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Abstract

Three liquid formulations with in situ gelling properties have been assessed for their potential for the oral delivery
of cimetidine. The formulations were dilute solutions of: (a) enzyme-degraded xyloglucan, which form thermally
reversible gels on warming to body temperature; (b) gellan gum and; (c) sodium alginate both containing complexed
calcium ions that form gels when these ions are released in the acidic environment of the stomach. The in vitro release
of cimetidine from gels of each of the compounds followed root-time kinetics over a period of 6 h. Plasma levels of
cimetidine after oral administration to rabbits of each of the formulations were compared with those resulting from
administration of a commercial cimetidine/alginate suspension with an identical drug loading. In vivo release
characteristics of each of the in situ gelling formulations were similar to those of the commercial preparation. © 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction

Cimetidine was the first H2-receptor antagonist
marketed to control gastric acid secretion and is
currently available as a suspension in combination
with sodium alginate (for example, Algitec™ and
Tagamet™ Dual Action, GlaxoSmithKline), for
the suppression of postprandial reflux. In this
paper we report an assessment of three liquid
formulations that form gels in situ in the stomach

and have potential for application as sustained
release oral dosage forms for the administration
of cimetidine.

The three compounds with in situ gelling char-
acteristics selected for study were derived from
natural origin and included xyloglucan, gellan
gum and sodium alginate. Xyloglucan polysaccha-
ride derived from tamarind seed is composed of a
(1-4)-�-D- glucan backbone chain which has (1-6)-
�-D-xylose branches that are partially substituted
by (1-2)-�-D-galactoxylose. When xyloglucan is
partially degraded by �-galactosidase the resultant
product exhibits thermally reversible gelation by
the lateral stacking of the rod-like chains. The
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sol-gel transition temperature varies with the de-
gree of galactose elimination (Yuguchi et al.,
1997); the material used here had a percentage of
galactose removal of 44% and exhibited a ther-
mally reversible transition from sol to gel at tem-
peratures of between 22 and 27°C. We previously
reported the potential use of xyloglucan gels for
rectal (Miyazaki et al., 1998), intraperitoneal (Su-
isha et al., 1998) and oral drug delivery
(Kawasaki et al., 1999). Its potential application
in oral delivery exploits the slow gelation time
(several minutes) that, it is proposed, would allow
in situ gelation in the stomach following the oral
administration of chilled xyloglucan solutions. We
recently demonstrated sustained release of in-
domethacin and diltiazem (Kawasaki et al., 1999)
from gels formed in situ in the gastro-intestinal
tract of rats and rabbits following the administra-
tion of dilute solutions of enzyme degraded
xyloglucan.

Gellan gum (commercially available as Gel-
rite™ or Kelcogel™) is an anionic deacetylated
exocellular polysaccharide secreted by Pseu-
domonas elodea with a tetrasaccharide repeating
unit of one �-L-rhamnose, one �-D-glucuronic
acid and two �-D-glucose. It has the characteristic
property of temperature dependent and cation-in-
duced gelation (Crescenzi et al., 1990) involving
the formation of double helical junction zones
followed by aggregation of the double-helical seg-
ments to form a three dimensional network by
complexation with cations and hydrogen bonding
with water (Grasdalen and Smidsroed, 1987;
Chanrasekaran et al., 1988; Chanrasekaran and
Thailambal, 1990). Much of the interest in the
pharmaceutical application of this material has
concentrated on its application in ophthalmic
drug delivery (Rozier et al., 1989; Sanzgiri et al.,
1993; Rozier et al., 1997); aqueous solutions of
gellan dropped into the eye undergo transition to
the gel state due to the temperature and ionic
conditions in the tear fluid. We have previously
examined the feasibility of using gellan formula-
tions for the oral sustained delivery of
theophylline (Miyazaki et al., 1999). The pro-
posed formulation was a gellan solution contain-
ing calcium chloride (as a source of Ca++ ions)
and sodium citrate, which complexed the free

Ca++ ions and released them only in the highly
acidic environment of the stomach. In this way
the formulation remained in liquid form until it
reached the stomach, when gelation was
instantaneous.

Alginic acid is a linear block copolymer
polysaccharide consisting of �-D-mannuronic acid
(M) and �-L-guluronic acid (G) residues joined by
1,4-glycosidic linkages. The proportion of each
block and the arrangement of blocks along the
molecule vary depending on the algal source. Di-
lute aqueous solutions of alginates form firm gels
on the addition of di- and tri-valent metal ions by
a co-operative process involving consecutive
guluronic residues in the G blocks of the alginate
chain (Grant et al., 1973; Morris et al., 1973,
1978; Liang et al., 1980). This property has been
widely exploited for the fabrication of vehicles for
the sustained delivery of bioactive molecules, usu-
ally as matrix devises (Nakano and Ogata, 1984;
Johnson and Medlin, 1985; Stockwell et al., 1986;
Yotsuyanagi et al., 1987; Segi et al., 1989; Nichol-
son et al., 1990). There have been only few reports
on the use of alginates in liquid sustained release
preparations for oral administration. Zatz and
Woodford (1987), developed a suspension formu-
lation of theophylline which contained sodium
alginate and which formed a gel when in contact
with simulated gastric fluid. Katayama et al.
(1999) reported a liquid sustained release formula-
tion containing sodium alginate intended for the
eradication of Helicobacter pylori in which in situ
gelling was achieved by the separate oral adminis-
tration of a solution of a calcium salt immediately
following that of the sodium alginate solution. We
have recently reported (Miyazaki et al., 2000) an
alternative strategy to achieve in situ gelation of
sodium alginate solutions, which was similar to
that described above for the in situ gelation of
gellan. In this method gelation of a solution of
sodium alginate containing Ca++ ions is delayed
until the preparation reaches the acid environ-
ment of the stomach through complexation of the
Ca++ ions with sodium citrate. It should be
noted that although the commercial preparations
cited above contain sodium alginate, they do not
include a source of metal ions. It is not, of course,
the intention with these commercial preparations
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that the alginate should form a gel matrix in the
stomach as in the formulations discussed here, but
rather should form a raft on the surface so reduc-
ing acid regurgitation.

This present study is a comparison of both the
in vitro and in vivo release of cimetidine from gels
formed by each of the three formulations, from
the commercial oral formulation Algitec™ sus-
pension, and also from a solution of cimetidine at
pH 5.0.

2. Materials and methods

2.1. Materials

Xyloglucan with a percentage of galactose re-
moval of 44% (Lot. 9530L) was prepared as de-
scribed previously (Shirakawa et al., 1998) and
supplied by Dainippon Pharmaceutical Co., Os-
aka. Deacetylated gellan gum, Kelcogel™, was
supplied by Dainippon Pharmaceutical Co., Os-
aka, and was used as received. Sodium alginate
(Duck Algin™, 350�50 cP for a 1% solution,
M/G ratio 0.8–1.0) was supplied by Kibun Food
Chemifa Co., Tokyo. Cimetidine was obtained
from Wako Pure Chemical Ind. Ltd., Osaka. A
commercially available product, Algitec™ suspen-
sion (20 mg ml−1), was supplied by GlaxoS-
mithKline Pharmaceuticals, UK.

2.2. Preparation of sols

Xyloglucan sols of concentrations 0.5, 1.0 and
1.5% w/w were prepared by slowly adding a
weighed amount of the enzyme-degraded xyloglu-
can to cold phosphate buffer pH 5.0. The mixture
was slowly homogenized (Nihon Seiki Seisakusho
homogenizer type HB) and an appropriate
amount of cimetidine was then dissolved in the
resulting solution to prepare a 1% w/v sol.

Gellan gum solutions of concentrations
0.25, 0.5 and 1.0% w/v were prepared by adding
the gum to ultrapure water containing 0.17% w/v
sodium citrate and heating to 90°C while stirring.
After cooling to below 40°C appropriate amounts
of calcium chloride (0.016% w/v) and cimetidine
(1% w/v) were then dissolved in the resulting
solution.

Sodium alginate solutions of concentrations
1.0, 1.5 and 2.0% w/v were prepared by adding
the alginate to ultrapure water containing 0.25%
w/v sodium citrate and 0.075% w/v calcium chlo-
ride and heating to 60°C while stirring. Cime-
tidine was then dissolved in the resulting solution
after cooling to below 40°C.

2.3. Measurement of �iscosity of sols

The viscosity of sols prepared in water was
determined with a cone and plate viscometer (TV-
20H, model E, Tokimec Co., Tokyo) at 5 or 20°C
using a 1 ml aliquot of the sample.

2.4. Measurement of drug release rate from gels

The release rates of cimetidine were measured
by using plastic dialysis cells similar to that de-
scribed previously (Miyazaki et al., 1984). The
capacity of each half-cell was 4 ml and the surface
area of the membranes was 2.67 cm2.

Gels of xyloglucan (prepared in pH 7.4 buffer),
gellan (prepared in ultrapure water) or alginate
(prepared in ultrapure water) loaded with 1% w/v
of drug, were placed in the donor compartment.
An equal volume of simulated gastric (pH 1.2) or
intestinal (pH 6.8) fluid (as specified for the JP
XIII disintegration test) was placed in the recep-
tor compartment. The donor phase and the
aqueous receptor phase were separated by a cellu-
lose membrane (Viskase Sales Co., size 36/32).
The assembled cell was shaken horizontally at the
rate of 60 strokes per min in an incubator. The
total volume of the receptor solution was removed
at intervals and replaced by fresh release medium.
The drug concentration of the samples was deter-
mined using a spectrophotometer at a wavelength
of 220 nm.

2.5. Animal experiments

White male rabbits weighing 2.8–3.3 kg were
fasted for 24 h prior to the experiments but
allowed free access to water. A yoke was used to
avoid the possibility of coprophagy, in addition to
the fasting process, which ensured that very little
food was present in the stomach (from visual
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observation). Gels containing cimetidine were
produced in situ by oral administration of 8 ml of
the appropriate solution containing 80 mg of drug
using a stomach sonde needle for rabbits (Natume
Seisakusho, KN-342). A stomach sonde needle
was also used for oral administration of commer-
cial Algitec™ suspension (80 mg in 4 ml) and
aqueous solution at pH 5.0 (80 mg in 8 ml). At
given intervals, 0.5 ml blood samples were taken
from the ear vein and analysed as described
below.

2.6. Determination of cimetidine

The plasma samples were separated by centrifu-
gation and assayed by HPLC (Shimazu LC-10A
with a Shimazu SPD-10A detector at a wave-
length of 228 nm). The assay of cimetidine was
based on the methods described by Russel et al.,
1994; Kelly et al., 1995, with minor modifications.
To 100 �l of plasma was added 100 �l of rani-
tidine solution (10 �g ml−1) as internal standard,
100 �l of 1 M sodium hydroxide, 100 �l of
saturated solution of potassium carbonate, and 1
ml of ethyl acetate–isoamyl alcohol (96:4) and the
sample was vortex-mixed and centrifuged. To 100
�l supernatant was added 100 �l of 0.01 M hydro-
chloric acid. After shaking and centrifugation, the

aqueous phase was passed through a Millipore
filter (0.45 �m) and injected onto a 250×46 mm
i.d. column, packed with Inertsil-ODS2. Elution
was carried out with 0.01 M phosphate buffer at
pH 6.2 containing 2.5 g l−1 heptanesulfonic
acid:acetonitrile (75:25) at a rate of 1.0 ml min−1

at 40°C.

3. Results and discussion

3.1. Viscosity of sols

Fig. 1 compares the shear dependency of the
viscosity of xyloglucan, gellan and alginate sols of
a range of concentrations, with Algitec™ suspen-
sion. Measurements were performed under condi-
tions representative of those of their proposed
administration; the xyloglucan solutions were
maintained in the sol form by measurement at
5°C whereas all other formulations were measured
at 20°C.

All sols showed a marked increase of viscosity
with concentration, higher concentrations exhibit-
ing shear thinning behaviour. The 2.0% w/v algi-
nate sol had a significantly higher viscosity than
the Algitec™ suspension at all shear rates, which
may be a disadvantage in oral administration. For

Fig. 1. Comparison of the shear rate dependency of the viscosities of (�) Algitec™ suspension (20°C) and (a) xyloglucan sols of
concentrations 0.5 (�), 1.0 (�) and 1.5 (�)%w/w (5°C), (b) gellan sols of concentrations (�) 0.25, (�) 0.5 and (�) 1.0% w/v
(20°C) and (c) alginate sols of concentrations (�) 1.0, (	) 1.5 and (
) 2.0% w/v (20°C).
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Fig. 2. Cumulative release of cimetidine as a function of time from (a) xyloglucan sols of concentrations 0.5(�), 1.0(�) and
1.5(�)%w/w, (b) gellan sols of concentrations (�) 0.25, (�) 0.5 and (�) 1.0% w/v and (c) alginate sols of concentrations (�) 1.0,
(	) 1.5 and (
) 2.0% w/v and from (�) an aqueous solution of pH 5.0. Release was into simulated gastric fluid pH 1.2 for the
period of time indicated and subsequently into simulated intestinal fluid pH 6.8. Each value is the mean�S.E. of 4–7
determinations.

this reason we chose to conduct in vivo experi-
ments (Section 3.3) on 1.5% alginate gels. Only
the highest concentrations of the other sols at low
shear rates had viscosities exceeding that of Al-
gitec™ suspension and their oral administration
would not therefore be expected to present any
difficulty.

3.2. In �itro drug release

The release profiles of cimetidine from gels of
the three materials loaded with 1.0% w/v drug are
compared with that from an aqueous solution of
pH 5 in Fig. 2. It was not possible to conduct a
comparison of the release characteristics with
those of Algitec™ suspension because of osmotic
effects in the apparatus used. The receptor solu-
tions were changed after a given time interval
from simulated gastric fluid at pH 1.2 to a simu-
lated intestinal fluid at pH 6.8 to mimic gastro-in-
testinal transit. There were no inflections in the
release curves for the gels in the region of the pH
change despite a reduction in ionisation of the
basic group of cimetidine (pKa=6.8) to 50% at
pH 6.8. Although a pH of 1.2 was used as a
representation of the gastric acidity, there is evi-

dence that the pH of the rabbit stomach may not
be as low as this, and consequently inferences
from in vitro to in vivo data should be tempered
with caution.

There is evidence in Fig. 2 of a tendency for
decreasing release rate with increasing gel concen-
tration for alginate and gellan gels. The more
marked difference between release profiles of the
0.5% w/w xyloglucan gels and those of higher
xyloglucan concentrations has been noted previ-
ously for the release of indomethacin (Kawasaki
et al., 1999).

The release data over the whole time period
were analysed according to the treatment pro-
posed by Higuchi (1962) for drug release from
semisolid vehicles containing dissolved drug. For
the initial 50–60% release, the cumulative amount
Q of drug released per unit surface area from gels
of initial drug concentration C0 is proportional to
the square root of time t :

Q=2C0(Dt/�)1/2 (1)

Plots of Q vs. t1/2 for the release of cimetidine
from all gels (C0=10 mg ml−1) were linear after
a short lag period indicative of diffusion con-
trolled release; a representative plot for gellan gels
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Fig. 3. Cumulative release per unit area, Q, for cimetidine as a
function of square root time from gellan gels of concentrations
(�) 0.25, (�) 0.5 and (�) 1.0% w/v. Release was into
simulated gastric fluid pH 1.2 for a period of 2.5 h and
subsequently into simulated intestinal fluid pH 6.8. Each value
is the mean�S.E. of 4–7 determinations.

through the gel matrix. The significantly higher D
value for diffusion through 0.5% xyloglucan gels
reflects the very weak structure of these gels as
was evident from rheological studies reported pre-
viously (Kawasaki et al., 1999).

3.3. In �i�o release

The release of cimetidine from gels of each
formulation formed in situ in the rabbit stomach
following oral administration of 8 ml of the ap-
propriate solution containing 80 mg of cimetidine
was monitored by the determination of plasma
drug levels. In each case comparison was made
with cimetidine levels following oral administra-
tion of Algitec™ suspension and aqueous solu-
tions of cimetidine at pH 5. Thermally reversible
gelation of xyloglucan sols occurred as chilled sols
reached body temperature; gelation of the gellan
and alginate sols, which contain calcium ions in
complexed form, occurred as a consequence of the
release of the calcium ions in the acidic environ-
ment of the stomach. Gelation of each of these
formulations was confirmed by visual observation
of the stomach contents which showed the pres-
ence of distinct gel blocks of regular shape.

Despite the differences in the structure of the
gels and the mechanism of their gelation, the in
vivo release curves from the three gels were simi-
lar and resembled that for the commercial suspen-
sion (Fig. 4). It should be noted, however, that in
order to maintain the cimetidine in solution it was
necessary to use an 8 ml volume for the sols
compared with 4 ml of the Algitec™ suspension
containing the same dose. Absorption of cime-
tidine from the solution at pH 5.0 was rapid with
a peak plasma concentration at 1.38 h. The
plasma-concentration curves for all other formu-
lations showed evidence of a more sustained re-
lease as noted from the tmax values of Table 2.
Fig. 4 shows a higher Cmax for 1.5% w/w xyloglu-
can than those of the other preparations.

The areas under the plasma concentration–time
curve (AUC) and the mean residence times
(MRT) were obtained from the plasma concentra-
tion-time data for each animal using a computer
program for model-independent analysis (Ya-
maoka et al., 1981) and are summarized in Table

is shown in Fig. 3. Diffusion coefficients, D, cal-
culated from the gradients of these plots are given
in Table 1. The values show the expected decrease
with increasing gel concentration as a conse-
quence of increased resistance to drug diffusion

Table 1
Comparison of diffusion coefficients, D, for in vitro release of
cimetidine from gels of xyloglucan, gellan and sodium alginate

Dosage form 105 D (cm2 s−1)

Xyloglucan (%w/w)
0.5 1.16
1.0 0.52
1.5 0.55

Gellan (% W/�)
0.25 0.96
0.50 0.80
1.0 0.70

Sodium alginate (%w/�)
1.331.0
1.081.5

2.0 1.00
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Table 2
Comparison of bioavailability parameters of cimetidine administered from gels of xyloglucan, gellan and sodium alginate formed in
situ in rabbit stomach and from Algitec™ suspension and buffer solution pH 5a

Dosage form tmax (h) Cmax (�g ml−1) MRT (h)AUC (0–8 h) (�g h ml−1)

2.99�0.76 3.77�0.09b1.5% xyloglucan 3.50�0.29b 1.01�0.32
3.60�0.17b2.27�0.141.0% gellan 2.75�0.25 0.79�0.11

1.5% alginate 3.58�0.253.50�0.29b 2.46�0.410.73�0.11
Algitec™ Susp 3.50�0.29b 0.80�0.07 2.48�0.33 3.81�0.32b

Solution pH 5 1.38�0.55 1.17�0.18 2.58�0.362.96�0.34

a Each value represents the mean�S.E. of four experiments.
b P�0.05 compared with pH 5.0 phosphate buffer.

Fig. 4. Plasma concentrations of cimetidine in rabbits after
oral administration of (�) 1.5% w/w xyloglucan sols, (�)
1.0% w/v gellan sols, (	) 1.5% w/v alginate sols, (�) Al-
gitec™ suspension and from (�) an aqueous solution of pH
5.0. All formulations contained 80 mg cimetidine. Each value
represents mean�S.E. of four determinations.

tidine (Algitec™ suspension) can be achieved with
each of the three in situ gelling formulations. Of
these, xyloglucan is of widest application in drug
delivery since its gelation does not require the
presence of H+ ions and its use is not restricted
by the nature of the drug as is the case with gellan
formulations where incorporation of certain drug
salts may cause gelation before administration.
All of the formulations are homogeneous liquids
and do not have the problems associated with the
administration of suspensions. In addition, it may
be possible to achieve a more sustained release by
manipulation of the concentrations of the compo-
nents of the in situ gelling formulations.

Acknowledgements

This study was supported by the Japan Society
for the Promotion of Science (JSPS) and the
Royal Society of Great Britain. The authors are
grateful to Dainippon Pharmaceutical Co. and
Kibun Food Chemifa Co. for the supply of
materials.

References

Chanrasekaran, R., Puigjaner, L.C., Joyce, K.L., Arnott, S.,
1988. Cation interaction in gellan: an X-ray study of the
potassium salt. Carbohydr. Res. 181, 23–40.

Chanrasekaran, R., Thailambal, V.G., 1990. The influence of
calcium ions, acetate and L-glycerate groups on the gellan
double helix. Carbohydr. Polym. 12, 431–442.

Crescenzi, V., Dentini, M., Coviello, T., 1990. Solution and
gelling properties of microbial polysaccharides of industrial

2. Values of both parameters were similar for each
of the gel formulations and also those of the
Algitec™ suspension.

4. Concluding remarks

We have demonstrated that similar in vivo re-
lease characteristics to those of a commercial
preparation for the oral administration of cime-



S. Miyazaki et al. / International Journal of Pharmaceutics 220 (2001) 161–168168

interest: the case of gellan. In: Dawes, E.A. (Ed.), Novel
Biodegradable Microbial Polymers. Kluwer Academic
Publishers, Netherlands, pp. 227–284.

Grant, G.T., Morris, E.R., Rees, D.A., Smith, P.J., Thom, D.,
1973. Biological interactions between polysaccharides and
divalent cations: the egg-box model. FEBS Letts. 32, 195–
198.

Grasdalen, H., Smidsroed, O., 1987. Gelation of gellan gum.
Carbohydr. Polym. 7, 371–393.

Higuchi, W.I., 1962. The analysis of data on the medicament
release from ointments. J. Pharm. Sci. 51, 802–804.

Johnson, M., Medlin, J., 1985. Attempts to control the release
of the dyestuff proflavine hemisulphate from calcium algi-
nate gels. I. Physical co-entrapment of polymers. Eur.
Polym. J. 21, 147–150.

Katayama, H., Nishimura, T., Ochi, S., Tsuruta, Y., Ya-
mazaki, Y., Shibata, K., Yoshitomi, H., 1999. Sustained
release liquid preparation using sodium alginate for eradi-
cation of Helicobacter pylori. Biol. Pharm. Bull. 22, 55–60.

Kawasaki, N., Ohkura, R., Miyazaki, S., Uno, Y., Sugimoto,
S., Attwood, D., 1999. Thermally reversible xyloglucan
gels as vehicles for oral drug delivery. Int. J. Pharm. 181,
227–234.

Kelly, M.T., McGuirk, D., Bloomfield, F.J., 1995. Determina-
tion of cimetidine in human plasma by high-performance
liquid chromatography following liquid–liquid extraction.
J. Chromatogr. B. 668, 117–123.

Liang, J.N., Stevens, E.S., Frangou, S.A., Morris, E.R., Rees,
D.A., 1980. Cation-specific vacuum ultraviolet circular
dichronism behavior of alginate solutions, gels and solid
films. Int. J. Biol. Macromol. 2, 204–208.

Miyazaki, S., Aoyama, H., Kawasaki, N., Kubo, W.,
Attwood, D., 1999. In situ gelling gellan formulations as
vehicles for oral delivery. J. Control Release 60, 287–295.

Miyazaki, S., Kubo, W., Attwood, D., 2000. Oral sustained
delivery of theophylline using in situ gelation of sodium
alginate. J. Control Release 67, 275–280.

Miyazaki, S., Suisha, F., Kawasaki, N., Shirakawa, M., Yam-
atoya, K., Attwood, D., 1998. Thermally reversible xy-
loglucan gels as vehicles for rectal drug delivery. J. Control
Release 56, 75–83.

Miyazaki, S., Takeuchi, S., Yokouchi, C., Takada, M., 1984.
Pluronic F 127 gels as a vehicle for topical administration
of anticancer agents. Chem. Pharm. Bull. 32, 4205–4208.

Morris, E.R., Rees, D.A., Thom, D., 1973. Characterisation of
polysaccharide structure and interaction by circular dichro-
nism: order–disorder transition in the calcium alginate
system. J. Chem. Soc. Chem. Commun. 245–246.

Morris, E.R., Rees, D.A., Thom, D., Boyd, J., 1978. Chiropti-
cal and stoichiometric evidence of a specific, primary
dimerisation process in alginate gelation. Carbohydr. Res.
66, 145–154.

Nakano, M., Ogata, A., 1984. Examination of natural gums as
matrices for sustained release of theophylline. Chem.
Pharm. Bull. 32, 782–785.

Nicholson, S.J., Horder, R., Attwood, D., Collett, J.H., 1990.
Investigation of drug release from sodium alginate-sodium
calcium alginate matrices. J. Pharm. Pharmacol. 42, 2P.

Rozier, A., Mazuel, C., Grove, J., Plazonnet, B., 1989. Gel-
rite™: a novel, ion-activated, in situ-gelling polymer for
ophthalmic vehicles. Effect on bioavailability of timolol.
Int. J. Pharm. 57, 163–168.

Rozier, A., Mazuel, C., Grove, J., Plazonnet, B., 1997. Func-
tionality testing of gellan gum, a polymeric excipient mate-
rial for ophthalmic dosage forms. Int. J. Pharm. 153,
191–198.

Russel, F.G.M., Creemers, M.C.W., Tan, Y., van Riel,
P.L.C.M., Gribau, F.W.J., 1994. Ion-pair solid-phase ex-
traction of cimetidine from plasma and subsequent analysis
by high performance liquid chromatography. J. Chro-
matogr. B. 661, 173–177.

Sanzgiri, Y.D., Maschi, S., Crescenzi, V., Callegaro, L., Topp,
E.M., Stella, V.J., 1993. Gellan-based systems for oph-
thalmic sustained delivery of methylprednisolone. J. Con-
trol Release 26, 195–201.

Segi, N., Yotsuyanagi, T., Ikeda, K., 1989. Interaction of
calcium-induced alginate gel beads with propranolol.
Chem. Pharm. Bull. 37, 3092–3095.

Shirakawa, M., Yamatoya, K., Nishinari, K., 1998. Tailoring
of xyloglucan properties using an enzyme. Food Hydrocol-
loids 12, 25–28.

Stockwell, A.F., Davis, S.S., Walker, S.E., 1986. In vitro
evaluation of alginate gel systems as sustained release drug
delivery systems. J. Control Release 3, 167–176.

Suisha, F., Kawasaki, N., Miyazaki, S., Shirakawa, M., Yam-
atoya, K., Sasaki, M., Attwood, D., 1998. Xyloglucan gels
as sustained release vehicles for the intraperitoneal admin-
istration of mitomycin C. Int. J. Pharm. 172, 27–32.

Yamaoka, K., Tanigawa, Y., Nakagawa, T., Uno, T., 1981.
Pharmacokinetic analysis program (MULTI) for micro-
computer. J. Pharmacobio-Dyn. 4, 879–885.

Yotsuyanagi, T., Ohkubo, T., Ohhashi, T., Ikeda, K., 1987.
Calcium-induced gelation of alginic acid and pH sensitive
reswelling of dried gels. Chem. Pharm. Bull. 35, 1555–
1563.

Yuguchi, Y., Mimura, M., Urakawa, H., Kajiwara, K., Shi-
rakawa, M., Yamatoya, K., Kitamura, S., 1997. Cross-
linking structure formation of some polysaccharides in
aqueous solution. In: Adisesha, H.T., Sudirjo, S.T., Pang-
gabean, P.R., Arda, J., Soetrono, C.W. (Eds.), Proceedings
of the International Workshop on Green Polymers —
Re-evaluation of Natural Polymers. Indonesian Polymer
Association, Indonesia, pp. 306–329.

Zatz, J.L., Woodford, D.W., 1987. Prolonged release of
theophylline from aqueous suspensions. Drug. Dev. Ind.
Pharm. 13, 2159–2178.

.


