kawakita’s
quation, Eq. (2), to estimate constants a and b, which charac-
erize stress relaxation (Danjo et al., 1998):

(t) = abt

1 + bt
(2)
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convenience that the pellets formed the closest packed structure,
a hexagonal structure, the number of layers was calculated using
D50. Fig. 2 illustrates the mass of pellets per layer for individual
tablets.

Table 1
Characteristics of the model pellets

Average diameter (�m) 562
02 M. Ando et al. / International Journ

t

Y (t)
= 1

ab
+ t

a
(3)

.5. Measurement of radial tensile strength

Given amounts of pellets were formed under various com-
ression pressures. The pellets were subjected to a diametral
ompression test using a force gauge (Nihon Densan Shinpo;
GC-0.2B) after being left at room temperature for 24 h in a
esiccator with silica gel. The test was performed by applying
diametrical load, measuring the maximum load H at the tablet

racture, and then calculating the radial tensile strength T using
he following equation (Fell and Newton, 1970):

= 2H

πdL
(4)

here d is the diameter and L is the thickness of the tablet.

.6. Measurement of elastic recovery rate

Given amounts of pellets were compressed under various
ressures using a universal tension and compression tester, and
hen the height of the pellets formed under pressure was deter-

ined with a digital measure (Mitutoyo, HDS-20C) to calculate
lastic recovery rates.

. Technical view of the manufacturing process and the
ssue of segregation

The macroscopic segregation behavior of a powder is gener-
ted by its flow. Typical causes of segregation include (I) size,
II) density and (III) shape, etc. (Edited by the Society of Powder
echnology, Japan, 1998b). Usually, segregation is generated by
combination of these causes. The segregation of a pharmaceu-

ical powder is also frequently observed during the compression
rocess. This is caused by the vibration and centrifugal force of
he turntable of the rotary tableting machine. It should be real-
zed that a powder often segregates when it is a physical mixture
f pellets and diluents, which results in variation in the weight
nd formability of tablets.

Our manufacturing technique, OSDRC-technology, essen-
ially prevents segregation during the preparation of pellet-
ontaining tablets, since it does not use a physical mixture.
ig. 1 shows the turntable of the rotary-type tableting machine
sed to make the pellet-containing OSDRC. Three feeder plates
ere located on the turntable. The first, second, and third-feeder
lates supplied the powder for the first-outer layer, the pel-
ets for the core, and the powder for the second-outer layer,
espectively. Therefore, there are no qualitative problems regard-
ng the segregation of pellets and diluents using OSDRC-
echnology.

The new manufacturing technique has been designed to com-
letely surround pellets having significantly poor compression

haracteristics, using diluents with good formability to form
ablets. The motion of the punches is described briefly as follows.

The core being held by the lower-center punch and lower-
uter punch and the pre-compressed first-outer layer are pulled

A
B
T
C

Pharmaceutics 336 (2007) 99–107

own with the lower-punch (Fig. 1A) to make the space that is
o be filled with the second-outer layer. Then, the powder for
he second-outer layer is placed in the die (Fig. 1B). The pre-
ompressed layer is pushed up into the die filled with the powder
Fig. 1C). We therefore proved that the diluents as an outer layer
an completely surround the pellets without segregation prob-
ems by using the manufacturing technique for pellet-containing
SDRC.
Furthermore, since the poor formability core is completely

urrounded by the good formability ingredients of the outer
ayer, the tablets are superior in abrasiveness to conventional
hysically mixed tablets (Ozeki et al., 2003c).

. Results and discussion

.1. Evaluation of flowability and formability of model
ellets

This study evaluated whether a formulation containing a large
mount of pellets can actually be tableted. We chose model
ellets with poor formability, which makes the tableting pro-
ess difficult, and with high flowability, which makes them
ore likely to spread during the manufacturing process. This
eans that the model pellets would retain a nearly consistent low

ormability and high flowability even when tableted at increased
ompression pressure. Since we chose the pellets based on these
equirements, we performed no evaluation of their destruction
er se by compression.

The basic characteristics of the model pellets are presented
n Table 1. The particle diameter for D50 was 562 �m, with
low angle of repose and compressibility, and the flowability

etermined from the Carr index was very good. The formability
f pellets is described in the next section.

.2. Prediction of the number of layers of model pellets

Evaluation of the filling volume of pellets by mass makes it
ifficult to compare formability due to changes in parameters
uch as tablet diameter. This means that even with the same
ass of pellets, a monolayer is likely to be more advantageous

n terms of formability than multiple layers. Then, this study
et the criteria for evaluating filling volume as the number of
ayers the pellets formed in the compressed tablets. Assuming for
ngle of repose (◦) 25
ulk density (g cm−3) 0.886
ap density (g cm−3) 0.993
ompressibilty (%) 5
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Fig. 3. Effects of thickness of the outer punch on maximum number of layers
and maximum pellet filling volume. (©) Maximum pellet filling volume and
(�) maximum number of layers. A center punch 6 mmϕ and outer punch 7,
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ig. 2. Relationship between pellet mass and maximum number of layers. Each
ine indicates the diameter of the center punch.

.3. Effects of thickness of outer punch on pellet filling
olume

Since OSDRC are prepared by a double-punch system, the
hape of the punches determines the shape of the final tablets.
heoretically, the diameter of the center punch is equivalent to

he diameter of the core portion, and the outer diameter of the
uter punch is equivalent to the diameter of the final tablets. In
ther words, the thickness of the outer punch is equivalent to one
alf of the difference between the diameter of the center punch
nd outer diameter of the outer punch.

Then we fixed the diameter of the center punch at 6 mm and
valuated the maximum number of layers using an outer punch
ith a thickness of 0.5, 1.0, or 2.0 mm. In this study, the num-
er of cumulative layers (filling volume) on the destruction of
ompressed tablets or on exposure of the pellets at the surface of
he tablets, was defined as the maximum number of layers. The
esults are shown in Fig. 3. An outer punch of 0.5 mm formed
hree layers, exhibiting a filling rate of just 35%, whereas one
f 2.0 mm formed 40 layers or more, yielding a filling rate of
0% or more. This clarified that thicker outer punch results in
ncreased filling volume and a greater number of layers. How-
ver, it was not clear whether the first target, a filling volume

ate of 50% or more, could be achieved with an outer punch of
.5 mm.

Here, we discuss the pellet filling system. The pellet com-
ressing process when tableting OSDRC is performed by

t
l
m
s

Fig. 4. Images of pellets spreading within a tabl
, or 10 mmϕ were used. Each sample was prepared with the pre-compression
ressure set at 100 MPa and the final compression pressure set at 60 MPa for
ableting.

ushing up the pellets for the core into the die filled with the
owder for the outer layer. As illustrated in Fig. 4, pellets with
ood flowability may be elevated through the powder in the die
hen pushed up. Since the pellets being pushed up are natu-

ally pressed down by the powder in the die, they spread in a
one shape within the powder. Thus, thinner outer punches cre-
te less space for the pellets to spread in a cone shape. Fig. 5
resents a lateral picture of a tablet exceeding the maximum
umber of layers. The pellets exude from on the lower lateral
urface of the tablet. The same trend was observed in all samples.
his suggested that the pellets spread in a cone shape within the

ablets.
When the pellets spread in a cone shape, the powder present

n the outer punch is either transferred to another space or com-
ressed toward the periphery of the outer punch. Since the same
henomenon was observed with 0.5 and 2.0 mm punches, the
.0 mm punch may have created a denser of outer layer on the
ateral surface than the 0.5 mm punch. As a result, at tableting,
he pellets were transferred in the horizontal direction (toward

he side of the tablets), but the increased density of the outer-
ayer powder with the 2.0 mm punch may have enabled 40 or

ore layers to form without the pellets being exposed from the
ide of the tablets.

et in the core pellet compressing process.
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Subsequently, we fixed the outer punch’s thickness at 1 mm
ig. 5. Sample tablets with pellets exuding from the side. The white on the side
f the tablet is diluent, while the colored particles dotted on the lower surface
re pellets.

.4. Relationship between the thickness of the outer punch
nd of the outer layer of compressed tablets

If the pellets actually spread in a cone shape, the thickness
f the outer layer of the compressed tablets should be less than
hat of the outer punch. Then, we measured the thickness of the
uter layer on the lower side of samples prepared with the outer
unches 0.5, 1.0, and 2.0 mm in thickness. The results are shown
n Fig. 6. The thickness of the outer layer of the actual tablets
as almost unchanged with the outer punch of 0.5 mm, whereas

t was reduced about one half with the outer punches 1.0 and
.0 mm in thickness. These results confirmed the consolidation
f the outer layer is ingredients with the movement of the pellets
nd clarified that thinner outer punches yield less consolidation
f the outer layer powder, whereas thicker outer punches pro-
ote consolidation of the outer layer powder. Such phenomena

ay not only prevent the pellets from exuding from the side

f tablets but also positively affect the strength of tablets after
ableting.

ig. 6. Relationship between the thickness of outer punches and actual thickness
f outer layer of tablets. (©) Thickness of outer punch; (�) thickness of outer
ayer of actual tablets.
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The actual tablet compressed by the outer punch 1 mm in
hickness presented an outer layer 0.54 mm thick, with a pel-
et content of 50.5%, which met the first of our targets. It was
uggested that upon the manufacture of tablets with a greater
umber of layers (higher content) using OSDRC technology,
f the final product is to be 9 mm in diameter, setting the cen-
er punch (core diameter) at 7 mm rather than 8 mm results in
ablets containing a larger amount of pellets.

.5. Effect of differences in formability of pellets on filling
olume

When the pellets are pushed up into the die during the man-
facturing process, the cone-shape spread of pellets may be
ffected by: (1) the speed of the punch and (2) formability of
he pellets. Since the speed with which the pellets are pushed up
s kept constant in actual tableting, here we focused on forma-
ility for evaluation of the relationship between the formability
nd filling volume of pellets. In the manufacture of OSDRC,
re-compression is performed before the final compression on
he core. We prepared core pellets with different formabilities
y using various pressures for the pre-compression.

The radial tensile strength was measured in the core pel-
ets prepared at various compression pressures. The results are
hown in Fig. 7. With increased compression pressure, the radial
ensile strength increased. This is because a larger compression
ressure increases the contact area among the pellets due to
earrangement of the pellets, thereby increasing the inter-pellet
rictional force. However, the tensile strength determined in this
tudy was about 2 kPa at maximum, at which the pellets fall
part if they come into contact with any object, and cannot be
andled at all.
nd the center punch’s diameter at 6 mm and examined to what
xtent varying the compression pressure applied to the core
ellets would change the maximum number of layers. Finally,

ig. 7. Relationship between the core pellets and tensile strength at different
re-compression pressures. Center punch: (©) 5 mm, (�) 6 mm, (�) 7 mm, (�)
mm and (×) 9 mm Data are expressed as the mean ± S.D. of three runs.
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Fig. 8. Effect of pre-compression pressure on the maximum number of layers
for the core pellets. A center punch 6 mmϕ and outer punch 8 mmϕ were used.
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Fig. 9. Plastic deformation parameters of core pellets prepared at different
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4.6. Effects of tablet diameter on pellet filling volume

In order to examine the effects of core diameter on pellet
filling volume, using the outer punch 1 mm in thickness, we
ach sample was prepared with a pre-compression pressure of 0, 50, 100, 150,
r 200 MPa and a final compression pressure set at 50 MPa for tableting.

he compression pressure to form tablets was determined to be
0 MPa. The results are shown in Fig. 8. At 0–100 MPa, the max-
mum number of layers increased together with the compression
ressure. On the other hand, pressures exceeding 100 MPa all
esulted in nine layers. Increasing the compression pressure
ncreased the formability of pellets, thereby making the material
ess likely to exude. On the other hand, at �100 MPa, despite
n increase in formability (see Fig. 7), the number of layers
id not increase. The higher the compression pressure is, the
ore formability is increased, but at the same time, the elastic

ecovery of the pellets increased, which may make them more
usceptible to destruction. Then, to investigate the effects of
ompression pressure on the physical properties of the pellets,
e measured the stress relaxation and elastic recovery rate of

he pellets. Fig. 9 shows constants a and b in the stress relaxation
rocess under each compression pressure. In general, constant
represents stress relaxation for an infinite period of time.
As the compression pressure increased, constant a decreased.

his suggested that when the core pellets are pressed tightly,
lastic deformation takes place. On the other hand, constant b
as evaluated as 1/b. Yamada and Hirosue (1984, 1987) have

eported a good proportional relationship between 1/b and ten-
ile strength. Also in this experiment, a good correlation was
ound between increases in 1/b and tensile strength, and the
tress relaxation process also supported a relationship between
ompression pressure and formability of pellets.

Elastic recovery rates are given in Fig. 10. As compression
ressure increased, the elastic recovery rate increased, and the
ellets exhibited reversible elastic deformation. The results of
he previous stress relaxation study suggested that increasing the
ompression pressure resulted in more frequent plastic defor-

ation of the pellets, but taking the results shown in Fig. 10

nto consideration, this may be due to filling and deformation
ttributable to the rearrangement of particles, which were within
he elastic area. Therefore, the formability may have resulted

F
c
r
c

re-compression pressures. An amount equivalent to eight layers was used to
erform a stress relaxation study for 1200 s after maximum stress. (©) 1/b; (�)
onstant a.

rom deformation due to rearrangement of the pellets and associ-
ted increases in the contact area and inter-pellet frictional force.
ased on the above, as the compression pressure increased, the

ormability of the pellets increased, but at the same time, the
lastic energy of the pellets increased, and as a result, the value
or the maximum number of layers did not increase linearly due
o the spread of pellets with pushing up and associated exuding
rom the side of tablets.
ig. 10. Elastic recovery rates of core pellets prepared at different pre-
ompression pressures. A amount equivalent to eight layers was used and
emoved after compression at a certain pressure to measure the height of the
ore pellets.
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Fig. 11. Effects of tablet diameter on pellet filling volume. An outer punch 1 mm
thick was used. Each sample was prepared with the pellet pre-compression set
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valuated the center punches 5–9 mm in diameter, i.e. for a tablet
anging in diameter from 7 to 11 mm. At the same time, we also
valuated different compression pressures on the core pellets
quivalent to that of the pre-compression process.

The results are shown in Fig. 11. With a pre-compression
ressure on the center core pellets of 0 and 50 MPa, no variation
as found in the maximum number of layers according to the

ore diameter. On the other hand, at compression pressures of
100 MPa, with the core punch of �7 mm, there was a trend

oward a increased maximum number of layers. This may be
ecause of the effects of friction between the pellets and outer
unch wall during in the manufacturing process as the pellets are
ushed up into the die. The pressure on the wall of the powder
ayer can be explained by Janssen’s equation, but the smaller cen-
er punch caused greater wall surface friction, thereby leading
o the significant spread of pellets. In contrast, larger diameters

ay cause less friction, resulting in a larger number of layers.
he reason why the pre-compression pressure of 0 and 50 MPa
howed no such trend was that in the absence of or at low com-
ression, the pellets were less likely to be affected by the outer
unch wall’s surface.

. Conclusions

This study revealed the following findings:

1) OSDRC technology enabled us to prepare capsule-like
tablets containing pellets of 50 wt% or more.

2) For filling tablets with large amounts of pellets, the sizes
of the center punch and outer punch are important factors.
For the manufacture of tablets with a greater number of lay-

ers, an outer punch with a thickness of >1.0 mm rather than
0.5 mm was suitable. We concluded that this was because the
core pellets spread in a cone shape within the compressed
tablets at filling, and a certain amount of physical space and

O

O
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particle density of diluents are required to prevent the pellets
from exuding from the compressed tablets.

3) The formability of core pellets affects the maximum number
of layers of pellets, and greater formability is advantageous.
However, it was clarified that pellets with very poor forma-
bility (tensile strength of �2 kPa) could be tableted.

4) The number of layer of pellets depends on both the thickness
of the outer punch and center punch diameter. The outer
punch needs to be at least 1.0 mm thick as mentioned above.
With regard to the center punch diameter, a large diameter,
such as�7 mm, yielded a larger maximum number of layers.
This may be because of the friction between the pellets and
punch wall’s surface.

5) The results above suggested that tablets containing pellets
could be prepared by an approach different from conven-
tional ones. We will continue to examine those pellets
damage to which may affect the dissolution profile such
as coated pellets, but other pellets can probably be tableted
using this technology.
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