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The utilization of calcium alginate beads as core carriers for delayed
dissolution followed by burst release as a potential method of intes-
tinal site specific drug delivery was investigated. 5-Aminosalicylic
acid was spray-coated on dried caicium alginate beads and then
coated with different percentages of enteric coating polymer and/or
sustained-release polymer. Beads coated with more than 6% (w/w)
methacrylic copolymer plastisized with dibutyl sebacate and triethyl
citrate resisted release in 2-hr acid fluid challenge and allowed im-
mediate dissolution upon transfer to simulated intestinal fluid. With
6% (w/w) methacrylic copolymer on top of 4% (w/w) ethylcellulose
polymer, the major portion of drug did not release in 2 hr of acid
treatment or the next 3 hr of simulated intestinal fluid treatment.
This dosage form provides the possibility to deliver drug to the
lower intestinal tract with minimal early release, followed by sus-
tained release in the colon.

KEY WORDS: calcium alginate beads; spray coating; S-aminosali-
cylic acid; acid pretreatment.

INTRODUCTION

Investigation of sulfasalazine’s metabolism and distri-
bution of its metabolites suggested that 5-aminosalicylic acid
(5-ASA) is the therapeutically active portion of the drug (1).
In cases of distal ulcerative colitis and proctitis, S-ASA has
been effective in the form of an enema or suppository (2-5).
However, suppository and enema forms of 5-ASA are incon-
venient for some patients and not likely to benefit most pa-
tients with Crohn’s disease involving the ileum and ascend-
ing colon. It may also be difficult for patients to use enemas
or suppositories as maintenance medication. These factors
led to the development of oral forms of 5-ASA. However,
when 5-ASA is given orally, most is absorbed from the prox-
imal small bowel and inactivated by hepatic metabolism (6).

The use of controlled-release systems, such as osmotic
pump devices (like hydrogel systems) and coated multipar-
ticle preparations, may facilitate drug delivery to the colon
(7). Such systems could be designed to protect the active
compound from the acidic environment of the stomach, re-
duce the dose amount, minimize systemic absorption from
the small intestine, and modulate drug release from the prep-
aration (8). For example, a preparation which contains
5-ASA in microgranules, coated with a semipermeable mem-
brane of ethylcellulose, was designed to release drug along
the GI tract independently of bacterial flora, pH of the GI
tract, and intestinal transit time (9,10). Because about 65% of
administered drug was excreted in a ileostomy bag, this for-
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mulation is most suitable for treatment of disease in the je-
junum and ileum rather than for drug delivery to the colon
).

No currently available oral dosage form of 5-ASA ef-
fectively avoids major drug release in either the stomach or
the upper intestine and simultaneously provides sustained
release in the colon. Objectives of this study were to create
a new dosage form and investigate dissolution characteris-
tics of drug from calcium alginate beads used as a drug de-
livery system for 5-ASA acid, especially when such beads
are coated with ethylcellulose (Aquacoat) and/or methacryl-
ic resin (Eudragit L.30D). Knowledge of such characteristics
may lead to the development of a colonic specific drug de-
livery system.

MATERIALS AND METHODS

For trapping drug inside alginate beads, 16% (w/v)
5-ASA was mixed with 3% sodium alginate solution (low
viscosity; Sigma, St. Louis, MO) and extruded into 0.5 M
calcium chloride solution (Sigma). For ‘‘blank’ alginate
beads, 3% sodium alginate dissolved in deionized water was
pumped through a manifold to produce drops, which were
allowed to fall into 0.5 M calcium chloride solution. The
manifold contained 24 hypodermic needle outlets and an air
compressor to supply air pressure up to 20 psi. Calcium
alginate beads were oven-dried at 55°C for 2 days before use.
For loading drug on top of dried blank calcium alginate
beads, 16% (w/v) 5-ASA was suspended in 95% ethanol so-
lution which contained 1.6% (w/v) hydroxypropylcellulose
(Klucel, Aqualon, Wilmington, DE) and 1.6% (w/v) polyvi-
nylpyrrolidone (PVP-K30, Aldrich, Milwaukee, WI) as bind-
ers. The 5-ASA suspension was spray-coated on the dried
blank calcium alginate beads at 30°C in the dark. These
5-ASA-loaded alginate beads were sieved and only beads
with diameters of 1.5 to 2 mm were used for further coating
with Aquacoat (FMC Corp., Philadelphia, PA) and/or
Eudragit L30D (R6hm Pharma, GMBH, Weiterstadt). Both
coating polymers were plasticized with 15% (w/w) dibutyl
sebacate (Sigma) and triethyl citrate (Aldrich). Formulations
of polymer coatings on these 5-ASA-loaded alginate beads
are shown in Table I. A STREA-1 spray coater with wurster
column (Aeromatic Inc., Columbia, MD) was used for coat-
ing, attached to a modified high-speed fluid bed dryer (Lab-
line Instruments, Inc., Melrose Park, IL) with a peristaltic
pump (Minipuls 2, Gilson, Middleton, WI) to supply coating
solution into the coating chamber. Coating was applied in the
dark under the following conditions: fluid inlet, 4 ml/min;
atomizing air, 10-15 psi; temperature, 30°C; blower, 50% of
maximum; and nozzle size, 1.2 mm for drug coating and 0.8
mm for polymer coating. The low coating temperature was
used as 5-ASA is reported to oxidize in the presence of water
and light (12). Coated beads were postdried in the chamber
for 30 min at 30°C for both drug-loaded and polymer(s)-
coated beads. These polymer(s)-coated beads were kept in
plastic screw-lock containers and stored in a drawer at room
temperature.

Coated 5-ASA-loaded alginate beads were allowed to
dissolve in a USP dissolution apparatus using the paddle
method at 50 rpm and 37°C. Each formulation was pretreated
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Table I. Formulation of Coated 5-ASA ‘‘Layered’’ Alginate Beads

Aquacoat Eudragit

Formula Code® (%, wiw) (%0, wiw)
1 EU2 0 2
2 EU4 0 4
3 EU6 0 6
4 EUS 0 8
5 AQ4 4 0
6 AQ4 EU2 4 2
7 AQ4 EU4 4 4
8 AQ4 EU6 4 6
9 EU6 AQ2 2 6
10 EU6 AQ4 4 6
11 EU6 AQ6 6 6

2 The order of polymer coated on 5-ASA/alginate beads is indicated.
For example, AQ4 EU2 means that the inner coat is 4% Aquacoat
and the outer coat is 2% Eudragit L30D.

with simulated gastric fluid without pepsin (pH 1.4 = 0.1) for
2 hr before challenging with simulated intestinal fluid with-
out pancreatin (pH 7.4 = 0.1) and assayed at 225 nm using a
Beckman UV 34 spectrophotometer (Beckman, Irvine, CA).
Different concentrations of 5-ASA dissolved in simulated
intestinal fluid were prepared for studying the effect of so-
lution aging. Solutions were kept in 50-ml volumetric flasks
and stored on the shelf for up to 9 days at room temperature.
Some 5-ASA-loaded alginate beads were treated with simu-
lated gastric fluid for different times (0.5 to 2 hr) to study the
effect of acid pretreatment time on release of drug after
transfer into simulated intestinal fluid.

RESULTS AND DISCUSSION

5-ASA has a solubility of about 1 mg/ml in water, with
pK, values of 3, 6, and 13.9 (12). Classically, 5-ASA is as-
sayed spectrofluorimetrically (13). It was desirable to use a
rapid assay of 5-ASA for this in vitro study. Figure 1 shows
the standard curve and reproducibility of 5-ASA in phos-
phate buffer solution (simulated intestinal fluid). Using a UV
spectrophotometer to detect 5-ASA concentrations in phos-
phate buffer solution (pH 7.4) at a wavelength of 225 nm
gave a reliable and consistent reading for up to 9 days at
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Fig. 1. Age of 5-aminosalicylic acid standard solution in simulated
intestinal fluid (at wavelength 225 nm). (O) Day 1; (@) day 2; (A)
day 3; (A) day 4; (O) day 7; (W) day 8; (V) day 9.
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room temperature. Because 5-ASA is sensitive to light in the
presence of water, it is not clear at this time whether there
exists a light-degraded form of 5-ASA in the standard solu-
tion which also shares the same intensity of absorbance at
225 nm. However, the UV absorbance assay selected re-
mains a useful indicator of relative dissolution rate from the
formulations investigated.

Calcium alginate beads have been widely used to entrap
drugs (13,14) and cells (15) or enzymes (16). However,
5-ASA quite unexpectedly did not form a spherical drug al-
ginate matrix after drying when mixed with sodium alginate
solution and extruded into calcium chloride solution. Wet
drug alginate gel showed a round surface, but after drying in
the oven the dried drug alginate particle had an irregular
shape with a wrinkled surface. A similar ‘‘unusual’’ behavior
has been observed in other experiments in this laboratory
with theophylline and aminophylline. These drug-alginate
particles have more surface area and sharp ridges compared
to spherical alginate beads which makes it very difficuit to
produce a smooth surface and desirable release rate by spray
coating.

An alternative and classical way to produce 5-ASA
“‘beads’ is to “‘layer’’ the drug on top of nonpareil sugar
beads. However, this approach would provide immediate
drug release without coatings and only traditional release
patterns with coating. A nontraditional release pattern was
desired wherein drug release would be delayed for about 3 hr
postdelivery into the small intestine, followed by a ‘‘burst’’
or sustained release, which is anticipated to deliver the ma-
jor portion of the dose into the colon. Research in this lab-
oratory has shown that dried alginate beads (unlike sugar
beads) swell extensively when rehydrated and this swelling
can be used to help produce a burst of drug release. Thus,
5-ASA was loaded directly on dried ‘‘blank’ calcium algi-
nate beads since trapping drug inside the beads was not suc-
cessful. These 5-ASA loaded on alginate beads were spher-
ical with a smooth surface. Drug was readily released from
uncoated ‘‘layered’’ alginate bead surfaces during 2 hr of
gastric fluid exposure.

After coating 5-ASA-loaded alginate beads with differ-
ent percentages of Eudragit L30D, only beads coated with
6% (w/w) or more Eudragit L30D provided protection of
5-ASA/alginate beads against 2 hr of acid pretreatment (Fig.
2). Of course, enteric coating alone does not provide a sus-
tained or delayed release after transfer to intestinal fluid.
Transit time through the small intestine (after leaving the
stomach) is about 3 to 5 hr for an oral dosage form (with
diameters of 2 to 5§ mm) to reach the colon (17). Thus, con-
trolled release of 5-ASA following initial delivery to the
small intestine would be more suitable than just an enteric
coat. By coating another layer of polymer (Aquacoat) on the
surface of 6% (w/w) Eudragit-coated beads, dissolution pat-
terns in intestinal fluid were changed dramatically (Fig. 3).
As expected, increasing the thickness of Aquacoat coating
decreased the release rate of 5-ASA from coated beads. Re-
versing the coating order but maintaining the same percent-
ages of polymer loading revealed a sustaining effect but a
different pattern of dissolution for 5-ASA-loaded alginate
beads coated with 6% (w/w) Eudragit L30D and 4% Aqua-
coat (Figs. 3 and 4). Aquacoat coating, 4% (w/w), did not
prevent release of 5-ASA in acid solution (Fig. 4). This was
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Fig. 2. Effect of Eudragit L30D coating on percentage release in
simulated intestinal fluid of 5-aminosalicylic acid loaded on alginate
beads. (O) 2% (w/w) coat; (@) 4% (w/w) coat; (A) 6% (w/w) coat;
(A) 8% (w/w) coat.

caused by the small degree of swelling of dried calcium alg-
inate beads in the acid fluid, which could rupture the Aqua-
coat film. After applying 4% or more Eudragit L30D on these
4% Aquacoat-coated beads, protection against 2 hr of acid
treatment was established (Fig. 4). A desirable controlied
release of 5-ASA was obtained with 4% (w/w) Aquacoat
overlayed with 4 or 6% (w/w) Eudragit L.30D (formulae 7 and
8 in Table I; also see Fig. 4). The data suggest that the
majority of the dose will be released in the colon, assuming
that the in vitro dissolution data are predictive of in vivo
effects.

The influence of acid pretreatment time on dissolution
of coated 5-ASA (loaded on alginate beads) is shown in Figs.
5 and 6. Formula 8 (with 4% Aquacoat in the inner layer and
6% Eudragit L30D in the outer layer) provides sufficient
protection against 2-hr acid treatment and a more sustained
release pattern compared to the others. With longer times of
acid fluid pretreatment, 5-ASA tended to release only a little
more rapidly after switching to simulated intestinal fluid,
suggesting a general lack of sensitivity to release as a result
of stomach transit time. Dissolution of two 5-ASA products,
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Fig. 3. Effect of Aquacoat coating on percentage release in simu-
lated intestinal fluid of 6% (w/w) Eudragit 1.30D-coated 5-aminosal-
icylic acid loaded on alginate beads. (O) None; (@) 2% (w/w) coat;
(A) 4% (wlw) coat; (A) 6% (w/w) coat.
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Fig. 4. Dissolution of 5-aminosalicylic acid loaded on alginate beads
coated with 4% Aquacoat and variable percentages of Eudragit
L30D. (O) None; (@) 2% (w/w) coat; (A) 4% (wiw) coat; (A) 6%
(w/w) coat.

formulae 10 and 11 (see Table I), was studied following stor-
age for 2 weeks. These products were kept in screw-lock
plastic containers at room temperature without desiccant
and stored in a drawer. Dissolution patterns were essentially
reproducible (Fig. 7).

The pH-independent polymer (Aquacoat) remains insol-
uble in both acidic and intestinal fluid, and the pH-sensitive
copolymer (Eudragit L30D) will dissolve when the solution
pH is higher than 5. With more than 6% Eudragit L.30D as an
outer layer, dissolution of 5-ASA is prevented in gastric fluid
and the rate of release in intestinal fluid is controlled by the
inner Aquacoat film and alginate beads since the Eudragit
L30D dissolves and is washed away in intestinal fluid. With
Aquacoat as the outer layer, the release pattern of 5-ASA in
intestinal fluid is governed by diffusion through dissolved
Eudragit trapped inside the Aquacoat, if this outer mem-
brane can remain on the surface under the stress of an os-
motic gradient and expansion during hydration of the inner
volume. After entering the intestinal tract, the rate of en-
teric-coated film dissolution is influenced by both the
amount of sustained-release coat film and the order of film
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Fig. 5. Influence of acid pretreatment time (GF) on dissolution of
S-aminosalicylic acid loaded on alginate beads coated with 2% (w/w)
Aquacoat on top of 6% (w/w) Eudragit L30D film. (O) 0.5 hr; (@) 1
hr; (A) 1.5 hr.
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Fig. 6. Influence of acid pretreatment time (GF) on dissolution of
S-aminosalicylic acid loaded on alginate beads coated with 4% (w/w)
Aquacoat on top of 6% (w/w) Eudragit L30D. (&) 0.5 hr; (O) 1 hr;
() 1.5 hr; (V) 2.0 hr.

application. Calcium alginate beads swell to several times
their dry size when hydrated. When drug-loaded calcium
alginate beads swell sufficiently to exceed the strength of the
outer coat sustained-release film, the sustaining film bursts
and release of drug is facilitated. Sugar beads as cores do not
swell sufficiently to produce the desired burst effect. Thus,
this formulation can provide an oral dosage form designed
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Fig. 7. Stability of 5-aminosalicylic acid loaded on alginate beads
coated with 4 or 6% (w/w) Aquacoat on top of 6% (w/w) Eudragit
L30D (stored at room temperature). () Day 1, 4% (w/w) Aquacoat
coated; (Q) day 7, 4% (w/w) Aquacoat coated; (A) day 14, 4%
Aquacoat coated; (W) day 1, 6% (w/w) Aquacoat; (@) day 7, 6%
(w/w) Aquacoat coated; (A) day 14, 6% (w/w) Aquacoat coated.
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for targeted delivery of drug to any desired site in the gas-
trointestinal tract, depending on the coating thicknesses and
order of coat application.
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