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Abstract

Alginates are useful natural polymers suitable for use in the design of pharmaceutical dosage forms. However, the effects of particle s
viscosity and chemical composition of alginates on drug release from alginate matrix tablets are not clearly understood. Hence, 17 grade
sodium alginate with different particle size distributions, viscosities and chemical compositions were used to prepare matrix tablets at varic
concentrations to screen the factors influencing drug release from such matrices. Particle size was found to have an influence on drug release
these matrices. Sodium alginate was subsequently classified into several size fractions and also cryogenically milled to produce smaitker particle
samples. Cryogenic milling could be successfully applied to pulverize coarse alginate particles without changing the quality through degradat
or segregation. This study showed the significance of each alginate property in modulating drug release: particle size is important in initial algi
acid gel barrier formation as it affected the extent of burst release; higher alginate viscosity slowed down drug release rate in the buffer phase
enhanced release rate in the acid phase; high M-alginate might be more advantageous than high-G-alginate in sustaining drug release; an
effect of increasing alginate concentration was greater with larger alginate particles. This can serve as a framework for formulators working w
alginates. Furthermore, the results showed that sodium alginate matrices can sustain drug release for at least 8 h, even for a highly water-sc
drug in the presence of a water-soluble excipient.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Commercial alginates are extracted primarily from marine
algae such akaminaria hyperborea, Ascophyllum nodosum and
In recent years, the biomedical and pharmaceutical industrielacrocystis pyrifera (Gombotz and Wee, 1998Alginates are
have shown much increased interest in the use of biopolylinear unbranched polysaccharides containing varying propor-
mers, particularly alginateshilpa et al., 2008 The naturally tions of B-p-mannuronic acid (M) and-L-guluronic acid (G)
occurring alginate polymer has long been used in the food andesidues. The M and G monomers are-4 linked by glycosidic
beverage industries as thickening, gel-forming and colloidalbonds, forming homopolymeric MM or GG blocks, which are
stabilizing agents. They are also used as binders and disiiterspersed with heteropolymeric MG or GM blocks. Molecu-
tegrants in tablet manufacture. In addition to being a widelylar variability in this polymer depends on the source of marine
used food additive, alginate possesses several characteristalgae, tissue from which alginates are extracted, and also the sea-
that make it a potential biopolymer suitable for the developmenson of crop harvesting. The composition, sequence of polymer
of controlled-release systems. Hydration of an alginate matrivlocks and molecular weight of alginates are important as these
leads to the formation of a gelatinous layer which can act as #actors determine the physical properties of the gel formed.
drug diffusion barrier. Crosslinking of alginate can also be initi-  Oral polymeric matrices are commonly employed to achieve
ated by polyvalent cations such as calcium and barium, formingontrolled-release of drugs. When a hydrophilic matrix is placed
insoluble alginate with the anionic polymer. inanaqueous medium, the hydrophilic colloid component swells
to form a gelatinous surface layer. This then controls the diffu-
sion of water into the matrix. Release of drugs from such a
system is governed by two mechanismdderman, 198% (i)
* Corresponding author. Tel.: +65 6874 2930; fax: +65 6775 2265. diffusion of a water-soluble drug through the gel layer and (ii)
E-mail address: phapaulh@nus.edu.sg (P.W.S. Heng). release of a water-soluble or water-insoluble drug by erosion
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of the outer gel layer as it becomes well-hydrated. Within the~30wm) while lactose (Pharmatose 200M, DMV, The Nether-
hydrated surface layer of the matrix, the core remains dry, actinands) and magnesium stearate (Merck, Germany) were used as
as a non-releasing reservoir of drug and polymer. supplied.

Matrix tablets containing sodium alginate as the release-
retarding agent have been prepared by direct compressian2. Particle true density determination
(Timmins et al., 1992; Hodsdon et al., 1995; Efentakis and
Buckton, 2002; Moroni and Drefko, 2002; Holte et al., 2p03 The true volumes of material used for tableting were mea-
granulation Howard and Timmins, 1988; Sirkiet al., 1994; sured using a helium pycnometer (Penta-pycnometer, Quan-
Bayomi et al., 200Land compression coatingifkia et al., tachrome, USA) according to the USP method. The powders
1994; Kaneko et al., 1998r spray coating Kaneko et al., were oven-dried and cooled in a desiccator prior to carrying
1997. Some of these studies have demonstrated the feasibilityut measurements. The measurements were repeated until three
of preparing alginate matrix tablets industrially. For example consecutive readings did not vary by more than 0.1%. The true
alginate matrices could be produced by compaction of alginatdensity of a powder is obtained by dividing the sample mass
granules Timmins et al., 199pas well as by direct compres- taken after pycnometric measurement by the sample true vol-
sion Holte et al., 2008 However, work done on alginate matrix ume.
tablets is still limited. Many different grades of sodium alginate
are commercially available and these grades vary in their pa2.3. Sieving
ticle size, molecular weight and chemical composition. These
variations may have an impact on drug release behavior, and yet Sodium alginates (Manucol LB and Manucol SS/LL) were
there has been no substantial study to determine the influenctassified into different size fractions using sieves (Endecotts,
of awide range of alginate grades on the drug release properti&) vibrated at an amplitude of 1.5 cm for 20 min.
of alginate matrix tablets. Furthermore, previous research work
had shown the importance of polymer particle size in influenc2.4. Cryogenic milling
ing drug release performance from certain hydrophilic matrices
(Mitchell et al., 1993; Aldrete and Robles, 1997; Velasco et Cryogenic milling of sodium alginate (Manucol LB) was car-
al., 1999; Heng et al., 2001It is hypothesized that alginate ried out using an impact pulverizer mill with a 0.3 mm mesh
particle size can be employed to modify drug release from algi{Goblin, Nara, Japan) at about60°C with liquid nitrogen.
nate matrix tablets. In addition, alginate viscosity might play aMilling speeds of 7500, 10000, 12500 and 15000 rpm were
role in influencing drug release pattern from alginate matricesused and milling was performed in duplicates for each milling
Hence, this study began with the screening of 17 commerciallgpeed.
available grades of sodium alginate to elucidate their effects on
drug release. This was followed by a more intensive examina2.5. Preparation of matrix tablets
tion using selected alginates to examine the effects of alginate
particle size and viscosity on drug release. The effect of matrix The formulations of the matrix tablets used were 5, 10, 30 or
porosity on drug release was also determined. This study w&as0% (w/w) sodium alginate, 40 mg of chlorpheniramine maleate
geared towards gaining further insight on how the propertiepertablet, 1% (w/w) magnesium stearate and lactose as diluent to
of commercially available alginates influence drug release fronadjust tablet weight to 350 mg. The batch weight of each formu-

alginate matrices, from a mechanistic perspective. lation was 35 g. The weighed amounts of drug, sodium alginate
and lactose were premixed geometrically using a spatula and

2. Materials and methods subsequently randomly mixed in a bag for 10 min. The lubri-
cant, magnesium stearate was then added, followed by mixing

2.1. Materials for another 2 min. The resultant powder mixture was individ-

ually weighed and electrically compressed into matrix tablets
Seventeen grades of sodium alginate (ISP-Alginates Indusweighing 350Gt 5 mg using a single punch tableting machine
tries, USA) were used. These can be classified into two groupgManesty F3, UK) with 9.5 mm diameter flat punches. Matrix
M- and G-rich alginates. M-rich alginates consist of approxi-tablets with porosities of 0.150.05 were made. The tablets
mately 60% mannuronic acid and 40% guluronic acid while thewere stored in a desiccator for at least 3 days to allow for tablet
G-rich alginates have typical values of about 37% mannuronicelaxation before use.
acid and 63% guluronic acid.éwson, 2003 The M-rich algi-
nates used were Keltone HVCR, Keltone LVCR, Kelvis, Kel- 2.6. Drug release studies
cosol, Manucols (LB, LF, DH, LKX, SS/LL and DMF); G-rich
alginates used were the Manugels (LBA, LBB, GHB, GMB, Drug release from matrix tablets was evaluated using USP
DJX, DMB and DPB). The Manucol alginates are known toMethod A at 50 rpm and 3% 0.5°C for up to 8 h using paddles
be richer in mannuronic acid while the Manugel alginates havdUSP Apparatus Il, Vankel, USA). Dissolution test was first car-
relatively higher proportions of guluronic acid. ried outin 750 ml of 0.1N hydrochloric acid (pH 1.2) for 2 h and
Chlorpheniramine maleate (BP grade, China), a waterpH of the medium was then adjusted to 6.8 by adding 250 ml
soluble model drug, was milled prior to use (median particle sizef 0.2 M sodium phosphate solution, preheated té@G.7Either
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2 M hydrochloric acid or 2M sodium hydroxide was used for 100,
minor adjustment of the pH of the dissolution media when nec-
essary. At suitable time intervals, samples were collected anc go |
assayed spectrophotometrically (Shimadzu, UV-1201, USA) al§
266 and 262 nm for samples in acid and buffer, respectively, § o |
using the appropriate Beer’s plots. For each formulation, at leas &
triplicate dissolution runs were carried out and the averagecg 40 |
results reported. The dissolution parameters used to analyze tf?\, g
drug release studies weFeso, andT759. These values represent 00l £
the time taken in minutes to achieve 25 and 75% drug release
respectively. o2 ‘ . _ . ‘ .
The mechanism of drug release from the matrix system was 0 50 100 150 200 250 300
studied by fitting the dissolution data to the following equations: Time (min)
zero order, first order, Higuchi square root and the modifieGig 1. Effect of matrix tablet porosity on drug release from alginate matrix
Korsmeyer-Peppas.indner and Lippold, 1996 tablets containing different amounts of Manucol lsBlenotes theoretical tablet

porosity calculated by =1— pa/pT, Wherepa is the apparent tablet density
andpr is the tablet true density.

—o0—10%e=0.08
—o—10%e=0.10
—&—10%e=0.15
—o—10%&=0.20
—8—30%e=0.10
—a—30%e=0.16
—o—30% £ =0.20
sl 50%e =010
sk 50%e =015
coo#-- 50% =020

2.7. Particle size determination

The particle size distribution was determined by laser diffrac-concentration but different porositiesig. 1). The formation of
tometry (Coulter LS 230, USA) using the dry powder module@ g€l barrier around the matrix tablet controls the drug release
in at least duplicates and the median particle size was used hehavior of the tablet. Hence, drug release is expected to be more

represent the particle size of the alginate powders. closely related to the porosity of the hydrated gel layer, which
is independent of the dry matrix porosity.
2.8. Viscosity determination Other investigatorsTimmins et al., 1992; Velasco et al.,

1999; Rekhi et al., 1999; Bettini et al., 199%4ad also reported

The kinematic viscosities of 1% (w/w) solutions of the differ- that changes in compression force only had minimal effect on
ent alginate grades were determined at@sing suspended- drug release from matrix tablets once a critical hardness is
level viscometers. Kinematic viscosity, was calculated from achieved. It can be assumed that variation in compression force
the equationy = K#, wheret is the flow time in seconds an is closely related to changes in the porosity of the matrix tablets.
is the nominal viscometer constant. The alginate solutions wer8n increase in drug release was only observed when the tablets
prepared one day in advance and equilibrated to the requirefere too soft (about 3kp) and this could be due to the lack
temperature for 30 min before taking measurements. The ave®f powder compaction or consolidatioR¢khi et al., 1998
age of not fewer than three readings was taken as the flow time §fodium alginate matrices prepared at three compression force
the solution being examined, provided that consecutive readindgVvels over the range 1500-5000 kg were found to produce over-

did not differ by more than 1%. lapping dissolution profiles, indicating that compression force
over the stated range did not affect drug relea@mihins et
2.9. Statistical analysis al., 1993. Other studies using HPMC matrices showed similar

findings {elasco et al., 1999; Bettini et al., 1994

Data obtained were subjected to correlation analysis and
ANOVA at a significance level of = 0.05. Dissolution profiles  3.2. Screening the performance of 17 grades of sodium
were compared using similarity factgs, and the profiles were alginate
significantly different iff, <50.
3.2.1. Performance of sodium alginate as sustained-release

3. Results and discussion carrier
Dissolution studies showed that some alginate matrices can
3.1. Effect of matrix tablet porosity sustain drug release for at least 8 h, particularly at 50% alginate

content, even for a highly water-soluble model drug, chlorpheni-

The primary aim of determining the effect of matrix tablet ramine maleate, in the presence of a water-soluble excipient,
porosity on drug release was to establish the stable range tictose Fig. 2). Chlorpheniramine maleate was used as it has
matrix tablet porosity that did not influence drug release fromhigh aqueous solubility that is relatively similar at both acidic
alginate matrices. Matrix tablets containing 10, 30 and 50%&nd neutral pH (650 and 584 g/L at pH 1.2 and 6.8, respectively);
Manucol LB were compressed at different pressures to produd#is would ensure that drug release is primarily dependent on the
tablets of porosities ranging from 0.08 to 0.2. Attempts to pro{roperties of the matrix and not on drug solubility.
duce matrix tablets with porosities below the abovementioned
range resulted in tablet capping upon ejection fromthe die. Drug.2.2. Influence of sodium alginate concentration
release studies showed that there was no significant difference In general, dissolutioffizse, andT75e, values increased when
in the drug release profiles of tablets with the same alginatalginate concentration was increased from 10 to 36%. (3.
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1201 The comparatively loweF,sy, and T7s0, Values shown by 10%
alginate matrices could be attributed to the formation of a less
1001 effective diffusion barrier due to fewer polymer particles avail-

@
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% Drug released
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o

—0— Manucol LB
—O— Manucol LF
—a— Manucol DH
—o— Manucol LKX

able for the formation of a continuous and resistant gel barrier.
In contrast, higher polymer concentration gave rise to a more
effective diffusion barrier to further augment thesy, and

T759 Values. Further increase in polymer concentration from
30 to 50% reduced the release-retarding effect of the polymer

401 e Manueol SSIL but only in half of the cases=(g. 3). Other profiles showed
—e—Keltone LVCR a decrease iM25y, Or T759 values while some showed min-
201 —&— Keltone HVCR . . . . .
—a—Kelvis imal changes in these values with higher concentrations of
0l I I I TFKe\coscl . alglnate
@ o 100 200 300 400 500 The effect of polymer concentration on drug release had been

widely reported for HPMC matriceg\{derman, 1984; Rekhi et

al., 1999; Gao et al., 1996; Skoug et al., 1p9%he most com-
mon reason used to explain the effect of polymer content on
drug release was that an increase in polymer content resulted
in increased viscosity of the gel matrix, causing a reduction
in the effective diffusion coefficient of the drugKoug et al.,
1993. Likewise,Gao et al. (1996%korrelated the reduction in
drug release rate with increasing HPMC contentto areductionin
drug diffusivity with anincrease in polymer concentration. How-
ever, a change in diffusion coefficient could not fully explain the

1201

—O— Manugel LBA
—0O— Manugel LBB
—#— Manugel GHB
401 —o— Manugel GMB
—»— Manugel DJX

% Drug released
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20 1 —+— Manugel DMB
—8—Manugel DPB difference in drug release ratekoug et al. (1993)oted that the
0 x ‘ ; ‘ x extent of modulation in drug release rates was not proportional
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to the changes in formulation composition. In another study, it
was observed that drug release rate decreased with an increase in
Fig. 2. Dissolution profiles of matrices containing 50% of (a) M-rich alginates HPMC content up to 20% polymer content. Further increase in
and (b) G-rich alginates. polymer content had marginal influence in retarding drug release
(Wan et al., 1998 Given the complexity of swellable matrices,
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Fig. 3. The influence of alginate concentrationZ®By, and 775y, for (a and b) M-rich alginate and (c and d) G-rich alginate.
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it is unlikely that a change in diffusion coefficient is entirely correlation coefficient between the dissolution parameters used
responsible for the change in drug release rate. Other factorand the polymer variables investigated.
such as differences in water penetration rate, water absorption Correlation analysis for all 17 grades of sodium alginate
capacity and swelling, which result from changes in polymershowed that only particle size could be correlated well with the
content could have played a part in modulating drug releasdissolution parameters at 10% sodium alginate concentration.
(Skoug et al., 1998 This can be illustrated by the following The relationship among these variables was further investigated
observation made in this study. using surface plotsHig. 4). The surface plots of 10% alginate
Close examination of the alginate matrix tablets showed thatatrices showed that drug release was strongly associated with
the integrity of the matrices was adversely affected during thalginate particle size. In general, as the particle size decreased,
dissolution study. Varying patterns of deformation, depicted byl»>50, and T7s¢, increased. However, the relationship between
the presence of surface cracks, grooves and lamination wepatrticle size and drug release was not a strongly linear one. Curve
observed. The extent of deformation was greater at higher algfitting studies revealed that the data fitted a quadratic model
nate concentrations. As alginate content increased, the exteletter than a linear model, as shown by the higkewvalues
of matrix swelling increased due to greater liquid imbibition. obtained with a quadratic moddlgble ). Hence, a plateau for
The latter caused pressure built-up within the matrix whichT»s50, andT750, was observed as particle size decreased further.
could be released by matrix deformation. In the acidic mediumThe particle size value beyond whi@hse, or T759, leveled-off
the conversion of sodium alginate to insoluble alginic acidwas around 10Q.m.
which could swell without generating surface stickiness could Alderman (1984)reported that smaller particles hydrated
further contribute to the inability of the matrices to maintain faster, leading to quicker gel barrier formation and hence slower
their integrity. These effects might have compromised the getirug release. Contrary to Alderman’s theolitchell et al.
barrier developing around the matrix and exposed greater suf1993)reported that larger HPMC particles showed higher ini-
face area to the dissolution medium. Hence, the resultant druggal hydration rates compared to smaller particles. Thus, it was
release parameters were affected by these various compoundipgstulated that the higher release rates observed for matrices

factors. with larger HPMC particles was due to the relative lack of
polymer particles and not the particle size per se. For the same

3.2.3. Influence of sodium alginate particle size and amount of alginate, a reduction in particle size is accompanied

viscosity by an increase in the number of particles and an enhance-

The degree of association between sodium alginate partickment in the polymer surface area. Hence, the use of smaller
size or viscosity and drug release parametgrgy, or T7so, was  alginate particles would favor interparticulate contact, contribut-
determined using correlation analydiable 1shows the Pearson ing to better polymer particle coalescence and create a less

Table 1
Correlation between drug release parameters and alginate particle size or viscosity, and curve-fitting values for both linear and quadratiscitzidglshe:
relationship between drug release and particle size at 10% alginate content

Alginate grade Sample size Dissolution parameter Alginate content (%, w/w) Pearson correlation coefficient, Curve fit, R2
Particle size Viscosity Linear Quadratic
All grades 17 Tas9 10 —0.8238 0.182 0.681 0.8435
30 —0.466 0.035
50 —0.382 0.018
T75% 10 —0.79¢ 0.010 0.624 0.6757
30 -0.218 0.125
50 —0.481 0.369
High M 10 T25% 10 —0.666 0.195 0.4433 0.8515
30 -0.371 —0.039
50 —0.327 —0.063
High G 7 10 —0.963 0.071 0.928 0.938
30 —0.549 —0.263
50 0.133 —0.614
High M 10 T75% 10 -0.723 0.060 0.5229 0.5728
30 —0.426 —0.138
50 —0.735 0.294
High G 7 10 —0.799 —0.024 0.638 0.677
30 0.449 0.609
50 0.476 0.598

R? values represent the goodness-of-fit between the vari@pgsor T7s0, and particle size for both linear and quadratic models.
@ Correlation is significant at the 0.05 level (two-tailed).
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Fig. 4. Response surface plots for {aye, and (b)77s9, of 10% alginate matrices.

permeable gel barrier for more effective retardation of drugand 7759, to that extent. The relative lack of alginate particles
diffusion. when larger particles were used resulted in areas on the tablet

It was interesting to note that drug release was more sensitiiurface where there was an absence of polymer as noted by
to a change in alginate concentration when alginate particlellitchell et al. (1993)while working with HPMC matrices. Dis-
were larger.Fig. 5 shows that the effect of alginate concen- solution medium would enter through these areas and cause a
tration on drug release was most noticeable for matrices corburst release of drug before a protective barrier could be formed.
taining larger sodium alginate particles when alginate contenlincreasing polymer concentration would provide more particles
was increased from 10 to 30%. The increas@&.gy, andT7sy,  to cover the tablet surface and reduce the polymer-free areas.
values when alginate content was increased from 10 to 30%/ith smaller particles, a sufficiently complete gel barrier was
was more than 100% for alginates with median particle sizeformed before significant burst release could occur, even at 10%
of about 20Qum and above [Manugels (LBB, GHB, GMB and alginate content. The extent of increase in surface coverage
DPB) and Manucols (DH and SS/LL)]. In addition, these matri-would be greater for larger particles than for smaller ones with
ces showed pronounced burst release at 10% polymer contetite addition of more polymer, leading to a greater enhancement
On the contrary, increasing the concentration of alginates witlin drug retardation observed with larger particles when alginate
smaller particle sizes from 10 to 30% did not augm&sdy,  concentration was increased from 10 to 30%.
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Fig. 5. Contour plot showing the influence of particle size on the extent of charfggswith an increase in alginate concentration.

At 30 and 50% sodium alginate levels, the influence of parti-ence between the different viscosity grades. However, when
cle size was not apparent. With 10% alginate concentration, thine release profiles in the buffer phase were compadried ),
extent of tablet surface coverage by alginate particles dependéalver-viscosity matrices showed faster drug release compared to
largely on the relative number of alginate particles present irnigher-viscosity alginate matrices. Further investigations were
the system. For the same amount of alginate, smaller particlasarried out to ascertain the relative contributions of viscosity in
would translate into relatively greater number of particles pedrug release from alginate matrices.
unit weight, and hence, greater extent of tablet surface cover-
age. It follows that the porosity of the gel barrier formed would3.2.4. Influence of mannuronic and guluronic acid content
depend mainly on the relative number of alginate particles otin sodium alginate
the tablet surface. Therefore, at low alginate concentration, drug Grades of sodium alginate with different M/G content but
release is sensitive to particle size effect because at this concesimilar median particle sizes and viscosities were compared to
tration, the porosity of the gel barrier is highly dependent on theletermine the effect of M/G content on drug releakable 2.
relative abundance of particles available on the tablet surfac&€omparison of dissolutions profilesSi§. 6) using similarity fac-

At higher alginate concentration, there are adequate particles tor showed that the profiles of Manucol LB and Manugel LBA
form a stable gel barrier. Hence, drug release from these matricas well as Manucol DMF and Manugel DMB were significantly
is modulated by factors other than particle size. These factordifferent at 30 and 50% alginate levefs € 50). However, the
include differences in liquid uptake, swelling, as well as matrixprofiles for Manucol DH and Manugel DMB at 30 and 50% were
deformation during dissolution as observed for alginate matricestatistically similar f» >50). The profiles were similar at 10%

in this study. The masking of particle size effect by the concenalginate level for all three pairs of alginatgs* 50). This shows
tration effect at higher alginate content was in agreement witlthat M/G content influenced drug release behavior of alginate
other research findings carried out with HPM@itchell etal.,  matrices and this effect could only be observed at 30 and 50%
1993; Velasco et al., 1999; Heng et al., 201 alginate concentration. To determine whether pH affected the

When the alginates were grouped according to their companfluence of M/G content on drug release, the release rates in
sition as either high M- or high G-alginates, similar results aghe acid and buffer phases were determined from curve-fitting
those described for all 17 grades were obtairkable ). This  studies using the Higuchi and zero order equations, respectively
showed that the influence of particle size on drug release wa®? >0.99) (Table 9. Exceptions were made for the release in
not affected by the chemical composition of sodium alginate. acid for 30 and 50% Manucol LB and Manugel LBA matri-

On the other hand, the influence of alginate viscosity was notes, which showed better fit to the zero order equation. Results
apparent from the surface plotBi¢. 4) and correlation anal- showed that M-rich alginates gave lower drug release rates in
ysis did not indicate clear association between drug releasscid while G-rich alginates gave lower drug release rates in
and alginate viscosityTable 1. Nonetheless, the results of buffer. Comparison of profiles in acid or buffer phases using
this screening study may be more affected by the influence cfimilarity factor showed that the release rates were significantly
the more dominant factor, particle size, especially at low algidifferent only for 30 and 50% alginate matrices for Manucol
nate concentration. In an attempt to estimate the influence dfB-Manugel LBA and Manucol DMF-Manugel DMB groups.
viscosity, alginates with similar particle size distribution but dif- It appeared that M-rich alginates hydrated faster under acidic
ferent viscosities were chosen for comparison. The dissolutionondition and built up the diffusion barrier more rapidly, result-
profiles of these alginates did not show any significant differing in slower release in the acid phase. On the other hand, G-rich
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Table 2

Drug release rate constants for matrices containing 10, 30 and 50% of M- and G-rich alginates
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Alginate grade

Viscosity (mAs1)

Median particle sizem)

Rate constant

10% alginate 30% alginate 50% alginate

Acid Buffer Acid Buffer Acid Buffer
Manucol LB 2.8 164 4.95 0.75 0.35 0.35 0.38 0.29
Manugel LBA 2.5 155 6.32 NA 0.60 NA 0.68" NA
Manucol DH 28.0 207 6.24 0.26 4.68 0.20 4.76 0.13
Manugel GHB 30.4 224 6.37 0.21 5.48 0.13 6.41 0.13
Manucol DMF 89.6 96 5.53 0.21 4.77 0.14 5.41 0.11
Manugel DMB 115.4 82 6.63 0.14 7.74 0.08 8.10 0.09

Drug release rate constants in the acid phase and buffer phase are expressed %8 antin¥/min, respectively, except for values denoted with (*), which are
expressed as %/min. The rate constants in buffer were not calculated for Manugel LBA due to insufficient data points.
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Fig. 6. Effect of MG content on drug release from alginate matrices for (a) 10%,
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(b) 30% and (c) 50% alginate concentration.

alginates slowed down drug release more than the M-rich algi-
nates inthe buffer phase. The observation in the buffer phaseisin
agreement with other researchers’ findingsgki and Marvola,
1993; Sirkéa et al., 199% where pH 7.2 buffer systems were
used for dissolution studies. At near-neutral pH, G-rich alginates
formed more rigid gels upon hydration than M-rich alginates
(Veski and Marvola, 1993 which may be less prone to ero-
sion and thus constitute a more effective barrier to drug release.
However, when alginate matrices were subjected to acidic con-
ditions prior to dissolution at pH 6.8, the overall release rates
were enhancedg. 6).

3.3. Investigation of particle size effect using Manucol LB

3.3.1. Investigation using sieved fractions of sodium
alginate

Screening study has shown that drug release from sodium
alginate matrices were influenced by the median particle size
of the various grades of sodium alginate. However, the effect
of particle size alone could not be clearly ascertained since the
various grades of alginate also differed in their viscosity and
composition. Hence, further investigation into particle size effect
was carried out using a grade of sodium alginate (Manucol LB).

Manucol LB was sieved into fractions of 180—250,
125-18Qum, 90-125.m and <9Qum and each size fraction was
incorporated into matrix tablets at 5 and 10% alginate concen-
tration. The release profiles of these tablets were subsequently
determined Fig. 7). Particle size effect was observed at both
alginate concentrations used, but the distinction between the size
fractions was clearer at 5% alginate content. The trend obtained
supports the observation from the screening study: the smaller
the particles, the slower the drug release. It was also noted that the
extent of initial burst release diminished with smaller polymer
size fractions. Burst release was defined as/thgis intercept
extrapolated from the initial curvature of the dissolution profile.
Burst release of 25, 20, 10 and 5% were observed with 5% algi-
nate matrices with decreasing alginate size fraction, while initial
bursts of 25, 14, 6 and 4% were observed for matrices containing
10% alginate with diminishing particle size fractions.
Burst release is often observed prior to or during the develop-
ment of a diffusion barrier capable of controlling the penetration
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1995 revealed that the value, which is indicative of the drug
release mechanism, increased with decreasing particle size frac-
tion; the n values obtained were 0.5038, 0.503, 0.5924 and
0.6939 for alginate size fractions of 180—35®, 125-18Q.m,
90-125.m and <9Qum, respectivelyk? > 0.99). This suggests
a gradual evolution of release mechanism towards zero order
release. It was reported that zero order kinetics prevailed if
—o— 180-250 pm n>0.66 for hydrocolloid matricesMockel and Lippold, 1998
- ;gi;g"wﬂnm The trend observed for release mechanism from 10% alginate
o <90 ym matrices was not observed for 5% alginate matridgg.(7),
implying that alginate concentration could also affect release
@) 0 - ; ; ' mechanism. For 5% matrices containing 180—2580 and
0 50 100 150 200 . i
125-18Qum fractions, drug release occurred rapidly in a zero-
order manner until 70-80% of drug was released, after which
the release profiles gradually leveled-off. The faster release rate
observed with 5% matrices containing the two larger size frac-
tions could be due to the disintegrating action of isolated alginic
acid particles. For 90-126m and <9Qum fractions, curve fit-
ting studies showed the best fit to the first order kinetic model.
The n values derived from the modified Korsmeyer—Peppas
equation were 0.8104, 0.9563, 0.4817 and 0.593 for 5% matrices
—0—180-250 pm containing alginates in order of decreasing patrticle size fraction.
Fby The first twon values were more than 0.66 and fitted the zero
—o— <90 m order model g2 >0.99).
The change in pH from 1.2 to 6.8 resulted in a change in the
0 20 40 60 80 100 120 140 160 180 200 gel barrier properties due the re-conversion of alginic acid to
(b) Time (min) sodium alginate. This conversion produced an apparent change
Fig. 7. Dissolution profiles of matrices containing (a) 5% and (b) 10% Manucolin the release profile as well as a morphological transforma-
LB sieved fractions (mea# standard error of mean;> 3). tion of the matrices. The rOUgh and porous outer Iayer SIOWIy
became smooth and viscous following pH-change and drug
of dissolution medium and drug diffusioi(gang and Brazel, release became faster as the matrices showed gradual erosion.
2001). Once the gel barrier formed, drug release slowed dowmhe matrices completely dissolved at the end of the dissolu-
and this was reflected by a change in the slope of the dissolutidion process. Hence, it is postulated that the alginic acid gel
profiles. During the initial phase, surface erosion from the matrixs more resistant to erosion compared to the sodium alginate
was observed. This could indicate that the alginate particles wemrgel. The higher rate of erosion explains the faster release in the
not yet sufficiently hydrated to coalesce with neighboring parbuffer media. The data points collected after pH-change were
ticles to form a continuous barrier. Surface erosion was furthenot curve-fitted due to lack of data points.
aggravated by the relative scarcity of alginate particles to bind Other investigations have shown that particle size effect is
with neighboring particles upon hydration, particularly whenmasked at higher polymer concentratidfitChell et al., 1993,;
larger alginate particles were used. Aldrete and Robles, 1997; Velasco et al., 1999; Heng et al.,
The dissolution curves were triphasic: initial burst release2001). Nevertheless, matrices containing 30 and 50% Manu-
followed by a slower release phase in the acidic medium, andol LB were made using size fractions of 180-280 and
finally, a faster release phase which occurred after dissolutioB0—125.1m to examine whether particle size effect could still be
media pH-change. Multiphasic release was more obvious foobserved at higher alginate concentration. Interestingly, results
10% alginate matrices and was not apparent for 5% alginatshowed that the dissolution profiles were still dissimilar, albeit to
matrices containing alginate size fractions of 180—260and  a lesser extent relative to matrices containing lower concentra-
125-18Qum since drug release from these matrices was almogtons of alginatefig. 8). The profiles of different size fractions
completed within 2 h in the acidic phase. The release profileshowed a more pronounced difference in the initial portion of
were modeled to determine the mechanism of drug release. Ontiie dissolution curve. Increase in alginate concentration gener-
the second release phase was used for kinetic modeling. For 1088y reduced the extent of burst release from matrices of both
alginate matrices, the data points in the second phase showsize fractions. At 30% alginate, triphasic dissolution profile was
the best fit to the first order kinetics mod@&?(>0.99) except only observed with the larger size fraction, 180—a%0, while
for the smallest size fraction, <QOm which fitted best with the the 90-12%.m size fraction gave rise to a zero order release
zero order model. It was noted that tRévalue increased with  profile with slight initial burst release. The higher release dur-
a decrease in alginate particle size fraction when the data poiniisg the third (buffer) phase observed with the larger size fraction
were fitted to the zero order model. Further modeling usingcould suggest that the ionic gel barrier formed from larger par-
the modified Korsmeyer—Peppas modsh¢ner and Lippold, ticles was weaker and more readily erodable. At 50% alginate
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1004 homogeneous in their chemical content and average molecular
weight.
o 801
g 3.3.3. Comminution of sodium alginate
8 4l o 180950 u Attempts to comminute sodium alginate using impact mills
g —e5% S0-125um at ambient temperature were unsuccessful. The highly plas-
S ol L j]g::;gﬂ'gg"uﬁnm tic nature of sodium alginate presented considerable resis-
‘:Q # —&-30% 180-250 um tance to fracture. Furthermore, alginate is heat-sensitive and
F T 2o 160850 1 might be subjected to degradation when ground using conven-
—+-50% 90-125um tional mills which are usually associated with considerable heat
generation. The alternative comminution method considered
0

was the use of cryogenic milling where material temperature
was reduced to sub-zero levels to increase its brittle behavior
and to provide a temperature-controlled environment for size
Fig. 8. Dissolution profiles showing the influence of alginate concentration orreduction.
the manifestation of alginate particle size effect (meatandard error of mean; Manucol LB was cryogenically milled at four different
nz3) speeds, 7500, 10000, 12500 and 15000rpm and alginate
] ) batches with median sizes of 88, 60, 44 andu#i were
concentration, both curves did not show any apparent phase tragzoqced, respectively. The extent of particle size reduction
sition and dissolution followed zero order kinetics for releas€pcreased linearly with milling speed up to 12 500 rpm, beyond
between 20 and 80%. Zero order kinetics could imply that drugyhich the particle size leveled off. This was because as parti-
diffusion occurred through a gel layer of constant thicknesg,es hecame smaller, they were more difficult to mill since fewer
with respect to time attributed to the synchronization of algi-faws were present in the finer particles for crack propagation,

0 50 100 150 200 250 300 350
Time (min)

nate swelling and alginate gel layer erosion rates. which led to particle fracture.

Viscosity measurements carried out on the 1% (w/w) solu-
3.3.2. Investigation on the homogeneity of alginate sieved tions of the milled fractions showed that the viscosity was not
Jractions significantly different among the milled fractions and from that

Blending of alginates with different viscosity is commonly of the unmilled alginate Table 3, implying that the milled
employed to produce a product with the required viscosityfractions were homogeneous in terms of molecular weight and
(Draget, 200 With this in mind, the viscosities of the sieved chemical composition. The lack of change of solution viscos-
fractions were determined using 1% (w/w) alginate solutionsity also indicated that cryogenic milling did not contribute to
It was found that the sieved fractions had significantly differentalginate polymer degradation.
viscosities Table 3 and the viscosity values decreased as the The milled fractions were subsequently incorporated in
particle size fraction decreased. This implied that the alginaténatrix tablets and dissolution studies carried out. Drug release
sieved fractions were not homogeneous in terms of molecula&fom matrix tablets containing these milled fractions did not dif-
weight distribution and probably chemical composition as well fer significantly compared to those containing sieved fraction of
In order to eliminate the possible confounding effects due to dif<9oum at alginate concentrations of 5 and 10Bg( 9). This
ferences in molecular weights or chemical composition, and teneant that the particle size threshold had been reached, below
investigate whether alginates having particles smaller than th@hich there will be no significant difference in drug release. This
smallest sieved fraction would further retard drug release frongritical threshold value falls around 80—@én (Table 3. This
the matrices, comminution of sodium alginate was carried out
to produce milled fractions of different particle sizes and yet ;.

Table 3 80
Median particle size and kinematic viscosities of sieved and milled Manucol LB
@
Mesh size Median particle Kinematic $ 60 - 27500
. . . -— —o0—05% pm
() size (um) viscosity g 5% 10000 rpm
(mmés1) 240 —&— 5% 15000 rpm
5 « oo~ 5% <90 um (sieved)
Control 164 2.8 0 — e 10% 7500 pm
Sieved fractions 180-250 241 3.3 ® 204 +:g’° 1223‘;”’”‘
—a—10% pm
125-180 183 3.0 oo 10% <90 um (sieved)
90-125 138 2.7
0 . : . :
<90 82 24 0 50 100 150 200
Cryomilled fractions 88 2.8 Time (min)
44 2.7 Fig. 9. Drug release profiles of matrices containing cryomilled Manucol LB
41 27 at 5 and 10% alginate content compared with those containingurdsieved

fraction (meant standard error of mean;> 3).
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value agrees closely with the threshold value of aboutplr@0 100
obtained from the screening study.

(o]
o
"

. . . . . . o
3.4. Investigation on the effect of alginate viscosity using 2
. . . ©
two viscosity grades of alginate o9 o
(4]
T
. . . . . =)
Screening studies using 17 grades of alginate did not sho g 401
any cle_ar trend betwe_en viscosity and drug releas_e. Ne_vertht 2 . ‘__-" SSLL 180-250 um
less, visual observations showed that alginate viscosity ha ' —o—SSLL 90-125 um
an effect on matrix behavior. Furthermore, viscosity has beel 2% |5 't: ;g“ég" um
crass - um

widely reported to affect drug release from hydrophilic matri-
ces @lderman, 1984; Wan et al., 1992; Aldrete and Robles,z) °
1997 and a more critical investigation of this factor is war-
ranted. More importantly, sodium alginate becomes insoluble 1907 L
at acidic pH and it would be interesting to determine if alginate -
viscosity plays arole in drug release during the acid phase ofth 801
dissolution process. Further investigation on alginate viscosit' g
effect was carried out using two M-rich alginate grades, Manu-
col SS/LL and Manucol LB, with kinematic viscosities of 3 and
81 mnts 1, respectively. These alginates were sieved to obtair $ , |
similar size fractions and the release profiles of matrix tablet:2
at 10, 30 and 50% alginate content were determined. The kine
matic viscosities of the sieved Manucol SS/LL fractions were
similar to the unsieved alginat® ¢ 0.05). !
It was interesting to note that alginate viscosity influencedpp) ° g 100 200 300 400 500
drug release in a contrasting manner depending on the diss
lution medium Fig. 10. When dissolution proceeded in the %]
acidic medium, drug release was slower from matrices contain
ing lower viscosity alginate, compared to matrices of higher_o 801
viscosity alginate. Upon changing the pH of the dissolution g
medium to 6.8, drug release became faster for low-viscosit 8 &o -
alginate matrices relative to high-viscosity alginate matrices an E}
this pattern was observed at all three alginate concentration £ 401
The faster release from a high-viscosity alginate matrix in the o

0 50 100 150 200 250 300

60 1

release

—o—SSLL 180-250 um
—p— SSLL 90-125 um
---@-- LB 180-250 um
<-m-- LB 80-125 um

%

20 1

L — o SSLL 180-250 um

acid phase is somewhat surprising since many have reporte = L’ o SSLLO0-425 um
that polymers with higher viscosities retarded drug release to v -~ LB 180-250 um
greater extent than lower-viscosity polymefdderman, 1984; Btk
Wan etal., 1992; Aldrete and Robles, 199he amount of burst o3 100 200 300 400 500
release was higher for Manucol SS/LL compared to Manuco ) Time (min)

LB for each corresponding size fractiofig. 10. Observa-
tions made during the dissolution study revealed the possibl'éjg' 10. Drug release profiles from matrices containing sieved fractions of
anucol SS/LL (high-viscosity) or Manucol LB (low-viscosity) at (a) 10%,

mgchanism behind the great(_ar burs_t rat.e and relea;e ratg int $30% and (c) 50% alginate concentration.

acid phase produced by matrices with higher viscosity alginate.

Manucol SS/LL matrices swelled immediately when wetted dur-

ing the dissolution test, forming loose, porous and friable outeresulted in greater drug release rate in the acid phase. In a study
gel layer that was easily eroded. Manucol LB matrices alsmn alginate matrices bifentakis and Buckton (2002jaster
showed initial surface erosion but the matrices did not shovdrug release was also observed for high-viscosity alginate matrix
appreciable swelling. Pronounced matrix swelling in the acididablets in acid but the reason given was that the high-viscosity
phase probably resulted in the higher drug release rate due &ginate tablets showed more extensive lamination relative to
enhanced mobility of macromolecules, causing greater diffulow-viscosity alginate tablets. In the case of Manucol SS/LL
sivities of water and drug as observed with HPMC matricesnatrices, no apparent matrix deformation such as lamination
(Siepmann et al., 1999It is also possible that swelling of the was observed during dissolution in the acid phase. Conversely,
gel layer in acid increased its porosity. More importantly, higherthe slower drug release in the buffer phase observed for high-
alginate viscosity could have reduced the rate of alginate particleiscosity alginate matrices could be due to the formation of
hydration, which is essential for rapid formation of a protec-a more viscous and erosion-resistant ionic gel barrier. It was
tive gel barrier. Hence, increased matrix swelling and reducedbserved that Manucol SS/LL matrices eroded at a slower rate
rate of alginate particle hydration with higher viscosity alginaterelative to Manucol LB matrices in the buffer phase.
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At all three alginate concentrations, Manucol SS/LL matri-nate that can be utilized in formulation design. This study also
ces showed similar release patterns. Drug release started with damonstrated that alginate particle size can be reduced using
initial burst, followed by a gradually retarding release in the acidcryogenic milling without degrading the polymer. Further work
phase which followed either a first order or Higuchi model, andto elucidate alginate matrix hydration behavior, such as swelling
an even slower release phase showing zero order kinetics. On thad erosion, is ongoing.
other hand, drug release pattern for Manucol LB matrices was
found to depend on particle size and alginate concentration used,
as described earlier. This probably indicates that drug releasls £
mechanism from matrices containing alginates with relatively elerences
low VISCO.SIty depe”ds r_nore .On pqrtlcle Slze.and alginate COn,&lderman, D.A., 1984. A review of cellulose ethers in hydrophilic matrices
tent, relative to higher viscosity alginates. This shows that drug for oral controlled-release dosage forms. Int. J. Pharm. Tech. Prod. Mfr.
release pattern can be governed by alginate viscosity besides par-5 (3), 1-9.

ticle size and this should be borne in mind during formulationAldrete, M.E.C., Robles, L.V., 1997. Influence of the viscosity grade and the
design particle size of HPMC on metronidazole release from matrix tablets. Eur.

. . J. Pharm. Biopharm. 43, 173-178.
The profiles of Manucol SS/LL matrices showed a plateauBayOmi MA Ap|-5uwayeh SA. ElHelw, A-RM. 2001. Excipient-

region between the first two sampling time points (135 and excipient interaction in the design of sustained-release theophyliine
150 min) after pH change. No such pattern was observed for tablets: in vitro and in vivo evaluation. Drug Dev. Ind. Pharm. 27 (6),

Manucol LB matrices. This plateau region occurred immedi- ~499-506. _ _ o

ately after the conversion of alginic acid gel to sodium alginaté%tts”\‘,\'lé Iﬁh'g 2‘;'(;3’2&0@; rzl'e?';iaesisr:mhc;dreoéelcr?]t;”r?c':s.Pbt'lglr:]/gf"l}is&s;?g:ﬁd
g_el. This |nd|cat9d that Manucol SS/LL fo.rmed a sufﬁmently matrix porosity effects. Eur. J. Pharm. Sci. 2, 213-219.

viscous gel barrier that drug release was impeded temporarilyraget, K.1., 2000. Alginates. In: Phillips, G., Williams, P. (Eds.), Handbook

upon complete formation of the ionic barrier, after which drug of Hydrocolloids. CRC Press, Boca Raton, FL (Chapter 22).

was released in a controlled manner by diffusion and matri)Efentakis, M., Buckton, G., 2002. The effect of erosion and swelling on the
erosion. dissolution of theophylline from low and high viscosity sodium alginate

" . . . L matrices. Pharm. Dev. Technol. 7, 69-77.
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