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Abstract: Alginate (Alg) is an anionic biopolymer and Chitosan (Ch) is a cationic
biopolymer. Alg and Ch interact each other by electrostatic interaction. The purpose of this
study was to prepare and to determine the effect of Alg Ch ratio (1:0; 1:1; 1:3; 1:5; 0:1; 3:1;
5:1) on the swelling, mucoadhesive, release of ranitidine HCl (RH), drug-matrix interaction,
conductivity, and thermal properties of Alg-Ch matrices. The preparation of spherical
matrices containing RH was performed by incorporating various ratio of sodium Alg and Ch
with the addition of starch mucilage as binding agent. The compact mass was molded to form
spherical matrices. The formulated matrices were charaterized for swelling, in vitro drug
release, kinetics of drug release, mucoadhesive, and conductivity properties. The drug-matrix
interaction was assessed by Fourier Transform Infrared Spectroscopy (FT-IR) and
Differential Scanning Calorimetry (DSC) studies. The drug release and swelling properties of
matrices were investigated in simulated gastric fluid (SGF). The average diameter of prepared
spherical  matrices  was  8.8  mm.  The  results  showed  that  the  swelling,  RH  release,
mucoadhesive force, and the conductivity of the matrices was dependent the Alg Ch ratio.
The swelling and mucoadhesive force were highest, while the RH release and the
conductivity were lowest on the Alg-Ch matrices (1:1). FT-IR and DSC studies showed that
no interaction between RH and  Alg-Ch matrix, but there was an interaction between Alg and
Ch. The RH release from Alg-Ch matrices  followed Higuchi model. According to
Korsmayer-Peppas model, the release exponent (n) values was found in ranged of 0.554–
0.657, indicating the drug release mechanism was the anomalous transport. The n value of
Alg-Ch (1:1) matrices was the highest. The DSC study showed that the exothermic peak of
Alg-Ch matrices influenced by the Alg-Ch ratio.
Key words:  Alginate-chitosan; swelling; release;  mucoadhesive; ranitidine; DSC; FTIR.

Introduction

Alg  is  an anionic copolymer consisting of residue β-D-mannuronic acid and α-L- guluronic in bond
1,4.1 The most important advantage of Alg as a matrix for the controlled release formulation is because Alg is
biodegradable and biocompatible.2 Ch is a cationic polimer, non- toxic, biocompatible, easily biodegradable,
and  mucoadhesive.3 Alg and chitosan form electrostatic interaction between  –COOH groups of Alg and  -NH2
groups of Ch.4  Previously, we studied the preparation of polyelectrolyte complex Alg-Ch membrane.5 Then,
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recently, we studied the comparison of swelling, mucoadhesive, and release of RH from sperical matrices of
Alg, Ch, Alg-Ch, and calcium Alg-Ch.6  We found that  the spherical of Alg-Ch matrices possess the highest
swelling degree and mucoadhesive force, and gave the most extended of drug release in SGF than other
formulated matrices. Accordingly, in this research we studied further about the effect of Alg Ch ratio on the
swelling, mucoadhesive and drug release from Alg-Ch spherical matrices.

       RH was used as drug model. RH is a drug that commonly used to treat duodenal ulcer disease, gastric
ulcer,  and gastric acid hypersecretion conditions. RH acts by reducing gastric acid secretion. The biological
elimination  half-life  of  RH is  short,  2.5-3  hours.  RH is  absorbed  in  the  upper  part  of  the  small  intestine  and
shows a low bioavailability that is 50%.7-8 The absorption will be reduced due to the decomposition and
metabolism of ranitidine by microbes in the colon which causes the low bioavailability of RH9.

The purpose of this study was to prepare and to compare the swelling, mucoadhesive, and  RH release
properties from spherical matrices which prepared in various Alg Ch ratio  in order to obtain the optimal Alg
Ch ratio for the preparation  of the gastroretentive drug delivery systems  of RH, so that the efficacy of the RH
could be improved. In this paper, the effect of Alg-Ch ratio on the swelling, RH release, drug release kinetics,
mucoadhesive properties, and the conductivity of matrices will be discussed. Furthermore, the FT-IR and DSC
data  will also be discussed.

Methods

Materials

Sodium Alg 500-600 cP was purchased from Wako Pure Chemical Industries, Ltd., Japan, and Ch was
from Funakoshi Co., Ltd., Japan.  RH (ranitidine HCl)  was obtained from PT. Mutifa, Medan. Hydrodrochloric
acid, calcium chloride-dihydrate, and sodium chloride all were the product of Merck.

Preparation of spherical matrices

       The formula of various ratio Alg-Ch matrices containing RH are listed in Table 1. The preparation of
spherical matrices containing RH was conducted with the same procedure with that we reported previously.6

Sodium Alg, Ch, and RH were homogenized  in a mortar with the addition of  starch mucilage as binding agent
to  form a  compact  mass.  The  compact  mass  was   divided  in  to  ten  parts  and  each  part  was  molded  to  be  a
spherical matrix. Then, the obtained spherical matrices were dried at room temperature.

Determination of drug release

        The release of RH from spherical matrix was tested using the USP paddle method dissolution tester at
50 rpm in the 900 ml medium of SGF (pH 1.2)  at 37±0.5⁰C, as previous report.6 Five milliliters of aliquot was
withdrawn at predetermined time. The dissolution test was done for 10 hours. At determined time, samples
were  taken  5  ml  and  replaced  by  5  ml  of  fresh  SGF.  RH  concentrations  were  analyzed  by  using  UV
spectrophotometer at 224.6 nm.

       The obtained dissolution data were plotted as percent cumulative drug release versus square root of
time according to Higuchi equation.

Q= Kt½ ..........................................................................(1)

Table 1. The composition of  spherical matrix containing ranitidine HCl for  ten spherical matrices

Formula Alg Ch ratio RH (mg) Na Alg (mg) Ch (mg) Starch mucilage
F1 1 : 0 1680 1500 0 qs
F2 0 : 1 1680 0 1500 qs
F4 1 : 1 1680 750 750 qs
F5 1 : 3 1680 375 1125 qs
F6 1 : 5 1680 250 1250 qs
F7 3 : 1 1680 1125 375 qs
F8 5 : 1 1680 250 1250 qs
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The  release  data  were  treated  by  the  Rigers  and  Peppas  equation.10 Then, the equation was treated
logarithmically to determine the value of release exponent, n; the value of n indicates the drug release
mechanism.

= Ktn .............................................................................(2)
This equation in logarithm form:
Log Mt - M  = Log K + n Log t .......................................(3)

Determination of swelling properties

The swelling and erosion properties of spherical matrices were observed using USP dissolution tester at
50 rpm in the 900 ml medium of SGF (pH 1.2)  at 37ºC as previous procedure.6 At a certain time intervals, the
spherical matrices were withdrawn and rolled on a tissue paper to remove the excess of water and the matrices
were weighed. The swelling and erosion of matrices were  determined based on the change of diameter and
matrices weight as

.............(4)

w1 : initial weight of spherical matrices;  w2: weight of spherical matrices after immersed in the medium

In vitro evaluation of mucoadhesive force

       In vitro bioadhesion study was done by using rabbit stomachs  with the modification of DuNouy
tensiometer as we reported previously.6  The platinum-iridium ring of a tensiometer was replaced by a spherical
matrix that hanged using a spun cotton to the arm of the tensiometer. The experiment was done at 37⁰C. The
stomachs tissue were used immediately at this study. The stomachs were rinsed with saline solution to replace
the stomachs content. Before the measurement the spherical matrices and the fresh stomachs were immersed in
SGF (pH 1.2)  for 15 minutes. The arm of tensiometer was lowered until the spherical matrix came in proper
contact with the stomach tissue and it was kept as for 15 minutes.  Then, the knob of tensiometer was moved
upward direction slowly until the spherical matrix was completely detached from the stomach tissue. During the
experiment the stomachs tissue were wetted by dropping the SGF solution. The width (cm2) of each spherical
matrix contact with the stomach tissue during the experiments was measured. The force of mucoadhesive force
was obtained in dyne/cm2.

Determination of  conductivity and zeta potential

       The conductivity of spherical matrices of various Alg Ch ratio without RH were determined   in water
and 0.1 N HCl solution  by using Beckman Coulter DellsaTM Nano.

Thermal Analysis

The thermal analysis of the matrices of Alg, Ch, Alg-Ch in various ratio, and Alg-Ch containing RH
were observed by using a Differential Scanning Calorimetry (SDT Q 600). The samples were heated from 35ºC
until 600ºC at rate of 10ºC/min under constant purging of nitrogen.

Fourier transformed infra-red spectroscopy (FTIR)

      IR spectra were obtained by using a Shimazu IR Prestige-21 spectrometer. The pulverized samples was
micronized with KBr  powder and  measured in the ranged of 4000-400 cm-1.

Results and Discussion

Preparation of large spherical matrices of Alg-Ch containing RH

The spherical matrices of Alg-Ch in various ratio of Alg to Ch containg RH were prepared. Each
spherical matrix contained 168 mg RH, an usual dose of RH. The shape, size, weight, and color of formed
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spherical matrices were similar each other. The photograph of initial and swollen (after 10 hours in SGF) of
various spherical matrix containing 168 mg RH (Figure 1) and its  spesifications is listed in Table 2.

A (initial)               B (initial)                C (initial)                 D (initial)         E (initial)

A (swollen)           B (swollen)              C (swollen)             D (swollen)       E (swollen)

Figure 1. Photograph of initial and swollen spherical matrices of Alg-Ch containing RH A:Alg-Ch (1:1),
B: Alg-Ch(1:3); C: Alg-Ch (1:5), D: Alg-Ch (3:1), and  E: Alg-Ch (5:1).

Table 2. Specifications of spherical matrices containing RH

Formula Alg Ch Ratio Weight (mg) Diameter (mm)
F1 1 : 0 373.3 8.75
F2 0 : 1 372.1 8.81
F3 1 : 1 382.6 8.82
F4 1 : 3 379.3 8.74
F5 1 : 5 378.1 8.90
F6 3 : 1 378.2 8.79
F7 5 : 1 377.2 8.89

Effect of Alg Ch ratio on the swelling properties of spherical matrices of Alg-Ch

 Effect of  the increase of sodium Alg

The effect of the increase of Alg Ch ratio is shown  in Figure 2. The swelling properties were observed
based on the increase of matrices weight (Figure 2a) and matrices diameter (Figure 2b) in SGF. The matrices
that only made of chitosan dissolved in SGF, as we reported in our study previously.6 But, the increase of Alg
Ch ratio or the increase of sodium Alg amount in the matrices caused the degree of swelling decreased. In the
medium of SGF the sodium Alg was changed to alginic acid which was  insoluble in SGF, thereby the swelling
degree decreased.   The monomer of alginic acid is mannuronic acid and guluronic acid; the pka of mannuronic
acid is 3.38 and the pka of guluronic acid is 3.65.11 Therefore, alginic acid was mostly in unionized form in
SGF, so that the electrostatic repulsion among the carboxylate groups of alginic acid decreased and resulting the
swelling decreased.

Effect of the increase of chitosan

The effect of the increase Ch amount in the matrices or the decrease of Alg-Ch ratio  is shown in Figure
3.  The swelling properties were observed based on increase of matrices weight (Figure 3a) and matrices
diameter  (Figure  3b)  in  SGF.   It  was  observed   that  the  swelling  degree  of   Alg-Ch  matrices  (1:1),  Alg-Ch
matrices (1:3), and Alg-Ch (1:5) initially was not significantly different, but after about 150 minutes in SGF the
swelling degree of  Alg-Ch matrices (1:1) was the faster, while the swelling of Alg-Ch (1:3) and Alg-Ch
matrices (1:5) matrices  only slightly increased and then followed by the  erosion of matrices. If the content of
matrices only Ch then the matrices dissolved in the SGF.
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Alg and Ch can interact through the carboxylate groups of Alg and amine groups of Ch to form Alg-Ch
complex. The swelling Alg-Ch matrices in SGF was thought to be due to the electrostatic repulsion among the
positive charge of protonated amin groups, and the osmosis occurred   because of the high osmotic pressure of
the matrices as a result of the protonization of amine groups of Ch in acid medium.       .

The swelling property of Alg-Ch matrices is suitable for the preparation gastroretentive formulation of
RH. The swelling of matrices result in the increase of spherical matrices diameter, thereby it will be prevented
the exit of matrices from stomach through the pylorus and consequently the matrix will be retained in stomach
for longer period of time.

Figure 2. Effect of the increase of sodium Alg amount on the swelling  of Alg- Ch spherical matrices in
SGF at 37ºC (n=3). (a) weight change; (b) diameter change

Figure 3. Effect of the increase of chitosan amount on  the swelling of Alg-Ch spherical matrices in SGF
at 37ºC (n=3).  (a) weight change; (b) diameter change

Effect of Alg-Ch ratio on the RH release from Alg-Ch spherical matrices

Effect of the increase of sodium Alg

       As  shown  in  Figure  4  (a),  the  release  of  RH  from  the  Ch  matrices  only  was  very  fast  but  with  the
addition of Alg the release became slower.  The release of RH decreased with the increase of sodium Alg or
with the increase  Alg Ch ratio.  The RH release from Alg-Ch (1:1)  was slower than the release of RH from
Alg-Ch (3:1) and Alg-Ch (5:1) matrices. The drug release from Alg-Ch (3:1) matrices was not significant
different statiscally (p>0.05) with that from Alg-Ch (5:1).

b

b

a
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Effect of the increase of Ch

The release of RH decreased with the increase of Ch amount in the matrices or decreased with
decreased Alg Ch ratio. The release of RH was slower from Alg-Ch (1:1) than that of from  Alg-Ch (1:3),  Alg-
Ch (1:5), and Alg  matrices only. The release of RH from  Alg-Ch (1:3),  Alg-Ch (1:5), and Alg matrices only
was not significant different (p>0.05). The release of RH from Al-Ch (1:1) matrices was more sustainable was
thought to be due to the value of the tortuosity of the capillaries system was higher in this matrices. The
formation of Alg-Ch matrices at  1:1 ratio was  at the equivalent of the weight ratio between Alg and Ch.  As a
result, the ionic interaction between Alg and Ch caused the cross-linked of polymers and resulting the higher of
the tortuosity of the matrices.  According to the second form of Higuchi equation, the drug release decreases
with the increase of tortuosity.12 Meng at al.13, observed that the polyblend solution viscosity of Alg and Ch
(1:1) reached to the highest at the composition polyblend of (1:1). The increase of viscosity of the matrices was
also thought to be responsible to the sustained release of RH from Alg-Ch (1:1) matrices.

Figure 4. Effect of  the  increase of sodium Alg (a) and the increase of Ch (b)  on the release of  RH
from Alg-Ch matrices in SGF in SGF at 37ºC (n=3).  (a) Alg increase; (b) Ch increase

Drug release kinetics

       The drug release data were analyzed for determination of the kinetics and mechanism of drug release
from the matrices. For Higuchi model, the data were treated with Equation (1).  It was found that the release of
RH from all of the Alg-Ch matrices to the SGF was dependent on square root of time. When the cumulative
percent  of  drug  was  plotted  versus  the  square  root  of  time,  a  linear  relationship  was  obtained  with  the
correlation coefficient (R2) close to 1 (Figure 5 and Table 3). The comparison of the kinetic parameters of RH
release from different Alg Ch ratio of Alg-Ch matrices based on zero order, first order, Higuchi model, and
Korsmeyer-Peppas model plots is also listed in Table 3. The correlation coefficients (R2)  are higher in Higuchi
model in all ratio of Alg-Ch matrices (close to 1)  compared to zero order and first order.

        In controlled or sustained release formulations, diffusion, swelling, and erosion are the three most
important rate controlling mechanism. The drug release from the polymeric system is mostly by diffusion and is
best described by Fickian diffusion. But, in the case of formulations containing swelling polymers, other
processes in addition to diffusion play an important role in exploring the drug release mechanism. These
processes include relaxation of polymer chains, imbibitions of water causing the polymers to swell.14 Therefore,
the release data were further treated by Eq. (2) given by Ritger and Peppas, or also called the Power low.10 The
release mechanism of RH from the matrices was characterized  by determination of n value. For the spheres
when n takes the value 0.43 indicates Fickian diffusion and for the value 0.43 < n < 0.85 indicates the
anomalous transport drug release. Value of n 0.85 indicates the Case II transport.12

       The Korsmeyer-Peppas plot of the release of RH from the matrices is showen in Figure 6. Log
cumulative of drug released was plot against log t and straight line was obtained.  The slope of the line is n. To
determine of n exponent of the portion of the release curve the Mt/M∞ <  0.6  was  used.  The  value  of  n  with
correlation coefficients of all formulations is shown in Table 3. For all formulations the value of n was found in
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ranged of 0.554–0.657, indicating anomalous transport. The highest value was found in Alg-Ch (1:1) matrices,
it was 0.657. It was due to the swelling degree of Alg-Ch (1:1) matrices in SGF was higher than other matrices.

Figure 5. Higuchi plot of RH release from different  Alg Ch ratio of  Alg-Ch spherical matrices in SGF
at 37ºC (n=3). (a) Increase of Alg (b) Increase of Ch.

Figure  6.  Korsmeyer-Peppas  plot  of  RH release  from different  Alg  Ch  ratio   of  Alg-Ch matrices  in
SGF  at 37º. (a) Increase of Alg (b) Increase of Ch.

Table 3.  The comparison of the kinetic parameters of RH release from different Alg Ch ratio of Alg-Ch
matrices based on zero order, first order, Higuchi model, and Korsmeyer-Peppas model plot.

Zero
order

First
order

Higuchi model Korsmeyer Peppas
Formula

R2 R2 R2 k
(%/min½) R2 n

Alg-Ch (1:1) 0.922 0.707 0.993       4.052 0.994 0.657
Alg-Ch (1:3) 0.914 0.729 0.992       4.580 0.9 97 0.554
Alg-Ch (1:5) 0.876 0.690 0.977       4.812 0.990 0.596
Alg-Ch (3:1) 0.895 0.712 0.983       4.273 0.994 0.588
Alg-Ch (5:1) 0.929 0.749 0.993      4.275 0.998 0.558

[

Effect of Alg Ch ratio on mucoadhesive force  of spherical Alg-Ch matrices

The mucoadhesive force of various ratio of the spherical matrices of Alg-Ch is shown in Figure 7.
The ratio of Alg to Ch influenced the mucoadhesive strength of the matrices.  It was found that the highest
mucoadhesive force was in Alg-Ch (1:1) among various ratio of Alg Ch matrices examined. The
mucoadhesive force of the matrices increased with increasing of ratio Alg to Ch and reached maximum at

ba

a b
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the ratio Alg-Ch was 1:1. Then, the mucoadhesive force decreased with increasing of the ratio of Alg to Ch.
The mucoadhesive force of Alg-Ch (1:1) was higher than other matrices was due to the swelling degree of
Alg Ch (1:1) was higher than other matrices. The swelling of the matrices cause the contact area of the
matrices to stomach mucosa become larger and as a result the more intimate contact of matrices to the
stomach mucosa.  The mucus lining of the stomach is rich in mucin, which contain an oligosaccharide chain
with terminal sialic acid. According to Chikering at al.15, polyanions, especially polymer bearing carboxylic
groups and high charge density, serve as powerful “ligands” for mucin and are called mucoadhesive
polymers, for example Alg. In this experiment the potential zeta of Alg-Ch (1:1) matrices obtained was -1.89
mV. Therefore, the bioadhesion mechanism between Alg-Ch matrix and mucus was not due to the
electrostatic force between Alg-Ch matrix and sialic acid.

Figure 7. Effect of Alg Ch ratio on the mucoadhesive force of the Alg-Ch spherical matrices  (n=3).

       During the experiment, the Alg-Ch matrixes hydrated and swelled and contact on the surface of
mucus, and as a result the matrices adhere to the mucosal surface. The formation of hydrogen-bonds
between the functional groups of the Alg-Ch polymers  and  mucosa layer may  plays an important role. The
bioadhesion of Alg-Ch matrices gives several advantages such as longer gastric residence time and improves
drug absorption and bioavailability.

Conductivity  of spherical Alg-Ch matrices

The conductivity of the matrices was measured without RH. The conductivity of  Alg matrices  and Ch
matrices  in water were  found 0.3148 and  0.0094 mS/cm, respectively. While, the conductivity of Alg matrices
and Ch matrices in the medium 0.1N HCl solution were obtained much higher than in water, it was 55.1473 and
57.6874 mS/cm, respectively.  The effect of Alg-Ch ratio on the conductivity of Alg-Ch matrices in the medium
of water and 0.1N HCl solutions is showed in Figure 9a and 9b, respectively.

       In the Alg-Ch  matrices, the amino groups of Ch were neutralized by the formation of complex with
carboxylic groups of Alg, leading to decrease the conductivity caused by decreasing the concentration of overall
ions present in matrices. The conductivity decreased with the increase of Alg in Alg-Ch matrices, then after
achieving the equivalent point, an increase of conductivity was observed with the increased of Alg (carboxylic
ions) ions added  in the matrices.16 Among the tested matrices, the lowest conductivity was observed  in
matrices of  Alg-Ch (1:1) or  in the ratio of  Alg-Ch  was 1. It means that at this ratio the equivalent interaction
was reached and resulting  the higher yield of polymer complex of  Alg-Ch in the matrices.
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Figure 8. Effect of Alg-Ch ratio on the conductivity of Alg-Ch matrices in water (a) and in the 0,1 N HCl
soluction (b)

Fourier transform infrared spectroscopy (FT-IR)

The FT-IR spectrum   of sodium Alg, Ch, and Alg-Ch (1:1) matrices is shown in Figure 9. In the  IR
spectrum of Alg matrix we can observe the symmetrical streching of -COO- groups of alginate at 1411.89 cm-1

and the asymmetrical streching of -COO- groups at 1620.21 cm-1 (Figure 9A). In the Ch matrix the absorption
band of the carbonyl (C=O) streching of secondary amide at 1651.07 cm-1 and the absorption band of (-NH2)
groups at 1589.34 cm-1 (figure  9  C).   The  spectrum of  Alg-Ch  matrix  shows  that  the  absorption  band  of  the
symmetrical streching of -COO- groups of alginate at 1411.89cm-1 and the asymmetrical streching of -COO-

groups at 1620.21 cm-1 of Alg shiffted to 1415.75 cm-1 and 1608.63 cm-1 (Figure 9 B) and the absorption band
at the carbonyl (C=O) streching of Ch at 1651.07 cm-1 and the absorption band of -NH2 groups at 1589.34 cm-1

of Ch disappeared. These results indicate that the carboxylic groups (-COO-) of Alg associate with amino
groups (NH3

+) of Ch through electrostatic interaction to form the polyelectrolyte complex of Alg-Ch.17  For the
other matrices, i.e, Alg-Ch (1:3, Alg-Ch (1:5), Alg-Ch (3:1), and Alg-Ch (5:1) gave the similar absorption peak
with Alg-Ch (1:1), the spectra are not shown here.

Furthermore, the spectra of RH and matrix Alg-Ch containing RH is shown in Figure 10.  The FT-IR
spektrum of RH (Figure 10 A) shows that absorption bands at 3217.27cm-1 and 3417.86  cm-1 show the
streching vibration of N-H groups. The absorption peak at 3024.38 cm-1 and 3089.96 cm-1 show to the furan
ring. The characteristic peaks at 2468.88 cm-1 is due to amino tertiery groups and the absorption peak at
1616.35 cm-1 is due to the C=C groups. The other characteristic peaks is at 13.88.75 cm-1 and 1573.91 cm-1
are assigned to the NO2 groups, 1134.14 cm-1 and 1238.30 cm-1 are due to C-N groups. This results is similar
to results obtained by previous workers18-20.

       The FT-IR spectrum of Alg-Ch 1:1 matrix containing RH (Figure 10 B) shows the similar
characterisctis peaks to the spectra of RH matrix. The presence of the  characterictic peaks of RH proves that
there is no change of functional groups  of RH. This results showed that no interaction between RH and  Alg-Ch
matrices.

a b
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Figure 9. The FT-IR spectra of Alg (A),  Alg-Ch (1:1) (B), and Ch (C) matrices.

Figure 10. The FT-IR spectra of RH (A) and Alg-Chi (1:1) matrix containing RH (B)

Differential Scanning Calorimetry

Thermogram of DSC  were studied in order to investigate the possibility the  interactions between Alg
and  Ch  and  between  RH  and  Alg  and  CH.  The  comparison  of  thermogram  of  Alg,  Ch,  and  Alg-Ch  (1:1)
matrices is shown in Figure 11. The thermogram of Alg showed the endothermic peak at 95.08ºC and the
exothermic peak at 248ºC.  The similar result was observed by previous worker.21 The endothermic peaks are
correlated to loss of water associated to hydrophilic groups of polymers, while the exothemic peaks are resulted
from degradation of polyelectrolytes due to degradation and depolymerazation reactions most probably due to
the partial decarboxylation of the carboxylic groups and oxidation of polymers.21 The thermogram of Ch
.matrices shows the a broad curve and the a small peak of  exothermic peak  330.78 ºC, while the endothermic
peak was not observed. Previous workers,21 observed the exothemic peak of Ch was at 311 ºC. The thermogram
of Alg-Ch (1:1) shows the new exotherm peak at 293.57 ºC. This exothermic peak is different with the
exothermic peak of Alg and Ch. Therefore, this new exothermic peak shows the formation of Alg-Ch complex
as a result of the electrostatic interaction between Alg and Ch. This result agree with interaction of Alg and Ch
as shown by  FT-IR analysis that has been described above.



Hakim Bangun et al /Int.J. PharmTech Res. 2015,8(4),pp 653-665. 663

 The DSC thermogram of pure RH  shows  the sharp endothermic peak at 152.47 ºC indicates the
melting point of RH and exothermic peak at 184.08 ºC related to the decomposition of RH. (Figure 11).  Figure
12 shows the DSC thermogram of Alg-Ch (1:1) matrix containing RH,  the sharp endothermic peak at 154.36
ºC related to the melting point of RH and the exothermic peak at 186.23 ºC. The appearance of of endothermic
and exothermic peaks of RH in Alg-Ch (1:1) containing RH shows that there is no interaction between  RH and
Alg-Ch matrix.

Effect the  of the increase of Alg on DSC thermogram is shows in Figure 13. The DSC thermogram of
Alg-Ch (3:1) shows the exothermic peak at 253.56 similiar to and DSC curve of Alg-Ch matrices (5:1) shows
the exothermic at 252.68 ºC.

The  effect  of  increase  of  Ch  is  shown  in  Figure  14.  The  DSC  curve  of  Alg-Ch  (1:3)  shows  the
exothermic peak at 290.97 ºC and the DSC curve of Alg-Ch (1:5) shows at 301.78 ºC. The exothermic peak of
the matrices which higher content of Ch such Alg-Ch (1:5) is higher than Alg-Ch (1:3).

Figure 11. The DSC thermogram of Alg (a),                    Figure 12. The DSC thermogram of pure
 (b)  Alg-Ch (1:1), and (c) Ch.                                             RH (a) and  (b) Alg-Ch (1:1) containing
                                                                                               RH

Figure 13. The effect of  the increase of Alg on               Figure 14. Effect of the increase of Ch
DSC thermogram of (a) Ch, (b)  Alg-Ch (1:1),               on the DSC thermogram of (a) Alg, (b)
(c) Alg-Ch (3:1), (d) Alg-Ch (5:1), and (e) Alg.               Alg-Ch (1:1), (c) Alg-Ch (1:3), (d) Alg-
                                                                                             Ch (1:5), and (e) Ch.
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Conclusions

We studied the effect of Alg Ch ratio on the swelling, mucoadhesive, and RH release from Alg-Ch
matrices. The Alg-Ch ratio influenced the swelling,  mucoadhesive force, and RH release properties. AlgCh
(1:1) matrices showed the highest swelling and mucoadesive properties, and gave the RH release  followed a
sustained release type with Higuchi model drug release in the medium of SGF. Accordingly, Alg-Ch (1:1) is
potential to be developed  to be a gastroretentive matrices for RH and other anti ulcer drugs.
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	Preparation of large spherical matrices of Alg-Ch containing RH
	The spherical matrices of Alg-Ch in various ratio of Alg to Ch containg RH were prepared. Each spherical matrix contained 168 mg RH, an usual dose of RH. The shape, size, weight, and color of formed spherical matrices were similar each other. The photograph of initial and swollen (after 10 hours in SGF) of various spherical matrix containing 168 mg RH (Figure 1) and its  spesifications is listed in Table 2.
	A (initial)               B (initial)                C (initial)                 D (initial)         E (initial)
	A (swollen)           B (swollen)              C (swollen)             D (swollen)       E (swollen)
	Figure 1. Photograph of initial and swollen spherical matrices of Alg-Ch containing RH A:Alg-Ch (1:1), B: Alg-Ch(1:3); C: Alg-Ch (1:5), D: Alg-Ch (3:1), and  E: Alg-Ch (5:1).
	Table 2. Specifications of spherical matrices containing RH
	Formula
	Alg Ch Ratio
	Weight (mg)
	Diameter (mm)
	F1
	1 : 0
	373.3
	8.75
	F2
	0 : 1
	372.1
	8.81
	F3
	1 : 1
	382.6
	8.82
	F4
	1 : 3
	379.3
	8.74
	F5
	1 : 5
	378.1
	8.90
	F6
	3 : 1
	378.2
	8.79
	F7
	5 : 1
	377.2
	8.89
	Effect of Alg Ch ratio on the swelling properties of spherical matrices of Alg-Ch
	Effect of  the increase of sodium Alg
	The effect of the increase of Alg Ch ratio is shown  in Figure 2. The swelling properties were observed based on the increase of matrices weight (Figure 2a) and matrices diameter (Figure 2b) in SGF. The matrices that only made of chitosan dissolved in SGF, as we reported in our study previously.6 But, the increase of Alg Ch ratio or the increase of sodium Alg amount in the matrices caused the degree of swelling decreased. In the medium of SGF the sodium Alg was changed to alginic acid which was  insoluble in SGF, thereby the swelling degree decreased.   The monomer of alginic acid is mannuronic acid and guluronic acid; the pka of mannuronic acid is 3.38 and the pka of guluronic acid is 3.65.11 Therefore, alginic acid was mostly in unionized form in SGF, so that the electrostatic repulsion among the carboxylate groups of alginic acid decreased and resulting the  swelling decreased.
	Effect of the increase of chitosan
	The effect of the increase Ch amount in the matrices or the decrease of Alg-Ch ratio  is shown in Figure 3.  The swelling properties were observed based on increase of matrices weight (Figure 3a) and matrices diameter (Figure 3b) in SGF.  It was observed  that the swelling degree of  Alg-Ch matrices (1:1), Alg-Ch matrices (1:3), and Alg-Ch (1:5) initially was not significantly different, but after about 150 minutes in SGF the swelling degree of  Alg-Ch matrices (1:1) was the faster, while the swelling of Alg-Ch (1:3) and Alg-Ch matrices (1:5) matrices  only slightly increased and then followed by the  erosion of matrices. If the content of matrices only Ch then the matrices dissolved in the SGF.
	Alg and Ch can interact through the carboxylate groups of Alg and amine groups of Ch to form Alg-Ch complex. The swelling Alg-Ch matrices in SGF was thought to be due to the electrostatic repulsion among the positive charge of protonated amin groups, and the osmosis occurred   because of the high osmotic pressure of the matrices as a result of the protonization of amine groups of Ch in acid medium.       .
	The swelling property of Alg-Ch matrices is suitable for the preparation gastroretentive formulation of RH. The swelling of matrices result in the increase of spherical matrices diameter, thereby it will be prevented  the exit of matrices from stomach through the pylorus and consequently the matrix will be retained in stomach for longer period of time.
	
	Figure 2. Effect of the increase of sodium Alg amount on the swelling  of Alg- Ch spherical matrices in SGF at 37ºC (n=3). (a) weight change; (b) diameter change
	
	Figure 3. Effect of the increase of chitosan amount on  the swelling of Alg-Ch spherical matrices in SGF at 37ºC (n=3).  (a) weight change; (b) diameter change
	Effect of Alg-Ch ratio on the RH release from Alg-Ch spherical matrices
	The release of RH decreased with the increase of Ch amount in the matrices or decreased with decreased Alg Ch ratio. The release of RH was slower from Alg-Ch (1:1) than that of from  Alg-Ch (1:3),  Alg-Ch (1:5), and Alg  matrices only. The release of RH from  Alg-Ch (1:3),  Alg-Ch (1:5), and Alg matrices only  was not significant different (p>0.05). The release of RH from Al-Ch (1:1) matrices was more sustainable was thought to be due to the value of the tortuosity of the capillaries system was higher in this matrices. The formation of Alg-Ch matrices at  1:1 ratio was  at the equivalent of the weight ratio between Alg and Ch.  As a result, the ionic interaction between Alg and Ch caused the cross-linked of polymers and resulting the higher of the tortuosity of the matrices.  According to the second form of Higuchi equation, the drug release decreases with the increase of tortuosity.12 Meng at al.13, observed that the polyblend solution viscosity of Alg and Ch (1:1) reached to the highest at the composition polyblend of (1:1). The increase of viscosity of the matrices was also thought to be responsible to the sustained release of RH from Alg-Ch (1:1) matrices.
	In controlled or sustained release formulations, diffusion, swelling, and erosion are the three most important rate controlling mechanism. The drug release from the polymeric system is mostly by diffusion and is best described by Fickian diffusion. But, in the case of formulations containing swelling polymers, other processes in addition to diffusion play an important role in exploring the drug release mechanism. These processes include relaxation of polymer chains, imbibitions of water causing the polymers to swell.14 Therefore, the release data were further treated by Eq. (2) given by Ritger and Peppas, or also called the Power low.10 The release mechanism of RH from the matrices was characterized  by determination of n value. For the spheres when n takes the value 0.43 indicates Fickian diffusion and for the value 0.43 < n < 0.85 indicates the anomalous transport drug release. Value of n 0.85 indicates the Case II transport.12
	The Korsmeyer-Peppas plot of the release of RH from the matrices is showen in Figure 6. Log cumulative of drug released was plot against log t and straight line was obtained.  The slope of the line is n. To determine of n exponent of the portion of the release curve the Mt/M∞ < 0.6 was used. The value of n with correlation coefficients of all formulations is shown in Table 3. For all formulations the value of n was found in ranged of 0.554–0.657, indicating anomalous transport. The highest value was found in Alg-Ch (1:1) matrices, it was 0.657. It was due to the swelling degree of Alg-Ch (1:1) matrices in SGF was higher than other matrices.
	[
	Effect of Alg Ch ratio on mucoadhesive force  of spherical Alg-Ch matrices
	Conductivity  of spherical Alg-Ch matrices
	The conductivity of the matrices was measured without RH. The conductivity of  Alg matrices  and Ch matrices  in water were  found 0.3148 and  0.0094 mS/cm, respectively. While, the conductivity of Alg matrices and Ch matrices in the medium 0.1N HCl solution were obtained much higher than in water, it was 55.1473 and 57.6874 mS/cm, respectively.  The effect of Alg-Ch ratio on the conductivity of Alg-Ch matrices in the medium of water and 0.1N HCl solutions is showed in Figure 9a and 9b, respectively.
	In the Alg-Ch  matrices, the amino groups of Ch were neutralized by the formation of complex with carboxylic groups of Alg, leading to decrease the conductivity caused by decreasing the concentration of overall ions present in matrices. The conductivity decreased with the increase of Alg in Alg-Ch matrices, then after achieving the equivalent point, an increase of conductivity was observed with the increased of Alg (carboxylic ions) ions added  in the matrices.16 Among the tested matrices, the lowest conductivity was observed  in matrices of  Alg-Ch (1:1) or  in the ratio of  Alg-Ch  was 1. It means that at this ratio the equivalent interaction was reached and resulting  the higher yield of polymer complex of  Alg-Ch in the matrices.
	
	Figure 8. Effect of Alg-Ch ratio on the conductivity of Alg-Ch matrices in water (a) and in the 0,1 N HCl soluction (b)
	Fourier transform infrared spectroscopy (FT-IR)
	The FT-IR spectrum   of sodium Alg, Ch, and Alg-Ch (1:1) matrices is shown in Figure 9. In the  IR spectrum of Alg matrix we can observe the symmetrical streching of -COO- groups of alginate at 1411.89 cm-1 and the asymmetrical streching of -COO- groups at 1620.21 cm-1 (Figure 9A). In the Ch matrix the absorption band of the carbonyl (C=O) streching of secondary amide at 1651.07 cm-1 and the absorption band of (-NH2) groups at 1589.34 cm-1 (figure 9 C).  The spectrum of Alg-Ch matrix shows that the absorption band of the symmetrical streching of -COO- groups of alginate at 1411.89cm-1 and the asymmetrical streching of -COO- groups at 1620.21 cm-1 of Alg shiffted to 1415.75 cm-1 and 1608.63 cm-1 (Figure 9 B) and the absorption band at the carbonyl (C=O) streching of Ch at 1651.07 cm-1 and the absorption band of -NH2 groups at 1589.34 cm-1 of Ch disappeared. These results indicate that the carboxylic groups (-COO-) of Alg associate with amino groups (NH3+) of Ch through electrostatic interaction to form the polyelectrolyte complex of Alg-Ch.17  For the other matrices, i.e, Alg-Ch (1:3, Alg-Ch (1:5), Alg-Ch (3:1), and Alg-Ch (5:1) gave the similar absorption peak with Alg-Ch (1:1), the spectra are not shown here.
	Figure 9. The FT-IR spectra of Alg (A),  Alg-Ch (1:1) (B), and Ch (C) matrices.
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