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Summary 

Ibuprofen microspheres were prepared using an aqueous dispersion method. The method was adapted so that two processing 

factors, cooling time and stirring rate, could be altered. The subsequent effects of altering these parameters on the characterisation 

of the microspheres and the drug release kinetics were investigated. Particle size analysis showed that both stirring rate and cooling 

time significantly affected the mean particle size although the effects were independent of each other. In vitro release data were 

fitted to several models, the Higuchi square root of time model (with appropriate limits) giving the best fit for the rcleasc data. 

Increasing the cooling time or decreasing the stirring rate decreased the release of drug from the system. By using this method of 

manufacture, which allows alteration of processing parameters, it would be relatively straightforward to produce microspheres with 

tailored in vitro release characteristics. 

Introduction 

Relatively little importance has been given to 
the effect of the rate and method of cooling on 
the properties of drug matrices. McGinity et al. 
(1983) found that the rate of cooling of the melt 
dispersion influenced the crystallinity of both drug 
and carrier. In a previous paper from this labora- 
tory (Wang et al., 19921, sustained-release 
ibuprofen microspheres were produced using an 
aqueous dispersion method. This technique in- 
volved melting and suspension of drug-containing 
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cetostearyl alcohol in an aqueous medium. The 
resulting emulsion was cooled under rapid stir- 
ring to produce the ‘microspheres. This method 
proved to be reproducible but was limited in that 
it did not allow alteration of the cooling profile to 
enable the study of the effect of cooling time on 
the physico-chemical properties of the micro- 
spheres. In this study the method of cooling was 
adapted so that four cooling times were pro- 
duced. It was thus possible to study the effect of 
this processing factor on the in vitro drug release 
and particle size of the resultant microspheres. 

In addition the stirring rate of the emulsion 
was also altered. Changing this parameter has 
been shown in other studies to alter the particle 
size distribution (Benita et al., 1986; Torrado et 
al., 1989) and in vitro release characteristics 
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(Wang et al., 1992.). We wanted to confirm 
whether the results wouid be as expected at each 
of the four cooling times. 

Materials and Methods 

Ibuprofen, propylene glysol (Sigma Ltd, U.K.>, 
cetostearyl alcohol (Thornton & Ross, Ltd, U.K.), 
disodium orthophosphate dodecahydrate, potas- 
sium chloride (BDH Ltd, U.K.) and citric acid 
(May& Baker, U.K.) were obtained from the in- 
dicated sources. 

Preparation of ibuprofen-cetostearyl alcohol spheres 
9 g of cetosteatyl alcohol was melted on a 

water bath at 100°C; 1 g of ibuprofen was dis- 
persed in the molten wax and stirred to obtain a 
homogeneous melt. This mixture was added to 
200 ml of heated (65”C), acidified, deionised wa- 
ter contained within a 11.5 cm X 7.5 cm 
stainless-steel beaker, The mixture was agitated 
continuously at either 600 or 1300 rpm for 5 min 
using a Heidolph RZ50 stirrer with a stainless- 
steel rotor fitted with a four-blade impeller of 
approx. 45 mm diameter. After 5 min the beaker 
was cooled rapidly to 10°C. Four different cooling 
times were achieved by ahering the coaling pro- 
cedure: 

(1) The hot water in the bath surrounding the 
beaker was drained out and replaced by a propy- 
lene glycol : water (25 : 75) mixture previously 
cooled to -3°C. By varying the outflow and the 
inflow to the water bath cooling times of 7 and 10 
min were obtained. 

(2) The hot water in the bath was drained out 
and replaced by a propylene glycol : water (45 : 55) 
mixture previously cooled to - 15°C. A cooling 
time of 2 min was achieved with this protocol. 

(3) The hot water was drained from the bath 
and the contents of the stainless-steel beaker 
allowed to cool at at room temperature. A cool- 
ing time of 100 min was achieved by this method. 

In each instance, the temperature of the dis- 
persion was monitored during the cooling stage 
by placing a temperature probe (Porter type K 
thermometer 80131 in the dispersion. The resul- 
tant spheres were filtered, washed with acidified 

deionised water, air dried and stored in an air- 
tight desiccator. The pellets were fractionated by 
sieving or used as unfractionated samples. 

Determination of drug loading of microspheres 
In all instances, the cetostearyl alcohol micro- 

spheres were formulated to contain 10% w/w 
ibuprofen. The exact ibuprofen content was de- 
termined as follows. An amount of ibuprofen- 
cetostearyl alcohol spheres containing a theoreti- 
cal weight of 6 mg of ibuprofen was accurately 
weighed. The pellets were crushed and placed in 
100 ml of McIlvaine buffer pH 6.90, 1.0 M con- 
stant ionic strength, and shaken at 100 rpm for 48 
h. The temperature was controlled to 37 + 0S”C. 
Before ultraviolet analysis at 230 nm the solutions 
were filtered through a 0.45 pm filter to obtain a 
clear solution. All samples which were used in 
dissolution studies were analysed for drug con- 
tent. 

Particle size analysis 
Particle size determinations were performed 

using the Mastersizer IP Malvern particle sizer. 
Using a lens of 1000 pm the range of the Master- 
sizer was 4-2000 km. The unfractionated pellets 
prepared at the two stirring speeds and four 
cooling temperatures were analysed, both before 
and after dissolution, to determine the effects of 
these parameters on the size distribution. The 
determinations were performed four times to es- 
tablish the reproducibility of the results. 

In vitro d~soiution studies 
Unfractionated microspheres and two sieve 

fractions, 180-250 and 710-10~ pm, prepared 
at two stirring speeds and four cooling times, 
were used in the dissolution studies. A mixture of 
the two sieve fractions with a ratio of 50: 50 was 
also studied. Dissolution was performed using an 
automated assembly which consisted of an Apple 
IIe computer and TDS software, an Epson LX 86 
printer, a peristaltic pump (Watson Marlow Ltd, 
U.K.), an LKB 4052 Ultrospec UV spectropho- 
tometer, a Caleva model 7ST water bath fitted 
with a variable-speed stirring unit and a tempette 
junior JE-8J heater (Techne, U.K.) and water 
bath. Weighed quantities of microspheres equiva- 
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lent to 60 mg of ibuprofen were placed in baskets 
which were lowered into 1000 ml of McIlvaine’s 
buffer pH 6.90, 1.0 M ionic strength. The buffer 
was previously warmed and maintained at 37 f 
0.5%. The baskets were rotated at a speed of 100 
rpm and the absorbance of the ibuprofen re- 
leased recorded automatically at predetermined 
time intervals at a wavelength of 230 nm. All 
experiments were performed in quadruplicate for 
each sample. 

Scanning electron microsc5py 
The shape and surface characteristics of the 

microspheres were examined and photographed 
using a scanning electron microscope (Jeol JSM- 
6400, Japan). The pellets were sputter coated 
with gold (Edwards ~150 model, U.K.) with re- 
duced coating time. The samples were examined 
at suitable magnifications using a voltage of 5 kV 
to minimise heat generation. 

Density studies 
Two sieve fractions, 180-250 and 710-10~ 

pm, prepared at the two stirring speeds and four 
cooling times, were employed for density mea- 
surements at room temperature. Initially, the 
density of 50 ml of 0.1 M hydrochloric acid was 
determined in a tared 50 ml density bottle. Ap- 
prox. 1 g of ibuprofen-cetostearyl alcohol micro- 
spheres was weighed accurately and placed in a 
previously tared density bottle and filled with 0.1 
M hydrochloric acid. The bottle was then stop- 
pered taking care not to crush any of the micro- 
spheres and to exclude any air bubbles by gentle 
agitation. From the weight of the pellets and the 
weight of the displaced 0.1 M hydrochloric acid 
the density of the microsperes could be calcu- 
lated. The determinations were performed four 
times to establish reproducibility of the results. 

Water content of microspheres 
The water content of two sieve fractions, 180- 

250 and 710-1000 pm, prepared at the two stir- 
ring speeds and four cooling times was deter- 
mined. Approx. 1 g of ibuprofen-cetostearyl alco- 
hol microspheres was accurately weighed and 
placed in a desiccator containing phosphorus 
pentoxide for 48 h. The water content was deter- 

mined from the initial and the final weight of the 
microspheres. 

Results and Discussion 

The aqueous dispersion method was first 
patented in 1960 by Yamamato and Baba (cited 
in Draper and Becker, 1966). This method was 
used for preparation of the ibuprofen-cetostearyl 
alcohol microspheres as it is relatively straightfor- 
ward and requires no investment in high cost 
equipment. In a previous paper from this labora- 
tory (Wong et al., 1992) microspheres were pro- 
duced by this method with a single cooling time. 
In this study the experimental conditions were 
altered so that four cooling times were produced. 
Cooling profiles which produced a drop in tem- 
perature from 65 to 10°C in 2, 7 and 10 min are 
shown in Fig. 1. The fourth cooling profile was 
produced by allowing the aqueous dispersion to 
cool at room temperature. The time taken in this 
instance for the temperature to drop from 65 to 

10MIN. 

- 7MIN. 

- 2min 

0 100 200 300 400 500 600 

Time (second) 

Fig. 1. Representative temperature-time profile of the aque- 
ous phase during the cooling stage in the manufacture of 
cetostearyl alcohol pellets loaded with 10% w/w ibuprofen. 

Error bars are i SD of mean values. 
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10°C was 100 min. The temperature-time profiles 
show non-linear cooling. The rate of cooling for 
each of the cooling profiles from 65 to 30°C the 
temperature range in which all of the solid com- 
ponents would have precipitated out, is similar 
for all the samples and batches. 

Test of drug content 
Before discussing the factors which affect the 

in vitro release of drug from the microsphere 
system it is necessary to determine the actual 
drug loading of the pellets, as opposed to the 
theoretical drug loading, to enable the correct 
percentages of the drug released from the sys- 
tems to be calculated. All of the fractions investi- 
gated in this study were examined for their drug 
content. It was found that the drug loading as a 
percentage of the theoretical amount was 96.84 + 
2.02%. In the following discussion the actual drug 
loading determined for each individual batch of 
matrix microspheres will be used as the value 
representing 100% of the drug released from the 
spheres. 

Particle size study of the unfractionated micro- 
spheres 

Major factors influencing the particle size dis- 
tribution are the speed of mixing of the molten 
dispersed system before and during the cooling 
stage (Scott et al., 1964; Benita et al., 1986; 
Dhupar, 1987; Das and Gupta, 1988; Kawashima 
et al., 1989; Torrado et al., 1989; Biswanath et al., 
19901, the ratio of drug to polymer (Kawashima 
et al., 1989; Torrado et al., 1989; Biswanath et al., 
1990) and the viscosity of the dispersed phase 
(Scott et al., 1964; Das and Gupta, 1988). 

One of the objectives of this investigation was 
to study the effect of the stirring rate and cooling 
time, during the preparation of the microspheres 
on the particle size and the size distribution of 
the resultant systems. The Malvern Mastersizer 
IP was used for all particle size determinations. 
The result of the measurement analysis, with this 
instrument, is a volume distribution. Two derived 
diameters will be used in the following discussion: 
the median diameter designated as D[v,O.5] and 
the mean diameter designated as 0[4,31. Table 1 
shows the effect of cooling time and stirring rate 

TABLE 1 

Effect of cooling time and stirring speed on the particle size 
distribution of the unfractionated pellets 

Cooling time 

(min) 

Stirring speed: Stirring speed: 

600 rpm 1300 rpm 

0[4,3] a + SD h 0[4,3] a + SD 

Before dissolution 

10 905.38 f 392.66 570.55 k 259.05 

7 670.72 + 336.71 370.99+ 164.29 

2 666.29 k 363.84 356.93 k 227.94 

After dissolution 

10 925.27k401.4 635.29 k 332.97 

7 870.40 f 455.59 571.95 f 365.41 

2 791.73 k452.94 431.45 f 237.83 

a Represents the mean diameter over the volume distribution. 

’ Represents the spread of the distribution. 

on the mean particle size and particle size distri- 
bution of the unfractionated pellets. The size 
distribution is represented by the standard devia- 
tion of the mean distribution. No values are given 
for the microspheres produced with a cooling 
time of 100 min as we were unable to obtain a 
full distribution of these due to the limitations of 
the Mastersizer. Analysis of the particle size dis- 
tributions indicates that all of the profiles pro- 
duced at the four cooling times and two stirring 
speeds are approximately normally distributed. 
Further comparison of the median values (Table 
2) with the mean values (Table 11 indicates that 
this is in fact true as the two values are similar 
but not identical. 

TABLE 2 

Effect of cooling time on the particle size of the unfractionated 
pellets 

Cooling 
time 

(min) 

10 

7 

2 

Stirring rate: 

600 rpm 

D[v,O.5] a f SD h 

850.75 f 47.13 

631.50+ 19.91 

603.25 f 47.15 

Stirring rate: 

1300 rpm 

D[v,O.5] + SD 

506.26 + 2.35 

327.50 + 8.69 

305.25+31.19 

a Renresents the median diameter. 
b Represents the standard deviations of the repeat measure- 

ments. 



Analysis of variance shows that both stirring 
rate and cooling time significantly affect the mean 
particle size although these effects are indepen- 
dent of each other (Table 3). Pairwise compar- 
isons using Tukey’s test has shown that there is 
no significant difference in the mean diameter of 
the particle size distribution produced with a 
cooling time of 2 and 7 min at either 600 and 
1300 rpm although they were both significantly 
different from the values obtained with a cooling 
time of 10 min for both stirring rates. These 
results are evident from Table 1. 

The fact that the cooling profiles of the 2 and 
7 min cooling times (Fig. 1) exhibit similar slopes 
in the temperature range of 6%3O”C, the range 
in which all the solid components would have 
precipitated out, could explain the insignificant 
difference in the mean diameters of the pellets 
produced at these two cooling times. Increasing 
the stirring speed from 600 to 1300 rpm produced 
a significant decrease in the mean diameters at 
the three cooling times (Table 1). These results 
confirm earlier findings, based on sieve analysis 
data, from this laboratory and reported in a pre- 
vious paper (Wong et al., 1992). 

The mean particle diameter was also examined 
after dissolution studies to investigate the effect, 
if any, the dissolution medium may have on this 
parameter. From Table 1 it can be seen that the 
microspheres remain intact after dissolution and 
indeed a slight increase in the mean diameter of 
all the microspheres examined was observed. The 
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increase in diameter is probably due to hydration 
of the cetostearyl alcohol spheres. 

In vitro release studies 
The small intestine is the main site of ibupro- 

fen absorption (Upjohn Co., 1974) and the peak 
serum concentration occurs about 1.5 h after 
ingestion (Adams et al., 1967; Kaiser and Van- 
giessen, al., 1974). The half-life of ibuprofen is 
about 2 h (Adams et al., 1969) and the drug is 
rapidly excreted in the urine. To prolong its dura- 
tion of action and to minimise its direct irritant 
effect in the gastrointestinal tract it is sometimes 
formulated as sustained-release dosage forms. 
The in vitro release of the unfractionated micro- 
spheres, two sieve fractions, 180-250 and 710- 
1000 pm and a 50: 50 mixture of the two frac- 
tions, was investigated to determine their release 
characteristics. The size fractions 180-250 and 
710-1000 Frn were prepared at 1300 and 600 
rpm, respectively. The release data for the un- 
fractionated and fractionated samples were fitted 
to several models as detailed in a previous paper 
(Wang et al., 1992). When the whole profile was 
examined none of the models studied gave ade- 
quate fits. The data were then refitted, with lim- 
its, and the mean slopes of the release profiles 
with the corresponding r* and mean square error 
values reported. Using the fractionated micro- 
spheres as an example the results of the mod- 
elling are given in Table 4. The best model for 
the majority of the systems was shown to be the 

TABLE 3 

Analysis of variance table for eua~aat~ng the effect of cooling time and stirring speed on mean particle size 

Source Degrees of Sum of 
freedom squares 

Mean square F value Pr>F 

Cooling time (min) 2 281072.754 140536.377 111.68 0.0001 
Stirring speed (rpm) 
Cooling time a 
Stirring speed 

Error 
Total 

R2 
Coefficient of variance 
Root mean square 
Mean diameter 

1 633121.2502 633727.2502 503.59 0.0001 
2 749.8909 374.945s 0.30 0.7459 

18 2265 1.6400 1258.4244 
23 983201.5352 

0.975856 
6.064372 

35.47428 
584.96202082 
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TABLE 5 

Effect of coofing time and stirhg speed on the reiease kinetics 
of the unfructionated pellets 

Speed of Cooling Slope*SD r2 mean 
rotation time (h-O.‘) (%‘a) square 

(rpm) (min) 

100 

60 

‘tl 
B 
23 

d 
60 

m 
2 

P 

z 180.250um 

40 

II 7’0.1,rJoilum 
20 

0 
0 10 20 30 

Tlme(hours) 

Fig. 2. Effect of pellet size on the release rate of ibuprofen 
from cetostearyl alcohol pellets containing 10% w/w ibupro- 
fen and produced at a cooling time of 100 min. Error bars are 

+ SD of mean values. 

square root of time model over the range 2040% 

drug release. 
Analysis *of the slopes for the fractionated 

spheres shows that at each cooling time the 
smaller size fraction (180-256 Frn) exhibited the 
quickest release while the largest size fraction 
(710-1000 pm) showed the slowest release, the 
mixture of the two fractions being intermediate 
between the two. These results can be explained 
in terms of the surface area, i.e., the smallest size 
fraction presents the greatest surface area for 
dissolution. The profiles of the fractionated pel- 
lets with a cooling time of 100 min are shown in 
Fig. 2. 

Table 5 shows the results of the effect of the 
cooling time and stirring rate on the release ki- 
netics of the unfractionated microspheres. The 
results are illustrated graphically in Figs 3 and 4. 
As expected, increasing the stirring rate produced 
an increase in vitro drug release. Figs 3 and 4 also 
show that increasing the cooling time decreased 
the release of drug from the system. It is thought 
that this effect is a function of two parameters: 
particle size and surface morphology. As the cool- 

600 100 0.246 f 0.050 99.8 0.00019 
600 10 0,463 f 0.005 99.6 0.00020 
600 7 0.468 + 0.010 99.8 0.00017 
600 2 0.621 i 0.010 100.0 0.00001 

1300 100 0.413 rt 0.022 99.4 0.00019 
1300 10 0.506 f 0.031 99.9 0.~3 
1300 7 0.566 + 0.025 99.8 0.~~8 
1300 2 0.665 i 0.034 99.0 0.00093 

ing time increases the mean particle diameter 
increases, thus decreasing the surface area avail- 
able for dissolution. The resultant effect is a 
decrease in drug dissolution. Cooling time also 
affects the surface morphology of the micro- 
spheres, as was evident from electron microscopic 
analysis of the micros~heres’ surface. It can be 

120 

1 

D lOOmin. 

l 10min. 

n 7min. 

0 Pmin. 

Time ( hours f 

Fig. 3. Effect of cooling time on the release of ibuprofen from 
cetostearyi alcohoi pellets prepared at a stirring rate of 600 

rpm. Error bars are f SD of mean values. 
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Fig. 4. Effect of cooling time on the release of ibuprofen from 

cetostearyl alcohol pellets prepared at a stirring rate of 1300 

rpm. Error bars are + SD of mean values. 

seen from Figs 5 and 6 that the surface of the 
microspheres prepared at the fastest cooling time 
exhibit more cracks and channels than the sur- 
face of those formed at the slower cooling times. 
A similar observation was made by Bodmeier and 

Fig. 5. 

Paeratakal (1989); freeze-dried beads had a more 
porous internal structure than air-dried beads. 

Table 6 shows that the density of the micro- 
spheres increases as the cooling time increases, 
suggesting that the microspheres formed at the 
slow cooling times are more compact and less 
porous than those prepared at the faster cooling 
times. Table 6 also shows that the microspheres 
from the 180-250 pm fraction at all four cooling 
times were denser than the 710-1000 pm frac- 
tion. After microsphere formation the amount of 
water contained in each microsphere system was 
investigated by measuring t.he water lost from the 
formed microspheres in a predetermined period 
of time. Table 7 lists the rqsults of this study. The 
water lost from the microspheres increases as the 

TABLE h 

Effect of the cooling time during formation of pellets. and 
particle size on the density of the resultanf pellets 

Cooling time Sieve fraction 

(mid (ctm) 

100 710-l 000 

10 710-I 000 

7 710-l 000 

2 710-l 000 

IO 180-250 

10 180-250 

7 180-250 

2 180-250 

Density f SD 

(gem-“) 

0.8956 f 0.0063 

0.8938 f 0.0045 

0.8874 rf: 0.0074 

0.8384 * 0.0016 

0.949 1 * 0.0042 

0.9376 r?: 0.0083 

0.9067 f 0.0059 

0.8406 f 0.0062 
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TABLE 7 

Effect of drying pellets under phosphorus pentoxide for 24 h 

Cooling rate 
(min> 

Sieve fraction Water loss + SD 
(firn) (g)(x10--“) 

100 710-1000 
10 710-l 000 
7 710-l 000 
2 710-I 000 

100 180-250 
10 180-250 
7 180-250 
2 180-250 

3.77 f 0.21 
4.00 + 0.25 
4.33 + 0.49 
5.70*0.15 

2.75 f 0.06 
2.90 + 0.32 
3.30&0.15 
4.40 + 0.40 

cooling time decreases as is evident for both 
pellet fractions. The results show that at the same 
fraction size the microspheres prepared at slow 
cooling times contain less water and thus may be 
said to be less porous and more compact than 
those prepared at the fastest cooling times. The 
water lost from the MO-250 pm fraction is less 
than that of the 710-1000 pm fraction, confirm- 
ing the results of the density experiments and 
suggesting that the smaller pellets are more com- 
pact and possibly less porous than the larger size 
fraction. 

Conclusion 

Preparation of matrix pellets by aqueous dis- 
persion is relatively straightforward. By altering 
certain formulation parameters of this method 
pellets can be produced which exhibit different in 
vitro release profiles. The temperature range 
(6%30°C) in which all of the soiid components of 
the pellets would have separated out was altered 
and subsequently shown to significantly affect 
mean particle diameter and morpholo~. Pellets 
could thus be formulated to give in vitro release 
profiles with good sustained-release properties. 
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