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Abstract

This paper reports on the cross-linking of dried (<5% moisture) paracetamol alginate granules with calcium chloride solutions.
The effect of calcium concentration, temperature of the treatment solution, stirring speed and time used during cross-linking
of granules on water uptake by the granules during cross-linking and physical properties of the cross-linked and dried granules
were studied. A full factorial study of these factors each at two levels was used(2td£0: 20, 100 mg/ml; temperature: 25,

45 C; stirrer speed: 25, 240 rpm; time: 1.5 and 5.5 min) to treat dried stock granules (size: 0.8—-1.0 mm) containing the model
drug paracetamol and sodium alginate powder (1:1) which were prepared using conventional aqueous granulation under low
shear. In addition to SEM and photomicrography, the physical properties studied were water uptake during cross-linking, yield,
aggregation behaviour, moisture content, drug content, early stage drug release [over 10 s (R10) and the next 50 s (R50)] an
calcium and sodium content of the unwashed cross-linked granules. Dry granules were successfully cross-linked. The treatmen
factors significantly affected most of the response variables. The variables most affected were water uptake (78-254%), drug
entrapment (58-86%), early release (R10: 1.2—6.4% and R50: 3.0-12.2%), granule aggregation (0-70%), calcium (6.02—12.4%
and sodium content (1.2-6.44%). SEM photographs suggest that low calcium treated granules were less porous in nature
compared to high calcium treated granules. Low shear drug alginate granules can be cross-linked in dried state. The propertie
of the cross-linked granules can be modified by altering the treatment process.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sustained actionBaker, 1987 and taste masking
(Albertini et al., 2004. Such systems are simple to pre-
Matrix type drug delivery systems have been used pare and have been in use for many yeBeker, 1987.
to control drug release for different purposes, e.g. Drug alginate matrices are currently prepared by
spraying or dropping an alginate drug aqueous dis-
* Corresponding author. Tel.: +64 3 479 7296; fax: +64 3479 7034. P€rsion into a bath of calcium chloride solution for
E-mail addresstan.tucker@stonebow.otago.ac.nz (1.G. Tucker). cross-linking foki et al., 1993; Aslani and Kennedy,
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1996; Kikuchi et al., 1997, 1999; Acarturk and Takka, to cross-link dry granules containing drug and alginate
1999; Pillay and Fassihi, 1999Water is lost during mixtures.

this cross-linking and it has been found that it takes  This paper describes research on the cross-linking
70 h to reach equilibrium water contenfofsuyanagi of paracetamol alginate matrices in the dry state (about
et al., 1987. Circular dichroism suggest a molecular 5% moisture content). A factorial design at two levels
rearrangementin the highly hydrated matrix depending was undertaken to assess important process variables
upon the cation used and the time used for cross-linking which influence the properties of the granules. The
(Morrisetal., 1978; Thom et al., 1982However, it has independent variables studied were calcium ion con-
been reported that the calcium ion content increases, centration, temperature, duration of treatment and level
replacing the sodium ions in the sodium alginate matri- of agitation. The response variables were water uptake
ces and attains equilibrium within 6 min of starting the during cross-linking, drug entrapment, early stage drug
cross-linking procesK{m and Lee, 1992 Preparing release, extent of cross-linking (by analysis of sodium
granules in this fashion is cumbersome and involves and calcium) and aggregation behaviour of granules.
large quantities of water. Also the process is slow

due to long times needed to spray or deliver the drug

alginate dispersion into the calcium solution. The pel- 2. Materials and methods

lets prepared by this method are usually pordisez

et al., 2000; Hills et al., 2000; Richey, 200A rea- 2.1. Materials

son could be that they lose water rapidly during drying

and shrink leading to formation of cracks or fissures. Paracetamol was obtained from BDH Poole UK
Pores of size 50.m have been reportedHills et al., (calcium: not detected; sodium: not detected), and Kel-
2000. Air drying or vacuum drying at low tempera- tone HVCR J[alginate, 400 cps (approx.); milled fine
tures has been used to overcome this problelitis( PS; medium G; calcium: 0.2%; sodium: 12.1% (based
et al., 2000 but this further slows the production pro- on dry weight)] from ISP Alginates USA. All other
cess. Also, pellets cross-linked under a highly swollen materials used were of analytical grade.

state are less dense than polymer networks prepared

under reduced swollen statRi¢hey, 200). Pellets of ~ 2.2. Preparation of pretreatment granules

unsuitable size can be produced if the droplet size is

not controlled during pellet cross-linking in the calcium : X
chloride bath. Itis very difficultto recover drug fromthe HVCR milled (both passed through 800 micron mesh)

pellets of unwanted size, once formed (cross-linked). Was granulated in a planetary mixer (a low shear mixer)
Furthermore the pellets may entrap large amounts of USing water (0.725ml/g of powder mass) and dried at
calcium chloride (commonly used for cross-linking) ©°—60°C for 12-15h, de-dusted and a size fraction of

which can make the granules hygroscopic. Given these 0-8-1.0mm selected_. The pretreatment granules [m0|s-
problems there is need for an alternative method {U'e: 4.2%; drug (as is basis): 49.7%] were stored in a
for cross-linking alginate to produce drug alginate dessicator over silica gel until cross-linking.

matrices.

It appears that if it were possible to cross-link drug
alginate granules under reduced swollen state (dried
granules) then it would solve some of the problems 5 complete factorial design for four factors at
of the current method. However, cross-linking of films two levels (%) was carried out in duplicaten¢ 2)

(thickness about 50-tm) became slower when cal- 24, 5 = 35 patches). The details of the factorial study
cium solutions containing in excess of 0.5M calcium 4.6 shown inTable 1

were usedJulian etal., 1988 Apart from cross-linking

of films (Julian et al., 1988; Remunan-Lopez and 2.4. Cross-linking treatment of granules

Bodmeier, 1997; Richey, 209there has been no work

dealing with cross-linking of granules or pellets con- The cross-linking of granules was carried out in a
taining drug. So it remains to be seen if it is possible cylindrical thermostated stainless steel vessel of 100 mi

Auniform dry mix (1:1) of paracetamol and Keltone

2.3. Factorial design of the cross-linking
treatment process
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Table 1 The vyield as a percentage was determined as

Factorial study design 100Wo/W5

Factors Low level High level Moisture content was determined gravimetrically

(1) Factorial design (Yotsuyanagi et al., 19§7by exposing aliquots
Calcium chloride dihydrate 20 100 (250 mg:n=3) of dried cross-linked granules to 110

(Ca concentration) (mg/ml) in an oven for 10 h. Moisture content was calculated as
Temperature of treatment 25 45

solution (temperature) C) 1.00(VV4_—W5)NV4, whereWy, Ws are thel initial and
Stirring time (time) (s) 30 300 final weight of the granules taken for moisture content
Stirrer speed (speed) (rpm) 25 240 determination.

Trialno.  Caconcentration  Temperature  Time Speed

2.6. Drug entrapment in cross-linked granules
(1) Treatment conditions used in the factorial study

; 1(2)8 gg 28 gg Drug entrapment (DE) was estimated by spec-
3 20 45 30 25 trophotometric assay. 257 nm) after extraction of
4 100 45 30 25 drug from granulesn(=3) in phosphate buffer under
5 20 25 300 25 stirring followed by suitable dilution in 0.1 M sodium
? 1‘238 ig 35:88 gg’ hydroxide prior to analysis. The quantity of drug
8 100 45 300 o5 obtained was expressed as

9 20 25 30 240 .

10 100 25 20 240 total mass of drug present i

11 20 45 30 240 DE — 100 W> g of granules

12 100 45 30 240 = X :

13 20 25 300 240 total mass of drug present i

14 100 25 300 240 W3 g of granules
15 20 45 300 240
16 100 45 300 240

2.7. Early stage drug release from cross-linked

capacity with a paddle type stirrer. The stirrer bladefgranules

was 10 mm above the bottom of the vessel. Batches o
granules V3 =6 g, moisture content about 5%) were
treated as per conditions given in the factorial design

(Table 1. The ratio of untreated granules to treatment :
quent 50 s using an early stage drug release apparatus

solution was kept °°T‘S‘a”t (abqut 1:10, W ). Grgn- (Mukhopadhyay and Tucker, 200&ranules contain-
ules were immersed in the calcium chloride solution

for 60 s in the case of 30 s stirring time treatment, with ing about 35mg of pgracgtamol were used at a stirrer
. . . speed of 240 rpm with stirrer depth 5mm above the

15s non-stirred periods before and after stirring and . .

. N - ; wire mesh of the sample holder. Analysis was car-
prior to filtration. Similarly, granules were immersed . : .
: : . . . ried out spectrophotometrically, € 257 nm) imme-
in calcium chloride solution for 330 s in the case of the diatelv after dilution with 0.1M sodium hvdroxide
300 s treatment. Atthe end of the treatment process, the (n= 3)y . Y/
wet granules were filtered through a G1 sintered glass '
funnel under suction for 60s. The weight of the wet

Drug release from the granules into water (80 ml,
25°C) was estimated for the first 10s and subse-

granules beforey) and after drying\(\) at 55-60°C 2.8. E_stimation of calcium and sodium content in

for 15 h were determined. cross-linked granules

2.5. Water uptake, yield and moisture content of About 250 mg of the sample granules (cross-linked
granules granules, sodium alginate or drug) were dissolved

in 20ml of concentrated nitric acid by boiling. The
Water uptake by the granules as a percentage samples were diluted in 1% nitric acid solution con-
was determined gravimetrically as 10@(— W5)/\W5. taining 1000 ppm lanthanum (matrix modifier) and
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caesium (ionization suppressant) for calcium and 3. Results

sodium, respectively. The calcium and sodium con-

tent were determined in the linear region (0—-30 ppm, 3.1. Water uptake during cross-linking, yield and
A=422.7nm for calcium and 0-1 pprh=588.8 nm moisture content of granules after cross-linking

for sodium) by a standard addition method using

atomic absorption spectroscopy (Perkin-Elmer A Ana- 3.1.1. Water uptake

lyst 100 USA). The sodium and calcium content During the cross-linking process water uptake by
refers to the metal content of unwashed granules the granules ranged from 781.52 to 254+ 6.56%.

in the case of treated granules unless indicated The water uptake during treatment was reproducible

otherwise. depended on calcium chloride concentration used
for treatment of granules. The other factors, treat-
2.9. Aggregation behavior ment solution temperature, stirring time, and stirrer

speed did not affect the water uptake significantly
About 450 mg of cross-linked granules was sorted (Fig. 1).

manually to separate the aggregated granules. The mass
of aggregates was expressed as a percentage of thetotaol 12, Vield
mass of granules taken. The aggregated granules were "~
then pressed with a spatula on a flat glass surface to
determine if individual granules could be separated
from the aggregated mass without crushing the indi-
vidual granules.

In general high calcium treated batches showed
higher yield compared to the corresponding batches
prepared with low calcium. The average granule yield
ranged from 80% (Trial 15) to 92% (Trial 1) for low cal-
cium granules and from 89% (Trial 16) to 100% (Trial
2) for high calcium treated granule3able ). The
yield reduced when the granules were exposed to high
temperature, high stirring speed and longer stirring
time during treatment compared to low levels of these
factors.

In order to study the granule erosion process
the granule particle sizes of the above trials were
studied. The average particle sizexX B) of untreated
granules, Trials 1, 2, 15 and 16 were 1627
197pmx 981+ 112pm, 1250+ 199pum x 932+
118pm, 1328+ 222pum x 9554+ 104pm, 1052+
106pm x 829+ 78um and 1341 189um x 935+

2.10. Microscopic, and photographic
characterization of cross-linked drug alginate
granules

Cross-linked granules were sputter coated (BioRad
SEM coating, UK) with a thin gold—palladium layer
and investigated with a Cambridge Stereoscan S360
scanning electron microscope (SEM, Cambridge, UK)
which was operated with an acceleration voltage of
10kV.

The microphotography of the selected cross-linked
granulesmwaterwascarnedoutatselectedumesusmgllG”m, respectively. The low calcium short time

a camera (Nikon Cool pix 990, Digital imaging system,
: . treated granules were larger than the correspond-
Tokyo, Japan) mounted on a compatible microscope .

(Nikon Optiphot, Tokyo, Japan) ing low calcium granules treated for longer

ptiphot, Yo, Japan. times under high stirrer speed and high temper-
Particle size of 100 granules from stock untreated .

granules and Trials 1, 2, 15 and Table 1) were deter- ature of treatment solution temperature. Such a

X . difference was not observed between the high
mined by measuring the average length and breadth . : .

. : ; calcium treated granules (i.e. Trials 2 and 16).
using optical microscopy.

In general the reduction was more in length than

2.11. Data Analysis breadth.

A balanced ANOVA was performed unless men- 3.1.3. Moisture content
tioned otherwise on the results using Minitab 12.1 The average moisture contents ranged from 3.9 to
Pennsylvania USAP-values <0.05 were considered 4.6% for low calcium trials and 4.4-5.7% for high cal-
significant. cium trials.
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Fig. 1. Effect of treatment conditions on the uptake of water by the granules during treatment process. Data are treatment means.

3.2. Drug entrapment rate and longer time lead to low drug entrapment
(Fig. 2). The average drug entrapment ranged from

Granules undergoing cross-linking lost about 58% (Trial 15) to 79% (Trial 1) for low calcium
11-26% drug depending upon the treatment con- treated granules and from 64% (Trial 16) to 86% (Trial
ditions used. Low calcium concentration, higher 2) for high calcium treated granules. The effect of
temperature of the treatment solution, higher agitation calcium concentration on drug entrapment was lower

%
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Fig. 2. Interaction plots showing the effect of treatment conditions on drug entrapment (%) of drug-alginate granules during treatment process.
For example ‘asterisk’ marks cell 2, 3 which shows the temperattirae interaction and indicates that stirring time had a greater effect at
45°C (greater slope) than at 26.
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Fig. 3. Effect of treatment conditions on the early stage (10 s) drug release (R10s) from cross-linked drug-alginate granules using early stage
drug release apparatus.

than the other three factors, e.g. treatment solution (Fig. 5 with high calcium treatment leading to higher

temperature, agitation rate and tinfad. 2). release in the 50 s period. These granules under scan-
Significant interactions were observed between ning electron microscope appeared to be more porous
treatment solution temperature and stirring tirig)( 2, (Fig. 6).

cell 2, 3) and between treatment solution temperature

and stirring speedHig. 2 cell 2, 4). The other signifi-  3.4. Microphotography

cantinteraction was stirring time stirrer speedHig. 2,

cell 3, 4). Some three factor interactions were observed ~ When untreated granules were exposed to low cal-
but they were of no practical importance. Four factor cium treatment solution (20 mg/ml) the edges of the

interactions were not significant. granules did not break or fall apart at short times
(20s) under a microscope. Usually during swallow-
3.3. Early stage drug release ing sample residence time in our mouth is about 30s

(Taylor, 1996. Rupture of granules within this period

Lowest drug release was observed for granules pre- can potentially cause unpalatability if it contains an
pared under high treatment solution temperature, high unpalatable drug. Additionally high calcium short time
stirrer speed and high stirring time compared to the treated granules and granules treated with low calcium
granules prepared under low levels of these factors for long times did not break down at short times in
(Fig. 3. During treatment the former granules lost water (e.g. 20s). Only granules treated with low cal-
higher amounts of drug compared to the latter gran- cium for short times (Trial 1 and 9) broke down after
ules Fig. 2) and this resulted in lower early stage drug coming into contact with water.
release from the former granules.

The effect of calcium concentration on R10 release 3.5. Calcium and sodium contents of the
is more complex. Although on average, calcium con- cross-linked granules
tent had no effect on 10s, releaséq 3) there were
significant interactionsHig. 4, cell 1, 3); hence, gran- The calcium and sodium levels of the treated
ules treated with low calcium for short times showed granules were significantly inversely correlated
higher 10s release than those treated with high cal- (r=—0.932;p=0.0001;Fig. 7). The granules treated
cium for short time. This effect was reversed at longer with high calcium treatment solution showed higher
treatment times. Drug release over the subsequent 50 salcium levels and lower sodium levels compared to
was significantly affected by all treatment conditions the corresponding granules treated with low calcium
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Fig. 4. Interaction plot showing the effect of granule treatment conditions on 10 s drug release (right axis).

treatment solutions. In addition, the calcium content 3.6. Aggregation level of the cross-linked granules
depended on the other treatment conditions used during

treatment but agitation rate, time and solution temper-  Granules treated with low calcium treatment solu-
ature had a smaller effect than calcium concentration. tions for short times showed about 70% aggregation
Although the calcium concentration of the treatment (Trial 1) as opposed to 3% observed for long time low
solution affected the sodium levels of the matrices the calcium treated granules (Trial 15). Aggregation was
treatment time had a larger effect on the sodium levels not observed for short time high calcium treated gran-
than calcium concentration. ules (Trial 2). In general the aggregated granules could

Ca conc Temp Time Speed

R50 s (%)

T T T T
S o o
2 & P s

Fig. 5. Effect of treatment conditions on the early stage (50 s) drug release (R50s) from cross-linked drug-alginate granules using early stage
drug release apparatus.
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Fig. 7. Scatter plot showing a linear correlation (with 95% confidence interval) between calcium and sodium contents of the unwashed granules
from the factorial designTable 1. Trials 1, 2, 3.... are abbreviated as T1, T2, T3,., respectively, and the calcium and sodium contents

as shown in the plot have been expressed as a percentage after making corrections for moisture and drug present in the matrices. The sodiun
content of the Keltone HVCR used in the study on a dried basis was 11.4%.

be separated easily so itis unlikely to pose any practical been widely reported in literature. However, no stud-

separation problems during preparation. ies have been done thus far to cross-link drug alginate
matrices in a dehydrated or reduced swollen state. In an
attempt to overcome manufacturing related problems

4. Discussion associated with cross-linking of drug alginate aqueous
dispersions we have studied the cross-linking process
4.1. Introduction in a reduced swollen state. The process consists of

preparation of drug alginate granules by a conventional
Preparation and characterization of drug alginate granulation process followed by dipping the granules
matrix systems cross-linked under hydrated state havein a calcium chloride solution bath prior to drying of the
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cross-linked granules. In this study the preparation pro- uble gel is precipitated immediately at the hydrating
cess of the dried drug alginate granules was kept con- polymer and treatment solution interface where the cal-
stant (i.e. same stock granules used). The cross-linkingcium ions preferentially bond to the polycarboxylic
process was varied to study the effect of cross-linking acid residuesHaug and Larsen, 19§2As the cal-
conditions on the stock granules which in turn affected cium chloride solution penetrates inside the polymeric
the response variables. The important cross-linking network via the hydrated and insoluble calcium algi-
conditions like calcium concentratiorYdtsuyanagi nate gel layer an additional amount of sodium alginate
et al., 1987; Oestberg et al., 1993; Oestberg and hydrates and is cross-linked in a similar fashion. This
Graffner, 1994; Pillay et al., 199&nd agitation rate  leads to a drop in the concentration of the calcium ion
during cross-linking Al-Zahrani, 1999 have been inside the polymer matrix which favors further entry of
studied by workers in the case of cross-linking of calcium ions Qsada and Kajiwara, 20D1IThe forma-
drug alginate matrices in a hydrated state but had not tion of the outer calcium alginate gel layer is believed
been studied in case of cross-linking of granules under to maintain the integrity of the granule during treat-
reduced swollen state. In addition to the above factors ment by reducing the alginate dissolution from the
the other treatment factors studied were calcium solu- granules.

tion temperature and the agitation time. The influx of calcium chloride is slowed as the cross-
linked polymer probably resists the influx of the cal-
4.2. The cross-linking process cium ions through the dense polymer netwodkl{an

et al., 1988; Remunan-Lopez and Bodmeier, 3997

Gel matrices (granules) in a reduced swollen state Secondly, the elastic deformation forces, working
or dried state absori®sada and Kajiwara, 20pdvater inside the swelling matrix counter balance the pres-
(in our case calcium chloride) rapidly and swell dur- sure generated due to further entry of calcium solution.
ing the initial stages of the treatment process. However, This too slows the calcium chloride influx. Unlike cal-
the concentration of calcium has two contrary effects. cium ions, the sodium ions migrate out of the matrix
Low calcium concentration leads to greater swelling as they are exchanged with the calcium ions. This pro-
of granules facilitating calcium ion penetratiahu{ian cess goes on till the granules are recovered from the
et al., 1988 but the low concentration slows replace- treatment solution and it is postulated that the cross-
ment by calcium of the sodium ions from the carboxylic linking and polymer rearrangement continues during
acid residues present in the polymer network. On the the drying step. Further study is needed to confirm
other hand, high calcium reduces polymer swelling and this.
ion penetration but supplies higher levels of calcium
ions to the polymer undergoing cross-linking. 4.3. The calcium and sodium ion content of the

As the calcium solution penetrates the granule and matrices and extent of cross-linking
cross-links the water-soluble polymeric part of the
granule, a cage like water insoluble but permeable  The hydration of the polymer matrix and the avail-
(Julian et al., 1988; Bhagat et al., 1991; Remunan- ability of the calcium ions to replace the sodium
Lopez and Bodmeier, 1997; Kibbe, 200@clymeric ions largely control the extent of cross-linking and
macro-structure is formed in which the drug parti- the changes in the macro-structure formation during
cles are embedded. This macro-structure is made upthe treatment process. The cross-linking process is
of dense Richey, 200) cross-linked calcium alginate  slow and the swelling is higher in case of low cal-
networks formed by the ion exchange between sodium cium treated granules compared to high calcium treated
and calcium ions depending on the calcium treatment granules. The sodium and calcium ion composition
solution used. Similar macrostructure formations have in the unwashed matrices were inversely correlated
been reported in the case of polymer matrices contain- (Fig. 7) and depended on the calcium concentration
ing a high proportion of dispersed druggker, 1987; of the treatment solution and treatment time but to a
Aslani and Kennedy, 1996 lesser extent on the other two factors. Additionally the

During treatment, when the granules first come into unwashed matrices showed slightly higher total cal-
contact with the calcium chloride solution, an insol- cium and sodium contents than the washed granules.
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This is most probably due to incomplete diffusion of compared to the corresponding high calcium treated
the excess ions during the short treatment times usedgranules.

in the study (max. 330s). However, the ratio of the Inthe case of cross-linking of hydrated alginate drug
sodium to calcium was unchanged after washing. Oth- dispersions the matrices lose water and drug during
ers have indicated the presence of extra calcium ions in cross-linking Qestberg and Graffner, 1994; Aslani and
alginate matricesMurata et al., 1998 The possibil- Kennedy, 1998 During the granule treatment this type
ity of short ion exchange times of about 5—-6 min have of drug loss is less as the water uptake by the granules
also been indicated in the case of hydrated matrices by during treatment is much less compared to the method
some researcherKifn and Lee, 1999 reported in literature.

Overall these results suggest that the metalioncom-  The drug loss during treatment weakens the matrix
position of the dried unwashed granules is a good indi- and is responsible for lowering the yield due to ero-
cator for the cross-linked state of the polymer matrix. sion of the porous polymer mass left after loss of drug
Though the changes in the ion composition of the gran- particles.
ule ceases after the granules are recovered from the When drug saturated treatment solutions were used
treatment solution it is possible that cross-linking fol- for treatment of granules there was a significant
lowed by rearrangement goes on during the drying step increase in drug entrapment (about 10%) and vyield
after treatment. but some drug loss still occurred as free drug parti-

In the study with cross-linking of films in the dehy-  cles (data not shown). However, it remains to be seen
drated state the researchers reported that as the calciumvhether the particulate drug loss occurring during the
ion concentration is increased the cross-linking pro- treatment process from the granule periphery is related
cess becomes slower and takes more than 6 min for theto the degree of granule swelling.
completion of this process(lian et al., 1988 How- Theseresults suggestthatthe matricesinthe reduced
ever, this did not affect cross-linking of drug containing swollen state lose drug as particles and also in solu-
granules (size: 0.8—-1.0 mm) and is possibly due to the tion during treatment using calcium solutions devoid
following reasons. Firstly the amount of drug present of drug.
in the polymer matrix is high (1:1) so the polymer
cross-section between drug particles is quite thin. As a 4.5. Treatment conditions and early stage drug
result the calcium ions have to permeate through thin release from treated granules
films of polymeric material to become cross-linked.

Secondly the ion permeation is further assisted by the  Granules treated with low calcium swell and erode
porosity of the granules. Lastly it could be due to the more when compared to high calcium treated granules.
formation of interconnecting networks (as the drug In addition low calcium treated granules appear less
content is high) which facilitates the calcium ion pene- porous than the corresponding high calcium treated
tration and sodium ion replacemeBins etal., 1990;  granules Fig. 6) suggesting there is some rearrange-

Kaewvichit and Tucker, 1994 ment during cross-linking. Early stage drug release
from the low calcium treated granules in general was
4.4. Treatment conditions and drug entrapment lower than the high calcium treated granules R50

(Fig. 4). Similar behaviours were also observed in

The granules being porous in nature lose drug dur- the case of R10 excepting for the granules treated
ing the treatment process. The drug loss depends onwith low calcium for short times (Trials 1 and 9).
the treatment conditions as expected being higher at Microphotography of these exceptional granules indi-
higher temperature atlongertimes and at higher stirring cated that the surface of these granules disintegrated
speeds. Low calcium levels resulted in higher swelling within 20s after coming into contact with water
of the granules during the treatment process causeddue to improper cross-linking. These data suggest
higher erosion of granule mass (drug and polymer) that probably the early release from these granules
especially during the early stages of granule treatment. would have been less if the granules had not disin-
As aresult the yield, drug entrapment and granule size tegrated in the presence of the drug-releasing medium
were low in the case of low calcium treated granules (water).
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The low drug release from the low calcium treated
granules may be due to the low porosity of the granules.
Another possibility could be that these smaller, less

cross-linked dry granules (having larger surface area)

after coming in contact with the releasing medium

D. Mukhopadhyay et al. / International Journal of Pharmaceutics 299 (2005) 134-145
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batches having lower sodium content. As the sodium

alginate on the granule surface is cross-linked, aggre-

gation behaviour is reduced which is reflected by the
inverse relation between the calcium ion composition
and the granule aggregation behaviour (0.894,
P=0.003).

Similarly higher surface cross-linking has been
reported for the cross-linking of sodium alginate films
(Julian et al., 1988

5. Conclusions

Cross-linked granules can be prepared by cross-

linking dried drug alginate granules after short expo-
sure (5—6 min) to calcium chloride solutions. The cross-
linking of the matrices is rapid in the case of treatment
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