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ABSTRACT- Purpose. Drug release profiles
were established for ibuprofen encapsulated
within several types of microspheres and a range
of dissolution buffer media to study the effect
these variables have in controlling the rate and
extent of drug release. Methods. Fatty acid
microspheres containing ibuprofen were prepared
by a process previously developed and refined to
produce microspheres of a known size and
composition, namely 80-125 pm diameter and an
excipient to ibuprofen ratio of 3:1. Drug release
profiles from these encapsulated formulations
were compared with those obtained for the
dissolution of ibuprofen alone under the same
conditions. Results. Stearic acid microspheres
were found to only partially retard the release of
ibuprofen over a twenty minute period compared
with the dissolution of ibuprofen alone. However,
a significant retardation of ibuprofen release was
observed with cetostearyl alcohol microspheres
over the same period of time. Secondly, drug
release profiles for encapsulated ibuprofen were
determined using five distinct dissolution buffer
media; sodium phosphate, potassium phosphate,
citric acid and phosphate mix, MOPS and tris.
Significant differences in the extent and rate of
drug release were recorded between the different
dissolution buffer solutions. These differences
were also shown to be independent of variations
in pH, temperature, buffer concentrations and the
type of cations present. Conclusions. The
presence and choice of microsphere formulation,
and the choice of buffer present in the dissolution
solution, can influence drug release in vitro, i.e. it
is possible to achieve controlled drug release from
microspheres. To explain the control achieved
through the choice of buffer in solution it is
proposed that the buffer anion exerts a stabilising
influence on the ibuprofen-microsphere matrix.

NOVELTY OF THE WORK

The research presented in this paper introduces a
new formulation for pharmaceutical applications,
namely encapsulating a drug within stearic acid
and cetostearyl alcohol microspheres. Several

interesting observations were made in that
different microsphere formulations retarded drug
release In vitro to differing degrees and
surprisingly, the buffer anion appeared to dictate
drug release. It is therefore now possible to
produce a unique formulation with a highly
controlled level of drug release, i.e. achieving
dose regulation through formulation.

INTRODUCTION

Ibuprofen  [()-2-(4’-isobutylphenyl)propanoic
acid] is a non-steroidal anti — inflammatory drug
(NSAID), which also exhibits antipyretic and
analgesic properties (1). Ibuprofen is available in
a wide range of formulations, the most popular
preparation being the tablet dosage form.
However, it is difficult to formulate the drug as
either an aqueous solution or as a syrup because
of the physicochemical properties of the drug.
The low solubility of ibuprofen in a suitable
medium is responsible for the most severe
limiting factor in formulation development. An
alternative way of delivering the drug is to use
microencapsulation technology (2) which allows
the drug to be trapped in a small sphere with a
diameter ranging from 1 — 1500 pm (3,4). The
resultant product consists of monolithic spherical
structures containing a uniform dispersion of the
drug (5). Careful consideration of the
composition of the encapsulation medium not
only improves drug solubility, but may also
facilitate targeted and regulated drug delivery (6)
through controlling the rate of drug release, and
hence absorption of the drug in vivo (7).

A material that has recently found
application as an encapsulation medium is stearic
acid (8) which is inert, non — toxic, cheap and
listed as an acceptable excipient in the the United
States Pharmacopeia (USP).
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The use of stearic acid microspheres may
also improve patient compliance in that they
could provide a taste-masking effect for
medications possessing an unpleasant taste (9).
Hitherto, only a small amount of research using
drug incorporation  within  stearic  acid
microspheres has been carried out, for instance
using the antibiotic cefuroxime axetil (10-12).
Microspheres to encapsulate drugs can, of course,
be synthesised from alternatives to stearic acid
(13). For example ibuprofen has previously been
incorporated  within  ceto-stearyl  alcohol
microspheres (14) but to date, drug release
profiles based on dissolution studies have not
been fully investigated.

Certain factors are known to affect drug
release measurements; these include the pH (15),
temperature (16) and ionic strength (17) of the
dissolution medium, the dissolution method
chosen (18) - including the presence and
thickness of an unstirred layer, and the presence
of various coexcipients (19). Additionally, it has
been demonstrated that the dissolution medium
buffer composition can play a role in the rate and
extent of drug release (20). This is the case for
the ibuprofen-related drug, ketoprofen (21).
Buffer composition can have a significant effect
on solubility of a drug and it has been found that
ibuprofen release does vary, although the rates do
not appear to have any correlation with the
solubility of the salt formed (22).

In this work a comparative analysis for free
and encapsulated ibuprofen is presented.
Microspheres of stearic acid, cetostearyl alcohol
and a combination of the two are the chosen
encapsulation media from which the drug is
released into a range of buffered solutions. The
objective of this work is to establish which
factors retard or enhance the rate and extent of
ibuprofen release from the microsphere-based
formulations. By understanding these
relationships, it may be possible in the future to
design more tailored formulations with more
desirable drug release profiles than those
currently available.

METHODS
Materials

Stearic acid (CH3(CH,);sCOOH) was purchased
from Fluka (Switzerland). Ibuprofen and
cetostearyl alcohol (a mixture of CH;(CH,);sOH
and CH3(CH,);7OH) were provided by Thornton
and Ross Ltd. (Huddersfield, UK). Sodium

phosphate, potassium phosphate, citric acid,
MOPS (C;H;sNO4S), MOPS sodium salt
(C;H14NO4SNa) and tris (NH,C(CH,OH);) were
purchased from Sigma-Aldrich (Dorset, UK). All
reagents used were within a purity range from
95% t0 99.5%.

Ibuprofen-loaded microsphere preparation

The method adopted for microsphere preparation
in this work is similar to that previously reported
(23) with minor alterations as detailed
below.Stearic acid or cetostearyl alcohol and
ibuprofen, weighed out at a 3:1 mass ratio (with a
total mass of 100 g), were melted in a pre-heated
(85°C) reaction vessel. De-ionised water (1L) was
heated to 85°C on a hot - plate and added to the
molten mixture. This was then left for 5 minutes
at 85°C and stirring then commenced.
Experiments were conducted with a stirring speed
of 3000 rpm. After 5 minutes, the heating element
of the water bath was switched off, allowing the
temperature of the system to fall. Cold water
(5°C) was circulated around the system, cooling
down the resulting emulsion in less than 15
minutes. When the temperature of the system
reached 30°C, the stirrer was switched off and the
resulting microspheres collected by suction
filtration using a Biichner filter. The solid product
collected was dried overnight in a vacuum
desiccator over silica gel. The microspheres were
sieved and those with a diameter between 80 um
and 125 pm collected and used for all subsequent
studies.

This methodology was adopted since it
produces microspheres of a known maximum
diameter (125 pm) and containing a fixed amount
of ibuprofen (it was reasonably assumed that all
of the added ibuprofen was incorporated within
the microspheres). The process is also fast,
relatively economical and safe, since no
flammable or toxic organic solvents are required
during production. Moreover, the formulation
process did not appear to affect the integrity of
the ibuprofen samples in any way.

Particle Size

The particle size was determined using a laser
diffractometer (Malvern Mastersizer 2000, UK).
Six aqueous solutions of ibuprofen (each
0.08%vol) were measured and the overall mean
particle size recorded.
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Scanning Electron Microspcopy

Scanning electron microscopy (SEM) studies
were conducted on microspheres containing
ibuprofen after exposure to a series of buffer
solutions to observe surface changes to the
microspheres. All samples were coated with a
gold/palladium mixture for 2 minutes at 18mA
using a sputter coater to achieve a layer a few
atoms thick. Coated samples were examined
using a Jeol (JSM-6060 LV) microscope at an
accelerating voltage of 2.0kV.

Dissolution Testing

Dissolution studies were performed using an
automated assembly, comprising a dissolution
bath (Pharmatest PTW III) and a UV visible
spectrophotometer (Cecil 3021, series 3000).

For the first series of experiments either 125
mg of ibuprofen or weighed quantities of
microspheres containing 125 mg of ibuprofen
were placed in six separate 1 litre containers
containing aqueous phosphate buffer (0.2 M
monobasic and 0.2 M dibasic sodium phosphate
mixed together to produce a solution with pH 8).
For the second series of experiments, dissolution
media comprised of five separate buffer
solutions, all prepared at pH 8, incorporating a
range of cations and anions. The buffers consisted
of the following pairs of compounds titrated
together to achieve pH 8 solutions at 37°C: 0.2 M
monobasic and 0.2 M dibasic sodium phosphate
(NaH,PO, and Na,HPOy,), 0.2 M monobasic and
0.2 M dibasic potassium phosphate (KH,PO, and
K,HPO,), 0.1 M citric acid and 0.2 M dibasic
sodium phosphate (CcHgO; and Na,HPOy,), 0.1 M
MOPS and 0.1 M MOPS sodium salt
(C7H15NO4S and C7H14NO4SNa) and ﬂnally, 0.1
M tris and 0.1 M hydrochloric acid
(NH,C(CH,0OH); and HCI). Finally, for the third
series of experiments, drug release studies were
conducted for ibuprofen contained within stearic
acid microspheres using a sodium phosphate
buffer over a range of sodium and phosphate
concentrations (0.01 M to 0.8 M and 0.02 M to
0.2 M respectively).

During all dissolution testing a constant
stirring speed and temperature were maintained at
200 rpm and 37°C respectively. Changes in the
absorbance values at 235 nm were recorded for
20 minutes at two minute intervals. Results were
replicated (n=6) for statistical analysis and a
mean value for absorbance was then calculated to

obtain the percentage of ibuprofen released for
each time interval. It should be noted that prior
to drug release experiments it was found that the
presence of ibuprofen and/or microspheres did
not affect the pH of the dissolution media under
any conditions investigated in this research. A
solution of pH 8 was chosen in order to optimise
the solubility of the ibuprofen.

RESULTS

Effect of microsphere composition on the
release of ibuprofen

The effect of microsphere composition on the
release of ibuprofen is shown in Figure 1, where
the percentage of drug released into phosphate
buffer is plotted as a function of time. For
comparative studies, ibuprofen (with a mean
diameter of 53.6 um, as determined by particle
size analysis) was also employed. It should be
noted that the profile displayed for ibuprofen
alone in Figure 1 is correctly described as a
dissolution profile rather than a release profile as
there is no microsphere for the drug to release
from.

From Figure 1 differences in the dissolution
profile for ibuprofen powder alone compared
with release profiles for the three microsphere
formulations are evident proving that drug release
can effectively be controlled by the incorporation
of ibuprofen within microspheres of different
compositions. Figure 1 also clearly shows that
cetostearyl alcohol microspheres most
significantly retard the release of ibuprofen over a
twenty minute period compared with ibuprofen
alone with a final percentage difference of 79%.
Direct comparison of the four release profiles in
Figure 1 shows that three appear asymptotic yet
the fourth (cetostearyl alcohol microspheres)
appears linear. Therefore, the physicochemical
mechanism of drug release from this fourth
formulation is distinctly different from the others
although the reason for this difference is
unknown at this time.

Effect of dissolution media composition on the
dissolution of ibuprofen

The effect of buffer media composition on the
dissolution of ibuprofen powder alone is shown
in Figure 2, where the percentage of drug
‘released’ into aqueous solutions of five different
buffer solutions is plotted as a function of time.
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Figure 1. Dissolution profile at 37°C in pH 8 phosphate buffer for ibuprofen powder alone ('V), release profiles of
ibuprofen from: stearic acid microspheres (m), 1:1 ratio of stearic acid and cetostearyl alcohol microspheres (A) and
cetostearyl alcohol microspheres (®). Each data point represents the mean of 6 results with SD error bars.
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Figure 2. Dissolution profiles of ibuprofen at 37°C in five pH 8 buffer solutions: NaH,PO, and Na,HPO, (<),
KH,PO, and K,HPO, (m), C¢HgO7 and Na,HPO, ('¥), MOPS (e) and tris (#). Each data point represents the mean of 6
results with SD error bars.
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From the results in Figure 2 differences in the
dissolution profiles for ibuprofen in the five
buffer solutions are again apparent. Three buffers
produced similar final percentages of drug
‘release’, namely the combined citric acid and
phosphate buffer, the potassium phosphate buffer
and the sodium phosphate buffer. The two
remaining buffers produced a slightly slower
dissolution rate and significantly lower final
percentage values.

The effect of buffer composition on the
release of ibuprofen from stearic acid
microspheres is shown in Figure 3. For these
experiments, stearic acid microspheres were
chosen in particular to represent an encapsulated
formulation for comparison with Figure 2. All
results displayed in Figures 2 and 3 were obtained
using a pH 8 buffered aqueous solution.

Figure 3 displays significant differences in
the release profiles for ibuprofen from stearic
acid microspheres for the five buffer solutions.
Overall, there are two distinct categories of
release, those from phosphate based buffer
solutions and the remaining three buffer
solutions. The percentage drug release difference
between the highest and lowest final percentage
release was significant at 62 % indicating that the
choice of buffer used can dramatically influence

release rates for the

system.

ibuprofen-stearic acid

Comparison between Figures 2 and 3
provides two interesting observations. Firstly, the
rate of ibuprofen dissolution/release is the same
for two of the buffers for ibuprofen powder alone
and for ibuprofen from stearic acid microspheres,
namely the sodium phosphate and the potassium
phosphate buffer systems. In marked contrast, the
rates of dissoluton/release were very different for
the ibuprofen powder alone and the encapsulated
drug in the three remaining buffer systems. For
example, using the citric acid and phosphate
buffer the encapsulated ibuprofen released 41%
less after twenty minutes than the ibuprofen
powder alone. A similar relationship can be seen
for the two other buffers considered, with tris and
MOPs buffers releasing 39 and 31% less
ibuprofen respectively from the microspheres
compared with ibuprofen powder alone.

Alongside dissolution studies, scanning
electron microscopy (SEM) was used to observe
surface changes to the microspheres upon
immersion in a series of buffers. Formulated
microspheres  containing  ibuprofen = were
compared after exposure to pH 8 buffer solutions
for 10 minutes each at 37°C. SEM images are
shown in Figure 4.
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Figure 3. Release profiles of ibuprofen from stearic acid microspheres at 37°C in five pH 8 buffer solutions: NaH,PO,
and Na,HPO, («), KH,PO, and K,HPO, (m), C¢HsO; and Na,HPO, (¥), MOPS (e) and tris (#).Each data point

represents the mean of 6 results with SD error bars.
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Figure 4. SEM images for the stearic acid microspheres after immersion in pH 8 buffer at 37°C: sodium phosphate
buffer (a), potassium phosphate buffer (b), MOPS buffer (c) and tris buffer (d).

From the images displayed in Figure 4 it can be
seen that the microspheres have undergone
morphological changes following immersion in
each of the buffer solutions. Firstly, upon
immersion in sodium phosphate buffer the
microspheres have appeared to swell with a
rougher surface yet still retaining their spherical
morphology. The remaining three images appear
to show no significant size change although the
microspheres are less spherical, more angular and
in particular, following immersion in MOPS
buffer solution, rather fragmented.

DISCUSSION

Results presented in this paper provide two
distinct  findings of relevance to  assist
intentionally controlling drug release from

microspheres. Firstly, results for the profiles for
the release of ibuprofen from stearic acid
microspheres compared with cetostearyl alcohol
microspheres show that drug release can be
effectively retarded through formulation choice
over the period of time under investigation in this

study. Previous consideration of systems similar
to those investigated here provide equations to
assist the understanding of the physicochemical
drug release mechanisms involved (24). From
these equations, and data presented in Figure 1, it
is possible to determine for each scenario if drug
release 1s diffusion controlled, anomalous
diffusion (i.e. non-Fickian) or zero order. Drug
release for the stearic acid formulation was found
to be non-Fickian whereas for the cetostearyl
alcohol formulation diffusion was the main
release mechanism. Interestingly, the combined
formulation of the two was found to have
diffusion and matrix relaxation playing an equal
role, i.e. displaying zero order drug release.
Secondly, the nature of the buffer electrolyte
has a major effect on microsphere morphology
(SEM  results) and  ibuprofen release
(dissolution/release  profile  results). Since
dependence on the rate of drug release is greater
for the encapsulated ibuprofen it is possible that
there is some form of interaction between the
buffer and the stearic acid itself. However, this
has been postulated previously and was thought
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to be connected to the presence of the buffer
cation associated with the stearate anion which
could exchange with that from the buffer solution
(11). A modified version of this accepted theory
is to consider that the cation may also
simultaneously experience an interaction with a

surrounding buffer anion thus creating a
‘protected”  environment and  preventing
microsphere  disintegration with consequent

reductions in ibuprofen release (Figure 5). This
proposed model is best described as a charged
double layer, similar to that routinely used to
explain the stability of colloidal dispersions.

Figure 5. Diagrammatic representation to illustrate the
proposed ‘buffer anion protection’ theory with the
microsphere (A), including embedded drug (B), with
exposed stearate anions (C), surrounded by buffer
cations (D) and finally protected by buffer anions (E).

In both Figures 2 and 3 the results clearly
show that tris displays the lowest rate of drug
release which may be ascribed to the fact that it is
not present as an anion thus there is no charge-
stabilising effect. Previous authors have noticed
that some buffers can act as surface active agents
with an apparent increase in drug release (21).
Although in theory this could possibly be true for
two of the buffers considered here, i.e. MOPS
and tris, the results suggest that this is not the
case. There is no observable increase in the rate
or extent of drug release for ibuprofen during the
course of the experiment with these buffers.

The results also prove that this does not
appear to occur with phosphate anions. At this
stage, the mechanism for the selective stabilising
effects of the buffers is speculative. However, it
may be that stabilisation is related to the size and
therefore the nucleophilicity of the buffer anion.
The phosphate anion is much smaller than the
others, and there may be a minimum anion size
required to stabilise the stearic acid microspheres.
This hypothesis is based on an assumption that

buffer capacity does not play a significant role in
the results obtained. However, to eliminate any
concerns that existed regarding the potential
variability of buffer concentration, and therefore
buffer capacity, a final set of experiments was
conducted.

Effect of buffer concentration on the release of
ibuprofen

As previously mentioned, it was imperative to
determine whether or not the buffer cation and
anion concentrations had any bearing on the drug
release before conclusions could truly be drawn
on the observations reported earlier in this work.
The effect of a series of concentrations of sodium
phosphate buffer (0.02 M to 0.2 M) on the release
of ibuprofen from stearic acid microspheres over
a twenty minute period was investigated. The
results obtained show that no statistically
significant differences were observed in the total
percentage of drug release. This also supports the
view that phosphate, unlike the other buffers, has
no apparent stabilising or destabilising effect on
the microspheres.

To ensure no effect was observed through
variation in sodium ion concentration, a similar
set of experiments was also conducted with the
addition of a series of concentrations of sodium
chloride (0.01 M to 0.8 M). Again, no statistically
significant difference in the total percentage of
drug release was observed over a 20 minute
period.

CONCLUSION

In conclusion, the presence and choice of
microsphere formulation, and the choice of
buffer, influenced both the rate and extent of
ibuprofen release into solution, i.e. by regulating
certain parameters it is possible to achieve
solution  controlled drug release  from
microspheres. Cetostearyl alcohol microspheres
significantly retarded ibuprofen release into
solution compared with either stearic acid
microspheres or a mixture of the two. A clear
effect on microsphere morphology and the
dissolution profile was also seen in the presence
of the buffer solutions. Data suggests that there is
a connection between buffer anion choice and
drug release and it is proposed that this is because
the anion exerts a stabilising influence on the
ibuprofen-microsphere matrix. Therefore, having
determined factors which permit a new degree of
control over drug release it will, in theory, be
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possible to develop more tailored formulations in
the future.
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