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a b s t r a c t

A “Salting-out Taste-masking System” generates a long lag time for numbness and bitterness masking,
with subsequent immediate drug release to exert pharmacological effects. In this study, the effects of
physicochemical properties of salting-out agents and water-soluble polymers in the salting-out layer
on the dissolution behaviors of acetaminophen were investigated and predominant factors for lag time
generation (Lag time index, hereafter LI) and subsequent drug release (Rapid release index, hereafter RI)
eywords:
alting-out effect
aste-masking
umbness
ag time
mmediate drug release

ultiparticulate dosage form

were discussed. Each prepared formulation showed a different dissolution profile of acetaminophen with
a lag time and subsequent immediate release. Significant correlations between both LI and RI and �CST
(the salting-out power of salting-out agents) (r2 = 0.90, 0.67, respectively) and between both LI and RI and
CST1 (the sensitivity of water-soluble polymers to a salting-out effect) (r2 = 0.98, 0.71, respectively) were
shown. These results suggest that the components showing a strong salting-out effect inside the beads
lead to extended lag times and slow drug releases after the lag times. Results further suggest the use of
CST1 to evaluate suitable combinations of salting-out agents and water-soluble polymers in this system.
. Introduction

Drugs with unpleasant tastes, namely numbness and bitter-
ess, occasionally reduce patients’ compliance for medicine intake.
hen multiparticulate dosage forms are taken by patients, a small

ortion of the dosage forms remains in the epiglottic vallecula or
dheres to the epiglottis for 1–2 min (Morita, 2003; Helm et al.,
983; Oguchi et al., 2000). Taste-masking is therefore an impor-
ant technology for multiparticulate dosage forms containing such
rugs. To mask numbness and bitterness, a lag time of at least
min would be necessary. Simultaneously, to exert pharmacolog-

cal effects, immediate drug release in the gastrointestinal tract is
esirable (Löbenberg et al., 2000; Blume et al., 1993).

To achieve the above goals, we have previously designed a
Salting-out Taste-masking System” that generates an extended
ag time with subsequent immediate drug release (Yoshida et al.,
008a, b). This system utilizes the salting-out effect of water-
oluble polymers (Nakano et al., 1999; Eeckman et al., 2001;

zorlosa and Martinelli, 1962; Harding and Rose, 1962). When salts
re added to a solution of a non-ionic water-soluble polymer, dis-
ociated ions remove the water molecules hydrating the polymer
hains. This dehydration leads to the precipitation or the gelation

∗ Corresponding author. Tel.: +81 54 627 6879; fax: +81 54 627 9918.
E-mail address: hiroaki.tasaki@jp.astellas.com (H. Tasaki).
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© 2009 Elsevier B.V. All rights reserved.

of the polymer caused by the association of hydrophobic groups on
the polymer chains. A non-ionic water-soluble polymer is known
to have a lower critical solution temperature (LCST, hereafter CST)
in water (Eeckman et al., 2001), and is therefore soluble at temper-
atures lower than the CST, as well as becomes insoluble at the CST
due to phase-separation (Mitchell et al., 1990; Mitchell et al., 1993;
Nakano et al., 1999; Iwanami Physics and Chemical Dictionary 4th
edition, 1987; Liu et al., 2007; Li et al., 2002). CST is decreased by
the addition of various types of salts. This reduction order in CST
is generally known as the Hoffmeister series, reflecting the salting-
out power of various salts (Eeckman et al., 2001; Mitchell et al.,
1990, 1993; Nakano et al., 1999).

Various techniques available for masking bitterness of drugs are
currently used including formation of inclusion-complexes with
cyclodextrins, formation of ionic-complex such as ion-exchange
resins, spray congealing with lipids, and beads or pellets coating
with membranes of water-insoluble or poorly water-soluble mate-
rials which act as a physical barrier to inside drugs (Nanda et al.,
2002; Sugao et al., 1998; Hashimoto et al., 2002; Kajiyama et al.,
2006; Sohi et al., 2004; Yajima et al., 1996; Al-Omran et al., 2002;
Agarwal et al., 2000; Lu et al., 1991; Takahashi et al., 1988). Con-

siderable research has been performed on taste-masking using a
coating technique due to the simplicity and the feasibility of the
technique (Sohi et al., 2004; Pollinger et al., 1997; Shirai et al., 1992;
Gupte et al., 2002; Kurimoto et al., 2005). Although the effects of
salts on drug release rates from tablets have ever been reported

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:hiroaki.tasaki@jp.astellas.com
dx.doi.org/10.1016/j.ijpharm.2009.04.003
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Bajwa et al., 2006; Kajiyama et al., 2008; Eeckman et al., 2002;
alukdar et al., 1998; Mitchell et al., 1990), no studies have inves-
igated coating-based taste-masking systems using the salting-out
ffect for dissolution control. Our taste-masking system is a multi-
articulate dosage form composed of a drug core, a salting-out layer
omprising salting-out agents (salts) and water-soluble polymers,
nd a water-penetration-control layer comprising poorly water-
oluble materials. The water-penetration-control layer regulates
he saliva penetration rate while the dosage form is in the mouth.
he salting-out agent dissolved in the saliva prevents the water-
oluble polymer from dissolving due to the salting-out effect. The
nsolubilized water-soluble polymer suppresses drug release and

asks numbness and bitterness. In the gastrointestinal tract, most
f the salting-out agent dissolves and eliminated by the system
nd the water-soluble polymer then hydrates and dissolves, lead-
ng to immediate drug release. We have previously reported the
ormulation, which generate a lag time of 2 min or longer with
subsequent immediate drug release. The beads containing both
3 wt% salting-out layer and 8 wt% water-penetration-control layer
howed a lag time of 5.4 min and a T85% (the time for 85% of the
rug to be released) of 26 min. On the contrary, the beads contain-

ng only 53 wt% salting-out layer showed no lag times (0.1 min), and
he beads containing only 10 wt% water-penetration-control layer
howed a sustained release with a T85% of 92 min. These results
uggests that the water-penetration-control layer is effective to
eep salting-out of a water-soluble polymer for a sufficient time,
nd generate a long lag time, and the salting-out layer plays both
oles of generating a long lag time and an immediate drug release.
oth the salting-out layer and the water-penetration-control layer
re crucial (Yoshida et al., 2008a). Further we have described the
echanism behind the change in drug release from the early to

ate stage of the dissolution test. The phase-change of the water-
oluble polymer in the salting-out layer induces the changes in
he drug release rate. Insolubilization of the water-soluble polymer
n high salt concentrations generates a lag time, and subsequent
ydration of the water-soluble polymer in low salt concentrations
auses an immediate drug release (Yoshida et al., 2008b). However,
he physicochemical properties of salting-out layer components
ffecting drug dissolution behavior remain unclear.

Here we clarify the predominant physicochemical properties of
alting-out agents and water-soluble polymers for lag time gen-
ration and subsequent drug release. The formulations containing
arious types of salting-out agents and water-soluble polymers
ere prepared. The correlations between the dissolution of the
odel drug acetaminophen from the prepared formulations and

he physicochemical properties of the materials were investigated.

. Materials and methods

.1. Materials

Sodium carbonate (hereafter, Na2CO3), sodium chloride (here-
fter, NaCl), sodium dihydrogenphosphate dihydrate (here-
fter, NaH2PO4), glycine, trisodium citrate dihydrate (hereafter,
odium citrate), sucrose, disodium hydrogenphosphate (here-
fter, Na2HPO4), potassium hydrogencarbonate (hereafter, KHCO3),
ethanol, and dichloromethane were purchased from Kanto

hemical (Japan). Hydroxypropylmethylcellulose (TC-5E) (here-
fter, HPMC) and methylcellulose (Metolose SM-4) (hereafter, MC)
ere purchased from Shin-Etsu Chemical Co. (Japan). Hydrox-

propylcellulose (HPC-SL) (hereafter, HPC) was purchased from

ippon soda Co. Ltd. (Japan). Polyethylene glycol 6000 (Macrogol
000) (hereafter, PEG6000) was purchased from Sanyo Chemi-
al Industries Ltd. (Japan). Two grades of polyvinylpyrrolidone
hereafter, PVP-K90, PVP-K30) were purchased from Wako Pure
hemical Industries Ltd. (Japan). Copolyvidone (Kollidon VA64) was
Pharmaceutics 376 (2009) 13–21

purchased from BASF Japan (Japan). Purified sucrose spheres (Non-
parail 103, 500–710 �m) were purchased from Freund Co. (Japan)
and used as core materials. Acetaminophen was purchased from
Yoshitomi Fine Chemicals (Japan) and used as a model drug. Cetanol
(cetyl alcohol, Kalcol 6098) was generously provided by Kao Corpo-
ration (Japan).

2.2. Preparation of taste-masked beads

Several formulations of taste-masked beads were prepared
according to the method described in the previous stud-
ies (Yoshida et al., 2008a,b), and briefly described here. All
coating operations were carried out using a fluidized-bed gran-
ulator (GPCG-1, Okawara Mfg. Co., Ltd., Japan). Mixtures of
methanol–dichloromethane were used for drug layer and salting-
out layer coating because methanol–dichloromethane with ratios
ranging from 60:40 to 10:90 (w/w) are known to be good sol-
vents for HPMC (Metolose product’s brochure, 2004; TC-5 product’s
brochure, 2002). HPMC acts as a binder for acetaminophen in the
drug layer, and as a water-soluble polymer for lag time generation
as well as a binder for various kinds of salts. First, a solution of
acetaminophen and HPMC in methanol–dichloromethane (54:46,
w/w) was sprayed on sucrose spheres (drug core beads). Second,
a dispersion containing a water-soluble polymer and salting-out
agent pulverized by a jet mill (Spiral Jet Mill 50AS, Hosokawa
Micron Co., Japan) in methanol–dichloromethane (70:30, w/w) was
sprayed on the drug core beads. In methanol–dichloromethane
(70:30, w/w), PVP-K30, PVP-K90, copolyvidone, and PEG6000 were
well dissolved. Finally, a solution of cetanol in dichloromethane
was sprayed on the prepared salting-out layer-coated beads. A
small portion of each formulation was withdrawn at the amount
of cetanol coating of 2, 4, 6, 8, and 10 wt% based on the salting-out
layer-coated beads.

2.3. Drug dissolution

Drug dissolution tests were conducted using the prepared for-
mulations containing 10 mg of acetaminophen. The tests were
performed in accordance with Dissolution Test Method 2 (pad-
dle method), as cited in the Japanese Pharmacopeia (14th edition),
using an automatic 6-series dissolution testing device (Toyama
Sangyo Co., Ltd., Japan) with a UV–visible spectrophotometer (Shi-
madzu Co., Japan). The test conditions are identical to those of
previous studies (Yoshida et al., 2008a,b).

2.4. Analysis of drug dissolution profiles

Lag times, the times for 1% of the drug to be released, were
assessed for the prepared formulations by linear regression calcu-
lations between the two measured time points lying on either side
of the 1% drug release period (Yoshida et al., 2008a,b).

The times when the drug release reached 5% and 85% were also
calculated by linear regression as mentioned above. The time taken
from 5% to 85% of the drug release was shown as T5–85%, and assessed
among formulations.

2.5. CST1 and �CST measurement

This method was designed to measure the salting-out effect
occurring inside the beads in the initial dissolution phase. Saturated
aqueous solutions of salting-out agents were prepared according to

the reported solubility data (Encyclopedia CHIMICA, 1987; Kagaku
Binran II, 1993) and the solutions were diluted 2-fold (half saturated
solution). A total of 25 g of each half saturated solution was added
drop wise to 25 g of solutions containing a 0.3 wt% water-soluble
polymer. Once drop wise addition was completed, the solutions
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were cooled to−5 ◦C (sample solutions were not frozen due to freez-
ing point depression) using a cooler (COOL ACE CA-1100, EYELA,
ethylene glycol was used as a cooling agent), and then heated grad-
ually in a water-bath. The temperature at which turbidity developed
was named as CST1.

�CST, defined as the difference between CST0 and CST1, mea-
sured using HPMC as a water-soluble polymer, was used as an
indicator for the salting-out power of the salting-out agents in
the system. CST0 was the temperature at which the turbidity of a
solution containing 0.15 wt% HPMC developed without salting-out
agents. Greater �CST means stronger salting-out power. In con-
trast, CST1, measured using Na2CO3 fixed as a salting-out agent, was
used as an indicator for the sensitivity of water-soluble polymers
to the salting-out effect in the system. Lower CST1 means easier
precipitation of water-soluble polymers.

2.6. Effect of Na2CO3 concentration on CST of HPMC

A saturated aqueous solution of Na2CO3 was diluted 4-fold, 8-
fold, and 16-fold. A total of 25 g of each solution was added drop
wise to 25 g of aqueous solutions containing 0.3 wt% HPMC. CST
was measured using the same method as mentioned in Section 2.5.

2.7. Determination of osmolarities of saturated salting-out
agent’s solutions

The osmolarities of the saturated solutions of Na2CO3, NaCl,
NaH2PO4, glycine, sodium citrate, and sucrose were determined
using freezing point depression method (ARKRAY, Inc., OSMO STA-
TION OM-6050).

2.8. Determination of ionic strength for saturated salting-out
agent’s solutions

The ionic strengths of the saturated solutions of Na2CO3, NaCl,
NaH2PO4, glycine, sodium citrate, and sucrose were calculated
using the following equation:

I = 0.5 ˙(mz2) (1)

where “m” is molarity and “z” is valency of each ion. All the salting-
out agents were treated as a strong electrolyte. The ionic strengths
of non-ionic sucrose and zwitterionic glycine were ignored. It was
reported that zwitterions did not contribute to the ionic strength
of a solution (Stellwagen et al., 2008).

2.9. Measurement of viscosity of water-soluble polymers

The viscosities of aqueous solutions of HPMC, PEG6000, PVP K-
30, PVP K-90, and copolyvidone (2 wt%) were measured using a
vibro viscometer (A&D Company, Limited, Japan) at 20 ◦C.

2.10. Particle size analysis of prepared beads

The particle size of prepared beads with 8 wt% cetanol coating
was determined using a microscopy. Microscopic techniques are
one of the most accurate methods; particles are sized directly and
individually (O’Conner et al., 1990). An arithmetic mean diameter

was calculated using length (major axis) of a bead as a representa-
tive diameter (US Pharmacopeia XXXI, 2008) (n = 20) because the
shapes of the obtained beads were almost spherical with mean
length-to-width ratios ranging from 1.05 to 1.11 (n = 20, each data
not shown).
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Table 2
Linear regression analysis between lag time and the coating amount of cetanol, and
between T5–85% and the coating amount of cetanol.

Lag time vs. coating amount T5–85% vs. coating amount

Slope of regression
line

r2 Slope of regression
line

r2

Salting-out agent
Na2CO3 0.67 0.98 2.50 0.99
NaCl 0.42 0.98 1.54 0.99
Sucrose 0.19 0.96 1.88 0.96
Glycine 0.33 0.90 1.87 0.99
Sodium citrate 0.76 0.99 2.90 0.99
NaH2PO4 0.52 0.97 2.58 1.00

Water-soluble polymer
HPMC 0.67 0.98 2.50 0.99
PVP K-30 0.13 0.85 1.76 0.97

analysis for each formulation also revealed a significant correla-
6 H. Tasaki et al. / International Jour

. Results and discussion

.1. Dissolution behavior of prepared tasted-masking beads

A total of ten formulations of taste-masked beads were pre-
ared: six formulations using Na2CO3 (Formulation-A), NaCl
Formulation-B), sucrose (Formulation-C), glycine (Formulation-
), sodium citrate (Formulation-E), and NaH2PO4 (Formulation-F)
s salting-out agents and HPMC as a water-soluble polymer,
nd four formulations using PVP-K30 (Formulation-G), PVP-
90 (Formulation-H), copolyvidone (Formulation-I), PEG6000

Formulation-J) as water-soluble polymers and Na2CO3 as a salting-
ut agent (Table 1). The effects of physicochemical properties of
he salting-out agents on the dissolution profiles were investi-
ated using Formulation-A, -B, -C, -D, -E, and -F. The effects of
hysicochemical properties of the water-soluble polymers on the
issolution profiles were investigated using Formulation-A, -G, -H,
I, and -J. To avoid the surface area of the beads affecting the disso-
ution behavior in each formulation, drug core beads with the same
ompositions were used and the coating amounts of the salting-out
ayer for all the formulations were set at 53% based on the drug core
eads. The beads with a comparable mean particle diameter were
btained as shown in Table 1.

In the formulations containing various salting-out agents with
wt% cetanol coating, the drug release rates were initially sup-
ressed for a fixed amount of time (lag time), followed by a

rastic increase (Fig. 1a). For lag time, linear regression analysis
or each formulation revealed a significant correlation between
ag time length and the amount of cetanol coating (r2 > 0.90,
< 0.001) (Fig. 1b). We denoted the slope value of the regres-

ig. 1. Drug dissolution from prepared formulations (a) drug dissolution from Formulat
00 rpm. Each result shows mean ± S.D. (n = 3) and error bars are in the symbols. (b) T
ormulation-A, -B, -C, -D, -E, and -F. (c) The relationships between the coating amount of
PVP K-90 0.48 0.86 2.59 0.89
Copolyvidone 0.32 0.93 2.12 1.00
PEG 6000 0.12 0.84 2.06 0.97

P values were <0.001 in all the cases.

sion line “Lag time index (LI)” [generated lag time length (min)
by 1% cetanol coating]. Greater LIs mean longer lag times. LIs for
the salting-out agents were classified in decreasing order as fol-
lows: sodium citrate > Na2CO3 > NaH2PO4 > NaCl > glycine > sucrose
(Table 2). For drug release after the lag time, linear regression
ion-A, -B, -C, -D, -E, and -F. Paddle method, 500 mL of phosphate buffer (pH 6.8),
he relationships between the coating amount of cetanol and lag time length in
cetanol and T5–85% in Formulation-A, -B, -C, -D, -E, and -F.

tion between T5–85% and the amount of cetanol coating (R2 > 0.96,
P < 0.001) (Fig. 1c). We denoted the value of the regression line’s
slope “Rapid release index (RI)” [increase of T5–85% (min) by 1%
cetanol coating]. Greater RIs mean slower drug release. RIs for
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ig. 2. Drug dissolution from prepared formulations (a) drug dissolution from Form
ach result shows mean ± S.D. (n = 3) and error bars are in the symbols. (b) The rela
G, -H, -I, and -J. (c) The relationships between the coating amount of cetanol and T

he salting-out agents were classified in decreasing order as fol-
ows: sodium citrate > NaH2PO4 > Na2CO3 > sucrose > glycine > NaCl
Table 2).

Formulation-A, -G to -J with 8% cetanol coating also demon-
trated an initial suppression of the drug release, followed by a
rastic increase of drug release rate (Fig. 2a). By linear regression
nalysis, LIs and RIs for water-soluble polymers were classified
n decreasing order as follows, respectively: for LI, HPMC > PVP-
90 > copolyvidone > PVP-K30 > PEG 6000 (Fig. 2b, Table 2), and for
I, PVP-K90 > HPMC > copolyvidone > PEG 6000 > PVP-K30 (Fig. 2c,

able 2).

From the obtained results, it was found that the lag time length
nd the subsequent drug release were variable depending on the
inds of salting-out agents and water-soluble polymers in the
alting-out layer.

able 3
hysicochemical properties of salting-out agents and water-soluble polymers.

alting-out agent CST1 (◦C) �CST (◦C) Solubility (mol/L)

a2CO3 0 65 2.7
aCl 40 25 5.4
ucrose 55 10 2.6
lycine 45 20 2.9
odium citrate 10 55 1.8
aH2PO4 20 45 5.3

ater-soluble polymer CST1 (◦C) V

PMC 0 3
VP K-30 50 1
VP K-90 20 5
opolyvidone 40 1
EG 6000 55 1
on-A, G, H, I, and J. Paddle method, 500 mL of phosphate buffer (pH 6.8), 100 rpm.
ips between the coating amount of cetanol and lag time length in Formulation-A,

n Formulation-A, -G, -H, -I, and -J.

3.2. Effects of physicochemical properties of salting-out agents on
LI and RI

The effects of physicochemical properties of salting-out agents
on LI and RI were investigated. �CST, molar solubility, molecular
weight, ionic strength and osmolarity were used as physicochemi-
cal properties of the salting-out agents (Table 3).

Each physicochemical property of salting-out agents was plotted
against LI and results were shown in Fig. 3. Statistically significant
(P < 0.01) correlations were observed between LI and both �CST and

2
ionic strength (r = 0.90, 0.91, respectively) (Fig. 3a, and d), while
molar solubility, molecular weight and osmolarity demonstrated
low correlations with LI (r2 = 0.04, 0.03, 0.07, respectively) (Fig. 3b,
c, and e). The salting-out effect is known to be influenced by ionic
strength. The CST of water-soluble polymers linearly decrease with

Molecular weight Ionic strength Osmolarity (Osm)

106.1 8.0 5.8
58.4 5.4 10.1

342.3 0 2.9
75.1 0 2.9

294.1 11.0 4.8
156.0 5.3 7.1

iscosity (2 wt%, 20 ◦C) (mPa s)

.1

.5

.4

.6
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tion between RI and viscosity (r2 = 0.74) suggests that the viscosity
of water-soluble polymers affects the subsequent drug release rate
(Fig. 6b). Drug release rates after the lag times decrease with an
increase in viscosity of a water-soluble polymer.
ig. 3. Linear regression analysis between the lag time index and physicochemical
roperties of salting-out agents. (a) �CST, (b) solubility, (c) molecular weight, (d)

onic strength, and (e) osmolarity

n increase in ionic strength (Mitchell et al., 1990). Significant cor-
elations of not only �CST but also ionic strength with LI suggest
hat the salting-out effect contributes to lag time generation in the
ystem. Each physicochemical property was also plotted against RI
nd results were shown in Fig. 4. �CST also showed a positive cor-
elation with RI (r2 = 0.67) (Fig. 4a), a little lower than that of LI.
olar solubility, molecular weight and osmolarity demonstrated

ow correlations with RI (r2 = 0.15, 0.06, 0.02, respectively) (Fig.4b,
, and e). This result suggests that salting-out agents causing strong
alting-out effect generate long lag times and decrease drug release
ates after the lag times.

.3. Effects of physicochemical properties of water-soluble
olymers on LI and RI

The effects of physicochemical properties of water-soluble poly-
ers on LI and RI were investigated. CST1 and viscosity were

sed as physicochemical properties of the water-soluble polymers
Table 3). In particular, the CST1 of copolyvidone exhibited 5 ◦C ini-

ially, and then increased to 40 ◦C a day later. This might be due to
he ester-bond breakage by hydrolysis under strong basic condition
aused by Na2CO3. Linear regression analysis resulted in statisti-
ally significant (P < 0.05) correlations between both LI and RI and
ST1 (r2 = 0.98, 0.71, respectively) (Figs. 5a and 6a). This suggests
Fig. 4. Linear regression analysis between the rapid release index and physicochem-
ical properties of salting-out agents. (a) �CST, (b) solubility, (c) molecular weight,
(d) ionic strength, and (e) osmolarity

that CST1 is a predominant factor for lag time formation and subse-
quent drug release. Polymers with a low CST1 show long lag times
and slow drug releases after lag times. Moreover, a negative correla-
Fig. 5. Linear regression analysis between the lag time index and physicochemical
properties of water-soluble polymers. (a) CST1 and (b) viscosity
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Fig. 8. Schematic images of the changes of the CST during lag time generation and
subsequent drug release. (a) Before intake, (b) lag time generation and (c) drug
ig. 6. Linear regression analysis between the rapid release index and physicochem-
cal properties of water-soluble polymers. (a) CST1 and (b) viscosity

.4. Mechanism of lag time formation and subsequent drug
elease

It was found that both �CST for salting-out agents and CST1
or water-soluble polymers were predominant factors for LI and RI.
s explained in Section 2.5, �CST was defined as the difference
etween CST0 (constant value) and CST1. Essentially, CST1 mea-
ured for the evaluation of the salting-out agents itself correlated
ith LI and RI, which would allow us to discuss the mechanism

f lag time formation and subsequent drug release using CST1.
chematic images of the CST changes inside the beads during lag
ime generation and subsequent drug release were illustrated in
ig. 8. Assuming that the temperature inside the oral cavity and the
sophagus is approximately 37 ◦C, CST1 should be less than 37 ◦C
o that our taste-masking system could exert two functions of lag
ime generation and subsequent drug release as expected. When
oncentrations of the salting-out agents are high, water-soluble
olymers would show CSTs lower than 37 ◦C and could not hydrate

nside the beads (keep insolubilized state) (Fig. 8b). On the contrary,
hen the concentrations of the salting-out agents are low after

he elimination from the system, water-soluble polymers would
how CSTs higher than 37 ◦C and could hydrate inside the beads
change to solubilized state) (Fig. 8c). Formulation-A beads with
wt% cetanol coating were taken as representative model beads
nd the concentration of Na2CO3 inside the beads was calculated
o be 308 mg/mL, higher than reported saturated Na2CO3 concen-
ration of 280 mg/mL using the following data: the volume of 1
article, 3.17 × 10−4 mL; total of 73.2 mg of the beads containing

9.6 mg of Na2CO3; the number of particles, 200 (n = 3, S.D. = 2.9).
s shown in Fig. 7, the CSTs of HPMC decreased with increase in
a2CO3 concentration, which is in good agreement with several

eported results (Liu et al., 2007; Mitchell et al., 1990). Further-

Fig. 7. Effects of Na2CO3 concentrations on CSTs of HPMC.
release. The solid arrow and the dashed arrow express the decrease and the recovery
of CST, respectively. The solid line and the dashed line mean lag time generation and
subsequent rapid drug release, respectively.

more, in our previous work, it was reported that 85% of Na2CO3 was
released from the beads at the time when 10% of acetaminophen
was released, and followed by drastic changes of dissolution rate
(Yoshida et al., 2008a,b). These results would support the concept
and the mechanism of our taste-masking system.

In particular, CST1 showed a significant correlation with both LI
and RI. The reason would be explained as follows. Concerning RI, our
previous result regarding the dissolution of both acetaminophen
and Na2CO3 and a significant correlation between RI and CST1 make
us speculate that a water-soluble polymer whose solubility was
once suppressed by the salting-out effect would still continue to
affect the drug release rate even after most of the salting-out agent
was released. The phase-separation of non-ionic water-soluble
polymers is known to occur by association of hydrophobic groups
of polymer chains (Mitchell et al., 1993; Liu et al., 2007, 2008; Li
et al., 2002). A water-soluble polymer with low CST1 by a strong
salting-out agent might have strong hydrophobic association and
subsequent polymer chain compaction. The difficulty in disentan-
glement of aggregated polymer chains by hydrophobic association
was reported in thermo-reversible sol–gel transition of hydrogels.
Hydrogels of HPMC and MC are known to show thermal hystere-
sis of sol–gel transition between heating and cooling process, with
different transition temperatures (higher transition temperature
in cooling process than heating process). This phenomenon was
considered to be due to the fact that the kinetic rate of degelation
process was slower than that of the gelation process and the disso-
ciation from a structured gel network was much difficult than the
association of HPMC chains from aqueous solution (Li et al., 2002;
Liu et al., 2007, 2008). Therefore strongly entangled polymer chains
by a salting-out effect might lead to a longer hydration time, in other

words, a long lag time and slow drug release, which would account
for a significant correlation between both LI and RI and CST1.

RI also exhibited a good correlation with viscosity of 2 wt% poly-
mer solutions. Inside the beads, the viscosities of water-soluble
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Table 4
CST1s of various combinations of salting-out agents and water-soluble polymers.

CST1 (◦C)

Na2CO3 Sodium citrate NaH2PO4 Na2HPO4 KHCO4 NaCl Glycine Sucrose

HPMC 0 10 20 28 40 40 45 55
MC 5 8 15 23 45 40 50 60
Copolyvidone 5(→40) 8 15 25 42 50 50 80
HPC 7 10 13 23 30 30 40 45
PVP-K90 20 40 70 55 80 n.d. n.d. n.d.
PVP-K30 50 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
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EG6000 55 n.d. n.d.

.d.: not determined (no change was observed). The measured CST1s were aligned
s a water-soluble polymer as well as aligned vertically in increasing order of the CS

olymers after hydration might retard the diffusion of the drug.
fter release of the most of the salting-out agent, HPMC would be
ydrated and partially form hydrogel. Several literatures described
he effect of the polymer viscosity on the drug release from the
ustained release tablet and the beads (Ishikawa et al., 2000; Maggi
t al., 2000; Ye et al., 2007). Maggi et al. reported that in three-
ayer tablet system, slow drug release rate from the core tablet was
aused by high viscosity of the protective top and bottom layers
omprising polyethylene oxide (PEO) or HPMC. Ye et al. reported
hat in reservoir type pellet coated with ethylcellulose and HPMC,
low drug permeability was obtained by high viscosity of HPMC in
oated membrane. These reported phenomena correspond to our
esults and make us speculate that high viscous polymer would
low the drug release rates regardless of existing positions of poly-
ers in dosage forms. On the contrary, a low correlation of viscosity
ith LI would be explained as follows. At the initial phase of the
rug dissolution, the suppression of hydration of a water-soluble
olymer by the strong salting-out effect would leave the polymer

n solid state rather than in gelled (hydrated) state leading to the
ncrease of viscosity.

.5. CST1 of various combinations of salting-out agents and
ater-soluble polymers

In the studies discussed above, it was suggested that CST1 mea-
ured with either Na2CO3 as a salting-out agent or HPMC as a
ater-soluble polymer was a good indicator for lag times and

ubsequent drug releases after the lag time. CST1s of other com-
inations were measured in order to find salting-out agents and
ater-soluble polymers applicable to this system, and sorted in

ncreasing order of CST1, measured using a fixed amount of Na2CO3
s a salting-out agent and HPMC as a water-soluble agent for poly-
ers and salting-out agents, respectively (Table 4). Although there
ere a few exceptions, combinations with low CST1 were gener-

lly positioned left upper. This result shows the generality of the
alting-out powers of salting-out agents to various water-soluble
olymers and the sensitivities of water-soluble polymers to vari-
us salting-out agents. Combinations of the components with CST1s
ess 55 ◦C would become candidates for the salting-out layer with
espect to lag time generation from the facts that Formulation-C,
nd -J with the salting-out layer comprising sucrose/HPMC with
ST1 of 55 ◦C and Na2CO3/PEG6000 with CST1 of 55 ◦C generated
hort lag times. Above all, regarding water-soluble polymers, cellu-
osic polymers (HPMC, HPC, and MC) showing almost the same CST1

ith various salting-out agents would be preferable due to their
nactivity, while copolyvidone might be hydrolyzed in the pres-
nce of basic and acidic salts, which might raise concerns about the

hanges of dissolution profiles during long periods of storage. Con-
erning salting-out agents, the strong salting-out agents positioned
eftward in Table 4 would be preferable. Given that lag time length
s adjustable by changing not only the coating amount of water-
enetration-control layer but also the coating amount of salting-out
n.d. n.d. n.d. n.d. n.d.

ntally, from left to right, in decreasing order of the �CST determined using HPMC
termined using Na2CO3 as a salting-out agent.

layer (Yoshida et al., 2008c), combinations with lower CST1 would
be more effective and desirable for reducing the coating amount
and shortening of manufacturing time.

4. Conclusion

Taste-masked beads using Salting-out Taste-masking System
were prepared using various salting-out agents and water-soluble
polymers, and then predominant physicochemical properties of
the components in salting-out layer for LI and RI were investi-
gated. Significant correlations between both LI and RI and �CST
(the salting-out power of salting-out agents) and between both
LI and RI and CST1 (the sensitivity of water-soluble polymers to
a salting-out effect) were shown. These results suggest that CST1
is a predominating factor for LI and RI, in other words, salting-
out effects occurring inside the beads lead to long lag times and
slow drug releases after lag times. Furthermore, viscosity of water-
soluble polymers is one of the predominant factors for RI. The use
of CST1 to evaluate suitable combinations of salting-out agents and
water-soluble polymers in this system was also suggested.

References

Agarwal, R., Mittal, R., Singh, A., 2000. Studies of ion-exchange resin complex of
chloroquine phosphate. Drug Dev. Ind. Pharm. 26, 773–776.

Al-Omran, M.F., Al-Suwayeh, S.A., El-Helw, A.M., Saleh, S.I., 2002. Taste masking of
diclofenac sodium using microencapsulation. J. Microencapsul. 19, 45–52.

Azorlosa, J.L., Martinelli, A.J., 1962. In: Davidson, R.L., Sitting, M. (Eds.), Water-Soluble
Resins. Reinhold Book Corporation, New York, pp. 131–153.

Bajwa, G.S., Hoebler, K., Sammon, C., Timmins, P., Melia, C.D., 2006. Microstruc-
tural imaging of early gel layer formation in HPMC matrices. J. Pharm. Sci. 95,
2145–2157.

Blume, H., Ali, S.L., Siewert, M., 1993. Pharmaceutical quality of glibenclamide prod-
ucts: a multinational postmarket comparative study. Drug Dev. Ind. Pharm. 19,
2713–2741.

Eeckman, F., Amighi, K., Moës, A.J., 2001. Effect of some physiological and
non-physiological compounds on the phase transition temperature of thermore-
sponsive polymers intended for oral controlled-drug delivery. Int. J. Pharm. 222,
259–270.

Eeckman, F., Moës, A.J., Amighi, K., 2002. Evaluation of a new controlled-drug deliv-
ery concept based on the use of thermoresponsive polymers. Int. J. Pharm. 241,
113–125.

Encyclopedia CHIMICA (Japanese), 1987, Kyoritsu Shuppan Co Ltd., Tokyo, pp. 26.
Gupte, V.V., Habib, W., Holt, K.E., Khankari, R.K., Hontz, J., 2002, Taste-masking of

highly water-soluble drugs, PCT Int. Appl. WO 0296392, December 5.
Harding, R.H., Rose, J.K., 1962. In: Davidson, R.L., Sitting, M. (Eds.), Water-Soluble

Resins. Reinhold Book Corporation, New York, pp. 191–215.
Hashimoto, Y., Tanaka, M., Kishimoto, H., Shiozawa, H., Hasegawa, K., Matsuyama,

K., Uchida, T., 2002. Preparation, characterization and taste-masking properties
of polyvinylacetal diethylaminoacetate microspheres containing trimebutine. J.
Pharm. Pharmacol. 54, 1323–1328.

Helm, J.F., Dodds, W.J., Riedel, D.R., Teeter, B.C., Hogan, W.J., Arndorfer, R.C., 1983.
Determinants of esophageal acid clearance in normal subjects. Gastroenterology
85, 607–612.
Ishikawa, T., Watanabe, Y., Takayama, K., Endo, H., Matsumoto, M., 2000. Effect of
hydroxypropylmethylcellulose(HPMC) on the release profiles and bioavailability
of a poorly water-soluble drug from tablets prepared using macrogol and HPMC.
Int. J. Pharm. 202, 173–178.

Iwanami Physics and Chemical Dictionary 4th edition (Japanese), 1987, Iwanami
Shoten, Tokyo, pp. 1380.



nal of

J

K

K

K

K

L

L

L

L

L

M

M

M

M

N

N

H. Tasaki et al. / International Jour

apanese Pharmacopeia XIV, 2001. Society of Japanese Pharmacopoeia, Tokyo, pp.
228.

agaku Binran II (Chemical Handbook) 4th edition (Japanese), 1993, the Chemical
Society of Japan, Maruzen, Tokyo, pp. 161–176.

ajiyama, A., Takagi, H., Moribe, K., Yamamoto, K., 2008. Improvement of HPMC
tablet disintegration by the addition of inorganic salts. Chem. Pharm. Bull. 56,
598–601.

ajiyama, A., Tamura, T., Mizumoto, T., Kawai, H., Takahashi, T., 2006. Quick disin-
tegrating tablet in buccal cavity and manufacturing method thereof, U.S. Patent
7,074,428, July 11.

urimoto, I., Kasashima, Y., Kawai, H., Takaishi, Y., Katsuma, M., Ohi, H., Yoshida, T.,
Tasaki, H., 2005, Drug-containing coated microparticle for orally disintegrating
tablets, PCT Int. Appl. WO 05039542, May 6.

öbenberg, R., Krämer, J., Shah, V.P., Amidon, G.L., Dressman, J.B., 2000. Dissolution
testing as a prognostic tool for oral drug absorption: dissolution behavior of
glibenclamide. Pharm. Res. 17, 439–444.

i, L., Shan, H., Yue, C.Y., Lam, Y.C., Tam, K.C., Hu, X., 2002. Thermally induced asso-
ciation and dissociation of methylcellulose in aqueous solutions. Langmuir 18,
7291–7298.

iu, S.Q., Joshi, S.C., Lam, Y.C., 2007. Effects of salts in the Hofmeister series and solvent
isotopes on gelation mechanisms for hydroxypropylmethylcellulose hydrogels.
J. Appl. Polym. Sci. 109, 363–372.

iu, S.Q., Joshi, S.C., Lam, Y.C., Tam, K.C., 2008. Thermoreversible gelation of hydrox-
ypropylmethylcellulose in simulated body fluids. Carbohydr. Polym. 72, 133–143.

u, M.F., Borodkin, S., Woodward, L., Li, P., Diesner, C., Hernandez, L., Vadnere, M.,
1991. A polymer carrier system for taste masking of macrolide antibiotics. Pharm.
Res. 8, 706–712.

aggi, L., Bruni, R., Conte, U., 2000. High molecular weight polyethylene oxides
(PEOs) as an alternative to HPMC in controlled release dosage forms. Int. J. Pharm.
195, 229–238.

itchell, K., Ford, J.L., Armstrong, D.J., Elliott, P.N.C., Hogan, J.E., Rostron, C., 1993.
The influence of substitution type on the performance of methylcellulose and
hydroxypropylmethylcellulose in gels and matrices. Int. J. Pharm. 100, 143–154.

itchell, K., Ford, J.L., Armstrong, D.J., Elliott, P.N.C., Rostron, C., Hogan, J.E., 1990.
The influence of additives on the cloud point, disintegration and dissolution
of hydroxypropylmethylcellulose gels and matrix tablets. Int. J. Pharm. 66,
233–242.

orita, T., 2003. Development of deglutition aid jelly for oral administration. Yaku-

gaku Zasshi 123, 665–671.

akano, T., Yuasa, H., Kanaya, Y., 1999. Suppression of agglomeration in fluidized bed
coating. III. Hofmeister series in suppression of particle agglomeration. Pharm.
Res. 16, 1616–1620.

anda, A., Kandarapu, R., Garg, S., 2002. An update on taste masking technologies
for oral pharmaceuticals. Indian J. Pharm. Sci. 64, 10–17.
Pharmaceutics 376 (2009) 13–21 21

O’Conner, R.E., Rippie, E.G., Schwartz, J.B., 1990. Powders. In: Gennard, A.R. (Ed.),
Remington’s Pharmaceutical Sciences, 18th edition. Mack Publishing Company,
PA, pp. 1615–1632.

Oguchi, K., Saitoh, E., Mizuno, M., Baba, M., Okui, M., Suzuki, M., 2000. The repeti-
tive saliva swallowing test (RSST) as a screening test of functional dysphagia (1)
normal values of RSST. Jpn. J. Rehabil. Med. 37, 375–382.

Pollinger, N., Michaelis, J., Benke, K., Rupp, R., Bucheler, M., 1997. Flavor-masked
pharmaceutical compositions, U.S. Patent 5,695,784, December 9.

Shirai, Y., Sogo, K., Nakamura, Y., Fujioka, H., Makita, H., 1992. Rapid-releasing oral
particle pharmaceutical preparation with unpleasant taste masked, U.S. Patent
5,082,669, January 21.

Shin-Etsu Chemical Co., Ltd., 2002, TC-5 product brochure.
Shin-Etsu Chemical Co., Ltd., 2004, Metolose product brochure.
Sohi, H., Sultana, Y., Khar, R.K., 2004. Taste masking technologies in oral pharmaceu-

ticals: recent developments and approaches. Drug Dev. Ind. Pharm. 30, 429–448.
Stellwagen, E., Prantner, J.D., Stellwagen, N.C., 2008. Do zwitterions contribute to the

ionic strength of a solution? Anal. Biochem. 373, 407–409.
Sugao, H., Yamazaki, S., Shiozawa, H., Yano, K., 1998. Taste masking of bitter

drug powder without loss of bioavailability by heat treatment of wax-coated
microparticles. J. Pharm. Sci. 87, 96–100.

Takahashi, Y., Tsukuda, T., Izumi, C., Ikemoto, K., Kokubun, K., Yagi, N., Takada,
M., 1988. Preparation of solid dispersion systems of disopyramide with
polyvinylpyrrolidone and �-cyclodextrin. Chem. Pharm. Bull. 36, 2708–
2710.

Talukdar, M.M., Rompaut, P., Kinget, R., 1998. The release mechanism of an oral
controlled-release delivery system for indomethacin. Pharm. Dev. Technol. 3,
1–6.

US Pharmacopeia XXXI, 2008, US Pharmacopeial Convention, Rockville, MD, pp. 305.
Yajima, T., Nogata, A., Demachi, M., Umeki, N., Itai, S., Yunoki, N., Nemoto, M., 1996.

Particle design for taste-masking using a spray-congealing technique. Chem.
Pharm. Bull. 44, 187–191.

Ye, Z., Pombout, P., Remon, J.P., Vervaet, C., Mooter, G.V., 2007. Correlation between
the permeability of metoprolol tartrate through plasticized isolated ethylcel-
lulose/hydroxypropyl methylcellulose films and drug release from reservoir
pellets. Eur. J. Pharm. Biopharm. 67, 485–490.

Yoshida, T., Tasaki, H., Maeda, A., Katsuma, M., Sako, K., Uchida, T., 2008a. Salting-
out taste-masking system generates lag time with subsequent immediate drug
releases. Int. J. Pharm. 365, 81–88.
Yoshida, T., Tasaki, H., Maeda, A., Katsuma, M., Sako, K., Uchida, T., 2008b. Mechanism
of controlled drug release from a salting-out taste-masking system. J. Control
Release 131, 47–53.

Yoshida, T., Tasaki, H., Maeda, A., Katsuma, M., Sako, K., Uchida, T., 2008c. Optimiza-
tion of salting-out taste-masking system for micro-beads containing drugs with
high solubility. Chem. Pham. Bull. 56, 1579–1584.


	Effects of physicochemical properties of salting-out layer components on drug release
	Introduction
	Materials and methods
	Materials
	Preparation of taste-masked beads
	Drug dissolution
	Analysis of drug dissolution profiles
	CST1 and DeltaCST measurement
	Effect of Na2CO3 concentration on CST of HPMC
	Determination of osmolarities of saturated salting-out agents solutions
	Determination of ionic strength for saturated salting-out agents solutions
	Measurement of viscosity of water-soluble polymers
	Particle size analysis of prepared beads

	Results and discussion
	Dissolution behavior of prepared tasted-masking beads
	Effects of physicochemical properties of salting-out agents on LI and RI
	Effects of physicochemical properties of water-soluble polymers on LI and RI
	Mechanism of lag time formation and subsequent drug release
	CST1 of various combinations of salting-out agents and water-soluble polymers

	Conclusion
	References


