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Siummary 

A new controlled release suspension of ibuprofen was developed by using ibuprofen microspheres with an acrylic polymer 

(Eudragit RS-PMTMJ. Uniform dispersibility of the microspheres for a period of more than 6 months could be obtained in a low 

viscous acidic solution of sodium carboxymethylcellulose (CMC) by the addition of p-sorbitol. The presence of o-sorbitol in the 

acidic medium increased the adsorbed amount of CMC on the microspheres and contributed to build the loose three-dimensional 

networks of CMC. The coarse microspheres covered with CMC were considered to be held in the networks. This structure of CMC 

made it possible to maintain the long-term uniform dispersibility. An in vitro drug release test showed no influence of the adsorbed 

CMC on the release rate. Leakage of drug from the microspheres in the suspension was not found to occur on storage for 6 

months. 

Introduction 

An oral pharmaceutical suspension has long 
been one of the most favorable dosage forms for 
pcdiatric patients or patients unable to tolerate 
solid dosage forms (Howard, 1981; Sugihara, 
1989). The liquid form is preferred because of the 
ease of swallowing and flexibility in the adminis- 
tration of doses. More therapeutic and commer- 
cial advantages (i.e., high patient compliance, re- 
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duction of side effect and improvement of 
bioavailability) could be expected by incorporat- 
ing a function of controlled drug release into the 
suspension (Smith et al., 1960; Kawano et al., 
1986; Moldenhauer and Nairn, 1990). Therefore, 
it is desirable to develop a well-formulated con- 
trolled release suspension. 

There are many physical and chemical consid- 
erations in the development and preparation of a 
suspension which satisfies pharmaceutical re- 
quirements (Howard, 1981): uniform dispersibility 
of drug particles in suspension for concentration 
uniformity; no caking upon gentle shaking; low 
viscosity of the dispersion medium for ease of 
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pouring; no adverse interaction between drug arrd 
additives for physicochemical stability and 
bioavailability. Some suspending agents are gen- 
erally added to the dispersion medium in order 
that its structure helps to maintain uniform dis- 
persibility (Farley and Lund, 1976; Iwata et al., 
1982; Hashem et al., 1987) or to prevent caking of 
drug particles during shelf-life (Zatz et al., 1979). 
However, the adjustment of particle dispersity 
simply by the addition of a suspending agent, 
such as a water-soluble polymer, is likely to ren- 
der the suspension too viscous to pour or to 
swallow. Due to these seemingly opposite re- 
quirements (i.e., high and prolonged dispersibility 
vs low and fluid viscosity), there are few suitable 
suspensions available that not only ensure physi- 
cal and chemical stability but also possess the 
controlled release property of an active agent. 

The authors have been developing a prepara- 
tion suitable for suspensions containing con- 
trolled release microspheres of ibuprofen with an 
acrylic polymer (Eudragit RS-PMTM). The micro- 
spheres were prepared by the emulsion diffusion 
method devised by the present authors 
(Kawashima et al., 1989a,b). In this paper, the 
preparation of a controlled release suspension 
possessing long-term uniform dispersibility ( > 6 
months) and low viscosity (60 cp) was developed 
by utilizing an acidic dispersion medium com- 
posed of sodium carboxymethylcellulose (CMC) 
with coexisting polyols, such as p-sorbitol. The 
factors determining the dispersibility and physico- 
chemical properties of the suspension were inves- 
tigated. The mechanism of stabilization of coarse 
microspheres in low-viscosity vehicle was also elu- 
cidated. 

Materials and Methods 

Preparation of microspheres of ibuprofen with 
acrylic polymer 

Microspheres were prepared by the emulsion 
solvent diffusion method (Kawashima et al., 
1989a,b): ibuprofen (150.0 g; Taito Koeki Co., 
Japan) and Eudragit RS-PM (Eudragit) (50.0-75.0 
g; Rhom Pharma GmbH, Germany) were dis- 
solved in ethanol (300.0 ml). The ethanolic solu- 

tion thus prepared was poured into a 0.025-0.05% 
w/v aqueous solution (3000.0 ml) of a sucrose 
ester (DF-K70, Daiichi Kogyo Seiyaku Co., Ltd). 
The system was thermally maintained at 25 “C 
with agitation (50-150 rpm) by using a three-pro- 
peller stirrer in a vessel (5000 ml). After 60 min, 
the resultant spherical matrices were withdrawn 
by filtration and dried in a vacuum oven at 40 o C. 

Preparation of suspensions 
Microspheres (400.0 mg) were suspended in 

pH-adjusted aqueous solutions of CMC with an 
ester number of 0.69 per glucose residue (O-1.0% 
w/v), and the appropriate amount of p-sorbitol 
or other polyols was added. The total volume of 
each suspension was 15.0 ml when the pH of the 
suspensions was readjusted with 0.1 M HCl or 0.1 
M NaCl solution. After the suspensions had been 
formulated, they were gently shaken at appropri- 
ate intervals during storage for 1 week. 

Sedimentation Llolume 
The sedimentation volumes were described in 

terms of the ratio of the equilibrium settled height 
(H,,) to the original height (Ha), as described by 
Su et al. (1984). 

Redispersibility 
The number of revolutions necessary to re- 

store the suspension to homogeneity was recorded 
by the method described by Matthews and Rhodes 
(1968). The redispersibility was measured by ro- 
tating a test tube of 20 ml with a diameter of 1 
cm. The test tube was filled with 15.0 ml of the 
suspension. 

Rheology 
The apparent viscosities were measured by us- 

ing a rotation viscometer with a no. 1 rotor (Tokyo 
Keiki Seisakusho Co., Ltd, Japan). The flow 
curves were obtained by using a rheometer 
equipped with a corn of 92 mm diameter (NRM 
120-0, Japan Rheology Co., Ltd, Japan) at 20 o C. 

Zeta potential 
The zeta potentials (Z-potential) were mea- 

sured at 25 o C using a streaming potential ana- 
lyzer (ZP-lOB, Shimadzu Seisakusho Co., Ltd, 
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Japan). Values of the Z-potential were calculated 
from the Helmholtz-Smoluchowski equation 
(Vercammen and Janssens, 1984). Measurements 
were carried out in water, as described by Ver- 
cammen and Janssens (1984): the viscosity term 
in the equation exerts a pronounced effect upon 
the Z-potential. In a non-Newtonian suspension, 
the viscosity depends on the shear velocity and 
therefore will change during the measurements. 

Determination of adsorption 
The amount of CMC or o-sorbitol was mea- 

suired separately, after dialysis of a supernatant 
obtained by centrifugation of a suspension at 
la00 x g for 1 min. The supernatant (1.0 ml) and 
5.0 ml water were packed into a dialysis tube 
(seamless cellulose tubing, Viskase Sales Corp., 
USA.) and incubated for 120 h at 25 o C in 1000 
ml water (outer water phase), which was replaced 
daily by a fresh quantity. CMC remained in the 
tube, and o-sorbitol was dialyzed to the outside. 
The amounts of CMC and o-sorbitol adsorbed 
onto the microspheres were determined indirectly 
from the difference between the initial concen- 
tration and the amount found at equilibrium upon 
analysis after dialysis. 

(A) CMC analysis The CMC concentration of 
the residue in the tube was assayed by the an- 
throne reaction. 2 ml of 0.1% w/v anthronesulfu- 
ric acid was added to 1.0 ml of the residue, and 
incubated for 15 min at 90 “C. After cooling, it 
was diluted with 60% sulfuric acid aqueous solu- 
tion. This sample was analyzed photometrically at 
625 nm. Adsorption of CMC on the membrane 
was negligible. 

(B) o-Sorbitol analysis o-Sorbitol concentra- 
tion in the dialyzate was assayed by gas chro- 
matography (NF XVI, sorbitol assay). After dilu- 
tion of 1.0 ml of the dialyzates with methanol, it 
w%s evaporated to dryness at 40 o C. 1 ml of the 
internal standard solution was added to the resid- 
ual solid. The solution obtained was injected into 
a gas chromatograph. 

Drug release test 
Drug release tests on the suspension with mi- 

crospheres and the original microspheres were 
carried out by using the paddle method specified 

in USP XXI. The samples were placed in 900.0 
ml of phosphate buffer (pH 6.8). The dissolved 
drug was assayed spectrophotometrically at 220 
nm. 

Results and Discussion 

Stabilization of suspension by formulation of D- 

sorbitol and CMC and pH adjustment of the 
medium 

Table 1 shows the physical stabilities of micro- 
spheres in media of CMC in the presence of 
different concentrations of D-sorbitol. At a CMC 
concentration of l.O%, there was a steady in- 
crease in sedimentation volume with increasing 
D-sorbitol concentration up to 21.0%. Above this 
concentration, the suspension was found to be 
stable even after standing for 4 weeks, i.e., the 
sedimentation volume was 1.0. Without o-sorbi- 
tol, the suspensions could not be stabilized by 
CMC (1.0%) alone. In this system, the micro- 
spheres settled rapidly within 1 h. At a CMC 
concentration of 0.5%, the suspension was stabi- 
lized when the concentration of D-sorbitol was 
increased to more than 28.0%. The increase in 
concentration of o-sorbitol did not result in a 
corresponding increase in the sedimentation vol- 
ume of the 0.5% CMC system, as found in the 
suspension of 1.0% CMC. 

TABLE 1 

Effect of the amount of o-sorbitol in suspensions (pH 2.0) on 
their sedimentation rolumes 

CMC 
(% w/v) 

1.0 

0.5 

D-Sorbitol 
(% w/v) 

0 
7.0 

14.0 
21.0 
28.0 

0 
7.0 

14.0 
21.0 
28.0 

Sedimentation volume 

After After 
1 week 4 weeks 

0.1 0.1 
0.5 0.2 
0.9 0.7 
1.0 1.0 
1.0 1.0 

0.1 0.1 
0.1 0.1 
0.1 0.1 
0.1 0.1 
1.0 1.0 
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Since the effect of D-sorbitol (a polyol) on the 
physical stability of the suspension has been eval- 
uated, the effects of coformulating other polyhy- 
dric alcohols such as propylene glycol, ethylene 
glycol, glucose or glycerine, upon the suspensions 
at pH 4.0-1.0 were investigated (Table 2). Sus- 
pensions with four different polyols showed suffi- 
cient stability below pH 3.0 for the glycerine 
system and below pH 2.0 for the others, showing 
that the sedimentation volume was 1.0. Although 
the suspension (CMC = OS%, pH 2.0) was stabi- 
lized by the addition of 28.0% o-sorbitol, higher 
concentrations (more than 40.0%) were required 
for other polyols. 

The effect of CMC on the physical stability of 
the suspension was evaluated as shown in Table 
3. As the concentration of CMC in the suspen- 
sions increased, the sedimentation volumes 
reached 1.0 at a higher pH, namely, pH 2.0 for 
the 0.5% CMC system, pH 2.2 for the 0.8% and 
pH 2.6 for the 1.0% CMC systems. Suspensions 
without CMC were not stabilized even at pH 1.0. 

The studies concerning the sedimentation vol- 
ume of the suspensions clearly indicated that the 
coexistence of D-sorbitol with CMC at the opti- 

TABLE 2 

Effect of addition of different types of polyol into suspensions 
(CMC = 0.5%) on their sedimentation volumes 

Polyol 

(% w/v) 
PH Sedimentation volume 

(After 1 week) 

Propylene glycol 

(40.0%) 

Ethylene glycol 

(40.0%) 

Glucose 
(40.0%) 

Glycerine 

(40.0%) 

1.0 1.0 

2.0 1.0 

3.0 0.1 

4.0 0.1 

1.0 1.0 

2.0 1.0 
3.0 0.1 

4.0 0.1 

1.0 1.0 

2.0 1.0 

3.0 0.1 

4.0 0.1 

1.0 1.0 

2.0 1.0 

3.0 1.0 

4.0 0.1 

TABLE 3 

Effect of the amount of CMC and the pH of the medium of 
suspensions containing o-sorbitol (28.0% w / ~1) on their sedi- 
mentation oolumes 

CMC 

(% w/v) 
PH Sedimentation volume 

After After 

1 week 4 weeks 

0 1.0 

2.0 

3.0 

0.1 

0.1 

0.1 

0.5 1.8 1.0 

2.0 1.0 

2.2 0.6 

2.4 0.1 

0.8 2.0 

2.2 

2.5 

3.0 

1.0 2.0 

2.4 

2.6 

3.0 

1.0 

1.0 

0.1 

0.1 

1.0 

1.0 

1.0 

0.1 

0.1 

0.1 

0.1 

1.0 

1.0 

0.2 

0.1 

1.0 

1.0 

0.1 

0.1 

1.0 

1.0 

0.7 

0.1 

mum concentration and an acidic pH in the dis- 
persion medium are prerequisites for making 
coarse microspheres stable in the suspension. 

Coarse microspheres (105 pm in weight aver- 
age diameter) of ibuprofen with an acrylic poly- 
mer were uniformly suspended for more than 6 
months in an acidic dispersion medium (< pH 
2.0) composed of 0.5% w/v CMC by the addition 
of D-sorbitol (> 28.0% w/v), as shown in Fig. 1. 
The viscosity of the suspension (pH 2.0) was only 
60 cp, which shows good fluidity. There has been 
no report that such coarse particles can be uni- 
formly suspended in a readily fluidizable medium 
for more than 6 months. In contrast, caking was 
observed in media in which the pH had been 
adjusted to more than 3.0. The number of revolu- 
tions necessary to restore these caked suspen- 
sions to homogeneity was more than 40 according 
to the method described by Matthews and Rhodes 
(1968), indicating the difficulty of redispersibility 
for practical use. 

The sedimentation volume of a suspension 
(medium pH, 2.0; CMC = 0.5%; D-sorbitol = 
28.0%) was 0.7 after standing for 2 years at room 
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PH 1.0 2.0 3.0 4.0 5.0 

* Suspension Medium = CMC (l.O%,w/v) + O-Sorbitol (X.O%.w/v) 

Sedimentation volumes of each suspensions after standing 6 months 

PH 1.0 2.0 3.0 4.0 5.0 

Sedimentation 
volume 

1.0 1.0 0.1 0.1 0.1 

Fig. 1. Physical stability of microsphere suspension after standing for 6 months. 

temperature. This suspension could readily be 
redispersed upon shaking: the number of revolu- 
tions required to make it homogeneous was only 
one. 

Physicochemical properties of the stabilized suspen- 
sion 

Rheological properties The rheological prop- 
erties of stabilized and unstabilized suspensions 

were precisely investigated in order to clarify the 
relationship between the viscosity and suspend- 
ability by using a rotation viscometer and a 
rheometer. Fig. 2 shows the apparent viscosities 
and flow curves of stable and unstable suspen- 
sions of medium pH 1.8 and 2.2, respectively 
(Table 3). Both suspensions were composed of 
0.5% CMC and 28.0% o-sorbitol. As shown in 
Fig. 2a, the dispersion media of both suspensions 

900 

SHEARRATE (S-l) 

1800 

b, Apparent viscosities - shear rates of 
suspension A and B 

Viscosity (cp) 

Shear Rate ( S -l) A B 

0.07 700 700 
0.14 500 500 
0.35 328 400 
0.70 220 340 
1.40 160 240 
2.80 110 135 
6.99 64 a4 

13.98 60 73 

2. Rheological properties of stabilized (A) and unstable (B) suspensions. Suspension A (microspheres uniformly suspended 

standing for 6 months), pH 1.8; suspension B (microspheres begin to sediment within 24 h) pH 2.2. The formulation of both 

suspensions was the same: CMC 0.5% w/v: o-sorbitof 28.0% w/v. 
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were non-Newtonian liquids and showed a shear 
thinning property with identical hysteresis loops. 
Their apparent viscosities at shear rates of 0.07 
and 0.14 s-l were 700 and 500 cp, respectively 
(Fig. 2b). The stable suspension exhibited slightly 
lower apparent viscosities at 0.35-13.98 s-l as 
compared to the unstable one. 

At extremely low shear rates, the rates of 
disentanglement and alignment of polymer chains 
under the influence of shear are negligible com- 
pared to the rates of entanglement and random- 
ization of polymer chains. Hence, the flow units 
are neither noticeably deformed nor reduced in 
size by shear, and the systems exhibit Newtonian 
flow, with a constant and high viscosity desig- 
nated as the zero-shear viscosity (Umeya et al., 
1970; Schott, 1985). The same apparent viscosity 
(700 cp) of two suspensions at the extremely low 
shear rate (0.07 s-l) and the same shear-thinning 
property suggested that both the suspensions were 
of equal viscosity and of equal structural strength 
of the media on standing. 

The results indicated that the physical stability 
of the suspensions studied could not be explained 
simply on the basis of the rheological properties. 
It was therefore considered that other mecha- 
nisms were operative in bringing about the con- 
siderable degree of physical stability so that the 
coarse microspheres could be uniformly sus- 
pended in the medium for over 6 months. 

Zeta potential Fig. 3 shows the effect of the 
pH on the Z-potentials of ibuprofen, Eudragit 
and microspheres composed of ibuprofen and 
Eudragit in water. The Z-potential of ibuprofen 
increased proportionally to the pH and reached 
zero at pH 2.0. This Z-potential-pH profile 
agreed well with that of drugs possessing car- 
boxylic acid groups (Law, 1984). The positive 
charge of Eudragit increased with decreasing pH. 
Below pH 3.0, the curve showed a steep increase 
while a moderate rise was indicated over the pH 
range 5-3. At the higher pH, the quaternary 
ammonium groups on the surface of Eudragit 
particles became slightly ionized, showing a low 
Z-potential value. As the pH decreased, the de- 
gree of ionization increased so as to cause an 
increase in Z-potential. Microspheres composed 
of ibuprofen and Eudragit showed a gradual de- 

l .Ibuprofen-Eudragit Microsphere 

A,Eudraglt RS-PM 

n ,Ibuprafen 
A 

-401 I I 1 I 
6 5 4 3 2 

PH 

Fig. 3. Influence of pH on Z-potentials of microspheres and 

their components. 

crease in negative charge until becoming zero at 
pH 3.2. A further decrease of pH gave a reversal 
of sign towards a positive charge, which followed 
a rapid increase in positive charge. At pH 2.0, the 
positive charge of microspheres reached 60 
mV/g. The pH where the positive charge of 
microspheres began to rise was consistent with 
that where the charge of Eudragit steeply in- 
creases. These data indicated that Eudragit in 
microspheres gave microspheres with a high posi- 
tive charge (60 mV/g) at pH 2.0. 

Adsorption and sedimentation The addition of 
positively charged ibuprofen-Eudragit micro- 
spheres to an aqueous solution of an anionic 
polymer may cause an electrostatic interaction, 
since there may exist an attractive force between 
the cationic groups of quaternary ammonium on 
the surface of microspheres and the anionic 
groups of the polymer. 

The adsorption of CMC on microspheres in 
the presence of o-sorbitol was investigated as a 
function of pH in the dispersion medium as shown 
in Fig. 4A. The decrease in pH had no substantial 
effect on adsorption until the pH became 3.0. As 
the pH decreased below 3.0, the curve of the 
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Fig. 4. (A) Dependence of the amount of CMC adsorbed per 

g of the microsphere on the pH of the suspension medium. 

Suspension formulation: CMC, 0.5% w/v; o-sorbitol, 28.0% 

w/v. (B) Dependence of sedimentation volume of suspensions 
on pH [storage after (V ) 1 h, (v ) 6 months]. 

adsorption showed a steep increase, which 
reached 150 mg/g of microspheres at pH 2.0. 
The sedimentation volume after 1 h began to rise 
at pH 3.0 where a marked increase in adsorption 
was observed, as shown in Fig. 4B. When the pH 
of the medium was 2.0, a suspension was physi- 
cally stabilized, indicating a sedimentation vol- 
ume of 1.0 even after 4 weeks. It was interesting 
to compare the results on the Z-potential with 
the adsorption behavior of CMC. The curve for 
the Z-potential of microspheres (Fig. 3) and that 
for adsorption (Fig. 4A) showed a similar trend 
with increasing acidity of the medium. The sett- 
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ling of microspheres changed and was prevented 
from pH 3.0. At this point, the adsorption as well 
as the Z-potential started to increase signifi- 
cantly. The findings shown in Figs. 3 and 4A 
suggested at least that the interaction of posi- 
tively charged microspheres with the anionic 
polymer contributed to the extent of adsorption. 
It appeared to depend on the initial charge den- 
sity on the surface of microspheres. The existence 
of CMC anions has been proved in the aqueous 
solution of pH 2.0 by the following experiments: 
(1) The 0.5% CMC (ester number per glucose 
residue = 0.20) solution showed precipitation at 
pH 2.0, since all sodium carboxymethyl groups of 
the glucose residues are converted to free acids 
under acidic conditions, whereas such precipita- 
tion was not found in any of the present systems, 
in which CMC with an ester number of 0.69 was 
employed. (2) Precipitation of the calcium salt of 
CMCs (ester number 0.69) was confirmed in its 
0.5% solution (pH 2.0) by the addition of calcium 
chloride. 

To achieve long term physical stability, the 
addition of the polyol to the dispersion medium 
was indispensable (Table 11, as well as the de- 
crease in pH of the medium. These findings are 
consistent with the results reported by Zatz and 
Lue (19871, who studied a suspension of sulfam- 
erazine prepared with polysorbate 80. The addi- 
tion of sorbitol changed the adsorption properties 
of polysorbate on sulfamerazine due to the dehy- 
dration of the polyoxyethylene groups of polysor- 
bate, resulting in an increase in sedimentation 
volume of the suspension. 

Fig. 5A and B shows the effect of o-sorbitol on 
the adsorption of CMC on the microspheres and 
the sedimentation volume at pH 2.0. The curves 
for both the amount of adsorption and the sedi- 
mentation volume gradually increased in slope 
with increase in concentration of p-sorbitol in the 
medium. There is no steep increase in Fig. 5A at 
the specific point, which was found at around pH 
3 in Fig. 4A. It was also confirmed that no 
adsorption of D-sorbitol on the microspheres was 
detectable in the present study. Fig. 6 shows the 
results for the sedimentation volume replotted in 
terms of the adsorption volume. The physical 
stability of the suspension was enhanced by in- 
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creasing the adsorption of CMC on microspheres. 
It was indicated that the stability of the suspen- 
sion depended on the amount of CMC adsorbed. 
This dependency could explain the difference in 
stability of two suspensions (Fig. 2) composed of 
the same formulation but with different pH val- 
ues. The pH values of stable and unstable sus- 
pensions were 1.8 and 2.2, respectively. The 
amount of adsorbed CMC (75 mg/g of micro- 
sphere) on the microspheres at pH 2.2 was insuf- 
ficient to render them stable for 4 weeks. Adsorp- 

A 

7 14 21 28 

D-SORBITOL AMOUNT (%,w/v) 

IB I 
I - 

P 
m I I I 

7 14 21 28 

D-SORBITOL AMOUNT (%,v/v) 

Fig. 5. (A) Dependence of the amount of CMC adsorption per 

g of the microsphere on o-sorbitol coexisting in the system. 

Suspension formulation: CMC, 0.5% w/v; pH 2.0. (B) Depen- 

dence of sedimentation volume of suspensions on the amount 

of o-sorbitol [storage after ( v ) 1 h, ( v 16 months]. 

b-0’ ! I I 

50 100 150 
ADSORPTION OF CMC (mg/g of microsphere) 

Fig. 6. Relationship between the adsorption amount of CMC 

on microspheres and the sedimentation volume of the suspen- 

sion. Sedimentation volume: measured after standing for 1 h. 

tion was more strongly in evidence at pH 1.8 than 
at 2.2. Therefore, the physically stable suspension 
was considered to be obtained at pH 1.8, even 
after standing for 4 weeks. 

Mechanisms of stabilization and lower viscosity at 
high shear rate 

The positive charge of microspheres which was 
exerted in an acidic medium acted as the initial 
driving force to adsorb CMC on the micro- 
spheres. After the slight, initial adsorption, the 
positive charge might be diminished to some de- 
gree by shielding of the microsphere surface 
(Tempio and Zatz, 1981). The amount adsorbed 
via the electrical attraction, however, was not 
enough to suspend microspheres uniformly in a 
low-viscosity medium for long periods. As re- 
ported by Hirai (19681, the extent of hydrogen 
bonding among CMC molecules was enhanced by 
the addition of o-sorbitol to an aqueous CMC 
system because CMC was subjected to dehydra- 
tion by the strongly hydrating action of D-sorbitol 
itself. Consequently, in the presence of o-sorbitol, 
a proportion of the excess CMCs (not involved in 
the initial adsorption) in the system was forced to 
bind the CMCs already adsorbed on the micro- 
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Fig. 7. Generation of mutual repulsive forces among mierospheres by overlapping of layers rich in CMC adsorbed under shear 
stress. 

spheres. This bonding led to a greater increase in 
the amount of CMC adsorbed on the micro- 
spheres: coverage of the dispersed microspheres 
by polymer molecules made it possible that the 
palymer could attach more extensively to the 
microspheres. At the same time, the hydrogen 
bonding among all CMC molecules caused by 
D-sorbitol resulted in the build up of a loose, 
three-dimensional network of CMC in the sys- 
tem. Microspheres covered with CMC were sus- 
pended in the loose structure of CMC. The phe- 
n~menon of hydrogen bonding among CMCs ad- 
sorbed on the microspheres building up the struc- 
ture might contribute to making the suspension 
more stable. When a particular amount of urea 
was added to this stabilized system, instability 
resulted. Urea is well known to disrupt hydrogen 
bonding among polymers (Aoki and Nagai, 1978; 
Miyajima, 1990). This finding strongly suggested 
that the CMC network built up in the system was 
brought about by the hydrogen bonding among 
CMCs. A similar mechanism for the stabilization 
of coarse suspensions was discussed previously 
only on the basis of a theory of polymer stabiliza- 
tion of disperse systems by Hiestand (1972). The 
adsorption process postulated in this section is 
fairly consistent with the results: (1) the amount 
of CMC adsorbed in the presence of D-sorbitol 
rapidly increased at pH values below the isoelec- 
tric point where microspheres were positively 
charged; and (2) with increase in concentration of 

o-sorbitol, the amount of CMC adsorbed on the 
microspheres gradually increased. Therefore, a 
physically stable suspension of coarse micro- 
spheres can be achieved by controlIing the degree 
of adsorption via the optimum concentration of 
D-sorbitol and the acidity of the dispersion 
medium. 

The suspension stabilized via the formation of 
a three-dimensional network of CMC showed 
non-Newtonian flow. It was interesting to note 
that a stable suspension gave lower apparent vis- 
cosities at high shear rates than did an unstable 

I’ , I , t 

2 4 6 8 

DISSOLUTION TIME (hour) 

Fig. 8. Ibuprofen release profiles from microspheres and their 
suspension. (0) Microspheres; (ml suspension of micro- 
spheres. Suspension formulation: CMC, 0.5% w/v; D-sorbitol, 

28.0% w/v: pH 2.0. 
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suspension, as found in Fig. 2b. The microspheres 
in the stable suspension were rich in CMC-ad- 
sorbed layers. After the three-dimensional struc- 
ture had been broken down by high shear stress, 
the microspheres were forced to approach each 
other more closely. They were brought so close 
together that their polymer-rich layers began to 
overlap. Mutual repulsion was brought about by 
such overlapping (Tamai, 1990). Thus, the sus- 
pension was a more fluidizable liquid, giving a 
lower viscosity, as shown by the model in Fig. 7. 

In vitro drug release profile from microspheres 
dispersed in suspension 

The drug release rates of the ibuprofen-mi- 
crosphere suspension (pH, 2.0; CMC, 0.5%; D- 

sorbitol, 28.0%) after standing for 6 months and 
microspheres alone were investigated in pH 6.8 
phosphate buffer (JPXI disintegration test solu- 
tion), as shown in Fig. 8. The ibuprofen release 
rate from the microsphere suspension was consis- 
tent with that from microspheres alone. This re- 
sult indicated that no leakage of drug occurred 
from the microspheres in the suspension on stor- 
age for 6 months and that the adsorbed CMC 
exerted no influence on the drug release rate of 
microspheres. The acidity of the suspension 
medium was attributed as the cause of drug leak- 
age being prevented from the microspheres. Be- 
cause of the low solubility of ibuprofen (pK, 5.2) 
in the acidic medium, it was unable to diffuse out 
from the microspheres to the medium. 

In conclusion, the controlled release suspen- 
sion developed in this study could satisfy the 
expected qualities in the pharmaceutical suspen- 
sion: (1) uniform dispersibility; (2) no leakage of 
the drug from the microspheres during storage; 
and (3) no negative effect of the additives on the 
drug release property. 

Acknowledgements 

Part of the present research was supported by 
a Grant in Aid for General Scientific Research 
(Grant No. B-62490014) from the Ministry of 
Education, Science and Culture, Japan. The au- 
thors wish to thank Associate Professor T. Handa, 

Kyoto University, Japan and Dr K. Tejima, Pfizer 
Pharmaceuticals Co., Ltd, Japan for many useful 
suggestions and comments on this study. 

References 

Aoki, K. and Nagai, U., Efectrophoresis, Hirokawa, Tokyo, 

1978, p. 345. 

Farley, C.A. and Lund, W., Suspending agents for extempora- 

neous dispensing: evaluation of alternatives to tragacanth. 

Pharm. .I., 26 (1976) 562-566. 
Hashem, F., Ramadan, E. and Said, Y.E.L., Effect of sus- 

pending agents on the characteristics of some anti-in- 

flammatory suspensions. Pharmazie, 42 (1987) 732-735. 
Hiestand, E.N., Properties of coarse suspensions. J. Pharm. 

Sci., 61 (1972) 268-272. 
Hirai, N., Compatibility of CMC to Alcohols - Celogen Mono- 

gatari, Daiichi Kougyo Seiyaku, Kyoto, 1968, pp. 93-96. 
Howard, CA., Introduction of Pharmaceutical Dosage Forms, 

Lea and Febiger, Philadelphia, PA, 1981, pp. 139-166. 

Iwata, M., Machida, Y., Ariyama, Ito, S.. Anze, M. and Nagai, 

T., Preparation and clinical application of silver sulfadia- 

zine suspension. Yakuzaigaku, 42 (1982) 160-169. 
Kawano, H., Inotsume, N., Iwaoku, R. and Nakano, M., Study 

of release mechanism and bioavailability of ac- 

etaminophen from pharmasomes - a newly designed sus- 

tained release suspension. Jap. J. C/in. Pharmacol. Ther., 
17 (1986) 669-676. 

Kawashima, Y., Niwa, T., Handa, T., Takeuchi, H., Iwamoto, 

T. and Itoh, Y., Preparation of controlled-release micro- 

spheres of ibuprofen with acrylic polymers by a novel 

quasi-emulsion solvent diffusion method. J. Pharm. Sci., 
78 (1989a) 68-72. 

Kawashima, Y., Niwa, T., Handa, T., Takeuchi, H., Iwamoto, 

T. and Itoh, Y., Preparation of prolonged-release spheri- 

cal micro-matrix of ibuprofen with acrylic polymer by the 

emulsion-solvent diffusion method for improving bioavail- 

ability. Chem. Pharm. Bull., 37 (1989b) 425-429. 

Law, S.L., The microelectrophoretic properties of solid parti- 

cles in the presence of nonionic water-soluble cellulose 

polymers. Pharm. Acta He/u., 59 (1984) 298-300. 
Matthews, E.A.B. and Rhodes, C.T., Some studies of floccula- 

tion phenomena in pharmaceutical suspension. J. Pharm. 
Sci., 57 (1968) 569-573. 

Miyajima, K., Water in biological system. Chem. Chem. Ind., 
43 (1990) 1455-1458. 

Moldenhauer, M.G. and Nairn, J.G., Formulation parameters 

affecting the preparation and properties of microcapsu- 

lated ion-exchange resins containing theophylline. J. 

Pharm. Sci., 79 (1990) 659-666. 
Schott, H., Remington’s Pharmaceutical Science. Mack, Eas- 

ton, PA, 1985, p. 334. 

Smith, H.A., Evanson, R.V. and Sperandio, G.J., The devel- 
opment of a liquid antihistaminic preparation with sus- 

tained release properties. J. Am. Pharm. Assoc., Sci. Ed., 
49 (1960) 94-97. 



3.5 

Su, K.S.E., Quay, J.F., Campanal, KM. and Stucky, J.F., 
Nonaqueous cephalosporin suspension for parenteral ad- 
ministration of cefazolin sodium. J. Pharm. Sci., 73 (1984) 
1602-1606. 

Sugihara, M., Utility of pharmaceutical dosage forms. Faru- 
mashia, 25 (1989) 895-900. 

Tamai, H., Adsorption of polymer, dispersion and floccula- 
tion. Hyoumen, 28 (1990) 932-940. 

Tempio, J.S. and Zatz, J.L., Interaction of xanthan gum with 
suspended solids. J. Pharm. Sci., 70 (1981) 554-558. 

Umeya, K., Isoda, T. and Koizumi, G., Thixotropy. .I Mater. 
Sci. Sot. Jap., 7 11970) 20-29. 

Vercammen, J.A.P. and Janssens, E., A universal method to 
obtain stable and easily redispersible suspensions. Lab. 
Pharmacof. Probf. 7’echnd, 32 (1984) 583-587. 

Zatz, J.L. and Lue, R.Y., Flocculation of suspensions contain- 
ing nonionic surfactants by sorbitol. J. Pharm. Sci., 76 
(1987) 157-160. 

Zatz, J.L., Schnitzer, L. and Sarpotdar, P., Flocculation of 
sulfamerazine suspension by a cationic polymer. J. Pharm. 
Sci., 68 (1979) 1491-1494. 


