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Abstract

The bioavailability of ibuprofen from hot-melt extruded mini-matrices based on ethyl cellulose and a hydrophilic excipient
was tested. During the in vivo evaluation an oral dose of 300 mg ibuprofen was administered to healthy volunteers (n = 9) in a
randomized cross-over study and compared with a commercially available sustained release product (Ibu-slow®). The plasma
samples were analysed by a validated HPLC-UV method. One mini-matrix formulation (F-1) consisted of 30% ibuprofen, 35%
ethyl cellulose and 35% hydroxypropyl methylcellulose (Metolose® 60 SH 50), while the second formulation (F-2) contained
60% ibuprofen, 20% ethyl cellulose and 20% xanthan gum. These mini-matrices were administered in hard gelatine capsules.
Both formulations behaved in vivo as sustained release formulations with an HVDt50%Cmax value (time span during which the
plasma concentration is at least 50% of theCmax value) of 7.6 and 12.0 h for formulations F-1 and F-2, respectively, whereas
a value of 5.2 h was obtained for Ibu-slow®. Although a significantly higherCmax and AUC0–24 h was seen for the reference
product, the relative bioavailability of both experimental formulations was about 80%.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Ibuprofen, a phenyl propionic acid derivative, is
widely accepted as one of the best tolerated non-
steroidal anti-inflammatory drugs available for the
treatment of rheumatoid arthritis, osteoarthritis, and
mild to moderate pain. At lower doses (0.6–1.2 g per
day) ibuprofen is well suited for the treatment of fever,
pain, migraine and dysmenorrhoea. Effective treat-
ment of chronic painful arthritic conditions requires
daily doses between 1.6 and 2.4 g. Using conventional
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formulations ibuprofen is rapidly absorbed, peak
serum concentrations occurring within 1–2 h (Highton,
1999). Its short biological half life, approximately
2 h, requires multiple daily dosing, but slowing down
the ibuprofen release from the formulation—using
sustained release dosage forms—could reduce the
frequency of drug administration, enhancing patient
compliance.

Previous work (De Brabander et al., 2003) described
the in vitro behaviour of mini-matrices formulated
with ibuprofen (model drug), ethyl cellulose and a hy-
drophilic excipient. The in vitro sustained drug release
could be modified by the appropriate selection of hy-
drophilic excipients at different concentrations. Based
on these in vitro data two mini-matrix formulations
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(containing ibuprofen as the model drug) were selected
to evaluate their in vivo performance after adminis-
tration to healthy volunteers. During this study the in
vivo behaviour of the controlled release experimental
dosage forms was evaluated and compared against a
commercial controlled release dosage form.

2. Materials and methods

2.1. Materials

Ibuprofen (IBP) (average diameter: 25�m) (Knoll
Pharmaceuticals, Nottingham, UK) was used as drug.
Ethyl cellulose (EC) (ethoxyl content: 48–49.5%
(w/w); viscosity: 9–11 mPa s (5% solution in
toluene/EtOH, 80:20, 25◦C)) was purchased from
Dow Chemical Company (Midland, USA). Hydrox-
ypropyl methylcellulose (HPMC) (Metolose® 60 SH
50) was obtained from Shin Etsu Chemical Com-
pany (Tokyo, Japan) and xanthan gum from Federa
(Brussels, Belgium).

Ibu-slow® 600 was obtained from Therabel
(Brussels, Belgium). These tablets contain 600 mg
ibuprofen.

2.2. Production process

Prior to hot-melt extrusion, the different compo-
nents of the formulations were mixed in a planetary
mixer. The powder mixture of the first formulation
(F-1) consisted of 30% IBP, 35% EC and 35% HPMC
(Metolose® 60 SH 50), while the second formulation
(F-2) contained 60% IBP, 20% EC and 20% xanthan
gum.

Hot-melt extrusion of the formulations was per-
formed using a laboratory scale co-rotating twin
screw extruder (MP19TC-25, APV Baker, Newcastle-
under-Lyme, UK) with a length-to-diameter ratio of
25/1. The machine was equipped with a control panel,
a standard screw profile with two mixing sections,
a cylindrical die of 3 mm for the production of the
mini-matrices and a twin screw powder feeder. The
screw speed was set at 30 rpm and the powder feed
rate at 360 g/h for both formulations. The temperature
of the five heating zones along the barrel was set at
60 and 82◦C for the 60 and 30% IBP formulation, re-
spectively. The extrudates (∅: 3 mm) were manually
cut into mini-matrices of 2 mm length.

2.3. In vitro characteristics

The drug release from the mini-matrices was evalu-
ated by dissolution testing. A modified paddle method
(USP XXIV) was used in which the mini-matrices
(approximately 60 mg) were kept in a spherical bas-
ket positioned at the bottom of the dissolution vessel.
The dissolution was performed in a VK 7000 dissolu-
tion system linked to a VK 8000 automatic sampling
station (VanKel Industries, New Jersey, USA). The
temperature of the medium was kept at 37± 0.5◦C,
while the rotational speed of the paddles was set at
100 rpm. Phosphate buffer (pH 7.2) was used as the
dissolution medium. Samples of 5 ml were withdrawn
at 0.5, 1, 2, 4, 6, 8, 12, 16, 20 and 24 h, replaced
by fresh medium and spectrophotometrically analysed
for ibuprofen at 221 nm by means of a Perkin Elmer
Lambda 12 UV-Vis double beam spectrophotometer
(Zaventem, Belgium). The ibuprofen concentrations
were calculated from a calibration curve between 0
and 40�g/ml.

To compare the dissolution profiles, the similarity
factor (f2) was used. In this approach, recommended
by the FDA Guidance for Industry, similarity between
two drug products is defined by anf2 value between 50
and 100,f2 being 100 for identical dissolution profiles.
An average difference of 10% at all measured time
points results in anf2 value of 50. The similarity factor
f2 can be calculated as follows:

f2 = 50 log




[
1 + 1

T

T∑
i=1

(xti − xri)
2

]−0.5

× 100




xti and xri represent the average percentage of drug
dissolved from the mini-matrices measured at theith
time point of the test and reference preparations, re-
spectively, andT is the number of time points tested.

2.4. In vivo evaluation

2.4.1. Subjects and study design
A group of nine Caucasian volunteers (three males

and six females), aged between 18 and 55 years, gave
written informed consent to participate in the study,
which was approved by the Medical Ethics Commit-
tee of Ghent University Hospital. The study was con-
ducted in accordance with the current ICH-GCP guide-
lines. The subjects were non-smokers or could smoke
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no more than 10 cigarettes (or 2 cigars/2 pipes) a day
and their weight was normal as defined by the body
mass index. They were judged healthy on the basis of
medical history, physical examination, electrocardio-
gram and evaluation of biochemical and haematolog-
ical parameters in blood and urine. The subjects ab-
stained from medication (except paracetamol and oral
contraceptives) from 2 weeks prior to and during the
whole study.

The following drug formulations were tested:

F-1: 30% ibuprofen, 35% ethyl cellulose and
35% hydroxypropyl methylcellulose
(Metolose® 60 SH 50)

F-2: 60% ibuprofen, 20% ethyl cellulose and
20% xanthan gum

F-3: Ibu-slow® 600 (half a tablet was
administered)

The formulations were administered in a ran-
domised cross-over sequence with a washout period
of at least 6 days between consecutive sessions.

On the experimental days the subjects were fast-
ing since the previous evening at 22:00 h, although
the intake of water was allowed up to 2 h before
drug administration. Before the administration of a
formulation, an intravenous cannula was placed in
an antecubital vein and a blank blood sample was
obtained. Hard gelatin capsules (size 00), containing
an amount of mini-matrices equivalent to 300 mg
ibuprofen (i.e., 1000 and 500 mg for formulations
F-1 and F-2, respectively), were administered with
200 ml of water. No food or water was allowed up
to 2 h after drug intake. From 2 h after dosing, water
could be taken freely. A standard breakfast and dinner
were provided 3 and 6 h after drug intake, respec-
tively. From 14 h post-administration, the volunteers
could leave the clinical unit and resume their usual
diet, except for ethanol containing beverages, which
were not allowed until 24 h after drug administration.
Blood samples (5 ml at each sampling time) were
obtained at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 14 and
24 h after drug administration. The blood samples
were collected in heparinized tubes and centrifuged
for 10 min at 3000 rpm within 2 h of sampling. Sep-
arated plasma was aspirated and transferred in plastic
tubes. The plasma was stored at−20◦C until assay of
ibuprofen.

2.4.2. Ibuprofen assay procedure
Ibuprofen plasma concentrations were analysed ac-

cording to a previously described HPLC-UV method
(De Brabander et al., 2000).

2.4.3. Method validation
The mean calibration curve for ibuprofen (y =

0.3542x − 0.0075) (n = 10) was linear within the
concentration range between 0.25 and 7.5�g/ml
(r2 = 0.999). The detection and quantification lim-
its in human plasma were determined at 0.07 and
0.25�g/ml, respectively. The ibuprofen plasma re-
covery varied between 93.8 ± 3.0% (n = 7) and
98.7±7.7% (n = 7), while 93.6±3.3% (n = 7) of the
internal standard (indomethacin) was recovered. The
intra-assay coefficients of variation (CV) for the stan-
dards of the calibration curve (n = 6) ranged from 1.9
to 6.3%. The inter-assay CV for the same concentra-
tions (n = 7) were between 0.7 and 5.6%. The inter-
and intraday accuracy (expressed as the percentage
error of the determined concentration compared with
the theoretical concentration) was lower than 5.5 and
9.7%, respectively. The percentage plasma recovery
of ibuprofen and the internal standard as well as
the inter- and intra-assay CV were conform to the
requirements for validation (Shah et al., 1992).

2.4.4. Data analysis
The peak plasma concentration (Cmax) and the

time to reachCmax (tmax) were determined from the
individual plasma concentration–time profiles. The
extent of absorption (AUC0–24 h) was calculated us-
ing the MW-Pharm Program version 3.0 (Mediware,
1987–1991, Utrecht, The Netherlands) using the log-
arithmic and linear trapezoidal rules. Extrapolated
AUCs (AUC0–∞) were not calculated from these data
since it was not possible to obtain accurate estimates
of the terminal elimination constant due to the pro-
longed drug absorption. The sustained release charac-
teristics of a formulation were evaluated by the time
span during which the plasma concentration is at least
50% of theCmax value (HVDt50%Cmax, the width of the
plasma concentration profile at 50% ofCmax). The
HVDt50%Cmax-values were determined from the indi-
vidual plasma concentration–time profiles. The ratio
between HVDt50%Cmax of a test formulation and of an
immediate release reference formulation (expressed
as the quotient,R∆) is a measure for its sustained
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release effect: a ratio of 1.5, 2 and >3 indicating a
low, intermediate and strong sustained release effect,
respectively (Meier et al., 1974). The immediate re-
lease reference formulation used to calculateR∆ was
an ibuprofen suspension (Junifen®, The Boots Phar-
maceuticals, Belgium) with a HVDt50%Cmax-value of
1.8 ± 0.8 h (Ntawukulilyayo et al., 1996).

The pharmacokinetic parameters (Cmax, AUC0–24 h
and HVDt50%Cmax) of the formulations were statisti-
cally evaluated by a two-way ANOVA. The normality
of the data was checked by means of the Shapiro–Wilk
test and the homogeneity of variances using the
Levene’s test. If the variances were found not be
equal the data were transformed to their square root.
To further compare the effects of the different treat-
ments a multiple comparison among pairs of means
was performed using a Scheffé test withP < 0.05 as
significance level.

3. Results and discussion

Previous work (De Brabander et al., 2003) demon-
strated that mini-matrices (cylindrical shape, 2 mm
height and 3 mm diameter) manufactured by hot-melt
extrusion and consisting of ibuprofen, ethyl cellulose
and hydroxypropyl methylcellulose or xanthan gum
were able to sustain the in vitro drug release. A flexible
drug delivery system was developed whereby the drug
release could be modified by changing the viscosity
grade and substitution degree of HPMC. The HPMC
concentration, the drug load and the HPMC/EC ra-
tio affected the in vitro drug release profile. Instead
of HPMC, other hydrophilic excipients (xanthan gum)
could also be incorporated into the matrix, a formula-
tion containing xanthan gum having a near zero order
drug release. In this paper the bioavailability of ibupro-
fen after oral administration of these mini-matrices is
presented. Selecting the formulations for in vivo evalu-
ation was done after a comprehensive in vitro develop-
ment study as described byDe Brabander et al. (2003).

Fig. 1shows the in vitro release profiles of ibuprofen
from Ibu-slow® and the different mini-matrices under
investigation. It can be seen that both mini-matrices
had a slower in vitro sustained release when compared
with the commercially available reference product
(Ibu-slow®). Fig. 2 shows the individual and mean
(n = 9) plasma concentration–time profiles after oral

administration of 300 mg ibuprofen as the commer-
cial Ibu-slow® formulation and as the experimental
mini-matrices F-1 and F-2, whileFig. 3 summarises
their mean plasma concentration–time profiles. Fol-
lowing the initial peak in ibuprofen plasma concen-
tration a second peak was observed in the profile
of several subjects (independent of the formulation
used). This bimodal drug absorption is unlikely to be
due to enterohepatic recycling since this phenomenon
was not observed following intravenous injection or
administration of a conventional immediate release
preparation (Parr et al., 1987). However, the same bi-
modal absorption of ibuprofen was visualised in com-
bination with other sustained release dosage forms
(Parr et al., 1987; Wilson et al., 1989; Borin et al.,
1990; Gharaibeh et al., 1996; Pargal et al., 1996;
Halsas et al., 1998). It was claimed that the second
plasma peak might be the result of a loss of integrity
of the dosage forms during gastrointestinal transit
(Parr et al., 1987) or could be due to an increase in
drug permeability in the colon (Borin et al., 1990).

The pharmacokinetic parameters are listed in
Table 1. Cmax of the experimental formulations was
significantly lower than the corresponding value of
the commercial formulation, combined with a de-
layed onset of action sincetmax of F-1 and F-2
were 4.1 ± 0.9 h and 6.4 ± 3.8 h, respectively, versus
2.7 ± 0.8 h for Ibu-slow®.

With regard to the extent of absorption,Table 1
shows that the AUC0–24 h values were very similar
for both experimental formulations, but significantly
lower than the AUC0–24 h of Ibu-slow®, yielding a
relative bioavailability of about 80% compared with
the marketed product. However, it should be empha-
sised that drug absorption was not complete 24 h after
administration of F-1 and F-2 (Fig. 3). A complete
absorption of ibuprofen and consequently a higher
relative bioavailability versus Ibu-slow® might be ex-
pected when the sampling time would be extended.
These in vivo data correspond with the in vitro ob-
servations shown inFig. 1, where similar ibuprofen
release rates (f2 > 50) for formulations F-1 and F-2
were seen. Thef2 values were less than 50 for the
experimentally developed formulations (F-1: 41.9
and F-2: 34.5) using Ibu-slow® as a reference. De-
spite the similarity (based on the similarity factor,
f2) of the in vitro ibuprofen release for formulations
F-1 and F-2, the latter had a near zero order drug



C.D. Brabander et al. / International Journal of Pharmaceutics 271 (2004) 77–84 81

Fig. 1. Mean ibuprofen dissolution profiles (±S.D.) (n = 6) in phosphate buffer (pH 7.2): Ibu-slow® 600 (1/2 tablet) (—), mini-matrix
F-1 containing HPMC (�) and mini-matrix F-2 containing xanthan gum (�).

release, whereas some burst effect was seen in the
drug release from the mini-matrices formulated with
HPMC (F-1). These differences were reflected in the
initial phase of the in vivo plasma concentration–time
profiles, as initially a slower drug release was seen
for the mini-matrices containing xanthan gum (F-2).
Both mini-matrix formulations behaved in vivo as

Table 1
Mean pharmacokinetic parameters (±S.D.) after oral administration of 300 mg ibuprofen to healthy volunteers (n = 9): Ibu-slow® 600
(1/2 tablet), mini-matrix F-1 containing HPMC and mini-matrix F-2 containing xanthan gum

Ibu-slow® F-1 F-2

tmax (h) 2.7 ± 0.8 4.1± 0.9 6.4± 3.8
Cmax (�g/ml) 14.1± 3.4 7.8± 2.7a 6.1 ± 1.1a

AUC0–24 h (�g h/ml) 104.1± 34.0 79.0± 24.5a 80.9 ± 24.1a

Frel (%) – 76.9± 13.3 79.7± 17.7
HVDt50%Cmax (h) 5.2 ± 2.0 7.6± 3.3 12.0± 6.3a

R∆ 2.8 ± 1.1 4.2± 1.8 6.5± 3.5
C24 h/Cmax (%) 5.9 ± 3.6 26.4± 17.3a 51.0 ± 31.0a

R∆: ratio between HVDt50%Cmax of the test formulation and HVDt50%Cmax of an immediate release reference formulation (1.8 h for an
ibuprofen suspension,Ntawukulilyayo et al., 1996).

a Significantly different from Ibu-slow® according to a two-way analysis of variance (P < 0.05).

sustained release systems with an HVDt50%Cmax value
of 7.6 and 12.0 h for formulation F-1 and F-2, re-
spectively (versus 5.2 h for the reference formulation)
(Table 1). Although the bimodal absorption behaviour
was formulation independent, it was interesting to
note that for both mini-matrices the second ibuprofen
plasma peak exceeded 50% of theCmax-value, even
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Fig. 2. Individual and mean plasma concentration–time profiles after administration of 300 mg ibuprofen to healthy volunteers (n = 9): Ibu-slow® 600 (1/2 tablet) (A),
mini-matrix F-1 containing HPMC (B) and mini-matrix F-2 containing xanthan gum (C).
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Fig. 3. Mean plasma concentration–time profiles (±S.D.) after administration of 300 mg ibuprofen to healthy volunteers (n = 9): Ibu-slow®

600 (1/2 tablet) (—), mini-matrix F-1 containing HPMC (�) and mini-matrix F-2 containing xanthan gum (�).

prolonging HVDt50%Cmax of F-1 and F-2. TheR∆ ratios
showed that the experimental formulations exhibited a
strong sustained release effect withR∆ values of 4.2
(F-1) and 6.5 (F-2) when compared with an ibuprofen
suspension (Ntawukulilyayo et al., 1996). The exper-
imental formulations performed better than the mar-
keted product, indicated by the lowerR∆ value (2.8)
of the Ibu-slow® tablet equivalent to an intermediate
sustained release effect.

Examining the plasma concentration–time profiles
and the higher HVDt50%Cmax values revealed a more
constant drug absorption pattern over 24 h for F-2
and to some extent for F-1 compared with the ref-
erence formulation. The residual concentration at
the end of the sampling period (C24 h) can be used
as a simple criterion to differentiate between var-
ious formulations after single dose administration
(Steinijans, 1990). If the residual concentration is
expressed as a percentage of the maximum concen-
tration (C24 h/Cmax × 100), it provides an indica-
tion of the peak–trough fluctuation to be expected
during steady-state. The experimental formulations

provided a significantly higher percentage of the
C24 h/Cmax-value than the reference product (Table 1),
possibly indicating a better in vivo performance dur-
ing steady state administration as a sustained release
product.

Based on the relatively high plasma concentrations
at the end of the sampling period (24 h) for both
mini-matrix formulations, this bioavailability study
clearly supported the findings of previous studies
(Parr et al., 1987; Wilson et al., 1989; Borin et al.,
1990; Gharaibeh et al., 1996; Pargal et al., 1996;
Halsas et al., 1998) that ibuprofen is absorbed through-
out the entire GI tract; the largest portion of the area
under the curve most probably being generated when
the dosage form resides in the large intestine.

In conclusion, it can be said that the mini-matrices
formulated with ethyl cellulose in combination with
xanthan gum or hydroxypropyl methylcellulose can be
used to prepare sustained release dosage forms. Espe-
cially, the formulation with xanthan gum as the hy-
drophilic excipient was able to maintain the ibuprofen
plasma levels during 24 h.
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