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Abstract: Calcium-induced alginate gel bead (Alg-Ca) coated with an alginate hydrolysate
(Alg), e.g. the guluronic acid block (GB) was prepared and the model drug, hydrocortisone
release profiles were investigated under simulated gastrointestinal conditions. Their
molecular weights were one sixth or one tenth that of Alg and the diffraction patterns of the
hydrolysates resembled that of Alg. The drug release rate from Alg-Ca coated with GB
apparently lowered than that of Alg-Ca (coating-free) in the gastric juice (pH1.2). And the
coating did not resist the disintegration of Alg-Ca in the intestinal juice (pH 6.8) and the
gel erosion accelerated the drug release. On the other hand, for the coated Alg-Ca
containing chitosan, the drug release showed zero-order kinetics without rapid erosion of
Alg-Ca. The drug release rate from Alg-Ca was able to be controlled by the coating and
modifying the composition of the gel matrix.
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Introduction

Alginic acid (Alg), a natural anionic polysaccharide, has been used as a medicine for stomach
ulcers as well as a food additive because of the protective effect for the gastric mucosa on per oral
administration. The solution of sodium alginate immediately forms a cured gel matrix in the presence
of a divalent or a trivalent cation and this characteristic has been utilized practically as a bioreactor
[1,2]. In addtion calcium-induced alginate gel beads (Alg-Ca) are noted as a vehicle for drug delivery
[3-5]. Alg consists of a—L-guluronic acid (G) and B-D-mannuronic acid (M), and it is known that the
composition of Alg, such as M/G ratio changes the characteristics of the Alg-Ca prepared with the Alg
[6]. A sequence of G-G, G-blocks (GB) in the Alg molecule is closely related with the gel matrix
formed between Alg and calcium ions. The drug release profile from Alg-Ca is affected by both the
structure of the gel matrix and the properties of drug itself, such as its solubility.

GB is obtained by the hydrolysis of Alg and is itself also a polyanionic compound [7]. We have
reported that the rheological properties of the Alg-Ca and the drug release profile from the beads were
affected by the addition of GB to the gel matrix [8]. When dried Alg-Ca is administered orally, the
gastrointestinal fluid permeates into the gel matrix, and then the drug incorporated in Alg-Ca is
gradually released from the vehicle through the watercourse formed by the penetration. Therefore, the
characteristic of the drug release from Alg-Ca may be controlled by the modification of the gel matrix
if GB incorporated in Alg-Ca behaves as a component of the gel matrix [9,10]. Especially, the
gel-matrix structure of Alg-Ca surface is very important for the release profile of drug contained in the
vehicle. In the present study, we attempted to prepare Alg-Ca coated with Alg hydrolysate by the
simple method in the aqueous solution, and investigated the drug release profile from the preparation
under simulated gastrointestinal conditions.

Results and Discussion

The Alg hydrolysates were obtained by partial degradation with dilute HCI. The results of the gel
permeation chromatography of Alg and the hydrolysates are shown in Table 1. The molecular weight
of GB or a M-M, M-block sequence (M) was one sixth or one tenth that of Alg, respectively. As shown
in Figure 1, Alg exhibited a characteristic amorphous polymer X-ray diffraction pattern. The
diffraction pattern of GB or MB resembled that of Alg, i.e., “a halo pattern” [11]. These results show
that GB or MB is a low molecular weight Alg, thus a 5% solution of the hydrolysate did not form
cured hydrogel beads in CaCl,.
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Table 1: Molecular weight of alginate and the hydrlysates.

Sample

M.W. (Dispersion)

Alg
GB
MB

188,000 (4.1)
22,700 (2.9)
13,400 (3.3)

2561

Since the Alg solution is viscous; e.g., 52+2 cp at 1%, some hydrogel beads gradually stuck
together after Alg-Ca was transferred to 1% of Alg solution for coating the surface. On the other hand,
the viscosity of 5% GB or MB solution was below 10 cp, and coagulation did not occur among the
beads during the coating period. The treatment of Alg-Ca with 1-5% of GB solution changed the
surface structure of the gel matrix. When Alg-Ca (hydrogel) is transferred to the GB solution, calcium
ions existed in Alg-Ca diffuse to the surface, and then bind with GB and form the film-like gel on the
surface. As shown in Figure 2, the surface of Alg-Ca treated with GB solution was coated with a
transparent gel layer and it was smoother than that of Alg-Ca.

Figure 1. X-ray diffractograms of (a) Alg, (b) GB and (c) MB.
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Figure 2. Photograph of dried Alg-Ca.

(A) Alg-Ca, (B) Alg-Ca coated with 1% GB, (C) Alg-Ca coated with 1% MB.
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The amount of the model drug, hydrocortisone (HC) incorporated in Alg-Ca decreased slightly
owing to the coating process, as shown in Figure 3. This may be attributed to leakge of the HC held in
the alginate gel matrix to the GB solution. The loss of drug incorporated in Alg-Ca was suppressed by
addition of GB to Alg that is raw material for the formation of Alg-Ca. For example, the incorporation
of HC in Alg-Ca prepared with Alg containing 5% GB was 78.3£0.3% (n=3). However, Alg-Ca
(containing 5% GB) coated with 5% GB slightly decreased the HC incorporation with respect to 1% of
the same coating as shown in Figure 3 (c and d). This phenomenon may be attributed to a scramble for
to get Ca®* between GB contained in Alg-Ca and one used for coating of the beads.

Figure 3. Incorporation of HC in Alg-Ca.
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The data are presented as mean valuetxSD(n=3).

a; Alg-Ca (coating-free)

b; Alg-Ca (coated with 1% GB)

c; Alg-Ca containing 5% GB (coated with 1% GB)
d; Alg-Ca containing 5% GB (coated with 5% GB)

The gel matrix formed between GB and calcium ion on the surface of Alg-Ca affected the drug
release profile from the vehicle. In the 1st fluid, the drug release rate from Alg-Ca treated with GB was
apparently lower than that of Alg-Ca, as shown in Figure 4. Alg-Ca treated with 1% GB released
7.940.9% of the incorporated HC after 120 min [Figure 4(a)]. This result suggests that Ca**-GB
chelate acts as the layer, which controls the release rate of HC from Alg-Ca in the 1st fluid as well as
Ca” induced Alg gel matrix. And the value was 8.5+0.7% in the case of Alg-Ca prepared with Alg
containing 5% GB, then treated with 1% GB. As shown in Figure 4(b), when Alg-Ca made from Alg
containing 5% GB was coated with 5% GB, it released 6.3+0.3% of HC after 120 min, and in the case
of 5% MB coating, this value was 11.2+0.2%. Irrespective whether Alg-Ca was coated with GB or MB,
the coating layer did not resist the disintegration of Alg-Ca in the 2nd fluid (pH 6.8) and the gel
erosion accelerated the drug release.



Molecules 2007, 12 2563

Figure 4. HC-Release curves from Alg-Ca prepared with 0.1 M CacCl,,

pH 1.2 _ pH6S > pH 1.2 _ pH6S

100 100
@) @)

= 80 E 80
“5' o

= 60 T 60
% 0
s g

é 40 é 40
© X

20 20

0 ki 0

0 60 120 180 0 60 120 180
Time (min) Time (min)

(a) Closed circle; Alg-Ca (coating-free)

(a) Open circle; Alg-Ca (coated with 1% GB)

(@) Closed triangle; Alg-Ca containing 5% GB (coated with 1% GB)
(b) Open triangle; Alg-Ca containing 5% GB (coated with 5% GB)
(b) Open square; Alg-Ca containing 5% GB (coated with 5% MB)

Addition of the cationic polysaccharide chitosan (CS) to Alg-Ca did not affect the incorporation of
HC into the gel matrix (68.6+£4.2%, n=6), however, the drug release profile in the 2nd fluid apparently
changed. As shown in Figure 5, sustained HC release without rapid erosion of Alg-Ca was noted and
this phenomenon may be due to complex formation between Alg (or GB) and CS in Alg-Ca.

Figure 5. HC-Release curves from Alg-Ca containing CS and GB.
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The release of HC from Alg-Ca containing CS showed zero-order kinetics in the 2nd fluid. The
apparent release rate was determined as 0.64%/min (r? = 0.989), which was calculated by subjecting all
the HC dissolution data collected after incubation for 120-240 min from Alg-Ca coated with 1%GB to
least-squares linear fitting. Similar release rate was obtained with Alg-Ca (containing 1% CS and 5%
GB) coated with 5% GB (0.58%/min, r>= 0.990). Their release rates were faster than that of Alg-Ca
(coating-free). This result shows that the complex formed from CS and GB is more fragile in the 2nd
fluid than that formed from CS and Alg because GB is a short chain Alg.

Conclusions

In this study, we prepared Alg-Ca coated with the hydrolysate, after which we investigated the drug
release profile. We observed that drug release rate from Alg-Ca could be controlled by the coating and
modifying the composition of the matrix. Alg-Ca may be excellent vehicle for oral drug administration
due to not only to its safety but also its properties to enable control of drug release in the
gastrointestinal tract.

Experimental
General

Alg (sodium salt, degree of polymerization; 450) was obtained from Nacalai Tesque (Kyoto), and
CS (fine powder, degree of deacetylation; 75-85%) was obtained from Kimitsu Chem. Industries
(Tokyo). HC was purchased from Wako Pure Chemical Ind. (Osaka). All other reagents used were of
analytical grade.

Preparation of the hydrolysates

GB and a sequence of MB were separated using the method of Haug et al. [7]. The solutions
containing the hydrolysates were then neutralized with NaOH, followed by precipitation with ethanol
and centrifugation (3000 rpm, 5 min). The pellet was washed 3 times with ethanol, and dried in vacuo
over P,Os. The molecular weight of the hydrolysate was determined by gel permeation
chromatography [12]. Powder X-ray diffractometry was carried out using an automatic diffractometer
(MXP®, MAC Science Co., Yokohama) with a voltage of 40 kV and a current of 20 mA. The scanning
rate was 2°/min over a 26 range of 5-100°. The X-ray diffraction results were interpreted using a
computer program (XPRESS, Bruker AXS K.K., Yokohama).

Rheological properties

The viscosity of the solution containing Alg or Alg hydrolysate was measured in triplicate at 37°C
with a VM-1G-M viscometer (CBC Materials Co., Ltd., Tokyo).



Molecules 2007, 12 2565

Preparation of modified alginate gel beads

Alg-Ca modified by GB and/or CS was prepared as follows: Alg was dissolved in distilled and
demineralized water with agitation and GB and/or CS were added to the solution. The model drug (50
mg) was then added to the solution (10 g) and mixed until homogeneity. This solution (2 g) was then
combined with 0.1 M calcium chloride solution (10 mL) and left standing for 2 h at room temperature,
after which spherical hydrogel beads were obtained. The beads were transferred to 1-5% hydrolysate
solution (10 mL) and stirred mildly with magnetic stirrer for 1 h and then they were washed twice with
distilled water (50 mL) and dried at 30°C for 8 h on a culture dish, and they were further dried in a
desiccator in the presence of P,Os. The morphology of Alg-Ca was observed with digital microscope
(VHX-200, Keyence Co., Osaka).

Drug release test

Release of HC incorporated in Alg-Ca was determined in JP X1V 1st medium (pH 1.2, 500 mL) for
2 h and subsequently in 2nd medium (pH 6.8) for 4 h using JP X1V dissolution test apparatus (Toyama
Sangyo, Osaka, paddle method, 150 rpm, 37+£0.5°C). Release testing was carried out according to
previously reported methods [8]. All dissolution tests were performed in triplicate. The solubility of
HC at 37°C was 0.38ug/mL in the 1st medium or 0.35ug/mL in the 2nd medium.
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