e E——

Evaluation of Alginate Compressed Matrices as Prolonged Drug
Delivery Systems

Submitted: March 8, 2000; Accepted: June 30, 2000
Paolo Giunchedi*, Elisabetta Gavini, Mario Domenico Luigi Moretti, and Gerolamo Pirisino
Dipartimento di Scienze del Farmaco, Universital di Sassari, via Muroni 23/A, Sassari, Italy

AAPS PharmSciTech, 2000; 1 (3) article 19
(http://www.pharmscitech.com/)

ABSTRACT This research investigated the use of
sodium dginate for the preparation of hydrophylic
matrix tablets intended for prolonged drug release
using ketoprofen as a modd drug. The matrix tablets
were prepared by direct compresson using sodium
dginate, cacium gluconate, and
hydroxypropylmethylcdlulose (HPMC) in different
combinations and ratios. In vitro release tests and
erosion studies of the matrix tablets were carried out in
USP phosphate buffer (pH 7.4). Matrices consisting of
sodium aginate done or in combination with 10% and
20% of HPMC give a prolonged drug release at afairly
congtant rate. Incorporation of different ratios of
cadcium gluconae leads to an enhancement of the
release rate from the matrices and to the loss of the
congtant release rate of the drug. Only the matrices
containing the highest quantity of HPMC (20%)
maintained their capacity to release ketoprofen for a
prolonged time.
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INTRODUCTION

Compressed hydrophilic matrices are commonly used
in preparing ora prolonged release dosage forms. They
are usudly easy and economicd to formulate [1].

Sodium dginate (NaAlg), awater soluble sdt of aginic
acid, is a naturd polysaccharide extracted from marine
brown dgee. It contains 2 uronic acids, b-D-
mannuronic acid (M) and a-L-guluronic acid (G), and
it is composad of homopolymeric blocks MM or GG,
and blocks with an dternating sequence (MG blocks)

[2,3]. NaAlg has been used as amaitrix for entrgpment of
drugs [4, 5] and macromolecules [6-8]). Some of
NaAlg's gpplications relate to a particular property: it can
form hydrophilic gels by interaction with bivaent metal
ions [9]. Since dginate gd can easily be formed by this
ionic interaction in agueous medium, gel beads ae
commonly obtained by dropping solutions of sodium
dginate into solutions of cacium chloride [7, 10, 11].

The research invedigated the use of NaAlg for the
preparation of hydrophilic matrix tablets intended for
prolonged drug release, usng ketoprofen as a modd
drug. Ketoprofen is a nongteroidd anti-inflammatory
drug (NSAID) used for rdigf of acute pan and in
chronic diseases such as  rheumatoid  athritis
Ketoprofen's plasma dimination hdf-life is 1 to 3 hours
[12], s0 it mugt be adminigered a least twice daily to
maintain thergpeutic plasmaleve. Ketoprofen is therefore
agood candidate for controlled release dosage forms

Formulations containing ketoprofen and NaAlg, alone or
in combination with cacium gluconae (CaGlu) and
hydroxypropylmethylcdlulose (HPMC), were prepared.
The presence of calcium gluconate wasin relation to the
importance of cadcium ions to the aginate gdling
mechanism: in fact the ionic interactions between
guluronate blocks and cdcium ions determine the
formation of a cross-linked gd. The mairices (containing
100 mg of drug) were obtained by direct compression of
mixtures of the components at different compression
forces. In vitro release tests (phosphate buffer pH 7.4)
and in vitro eroson sudies were carried out.

*)Corresponding  Author:  Paolo  Giunchedi,
Dipatimento di Scienze dd Farmaco, Universta di
Sessxi, via Muroni 23/A, Sessai, Itdy; emall:
pgiunc@ssmain.unissit




MATERIALS AND METHODS

Materials

The following materials were used: ketoprofen, MW =
254.3, mdting point, (m.p.) = 93 to 95°C and sodium
aginae, high viscosty, 2.0% wt/vol agueous solution
a 25°C had viscosty of gpproximately 14 000 cPs
(manufacturer vaue), (Sgma Chemica Co, St Louis,
MO); cdcium D-gluconate (Aldrich Chemica Company
Inc, Milwaukee, WI); hydroxypropylmethylcdlulose,
Metolosg™ 90SH, 15,000 cPs (Shin-Etsu Chemicds,
Tokyo, Jgpan).

Preparation of compressed matrices

To as=ss the influence of the materids used (NaAlg,
CaGlu, and HPMC) on the rdease of the drug, the
matrix tablets were prepared without other excipients,
and they were used as model formulations.

The matrices contain 20% of drug, corresponding to
100 mg of ketoprofen, and are divided into groups A,

B, and C(Table 7). Each group is characterized by a
different HPMC content: 0% (A), 10% (B), and 20%
(©). Within each group there are 6 formulations, each
characterized by a different NaAlg:CaGlu weight ratio:

1.0(AL, B1,C1); 51 (A2, B2 C2); 21 (A3,B3,C3); 1.1

(A4, B4, C4); 1:2 (A5, B5, C5); and 0:1 (A6, B6, C6).

Table 1. Compositions of Matrices Prepared by Direct
Compression*

Matrix K etoprofen NaAlg | CaGlu HPMC

Al 200 800 00 00
B1 700 100
Cl 60.0 200
A2 200 66.7 133 00
B2 583 17 100
Cc2 500 100 200
A3 200 533 2.7 00
B3 46.7 233 100
C3 400 200 200
A4 200 400 400 00
B4 350 350 100
C4 300 300 200
A5 200 26.7 533 00
B5 233 46.7 100
C5 200 40.0 200
A6 200 00 800 00
B6 700 100
C6 600 200

*All values are percentages. Each matrix contains 100 mg of ketoprofen;

total weight 500 mg. NaAlg =sodium alginate; CaGlu = calcium gluconate;
HPMC = hydroxypropylmethyicellulose.

The drug and the corresponding quantities of the other
components (NaAlg, HPMC, and CaGlu) were mixed
in a Turbula apparatus (W.A. Bachofen, Basd,
Switzerland) a 90 rpmfor 15 minutes, the empty
volume of the jar used for the mixing process was
about 40%. The totd weight of the powder mixture
used to prepare each batch was dways 100 g. The
matrix tablets were prepared by direct compression at 3
different levels of compression force (1000, 2000, and
3000 kg) using a hydraulic press (Perkin EImer, Bucks,
UK) equipped with 13-cm flat punches.

In vitro release tests

In vitro release tests were carried out using the USP 23
n.l dissolution test gpparatus (basket). The basket
gpparatus was used in order to reduce the variability
due to the hydrodinamic conditions of the test and to
overcome the problem due to possible sticking of the
gelled matrix on the wall of the dissolution container.
The dissolution medium was USP phosphate buffer,
pH 7.4 (1000 mL, 37°C), and the speed of rotation was
100 rpm. An automatic sampling and analyss system
was used (Erweka DT 70, Erweka GmbH,
Heusenstamm, Germany) and ketoprofen concentration
was gpectrophotometricaly determined a 255 nm
(Hitachi - spectrophotometer, model U-2001, Hitachi
Instruments, Tokyo, Japan). All rdease tets were run in
triplicate, and mean vaues are reported (SD within
about 4%).

Erosion /release studies

In vitro eroson / rdesse sudies were carried out on the
compressed marices usng the USP n.1 dissolution test
goparatus (basket) according to the procedure described by
Ranga Reo et d. [13]. The tests were performed under the
conditions desribed above After different intervas of
time, the content of ketoprofen rdeased in the dissolution
medium was spectrophotometricdly determined when
each basket containing the gdled/partialy eroded matrix
was taken out of the dissolution medium and placed in a
cdreulating hot ar oven (about 60°C). The matrix was left
in the oven until the resdud was dried to congant weight.
Percentage of resdud matrix weight and corresponding
percentage of drug rdeased vs time (h) are reported. The
te was run in triplicate meen vdues are reported (SD
within about 5%).



RESULTS AND DISCUSSION

Figures1, 2, and 3 show the in vitro release profiles
of A, B, and C matrices, repectively.
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Figure 1. Release profiles (pH 7.4) of A matrices (applied
compression force 3000 kg).
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Figure 2. Release profiles (pH 7.4) of B matrices (applied
compression force 3000 kg).
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Figure 3. Release profiles (pH 7.4) of C matrices (applied
compression force 3000 kg).

Al, Bl, and C1 matrices were prepared with NaAlg
and contained 0% (A1), 10% (B1), and 20% (C1) of
HPMC, but no CaGlu. Despite ther different
compositions, the matrices had sSmilar release
behavior: in al cases a sustained drug release was
reached. For the firs 12 hours of dissolution, which
corresponds to about 60% of released drug, the 3
matrices had amost identical profiles, characterized by
afairly constant rate.

The drug release data were fitted to the following
equation [14]:

Mt/MO = Kt"

where Mt/MO is the fractiond release of the drug a
time t, k is a condtant incorporating structura and
geometric characterigtics of the release device. and nis
the release exponent, indicative of the mechanism of
release. The data were fitted for 60% of drug released.
The vaues of n and the coefficient of determination r2
obtained for A1-C1 sysems arereported in Table 2.

These formulations had vaues of n very close to unity,
particularly in the case of A1 matrices, containing only
NaAlg, indicating that they behave as zero-order
rdease sysems. After 12 hours, the matrices
condituted by NaAlg done (Al) became quicker in
their release, while the other 2 formulations containing



Table 2. Exponents (n) and coefficient of determination
(r2) according to MM O=K 1t

Matrix n r

Al 1045 0998
Bl 0.904 1.000
Cl 0.901 1.000
Cc2 0835 0.998
C3 0.645 0.991
C4 0.811 0.990
C5 0.465 0.991

HPMC (B1 and C1) continued their rdease @ an dmogt
condant rate. These results may be rdated to their different
behavior in the dissolution medium. During the in vitro
tests dl the sysems were subjected to both a gdaion
process and to a dow a progressve erason process. After
about 12 hours of dissolution, the gdlled matrices of the A1
formulations began to digntegrate more irregularly, which
led to an increase in drug rlease and a conssquent loss of
the condant rdease rate. B1 and C1 were subjected to the
dow and progressve eroson process until dmog dl the
drug was rdleasad.

CaGlu was chosen as an additiond excpient because
cddum ions ae impotat to the dgnate gdling
mechaniam. The presence of CaGlu caused a notable
change in the rdease behavior of the sysems. In fadt, a
compaison of the rdease profiles of A2-C2 matrices,
containing NaAlg and CaGlu in the ratio 5:1, respectivdy
with 0% (A2), 10% (B2), and 20% (C2) of HPMC shows
that the matrices containing 0% and 10% HPMC released
about 80% of ketoprafen in less than 3 hours, C2 matrices,
containing 20% HPMC extended the drug rdesse over
about 20 hours, but the corresponding rdleese rate pattern
was nat linear.

A3-C3 formuldions wee chaaderized by an
NaAlg:CaGlu 2:1 weight ratio. An increese in the quantity
of CaGlu produced results smilar to those seen for A2-C2
matrices In fact, A3 (0% HPMC) and B3 (10 % HPMC)
did not provide a sustained drug rdease: about 80% of
ketoprofen was rdeasad within 2 hours. Only C3 métrices
were able to extend rdease of ketoprofen but, as with C2,
notin alinear way (Table2).

The other 2 groups of formulaions, A4-C4 and A5-C5,
were prepared usng NaAlg:CaGlu ratios of 1.1 and 1.2,

respectivey. Asshownin Figures1, 2, and 3, only C4 ad
C5 sysems were able to give a sudained drug rdeeses C4
matrices showed a release rate pattern nearly identicd to
those of formulaions containing no CaGlu. After an initid
burgt effect, C5 matrices showed an dmost condant drug
rdesse that was dower then the reference formulaions
containing no CaGlu: in 24hours, only 75% of ketoprofen
wasrdeasad.

All these reaults showed that the presence of CaGlu in
combination with sodium aginate generdly led to a lower
cgpadity of the sysems in contralling the rdesse of the
drug for a prolonged time and only the sysems containing
the highes quantity of HPMC (20%) maintaned this
cgpadity. The obsarvation that uncrossinked sysems hed
dower rdease rates than sysems crossinked with caldum
can be a fird d9ght somewhat surprisng. However it
should be remembered thet the hydrated layer of the matrix
and its subseguent physicd properties were citicd in
determining the drug rdesse Sodium dginae was
effective as a carier with or without HPMC, but interndl
cdadum ions which ionicdly cosslink dginae & a
molecular leve, gave rise to changes in its characterigtics
and paticularly in its hydration. After placing the matrix in
contact with the dissolution medium, cadum aosdinking
that occured in the gdled layer of the matrices probably
determined inhomogeneitiesin the sructure of the hydrated
gd. The presence of the cdaum st could dso have a
channdling effect that determined more rgpid media
penetration into the inner layers of the matrix. Such an open
dructure may do little to affect diffusond pathways. Al
this caused irregular digntegration (indead of dow and
progressive erodon) and in some casss a catadrophic
falure of the sygems the find result of this process was a
drug rdease rate which occured quicker and not in linear

Way.

A comparison of the rdease profiles of matrices containing
CaGlu done (A6), with 10% HPMC (B6) and with 20%
HPMC (C6) showed a very rapid rdease rapid rate of drug
in tablets containing only ketoprofen and CaGlu (A6). This
paticular behavior was due to the rgoid digntegration of
the matrix tablet condituted only by CaGlu and drug. A
vay dow rdesse rde was obsaved in the tablets
containing 10% and 20% HPMC (B6 and C6). In these 2
caxss only the outer layer of the tablets was gdled and
when they were recovered a the end of the test they



showed ther inner part dmogt dry.

The matrices were subjected to both to a gdation process
and an eocdon process during the rdease teds
erodonrdesse dudies were caried out on some the
formulations. The results obtained from C5 matrices for the
fird 9 hours of the tes, are presanted in Figure 4 &s
percentage resdud (wtwt) of eroded marix and
percentage of drug rdeased a the corresponding times vs
time (h). These results show that the mtrix erogon process
followed a pettern that corresponded to the prafile of the
drug release process.

Theinfluence of compresson force on the drug release rate
was dmog negligible. As shown in Figure § the rdease
curves obtaned from C4 mdrices and prepared & 3
different compresson forces were dmod  identicd.
Andogous results were obtained from the other matrices

(datanot reported).

These reaults indicate that gpplied compresson force has
little effect on drug release profiles over thisrange. It may
be thet the formation of the gd layer following immerson
of these sygems in the dissolution medium wes the firgt
dep; drug reease then proceeded via a combingtion of
diffuson and eroson. The properties of the gdled layer
Seem less dependent on the Sate of the dry polymer matrix
in the tablet, and thus of goplied compression force, as
obsarved previoudy [1].
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Figure 4. Erosion / release studies of C5 matrices (applied compression
force 3000 kg).
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Figure 5. Influence of compression force on in vitro drug
release from C4 matrices (applied compression forces: 1000,
2000, and 3000 kg).

CONCLUSIONS

This research shows that sodium dginate can be used
to modify release rates in hydrophilic matrix tablets
prepared by direct compresson. The results showed
that the sustained relesse effects of sodium aginate
matrices and of mixed matrices of sodium aginate and
hydroxypropylmethylcellulose were the best among the
formulations sudied. They behave as zero-order
release sysems. The addition of cacium gluconate
leads to a change in the release capacities of the
matrices. Despite the presence of calcium ions and thus
the possibility of an ionic interaction, the main effect of
this excipient is an increase in ketoprofen release from
the matrices. Also, only the formulations containing the
highest quantity of hydroxypropylmethylcellulose are
able to give aprolonged drug release.
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