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The aim of this study was to investigate the feasibility of coated pellet formulation by high shear mixing
of drug pellets and polymer particles without solvent or heat. First, drug-layered pellets were prepared by
high shear mixing of drug crystals and sugar-cellulose pellets. Second, aqueous methyl methacrylate and
diethylaminoethyl methacrylate copolymer latex was solidified by freeze drying to produce dry latex
comprising colloidal polymer. Finally, the resulting pellets and latex were exposed to high shear mixing,
and the obtained coated pellets were characterized. The freeze-dried latex exhibited high coating perfor-
mance due to its fragile characteristics, which were due to the lack of close contacts between the colloids.
This latex was easily pulverized by high shear mixing with the pellets, and the resulting fragments were
then deposited on the surface of the pellets. We examined additional coatings: after high shear mixing of
the drug-layered pellets and latex particles, fresh latex was added and mixed with the coated pellets. This
process provided coated pellets with thick and dense polymer layers, which could suppress initial drug
release after annealed at 80 °C for 6 h. The dissolution was dependent on the coating thickness, which
was determined by controlling the amount of coated polymer.
© 2025 The Society of Powder Technology Japan. Published by Elsevier BV and The Society of Powder
Technology Japan. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
1. Introduction

Multi-particulate dosage forms including pellets and mini-
tablets have advantages over single-unit dosage forms including
tablets and capsules as small particulates distribute more evenly
over the gastrointestinal tract compared to large dosage forms,
reducing the variation in bioavailability as well as the risk of toxi-
city due to dose dumping [1,2]. Furthermore, multi-particulate for-
mulations are easily swallowed and exhibit high flexibility of doses
due to the small size of one unit and are popular dosage forms for
pediatric medicine [3,4]. These dosage forms are usually subjected
to coating processes for protection, taste masking, and controlled
release of drug compounds [5]. In pharmaceutical manufacturing,
wet coating processes are most popular and include spray coating
of polymer solution or suspension onto solid dosage forms using
pan coaters or fluidized bed coaters [6]. In contrast, dry coating
processes are less common but have an advantage over liquid-
based approaches in terms of solventless processing. Eliminating
the use of solvents (such as water and ethanol) can reduce process-
ing time due to no need for drying, energy costs required for sol-
vent evaporation, and solvent waste generated in manufacturing
processes [7–9]. Therefore, solventless processes can minimize
costs and environmental impacts caused by pharmaceutical manu-
facturing and hold promises as economical as well as sustainable
approaches. Furthermore, since toxicity generation due to residual
solvent is avoided [10], coating processes without the use of sol-
vent exhibit high safety and are likely preferable for pediatric med-
icine preparation [3].

Solventless coating approaches have been developed, such as
compression coating, hot-melt coating, supercritical fluid coating,
and dry powder coating [7]. Dry powder coating techniques are
more common than other methods and involve the coating of solid
dosage forms with polymer particles under dry conditions [8,11].
In these approaches, enhancing adhesiveness of the polymer is
essential for its deposition on the surface of pellets and tablets
without the use of solvent [11] and can be achieved by co-
spraying of liquid plasticizer, utilizing the thermal plasticity of
the polymer, and mechanical stress [8,11,12]. Plasticizer-assisted
coating includes the deposition of polymer particles by co-
spraying the liquid plasticizer with high adhesiveness [13–21].
Also, plasticizer-assisted coating using electrostatically charged
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polymers (called electrostatic powder coating) has been developed
[22–28]. These techniques are usually categorized as dry coating
methods as the amount of solvent usage is far smaller than in
wet coating processes, despite incomplete solventless approaches
due to the need for liquid plasticizer. In contrast, thermal adhesive
coating is an alternative technique without the use of solvent and
includes the deposition of softened polymer particles under heat
[29–33]. Mechanical powder coating also requires no solvent and
involves the formation of ordered mixture mainly through van
der Waals forces by mixing large host particles and small guest
particles with a high-intensity processor [12]. This approach has
advantages over both plasticizer-assisted coating and thermal
adhesive coating due to no requirement for solvent and/or heat,
but was originally utilized for surface modification without the
deposition of coating materials such as glidants and lubricants to
improve flowability and wettability of particulates [34]. More
recently, the deposition of polymer particles using mechanical
stress has been investigated for the preparation of controlled-
release formulations requiring polymeric encapsulation [35–39].
In this approach, wax compounds (comprising high molecular
weight alcohols and fatty acids) are typically selected as coating
polymers as they can spread easily over the surface of core mate-
rials under mechanical stress due to their high deformability. How-
ever, since the solubility of the waxes is pH-independent, it is
difficult to produce gastrosoluble and enteric formulations by
wax coating [40]. Furthermore, wax-based products tend to exhibit
low stability during storage due to temperature sensitivity of the
waxes [41]. In contrast, cellulose derivatives and polymethacry-
lates are widely used as coating polymers for controlled-release
formulations in conventional wet and dry coating processes
[8,11,42], but are not suitable for mechanical powder coating due
to their lower deformability than waxes. To utilize these polymers
in the mechanical process, the design of dry-latex particles with
easily disintegrating characteristics was recently investigated.
The dry latex could be obtained by freeze drying of aqueous poly-
methacrylate latex comprising a colloidal polymer. The particles
obtained were easily pulverized by mixing with core materials
under mechanical stress, and then the resulting fine fragments
were deposited on the surface of the cores due to the high adhe-
siveness of the colloids [43–46]. Mechanical powder coating of
ethylcellulose could be achieved using the same approach [47].
High-intensity processors including mechanofusion and hybridiza-
tion systems are required in these methods [12], but are less com-
mon in the pharmaceutical industry due to low productivity as
well as the lack of reports on scale-up.

To expand the applicability of these approaches in pharmaceu-
tical manufacturing, we investigated the feasibility of mechanical
powder coating using conventional mixers widely used in the
pharmaceutical industry, instead of high-intensity processors
based on mechanofusion or hybridization systems. Previously, we
succeeded in the preparation of coated tablets with immediate-
release and sustained-release characteristics by V-shaped blending
of tablets and polymer particles [48,49]. In contrast, to our knowl-
edge, mechanical powder coating for multi-particulate dosage
forms using a conventional mixer have not been investigated yet.
Therefore, in the current study, we aimed to investigate the feasi-
bility of this approach for the preparation of coated pellets. A high
shear mixer is commonly used as a mixer/granulator in the phar-
maceutical industry and was employed as a dry coater, since a high
shear mixer was available in solventless drug pelletization involv-
ing high shear mixing of drug crystals and inactive core pellets
[50–52]. The aqueous latex of methyl methacrylate and diethy-
laminoethyl methacrylate copolymer with gastrosoluble charac-
teristics for immediate release and taste masking was solidified
by freeze drying to obtain dry-latex particles, which were available
in solventless tablet coating using a V-shaped blender, as previ-
2

ously reported [48]. Thus, this polymer was used as a coating
material in the current study. First, drug-layered pellets were pro-
duced by high shear mixing of sugar-cellulose pellets and acetami-
nophen crystals without using solvent or heating. Second, dry-
latex particles were prepared by freeze drying of the aqueous latex.
The dry latex produced by spray drying is commercially available
and was used as a reference. Finally, the resulting pellets and latex
particles were exposed to high shear mixing under various condi-
tions, and the coated pellets obtained were then characterized
using particle analytical techniques as well as dissolution testing.
To identify effective coating approaches, we examined high shear
mixing using various impeller speeds, mixing times, and polymer
ratios, as well as additional coating treatments.
2. Materials and methods

2.1. Materials

Acetaminophen (AAP) (Tokyo Chemical Industry Co., Ltd.,
Tokyo, Japan) was used as the model drug. Sugar-cellulose pellets
(SCP) (NONPAREIL-105, size fraction: 106–212 lm, Freund Corpo-
ration, Tokyo, Japan) were used as core particles and hydrophilic
fumed silica (SiO2) (AEROSIL200, Nippon Aerosil Co., Ltd., Tokyo,
Japan) was used as a glidant. Aqueous latex (AL) of methyl
methacrylate and diethylaminoethyl methacrylate copolymer
(Kol) (Kollicoat Smartseal 30D, BASF Japan Ltd., Tokyo, Japan) and
commercially available particles of Kol (Kollicoat Smartseal 100P,
BASF Japan Ltd., Tokyo, Japan) were used as coating materials.
The polymer exhibits gastrosoluble characteristics and is available
for immediate release and taste masking. Other chemicals and sol-
vents were analytical reagent grade (purity: >99.5 %).

2.2. Preparation of drug-layered pellets by high shear mixing

Drug-layered pellets (DLP) were prepared as described in a pre-
vious paper [50]. Briefly, AAP crystals (20 g) and SiO2 (1 % of the
AAP weight) were premixed using a polyethylene bag, then the
mixture and SCP (200 g) were placed in a high shear mixer (MM-
10, Okada Seiko Co. Ltd., Tokyo, Japan) equipped with a cylindrical
vessel attached to a jacket (vessel volume: 1 L and inside diameter:
115 mm) and a two-bladed impeller (rotating radius: 54 mm). All
ingredients were premixed at an impeller speed of 200 rpm for 30
sec and then mixed at an impeller speed of 2000 rpm for 30 min to
obtain DLP.

2.3. Preparation of polymer particles for dry coating

After the solid content of Kol AL was fixed to 10 % by diluting it
with purified water, the diluted AL was poured into a stainless-
steel tray up to 5 mm in liquid height and placed in a freeze dryer
(FD-550, Tokyo Rikakikai Co., Ltd., Tokyo, Japan). The AL was frozen
at –30 °C for 2 h and then sublimated under vacuum at a shelf tem-
perature of 20 °C for 24 h. The atmospheric pressure inside the drying
chamber reached less than 7 Pa after sublimation for 24 h. The result-
ing freeze-dried cake was deagglomerated by passing through a 100-
mesh screen (opening: 150 lm) to obtain dry latex (DL), which was
designated Kol-FD DL. Commercially available DL of Kol is produced
by spray drying of Kol AL and was designated Kol-SD DL. Kol-FD DL
and Kol-SD DL with a size fraction of less than 150 lm were sub-
jected to dry coating processes as well as characterization.

2.4. Dry coating by high shear mixing

DLP (100 g) and Kol-FD DL (10 g, 20 g, 30 g) or Kol-SD DL (10 g)
were placed in the same high shear mixer as described in
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Section 2.2. After premixing at an impeller speed of 200 rpm for 30
sec, all ingredients were mixed using impeller speeds of 1000 rpm,
1500 rpm, 2000 rpm andmixing times of 10 min, 30 min, 60 min to
obtain coated pellets (CP). The jacket temperature was maintained
at a constant 25 °C using a thermostat circulator (NCB-1200, Tokyo
Rikakikai Co., Ltd., Tokyo, Japan) throughout the treatment. Sample
names of the obtained CPs are summarized in Table 1.

Additional coating treatments were conducted as follows. After
DLP (100 g) and Kol-FD DL (10 g) were mixed for 30 min using an
impeller speed of 2000 rpm, fresh Kol-FD DL (10 g) was added in
the mixer and mixing continued in the same manner as the pellets
obtained in the first run. This additional process was conducted
once or twice. CPs produced by one and two additional coatings
were designated CP10+10% and CP10+10+10%, respectively.

2.5. Scanning electron micrography

DLP, CPs, Kol-FD DL, and Kol-SD DL were fixed on a stage with
double-faced carbon tape, then were coated with platinum using
a sputtering instrument (JEC-3000FC, JEOL Ltd., Tokyo, Japan) at a
sputtering current of 30 mA for 180 sec (DLP and CPs) and 240
sec (Kol-FD DL and Kol-SD DL). The morphologies and surfaces of
the samples were observed using a scanning electron microscope
(JSM-IT100LA, JEOL Ltd., Tokyo, Japan) with a working distance of
10 mm and an accelerating voltage of 4 kV (magnifications less
than 20000×) and 10 kV (20000× magnification).

2.6. Particle size characterization

DLP and CPs were suctioned using a vacuum and placed in a
laser diffraction scattering particle size analyzer (LMS-2000e,
Seishin Enterprise Co. Ltd., Tokyo, Japan). Kol-FD DL and Kol-SD
DL were dispersed at a compression pressure of 0.2 MPa and were
placed in the analyzer. Particle size distribution based on volume
of the samples was measured to determine the representative par-
ticle diameters; D10, D50, D90 correspond to the diameters of the
samples at 10 %, 50 %, 90 % of the cumulative size distribution,
respectively. This measurement was repeated three times. Span
value represents the width of particle size distribution and was cal-
culated using Eq. (1):

Span
D90 D10

D50
1

2.7. Determination of coating efficiency

To remove free (uncoated) polymer particles from the pellets,
0.5 g of CPs was subjected to a sieving treatment using an air-jet
instrument (SAM-75, Seishin Enterprise Co. Ltd., Tokyo, Japan)
under the following conditions: screen diameter, 75 mm; screen
opening, 106 lm (150 mesh); suction pressure, –1.5 kPa; sieving
Table 1
Formulations and coating conditions.

Kol-FD CP Kol-SD CP CP1000R CP1500R

Formulations
DLP (g) 100 100 100 100
Kol-FD DL (g) 30 – 30 30
Kol-SD DL (g) – 30 – –

Coating conditions
Impeller speed (rpm) 2000 2000 1000 1500
Mixing time (min) 30 30 30 30
Jacket temperature (°C) 25 25 25 25

a CP2000R, CP30M, CP30% are the same samples as Kol-FD CP.
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time, 30 sec. A 30 mg portion of the sample remaining on the
screen was dissolved in exactly 100 mL of purified water, then
the solution obtained was passed through a PTFE membrane filter
(DISMIC-13HP, pore size: 0.45 lm, Advantec Toyo Kaisha Ltd.,
Tokyo, Japan). The AAP concentration in the filtrate was assayed
with a UV spectrometer (U-2900, Hitachi High-Tech Corporation,
Tokyo, Japan) using a wavelength of 244 nm to determine the drug
content of the pellets. Assuming that the weight ratio of AAP to SCP
included in DLP remains constant before and after high shear mix-
ing with the polymer, the polymer content of the pellets was esti-
mated using Eq. (2):

Polymer content 100 1
DCDLP

DCCP
2

where DCDLP and DCCP are the drug contents of DLP and CPs, respec-
tively. The coating efficiency of the polymer was defined as the ratio
of the estimated polymer content to the theoretical polymer con-
tent (i.e., the weight ratio of Kol-FD DL or Kol-SD DL to the total
weight of DLP and the polymer charged in the mixer).

2.8. Dissolution test

CPs were scattered on a silicon sheet without contacts between
the pellets and stored at 80 °C for 6 h in a thermostat chamber
(DRA630DFA, Advantec Toyo Kaisha Ltd., Tokyo, Japan), as previ-
ously reported [53]. After this annealing treatment, dissolution
tests of the pellets collected were conducted with a dissolution tes-
ter (NTR-3000, Toyama Sangyo Co. Ltd., Osaka, Japan) using the
paddle method according to the Japanese Pharmacopoeia 17th edi-
tion. The test medium was 900 mL of the 2nd fluid (pH 6.8 phos-
phate buffer) at 37 ± 0.5 °C and the paddle rotation speed was
50 rpm. After the sample corresponding to 30 mg of the AAP
weight was placed in the test medium, 0.5 mL aliquots of the med-
ium were collected at predetermined time intervals (0, 1, 3, 5, 7,
10, 15, 20, and 30 min) and were replaced with fresh medium. Each
aliquot was passed through a PTFE membrane filter (DISMIC-13HP,
pore size: 0.45 lm, Advantec Toyo Kaisha Ltd., Tokyo, Japan) and
the filtrate was injected into the HPLC system (LC-20, Shimadzu
Co., Ltd., Kyoto, Japan). The HPLC conditions of the AAP assay were
as follows: column, reverse-phase column (Inertsil ODS-3, 5 lm, 4.
6 × 150 mm, GL Sciences Inc., Tokyo, Japan); mobile phase, a mix-
ture of KH2PO4 solution (0.05 mol/L, pH 4.7)/methanol (4:1); flow
rate, adjusted to provide an AAP retention time of around 5 min;
measurement wavelength, 244 nm.

2.9. Characterization of dry-latex particles

2.9.1. Measurement of bulk density
Kol-FD DL and Kol-SD DL were each gently dropped into a 5-mL

graduated cylinder through a 60-mesh screen (opening: 250 lm)
using a powder characteristics analyzer (MT-1001k, Seishin Enter-
prise Co. Ltd., Tokyo, Japan). After the cylinder was filled, the par-
CP2000Ra CP10M CP30Ma CP60M CP10% CP20% CP30%a

100 100 100 100 100 100 100
30 30 30 30 10 20 30
– – – – – – –

2000 2000 2000 2000 2000 2000 2000
30 10 30 60 30 30 30
25 25 25 25 25 25 25

move_t0005
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ticles overflowing from the cylinder were removed and the weight
of the filled sample was measured to determine bulk density.

2.9.2. Determination of specific surface area
Kol-FD DL and Kol-SD DL (approximately 100 mg, with a surface

area greater than 1 m2) were each placed in bulb-type glass cells
and were dried under vacuum at 20 ± 5 °C for at least 3 h. The sam-
ples were allowed to adsorb Ar gas in liquid nitrogen (77 K) at five
relative pressures ranging from 0.1 to 0.3 using a gas adsorption
instrument (NOVA 600, Anton Paar Japan K.K., Tokyo, Japan). The
data collected were fit to the BET equation to determine the surface
area per weight.

2.9.3. Single-particle compression test
A single particle of Kol-FD DL or Kol-SD DL with a diameter

ranging between 50 lm and 100 lm was placed on a stage and
was compressed using a flat-face plunger at a fixed speed of
5 lm/sec, utilizing a particle hardness tester (NEW GRANO, Okada
Seiko Co. Ltd., Tokyo, Japan). The data of compression load and dis-
tance were collected during the test to draw a compression load vs
distance curve. This test was repeated five times.
3. Results and discussion

3.1. Investigation of solventless-mixing particle coating by high shear
mixing

The current study aimed to investigate the feasibility of coated
pellet formulation by high shear mixing of drug pellets and poly-
mer particles without using solvent or heating. First, sugar-
cellulose pellets (SCP) and AAP crystals were mixed at a weight
ratio of 10:1 using a high shear mixer to provide drug-layered pel-
lets (DLP). Second, the aqueous latex (AL) of Kol was solidified by
freeze drying to produce the dry latex (DL) of Kol (designated
Kol-FD DL). The spray-dried DL (designated Kol-SD DL) is commer-
cially available and was used as a reference. Finally, DLP and either
Kol-FD DL or Kol-SD DL at a weight ratio of 10:3 were exposed to
high shear mixing at an impeller speed of 2000 rpm and a mixing
time of 30 min to produce coated pellets (CP), and the obtained CPs
were then characterized.

Morphologies and surfaces of DLP, Kol-FD CP, and Kol-SD CP are
shown in Fig. 1. DLP exhibited spherical granules layered with drug
particles of around 1 lm in diameter, almost identical to DLP pro-
duced by high shear mixing of cellulose spheres and AAP crystals,
as previously reported [50]. Kol-FD CP contained spherical granules
derived from DLP as well as a small number of fine particles and
the resulting pellets were covered with agglomerates comprising
tiny particles. As shown in Fig. 2, Kol-FD DL exhibited plate-like
particles, in which polymer colloids of around 100 nm in diameter
assembled. The plates of Kol-FD DL were not observed in Kol-FD CP
(see Fig. 1), indicating that this DL was pulverized by high shear
mixing with DLP, and the micronized particles were then deposited
on the surface of the pellets. As shown in Table 2, the diameters of
Kol-FD CP were larger than those of DLP, indicating no breakage of
the pellets by high shear mixing as well as the coating of polymer
particles on the surface of the pellets. In contrast, Kol-SD CP con-
tained pellets derived from DLP as well as round particles finer
than the pellets (see Fig. 1), leading to smaller diameters as well
as a higher span value of Kol-SD CP compared to DLP (see Table 2).
As shown in Fig. 2, Kol-SD DL exhibited spheroidal particles com-
prising colloidal polymer. Numerous fragments of the DL were
observed in Kol-SD CP (see Fig. 1), indicating that Kol-SD DL was
less pulverized and deposited on the surface of the pellets by high
shear mixing. Nevertheless, the surface of the resulting pellets was
covered with the colloidal polymer, similar to Kol-FD CP, as some
4

Kol-SD DL became small enough to cover the pellets. To estimate
the polymer weight fixed on the surface of the pellets, free (de-
tached) polymer particles were removed by air-jet sieving of Kol-
FD CP and Kol-SD CP, and the drug content of the pellets remaining
on the screen was determined. Assuming that the weight ratio of
AAP to SCP included in DLP remains constant before and after high
shear mixing, the polymer content of the pellets can be estimated
from the drug content. Furthermore, the coating efficiency of Kol-
FD DL and Kol-SD DL was defined as the ratio of the estimated
polymer content to the theoretical polymer content (the weight
ratio of Kol-FD DL or Kol-SD DL to the total weight of DLP and
the polymers charged in the mixer). These values are shown in
Table 2. The drug content of Kol-FD CP was lower than that of
Kol-SD CP; i.e. Kol-FD CP was coated with more polymer particles
compared to Kol-SD CP, indicating higher coating efficiency of
Kol-FD DL. Meanwhile, the D10 value of Kol-SD CP was less than
106 lm, corresponding to the opening size of the screen used in
the air-jet treatment, indicating that large polymer particles
included in Kol-SD CP were not removed by air-jet sieving. Thus,
the polymer content of Kol-SD CP did not reflect the amount of
coated polymer accurately and the true coating efficiency of Kol-
SD DL could be lower than 29.7 %. Next, to examine the suppres-
sion of initial drug release due to film formation of coated polymer,
Kol-FD CP and Kol-SD CP were annealed at 80 °C for 6 h, as
described in a previous study [53] and were subjected to dissolu-
tion tests. These results are shown in Fig. 3. Also, to clarify initial
drug release characteristics of the samples, dissolution rates at dis-
solution times of 1 min and 5 min (designated D1min and D5min,
respectively) are shown in Table 2. The dissolution rate of DLP
was over 95 % within a dissolution time of 1 min, indicating rapid
drug release due to the lack of coating treatments. Kol-SD CP
exhibited about the same release profile as DLP, suggesting that
the coating of Kol-SD DL on the pellets was not enough to suppress
drug release. In contrast, Kol-FD CP exhibited a slower release rate
than DLP and its D1min value was four times less than that of DLP.
According to the FIP/AAPS guidelines [54], a typical criterion for
taste masking in dissolution tests is a dissolution rate of less than
10 % within a dissolution time of 5 min. Nevertheless, since the
taste intensity of the drug is dependent on the bitter threshold
and administration dosage, the criterion of dissolution profiles
should be determined based on the characteristics of the drug.
For example, in a formulation of orally disintegrating tablets
including famotidine, the criterion for taste masking was a dissolu-
tion rate of less than 30 % within a dissolution time of 1 min [55].
Thus, we can state that the coating using Kol-FD DL has the poten-
tial for taste masking due to the initial release suppression of the
drug compared to Kol-SD DL, although dissolution testing under
conditions approaching the realistic situation in the mouth is
required to evaluate taste-masking performance more accurately
[56]. The surfaces of annealed Kol-FD CP and Kol-SD CP are shown
in Fig. 4. Both Kol-FD CP and Kol-SD CP exhibited surfaces on which
polymer particles coalesced by annealing, while Kol-FD CP exhib-
ited larger polymer content and initial drug release suppression
than Kol-SD CP, as discussed above, indicating the formation of
thick polymer films by the coating using Kol-FD DL. Therefore,
Kol-FD DL exhibits higher coating performance than Kol-SD DL in
the coating process.

Previously, we reported that the pulverization of polymer parti-
cles during solventless coating processes using a mechanical pow-
der processor as well as a V-shaped blender is a key factor to cause
the deposition of the polymer on the surface of core materials
[44,48,49]. This is because polymer particles with a loose structure
are easily pulverized by colliding with core particulates (such as
pellets and tablets) in the processes and the resulting fine polymer
is deposited on the surface of the cores due to their high adhesive-
ness, yielding thicker polymer layers that can suppress drug
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Fig. 1. Scanning electron micrographs of DLP, Kol-FD CP, and Kol-SD CP. Upper panels, 150× images and lower panels, 10000× images. Kol-FD CP and Kol-SD CP were
respectively produced by high shear mixing of DLP with Kol-FD DL and Kol-SD DL at a weight ratio of 10:3, using an impeller speed of 2000 rpm and a mixing time of 30 min.

K. Kondo, S. Mata and T. Niwa Advanced Powder Technology 36 (2025) 104829
release from the cores. Thus, to discuss the factors determining the
difference in the coating performance between Kol-FD DL and Kol-
SD DL, we tried to measure the diameters of the polymer particles
during high shear mixing, but it was difficult to separate the poly-
mer from the sample and the accurate data could not be collected.
Alternatively, to evaluate the grindability of these latexes, mechan-
ical characteristics were examined using a single-particle compres-
sion test to collect compression load vs distance profiles of a single
particle. As shown in Fig. 5, Kol-SD DL exhibited clear peaks in the
curve, indicating brittle fracture of the particles. Since the load at
the first peak corresponds to particle hardness of the sample, the
hardness of Kol-SD DL particles was more than 10 mN. The peaks
other than the first peak occurred due to the breakage of fragments
and the resulting fine fragments were further compressed, leading
to an increase in the load at around 50 lm. In contrast, Kol-FD DL
exhibited no peaks in the curve, suggesting that particle hardness
of Kol-FD DL was less than 1 mN of the detection limit. These
results indicate fragile characteristics of Kol-FD DL; i.e., this DL
was more destroyed under mechanical stress compared to Kol-
SD DL, supporting that Kol-FD DL was easily micronized by high
shear mixing with DLP (see Fig. 1). Consequently, Kol-FD DL with
fragile characteristics exhibited high coating performance due to
its high grindability, resulting in the pellets that could suppress ini-
tial drug release. As shown in Fig. 2, both Kol-FD DL and Kol-SD DL
exhibited agglomerates of colloidal polymer particles. In Kol-FD
DL, colloidal particles were individually observed, whereas the par-
ticles shown in Kol-SD DL were in close contact with each other.
The differences in particle structure between these DLs were con-
sistent with the data for specific surface area (see Table 3). Namely,
Kol-FD DL with higher specific surface area exhibited a loose struc-
ture due to less coagulation between polymer colloids as the speci-
fic surface area of agglomerates comprising colloidal particles
corresponds to the degree of coagulation between the colloids, as
suggested in a previous study [44,49]. In summary, from these
results, Kol-FD DL exhibited fragile characteristics due to the lack
of close contacts between the colloidal polymer and was easily pul-
5

verized by high shear mixing with DLP, and the resulting fine frag-
ments were then deposited on the surface of the pellets.

The fabrication of polymer layers as discussed above involves
adhesion of polymer particles to the surface of pellets covered with
drug and subsequent polymer deposition on pellets covered with
the polymer. In dry conditions, adhesive forces generated between
particle–particle include van der Waals forces as well as electro-
static forces. In common, since electrostatic interactions arise
between different particles with electrostatic charges, the polymer
adhesion based on interactions between polymer-drug is attributa-
ble to both van der Waals forces and electrostatic forces. On the
other hand, electrostatic interactions between like particles could
be generated when electrostatic charges vary from place to place
on the surface of a particle. Nevertheless, since the polymer used
in the current study is non-crystalline [57], its particle exhibits less
anisotropic characteristics than a particle comprising crystalline
polymer and has similar electrostatic charges regardless of aspects
of the particle. Thus, electrostatic forces contribute less to the poly-
mer deposition based on interactions between polymer–polymer.
Overall, van der Waals forces are considered to play a role in the
fabrication of the polymer layers.

3.2. Effects of operating conditions on the coating performance of Kol-
FD DL

Having shown that Kol-FD DL with fragile characteristics is
easily pulverized and deposited on pellets by high shear mixing,
it is obvious that operating conditions in the mixing processes (in-
cluding impeller speed and mixing time) affect the coating effi-
ciency of Kol-FD DL. First, to investigate the effects of impeller
speeds, DLP and Kol-FD DL at a weight ratio of 10:3 were exposed
to high shear mixing at various impeller speeds and a mixing time
of 30 min. The morphologies of CP1000R, CP1500R, and CP2000R
are shown in Fig. 6. In CP1000R and CP1500R, spherical granules
as well as numerous fragments with plate-like morphologies were
observed, consistent with very low D10 values of CP1000R and
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Fig. 2. Scanning electron micrographs of Kol-FD DL and Kol-SD DL. Upper panels, 150× images and lower panels, 20000× images. Kol-FD DL was produced by freeze drying of
aqueous Kol latex. Kol-SD DL is commercially available and is produced by spray drying of the latex.

Table 2
Particle and dissolution characteristics of DLP, Kol-FD CP, and Kol-SD CP.

DLP Kol-FD CP Kol-SD CP

Representative particle
diameters
D90

a (lm) 230.6 250.3 219.7
D50

a (lm) 169.0 183.1 158.3
D10

a (lm) 123.5 134.5 102.9
Spanb 0.634 0.632 0.738
Measured drug contentc (%) 8.09 ± 0.12 7.27 ± 0.02 7.42 ± 0.05
Estimated polymer contentc (%) – 11.30 ± 0.35 8.91 ± 0.74
Coating efficiencyc,d (%) – 37.7 ± 1.2 29.7 ± 2.5
D1min

c,e (%) 98.2 ± 1.1 24.0 ± 6.6 86.0 ± 4.1
D5min

c,e (%) 100.9 ± 0.7 67.8 ± 3.3 98.3 ± 1.5

a D10, D50, D90 correspond to the diameters of the samples at 10%, 50%, 90% of the
cumulative size distribution, respectively.

b Span = (D90 – D10)/D50.
c Each value indicates the mean ± S.D. (n = 3).
d Coating efficiency is defined as the ratio of the estimated polymer content to the

theoretical polymer content.
e D1min and D5min represent dissolution rates at dissolution times of 1 min and

5 min, respectively, determined in the dissolution tests of CPs annealed at 80 °C for
6 h.

Fig. 3. Drug release profiles of Kol-FD CP and Kol-SD CP annealed at 80 °C for 6 h,
and DLP. Each point indicates the mean ± S.D. (n = 3). ×, DLP; ◆, Kol-FD CP; , Kol-
SD CP. Kol-FD CP and Kol-SD CP were respectively produced by high shear mixing of
DLP with Kol-FD DL and Kol-SD DL at a weight ratio of 10:3, using an impeller speed
of 2000 rpm and a mixing time of 30 min.
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CP1500R (see Table 4), indicating separation of the pellets and
polymer particles. With an impeller speed of 2000 rpm, plates
derived from Kol-FD DL were hardly observed.

The polymer amount of the pellets increased with increasing
impeller speed, while the coefficient of variation (CV) decreased,
6
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Fig. 4. Scanning electron micrographs (2000×) of Kol-FD CP and Kol-SD CP annealed at 80 °C for 6 h. Kol-FD CP and Kol-SD CP were respectively produced by high shear
mixing of DLP with Kol-FD DL and Kol-SD DL at a weight ratio of 10:3, using an impeller speed of 2000 rpm and a mixing time of 30 min.

Fig. 5. Typical compression load vs distance profiles of a single particle comprising
Kol-FD DL or Kol-SD DL. Kol-FD DL was produced by freeze drying of aqueous Kol
latex. Kol-SD DL is commercially available and is produced by spray drying of the
latex.

Table 3
Particle characteristics of Kol-FD DL and Kol-SD DL.

Kol-FD DL Kol-SD DL

Representative particle diameters
D90

a (lm) 117.7 147.2
D50

a (lm) 56.6 91.2
D10

a (lm) 18.9 56.0
Spanb 1.746 0.999
Bulk densityc (g/cm3) 0.163 ± 0.002 0.349 ± 0.010
Specific surface areac (m2/g) 26.4 ± 0.3 22.6 ± 0.0

a D10, D50, D90 correspond to the diameters of the samples at 10%, 50%, 90% of the
cumulative size distribution, respectively.

b Span = (D90 – D10)/D50.
c Each value indicates the mean ± S.D. (n = 3).
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indicating that the coating efficiency of Kol-FD DL enhanced at a
higher impeller speed, leading to an improvement of the coating
uniformity. As a result, the D1min and D5min values of the annealed
pellets were lowered due to the formation of thicker polymer films
on the pellets. To discuss the effects of impeller speed on the coat-
ing efficiency of Kol-FD DL, the Froude number (Fr), which is the
7

balance between the centrifugal force affecting sample particles
in the mixer by impeller rotation and the gravitational force acting
on the particles, is described in Eq (3):

Fr
N2 D

g
3

where N, D, and g are the impeller rotation speed (sec-1), the diam-
eter of the impeller blade (m), and the gravitational acceleration
(m/sec2), respectively. For impeller speeds of 1000, 1500, and
2000 rpm (corresponding to 5.65, 8.48, and 11.3 m/sec), the Froude
number was 3.06, 6.89, and 12.2, respectively, indicating that the
pellets were accelerated due to the centrifugal force generated by
impeller rotation and their kinetic energy in theory increased by
about two times in the order of 1000 rpm, 1500 rpm, and
2000 rpm. The pulverization of Kol-FD DL by high shear mixing with
DLP was promoted due to the enhancement of collision impacts
between the pellets as impeller speed increased, resulting in high
coating efficiency of Kol-FD DL.

Second, to investigate the effects of mixing time, DLP and Kol-FD
DL at a weight ratio of 10:3 were exposed to high shear mixing at an
impeller speed of 2000 rpm and various mixing times. The mor-
phologies of CP10M, CP30M, and CP60M are shown in Fig. 6.
CP10M contained spherical granules derived from DLP as well as
plate-like fragments derived from Kol-FD DL, but the plates nearly
disappeared at a mixing time of 30 min. As shown in Table 4, the
diameters of the pellets increased between 10 min and 30 min, indi-
cating that the uptake of the polymer fragments onto the surface of
the pellets increased with extended mixing times. These results
were consistent with an increase in the coating efficiency of Kol-
FD DL, decreases in the CV values of the polymer content, and reduc-
tions of the D1min and D5min values of the pellets after the annealing
treatments, indicating that the coating of polymer particles pro-
gressed with mixing time. However, ruptured pellets were observed
at a mixing time of 60 min (see Fig. 6), consistent with decreases in
the diameters (see Table 4), indicating that some of the pellets were
broken down by high shear mixing. The amount of coated polymer
as well as the coating uniformity was lowered at a mixing time of
60 min, while the D1min and D5min values increased, indicating
detachment of coated polymer due to the longer mixing time. In
summary, extending mixing time promoted the deposition of Kol-
FD DL, but too much mixing resulted in the breakage of the pellets
as well as the detachment of coated polymer from the pellets.

3.3. Preparation of coated pellets with high polymer content by high
shear mixing

Although having succeeded in the preparation of coated pellets
by high shear mixing of DLP and Kol-FD DL, further investigation



Fig. 6. Scanning electron micrographs (150×) of CP1000R, CP1500R, CP2000R, CP10M, CP30M, and CP60M. CP1000R, CP1500R, CP2000R were respectively produced by high
shear mixing of DLP with Kol-FD DL at a weight ratio of 10:3, using impeller speeds of 1000 rpm, 1500 rpm, 2000 rpm and a mixing time of 30 min. CP10M, CP30M, CP60M
were respectively produced by high shear mixing of DLP with Kol-FD DL at a weight ratio of 10:3, using an impeller speed of 2000 rpm and mixing times of 10 min, 30 min,
60 min.

Table 4
Particle and dissolution characteristics of DLP, CP1000R, CP1500, CP2000R, CP10M, CP30M, and CP60M.

DLP CP1000R CP1500R CP2000Ra CP10M CP30Ma CP60M

Representative particle
diameters
D90

b (lm) 230.6 237.1 239.8 250.3 237.2 250.3 242.2
D50

b (lm) 169.0 156.1 166.8 183.1 171.1 183.1 177.7
D10

b (lm) 123.5 27.6 28.1 134.5 123.4 134.5 130.3
Spanc 0.634 1.342 1.269 0.632 0.665 0.632 0.630
Measured drug contentd (%) 8.09 ± 0.12 7.75 ± 0.15 7.51 ± 0.05 7.27 ± 0.02 7.65 ± 0.08 7.27 ± 0.02 7.37 ± 0.04
Estimated polymer contentd,e (%) – 4.37 ± 1.98 (45.3) 7.70 ± 0.70 (9.1) 11.30 ± 0.36 (3.2) 5.64 ± 1.07 (19.0) 11.30 ± 0.36 (3.2) 9.76 ± 0.60 (6.1)
Coating efficiencyd,f (%) – 14.6 ± 6.6 25.7 ± 2.3 37.7 ± 1.2 18.8 ± 3.6 37.7 ± 1.2 32.6 ± 2.0
D1min

d,g (%) 98.2 ± 1.1 90.1 ± 4.7 61.1 ± 0.6 24.0 ± 6.6 85.4 ± 4.3 24.0 ± 6.6 47.5 ± 3.9
D5min

d,g (%) 100.9 ± 0.7 100.0 ± 0.6 94.8 ± 4.2 67.8 ± 3.3 98.9 ± 1.6 67.8 ± 3.3 82.4 ± 3.7

a CP2000R is the same sample as CP30M.
b D10, D50, D90 correspond to the diameters of the samples at 10%, 50%, 90% of the cumulative size distribution, respectively.
c Span = (D90 – D10)/D50.
d Each value indicates the mean ± S.D. (n = 3).
e The values shown in the brackets indicate the coefficient of variation.
f Coating efficiency is defined as the ratio of the estimated polymer content to the theoretical polymer content.
g D1min and D5min represent dissolution rates at dissolution times of 1 min and 5 min, respectively determined in the dissolution tests of CPs annealed at 80 °C for 6 h.
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for initial drug release suppression is required to expand the appli-
cability of this technique. To examine the effects of polymer ratios
on the coating efficiency of Kol-FD DL, DLP and Kol-FD DL at vari-
ous weight ratios were exposed to high shear mixing at an impeller
speed of 2000 rpm and a mixing time of 30 min. The morphologies
of CP10%, CP20%, and CP30% are shown in Fig. 7. All samples
included spherical granules derived from DLP as well as a small
amount of polymer fragments. Their morphologies were almost
identical regardless of polymer ratio. As shown in Table 5, the pel-
lets exhibited larger diameters and higher polymer content in the
order of CP10%, CP20%, and CP30%, indicating that the amount of
coated polymer increased and the coating uniformity was
8

enhanced with increasing weight of Kol-FD DL charged in the
mixer. These results were consistent with the decrease in the D1

min and D5 min values of the annealed pellets. In the preparation
of CP10%, the coating efficiency of Kol-FD DL was over 50 %, com-
parable to the value when using a mechanofusion-based processor,
which specializes in dry coating [44]. However, the coating effi-
ciency of Kol-FD DL decreased with increasing polymer ratio, since
excessive polymer to the weight of DLP adhered to the vessel wall
of the mixer.

To overcome the decreases in the coating efficiency due to high
polymer ratios, we investigated additional coating treatments; DLP
and Kol-FD DL at a weight ratio of 10:1 were exposed to high shear
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Fig. 7. Scanning electron micrographs (150×) of CP10%, CP20%, CP30%, CP10+10%, and CP10+10+10%. CP10%, CP20%, CP30% were respectively produced by high shear mixing
of DLP with Kol-FD DL at weight ratios of 10:1, 10:2, 10:3, using an impeller speed of 2000 rpm and a mixing time of 30 min. CP10+10% and CP10+10+10% were respectively
produced by one and two additional coatings.

Table 5
Particle and dissolution characteristics of DLP, CP10%, CP20%, CP30%, CP10+10%, and CP10+10+10%.

DLP CP10% CP20% CP30% CP10+10% CP10+10+10%

Representative particle diameters
D90

a (lm) 230.6 240.1 244.6 250.3 248.1 261.9
D50

a (lm) 169.0 176.3 179.1 183.1 181.4 191.8
D10

a (lm) 123.5 129.1 131.5 134.5 133.2 140.1
Spanb 0.634 0.630 0.631 0.632 0.633 0.635
Measured drug contentc (%) 8.09 ± 0.12 7.68 ± 0.06 7.46 ± 0.03 7.27 ± 0.02 7.37 ± 0.04 7.10 ± 0.08
Estimated polymer contentc,d (%) – 5.33 ± 0.76 (14.3) 8.50 ± 0.44 (5.2) 11.30 ± 0.36 (3.2) 9.82 ± 0.65 (6.6) 13.89 ± 1.32 (9.5)
Coating efficiencyc,e (%) – 53.3 ± 7.6 42.5 ± 2.2 37.7 ± 1.2 49.1 ± 3.2 46.3 ± 4.4
D1min

c,f (%) 98.2 ± 1.1 72.2 ± 7.6 51.5 ± 9.7 24.0 ± 6.6 22.0 ± 2.2 5.2 ± 0.2
D5min

c,f (%) 100.9 ± 0.7 100.3 ± 1.1 88.7 ± 5.0 67.8 ± 3.3 67.9 ± 1.4 23.0 ± 0.1

a D10, D50, D90 correspond to the diameters of the samples at 10%, 50%, 90% of the cumulative size distribution, respectively.
b Span = (D90 – D10)/D50.
c Each value indicates the mean ± S.D. (n = 3).
d The values shown in the brackets indicate the coefficient of variation.
e Coating efficiency is defined as the ratio of the estimated polymer content to the theoretical polymer content.
f D1min and D5min represent dissolution rates at dissolution times of 1 min and 5 min, respectively, determined in the dissolution tests of CPs annealed at 80 °C for 6 h.
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mixing at an impeller speed of 2000 rpm and a mixing time of
30 min, and then fresh Kol-FD DL of the same weight as the first
run was added and exposed to high shear mixing with the resulting
pellets in the same manner. This additional process was conducted
either once or twice. The morphologies of CP10%, CP10+10%, and
CP10+10+10% are shown in Fig. 7. All samples exhibited spherical
granules of DLPs as well as a small amount of Kol-FD DL fragments,
while the diameters of the pellets increased with one and two
additional coatings (see Table 5). In the preparation of CP10+10
+10%, the total mixing time was 90 min (30 min + 30 min + 30 m
in) but ruptured pellets were not observed, unlike CP60M obtained
at a mixing time of 60 min. As discussed in a previous study,
freeze-dried particles including colloidal polymer appeared as a
bulky powder, which could reduce collision impacts between
9

core-core and core-blender wall during the mixing treatments to
suppress the breakage of the core materials [49]. However, these
particles are fragmented and compressed by colliding with the
cores and become dense as the mixing treatments progress, lessen-
ing their cushioning effects. Thus, too much mixing resulted in
breakage of the pellets, as observed in CP60M. On the other hand,
in the additional coating process, since fresh Kol-FD DL with bulky
characteristics was added in the intervals of each treatment, CP10
+10+10% could be obtained without rupturing the pellets, despite a
total mixing time of 90 min. The coating efficiency of Kol-FD DL in
the preparation of CP10+10+10% was over 45 %, higher than that in
the preparation of CP30%, indicating enhancement of the coating
efficiency by the additional treatments. Although the CV values
of the polymer content increased by additional coatings, CP10+10



Fig. 9. Relationships between the polymer content and D50 values of DLP, CP10%,
CP20%, CP30%, CP10+10%, and CP10+10+10%. Each point indicates the mean ± S.D.
(n = 3). , DLP; , CP10%; , CP20%; , CP30%; , CP10+10%; , CP10+10+10%. The
solid line shows the regression line calculated using all data points. CP10%, CP20%,
CP30% were respectively produced by high shear mixing of DLP with Kol-FD DL at
weight ratios of 10:1, 10:2, 10:3, using an impeller speed of 2000 rpm and a mixing
time of 30 min. CP10+10% and CP10+10+10% were respectively produced by one
and two additional coatings.
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+10% had a larger amount of coated polymer than other pellets
prepared in this study and its D1 min value after the annealing treat-
ments decreased to around 5 %. These results indicate that initial
drug release of CP10+10+10% was suppressed by one-twentieth
that of DLPs without polymer coating and this technique has the
potential as a solventless approach to produce coated pellets with
initial release suppression characteristics. Furthermore, the D1 min

and D5 min values of CP10+10% were about the same as those of
CP30%, although CP10+10% exhibited lower polymer content than
CP30%. The surfaces of CP30%, CP10+10%, and CP10+10+10% are
shown in Fig. 8. As discussed in Section 3.1, agglomerates of col-
loidal polymer were deposited on the surface of the pellets in
CP30%, whereas the pellets of CP10+10% exhibited a smoother sur-
face covered with agglomerates. The surface of the pellets of CP10
+10+10% became even more smooth, indicating compaction of the
polymer layer due to the additional treatments. The extension of
mixing time increased collision frequency between the pellets
covered with polymer particles, resulting in the formation of a
compacted polymer layer that generated dense polymer films after
the annealing treatments. CP10+10% exhibited lower polymer con-
tent than CP30% but its initial drug release suppression was com-
parable to that of CP30%. Also, the compaction of the polymer
layers contributed to a reduction in the variation of the dissolution
rates (see Table 5), despite the increase in the CV values of the
polymer content due to additional coatings. Therefore, we can state
that additional coating treatments are a promising approach to
produce coated pellets with thick and dense polymer layers.

To discuss effects of the coating thickness on the dissolution
characteristics of CPs, the relationship between the D50 value and
polymer content of the pellets is shown in Fig. 9. The thickness
of the polymer layer increased with the amount of coated polymer
and a strong correlation was observed, indicating that the coating
thickness was determined by controlling the amount of coated
polymer due to a weight ratio of polymer to DLP as well as the
number of additional coatings. The coating thickness was esti-
mated using Eq. (4):

Coating thickness
D50 CP D50 DLP

2
4

where D50,CP and D50,DLP are the D50 values of CPs and DLP, respec-
tively. The relationships between the coating thickness and dissolu-
tion rates are shown in Fig. 10. The D1min values decreased with the
thickness of polymer layers and approached zero at a thickness of
around 8 lm (thus, the data point of CP10+10+10% was excluded
from the regression analysis). Also, the D5min values were highly
correlated with the coating thickness, indicating that the dissolu-
tion rates were dependent on the thickness of polymer layers. These
results suggest that this technique has the potential as a solventless
Fig. 8. Scanning electron micrographs (5000 × ) of CP30%, CP10+10%, and CP10+10+10%. C
10:3, using an impeller speed of 2000 rpm and a mixing time of 30 min. CP10+10% and
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approach for the manufacture of controlled-release pellets as the
dissolution characteristics was controllable due to the coating
thickness.

4. Conclusion

The aim of this study was to investigate the feasibility of coated
pellet formulation by high shear mixing of drug pellets and poly-
mer particles without using solvent or heating. First, DLP was pre-
pared by high shear mixing of drug crystals and SCP. Second, Kol-
FD DL was obtained by freeze drying of Kol AL. Kol-SD DL produced
by spray drying was used as a reference. Finally, the resulting DLP
and Kol-FD DL or Kol-SD DL were exposed to high shear mixing
under various conditions, and the obtained CPs were characterized.
These results indicate the following:
P30% was produced by high shear mixing of DLP with Kol-FD DL at a weight ratio of
CP10+10+10% were respectively produced by one and two additional coatings.

move_f0040
move_f0045
move_f0050


Fig. 10. Effects of the coating thickness on the (a) D1min values and (b) D5min values of CP10%, CP20%, CP30%, CP10+10%, and CP10+10+10%. Each point indicates the mean
± S.D. (n = 3). , CP10%; , CP20%; , CP30%; , CP10+10%; , CP10+10+10%. The solid line shows the regression line calculated using data points, excluding the data marked
with an asterisk. CP10%, CP20%, CP30% were respectively produced by high shear mixing of DLP with Kol-FD DL at weight ratios of 10:1, 10:2, 10:3, using an impeller speed of
2000 rpm and a mixing time of 30 min. CP10+10% and CP10+10+10% were respectively produced by one and two additional coatings.
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• Kol-FD DL exhibited higher coating performance than Kol-SD DL
in the coating process due to its fragile characteristics, which
were due to the lack of close contacts between the polymer col-
loids. Kol-FD DL was easily pulverized by high shear mixing
with DLP, and the resulting fine fragments were then deposited
on the surface of the pellets.

• Increasing impeller speed enhanced the coating efficiency of
Kol-FD DL as the pulverization of Kol-FD DL was promoted
due to the increases in collision impacts between the pellets.
Also, extending mixing time increased the coating efficiency
of Kol-FD DL, but too much mixing resulted in the breakage of
the pellets as well as the detachment of coated polymer.

• The additional coating treatments could provide coated pellets
with thick and dense polymer layers due to the improvement
of the coating efficiency of the polymer as well as the extension
of the total mixing time. The pellets obtained were annealed at
80 °C for 6 h and suppressed initial drug release. The dissolution
characteristics of the annealed pellets were dependent on the
coating thickness, which was determined by controlling the
amount of coated polymer.

Taken together, these findings suggest the potential of this tech-
nique for the manufacture of coated pellets with controlled-release
characteristics. This approach does not require the use of solvent or
heat, and therefore it is expected to enhance the sustainable devel-
opment of coated formulations. Furthermore, this economical
technique using a conventional mixer has the potential to be avail-
able in small establishments including laboratories as well as dis-
pensaries in pharmacies and hospitals, and hence might be
preferable for pediatric medicine preparation, tailored to an indi-
vidual child. However, to demonstrate the applicability of this
approach in the preparation of controlled-release pellets, further
investigation to produce coated pellets with various dissolution
characteristics (including sustained release and enteric release) is
required.
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