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Abstract
Background. The use of natural polymers in designing of matrix tablets for sustained-release drug delivery systems has 
received much attention. 
Objectives. The study involves the development and optimization of in situ cross-linked matrix tablets for sustained salbu-
tamol sulfate release. 
Material and Methods. In situ cross-linked matrix tablets of salbutamol sulfate were prepared by direct compression and 
optimized by response surface methodology based on 32 factorial design. The influence on sodium alginate and a calcium 
salt (calcium carbonate) amounts in salbutamol sulfate matrix tablets on the properties like drug release and hardness of 
salbutamol sulfate sustained release matrix tablets were analyzed by response surface plots and corresponding contour plots. 
Drug contents, weight variations, hardness, and in vitro drug release with release kinetic analysis of these newly developed 
matrix tablets were also investigated.
Results. All these in situ cross-linked salbutamol sulfate matrix tablets showed satisfactory drug contents, weight variations, 
hardness and prolonged sustained release of salbutamol sulfate over 6 h. 
Conclusions. The developed salbutamol sulfate matrix tablets might be beneficial over the conventional tablets to decrease 
the dosing frequency and enhanced patient compliance (Polim. Med. 2014, 44, 4, 221–230).
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ORIGINAL PAPERS

Salbutamol sulfate is a direct acting sympathomi-
metic agent with a selective effect on β2-adrenergic re-
ceptors, used in the treatment of acute as well as chronic 
asthma, bronchospasm and conditions with reversible 
airway obstruction, including chronic obstructive pul-
monary disease (COPD)  [1–3]. Salbutamol sulfate is 
readily absorbed from the gastrointestinal tract (GIT), 
when administered orally. Its plasma half-life is re-
ported 4 to 6 h, and requires repeated administration 
of immediate release conventional tablets in a  day in 
order to maintain the desired therapeutic level  [4]. 
But repeated administration leads to tolerance to its 
bronchodilator effect [5]. Hence, sustained salbutamol 
sulphate release formulations like matrix tablets could 
be favourable to decrease the repeated administration 
frequency.

The sustained release formulations present some 
advantages like target-specificity, limiting fluctuation 
of plasma-drug level and side-effects, decreased re-
peated administration of dosage and enhanced patient 
compliance  [6–8]. A  variety of hydrophilic polymers 
have been employed to fabricate various types of matrix 
tablets for sustained drug release [9–12]. 

Recently, the use of natural polymers in designing 
sustained-release drug delivery systems has received 
much attention due to their excellent biocompatibil-
ity and biodegradability  [13–22]. Among them, sodi-
um alginate has been widely used as matrix in various 
sustained-release drug delivery systems  [7, 23–24]. It 
is a hydrophilic anionic polysaccharide obtained from 
brown seaweeds  [24]. It is a co-polymer of d-mannu-
ronic acid and l-guluronic acid residues  [25]. Sodium 
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alginate is reported form water-insoluble rigid calcium 
alginate gels by Ca2+ ion induced ionotropic gelation to 
encapsulate and release a wide variety of drugs [26–29]. 
However, easy solubility in water, substantial swelling 
and rapid erosion of sodium alginate matrix tablets are 
some of the limitations preventing it from being an 
ideal matrix material  [30, 31]. When sodium alginate 
matrix tablets containing calcium salts come in con-
tact with an acidic aqueous solution, in situ gelation of 
alginate takes place due to ionotropic interaction be-
tween sodium alginate and Ca2+ ions generated from 
the calcium salts [31]. In the previous literature, a few 
alginate-based matrix tablets were reported, which 
were formulated by direct compression of sodium al-
ginate, drugs and calcium salts as sources of Ca2+ ions 
like calcium chloride, calcium gluconate or calcium ac-
etate [30, 32–34]. In the current work, we attempted to 
develop sustained release sodium alginate-based matrix 
tablets of salbutamol sulphate by direct compression. 

The conventional optimization of pharmaceuti-
cal formulations by altering a single variable at a time 
is a  time-consuming and laborious method  [29]. This 
method also requires a complete series of experiments 
for every variable (factor) of interest. Formulation op-
timization using various statistical experimental design 
methodologies has been widely applied in pharmaceu-
tical formulation development. By designing a  set of 
trial experimental runs, various statistical experimental 
designs reliably measure the effects of response vari-
ables by fitting appropriate mathematical models to 
the experimental data, conducting required statistical 
tests to determine optimal values of variables for the 
formulation of optimized products  [35, 36]. Recently, 
factorial design has emerged as a statistical experimen-
tal design for formulation optimization design. Using 
this statistical optimization design, all factors involved 
in the formulation process can be studied in all pos-
sible combinations  [26, 27]. The effect of factors and 

their interactions can also be analyzed through mini-
mum experimentation [26–28]. In the current investi-
gation, a two-factor and three-level (32) factorial design 
was applied to optimize matrix tablets for sustained 
salbutamol sulfate release as well as to investigate the 
effect of 2 independent process variables (factors) (i.e., 
sodium alginate and calcium carbonate amounts) on 
investigated responses (i.e., drug release and hardness 
of salbutamol sulfate matrix tablets).

Material and Methods

Material
Salbutamol sulfate (Albert-David Pvt. Ltd., India), 

sodium alginate (Central Drug House, India), calcium 
carbonate (Central Drug House, India), microcrystal-
line cellulose (PH 101) (B.S. Traders Pvt. Ltd., India), 
lactose (Merck Ltd., India) and magnesium stearate 
(Loba Chemie., India) were used. All other reagents 
and chemicals used were of analytical grade and com-
mercially purchased.

Preparation of Salbutamol  
Sulfate Matrix Tablets

Matrix tablets of salbutamol sulfate were prepared 
by direct compression after proper mixing of salbuta-
mol sulfate (20  mg) and suitable ratios of sodium al-
ginate and calcium carbonate with others excipients. 
Salbutamol sulfate and all excipients were first passed 
through a sieve # 80 and uniformly mixed. Then, they 
were compressed using a single punch tablet punching 
machine (Cadmach Machinery Co. Pvt. Ltd., India) us-
ing 6 mm round and flat punches. The batch size was 
of 50 tablets.

Table 1. The formulation chart for all proposed trial formulations of salbutamol sulfate matrix tablets

Formulation 
codes

Salbutamol sulfate 
(mg)

Sodium alginate 
(mg)
(A)

Calcium carbonate 
(mg)
(B)

Lactose
(mg)

MCC
(mg)a

Mg-Stearate
(mg)

F-1 20 125 (–1) 50 (–1) 70 20 10

F-2 20 125 (–1) 75 (0) 70 20 10

F-3 20 125 (–1) 100 (+1) 70 20 10

F-4 20 175 (0) 50 (–1) 70 20 10

F-5 20 175 (0) 75 (0) 70 20 10

F-6 20 175 (0) 100 (+1) 70 20 10

F-7 20 225 (+1) 50 (–1) 70 20 10

F-8 20 225 (+1) 75 (0) 70 20 10

F-9 20 225 (+1) 100 (+1) 70 20 10
a MCC = microcrystalline cellulose; A and B represent the main effects (factors); (+1) = higher level, (0) = medium level and (–1) = lo-
wer level.
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Experimental Design

32 factorial design was employed for the formula-
tion optimization of salbutamol sulfate matrix tablets 
using Design-Expert 8.0.6.1 software (Stat-Ease Inc., 
USA). Sodium alginate (A) and calcium carbonate (B) 
amounts were selected as factors in this investigation, 
which were varied at low, medium and high levels. 
According to the trial proposal of 32 factorial design, 
different salbutamol sulfate matrix tablets were formu-
lated. Cumulative drug release after 5  h (R5h, %) and 
hardness (kg/cm2) were investigated as responses. The 
matrix of the 32 factorial design including factors and 
responses are given in Table  2. The effects of factors 
on investigated responses (i.e., R5h and hardness) were 
modeled using polynomial equations involving factors 
and their interactions by 32 factorial design  [26, 27]: 
Y = bo + b1A + b2B + b3 AB+ b4 A2 + b5 B2; where Y is 
the response, while bo is the intercept, b1, b2, b3, b4, b5 
and b6 are regression coefficients; A and B are factors; 
AB is interaction between factors. 

Determination of Drug Content
20 salbutamol sulfate matrix tablets from each batch 

were taken, weighed and crushed to powder form using 
pestle and mortar. Crushed tablet powders equivalent to 
20 mg salbutamol sulfate was transferred into a 100 mL 
volumetric flask and the volume was made up to 100 mL 
with 0.1N  HCl. To dissolve the powdered material, 
shaking was done and then, solutions were filtered us-
ing Whatmann® filter paper (No. 40). Absorbance val-
ues were measured using a UV-VIS spectrophotometer 
(Thermo Spectronic UV-1, USA) at 225 nm.

Weight Variation Determination

20 salbutamol sulfate matrix tablets were sampled 
from each batch and accurately weighed using an elec-
tronic analytical balance (Mettlar-Toledo). The weight 
variation (%) of these matrix tablets was measured us-
ing this formula  [8]: weight variation (%)  =  standard 
deviation/mean weight × 100

Hardness Testing
To determine the hardness of salbutamol sulfate 

matrix tablets, Pfizer hardness tester was used. The tab-
lets were first placed in between 2 jaws after adjusted 
the tester to zero. Force was applied until the breaking 
of tablet in to fragments and readings were noted.

In Vitro Drug Release Studies
In vitro salbutamol sulfate release from salbutamol 

sulfate matrix tablets was performed in basket type USP 
dissolution apparatus (Campbell Electronics, India). 
Salbutamol sulfate matrix tablets were placed into the 
basket containing 900 mL of 0.1N HCl (pH 1.2) as dis-
solution medium and dissolution study continued for 
first 2 h. After 2 h dissolution in 0.1N HCl, phosphate 
buffer (pH 7.4) was used as dissolution medium for 
next hours, which were maintained at 37 ± 0.5°C. The 
study was performed at 50 rpm. At specific time inter-
vals, 5 mL aliquots were withdrawn and equivalent vol-
ume of fresh mediums were replaced. Samples were fil-
tered using Whatmann® filter paper (No. 40) and then, 
absorbance values were measured using a  UV-VIS 
spectrophotometer (Thermo Spectronic UV-1, USA) at 
225 nm for determination of salbutamol sulfate. 

Table 2. 32 factorial design and their observed response values in the formulation development of salbutamol sulfate matrix tablets

Formulation codes Sodium alginate 
(mg)
(A)

Calcium carbonate (mg)
(B)

Responses

R5h (%)a,b Hardness (kg/cm2)b

F-1 125 (–1) 50 (–1) 93.24 ± 4.42 3.80 ± 0.03

F-2 125 (–1) 75 (0) 85.96 ± 3.18 3.98 ± 0.07

F-3 125 (–1) 100 (+1) 83.65 ± 3.04 4.04 ± 0.05

F-4 175 (0) 50 (–1) 86.65 ± 3.52 3.88 ± 0.06

F-5 175 (0) 75 (0) 79.55 ± 3.16 4.11 ± 0.03

F-6 175 (0) 100 (+1) 75.66 ± 2.98 4.26 ± 0.06

F-7 225 (+1) 50 (–1) 85.59 ± 3.02 4.14 ± 0.08

F-8 225 (+1) 75 (0) 76.67 ± 2.81 4.37 ± 0.07

F-9 225 (+1) 100 (+1) 69.83 ± 2.42 4.54 ± 0.08
a R5h (%) = cumulative drug release after 5 h; b mean ± S.D., n = 6; A and B represent the main effects (factors); (+1) = higher level, 
(0) = medium level and (–1) = lower level.
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Kinetic Analysis of in Vitro  
Drug Release Data
To analyze the drug release mechanism of these 

salbutamol sulfate matrix tablets, the in vitro dissolu-
tion data were fitted to various important mathematical 
models [37]:

Zero-order Model: F = K0 t, 
First-order Model: ln (1-F) = – K1st t, 
Higuchi Model: F = KH t½, 
Korsmeyer-Peppas Model: F  =  KP tn, where F 

represents the fraction of drug released in time t, K0 is the 
zero-order release constant, K1 is the first-order release 
constant, KH is the Higuchi dissolution constant, KP is 
the rate constant and n is the release exponent. Again, 
the Korsmeyer-Peppas model has been employed to 
distinguish between various release mechanisms: Fick-
ian release (diffusion-controlled release), non-Fickian 
release (anomalous transport), and case-II transport 
(relaxation-controlled release). When, n  is  ≤  0.5, it is 
Fickian release. The n value between 0.5 and 1.0 is de-
fined as non-Fickian release. When, n is ≥ 1.0, it is case-
II transport [37].

Statistical Analysis
Statistical optimization was performed using De-

sign-Expert 8.0.6.1 software (Stat-Ease Inc., USA). All 
other data was analyzed with simple statistics using 
BioStat version 2009 for Windows software, Analyst-
Soft Inc. 

Results and Discussions
Optimization of Salbutamol  
Sulfate Matrix Tablets
Unadventurously, pharmaceutical formulators de-

velop various pharmaceutical formulations by changing 
one factor at a time, which is laborious and lengthy [28]. 
On the other hand, optimization by means of statisti-
cal experimental design methodologies is a  set of ex-
periments that will generate mathematical models with 
conducting statistical tests to determine values of inves-
tigated factors to produce optimal quality products [27]. 
Currently, statistical optimization methodologies have 
been widely applied in the formulation development of 
various pharmaceutical formulations  [26–29, 35, 36]. 
Among various statistical optimization methodologies, 
factorial designs are considered the most efficient in es-
timating the effects of various factors with minimum 
experimentation. In factorial designs, all factors are 
analysed in all possible combinations  [38, 39]. A  total 
9 trial formulations of salbutamol sulfate matrix tablets 
were proposed by the 32 factorial design for 2 factors: 
amounts of sodium alginate (A) and calcium carbon-
ate (B), and 2 responses: R5h and hardness. In Table 2, 
an overview of the values of factors and observed re-
sponses are presented. The ANOVA results indicated 
that the investigated models were found significant 
(Table 3). The model equations were: R5h (%) = 137.69 –  
– 0.27 A – 0.43 B + 1.23 × 10–3 AB + 7.48 × 10–4 A2 +  
+ 2.73 × 10–3 B2 [R2 = 0.9959; F-value = 145.21; p < 0.05], 
and hardness (kg/cm2)  =  3.67 –  6.93  ×  10–3 A  + 0.01 

B + 3.20 × 10–5 AB + 2.46 × 10–3 A2 – 6.93 × 10–5 B2 
[R2 = 0.9966; F-value = 176.02; p < 0.05]

Simplified models by reducing non-significant terms 
(p > 0.05) [40] were: R5h (%) = 137.69 – 0.27 A – 0.43 

Table 3. Summary of ANOVA for response parameters

Source Sum of square d.f.a Mean square F value p-Value
prob > F

For R5h(%)b

Model
A
B
AB
A2

B2

400.15
157.70
220.10
9.52
6.99
5.58

5
1
1
1
1
1

80.03
157.70
220.10
9.52
6.99
5.58

145.21
286.12
399.35
17.27
12.69
10.61

0.0009 (S)
0.0004 (S)
0.0003 (S)
0.0253 (S)
0.0378 (S)
0.0472 (S)

For Hardness (kg/cm2)
Model
A
B
AB
A2

B2

0.44
0.25
0.12
6.40 × 10–3

7.60 × 10–3

3.75 × 10–3

5
1
1
1
1
1

0.09
0.25
0.12
6.40 × 10–3

7.60 × 10–3

3.75 × 10–3

176.02
500.59
392.04
12.71
15.10
7.46

0.0007 (S)
0.0002 (S)
0.0003 (S)
0.0377 (S)
0.0302 (S)
0.0719 (NS)

a d.f. indicates degree of freedom; bR5h (%) = cumulative drug release after 5 h; A and B represent the main effects (factors) – the amo-
unts of sodium alginate and calcium carbonate in mg, respectively; A2 and B2 are the quadratic effect; AB is the interaction effect; S and 
NS indicate significant and non significant, respectively.
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B + 1.23 × 10–3 AB + 7.48 × 10–4 A2 + 2.73 × 10–3 B2, 
and Hardness (kg/cm2) = 3.67 – 6.93 × 10–3 A + 0.01 B +  
+ 3.20 × 10–5 AB + 2.46 × 10–3 A2 

The effects of factors on responses were further 
clarified by response surface methodology, which is 
a widely applied approach in the formulation optimi-
zation  [8, 28]. 3-dimensional response surface plots 
are especially helpful in learning about the main and 
interaction effects of factors, whereas 2-dimensional 
contour plots give visual representations of values of 
the response  [8, 35]. Response surface plots (Fig.  1 
and 2) and corresponding contour plots (Fig.  3 and 
4) indicate the decreased values of R5h and increased 
values of hardness with the increment of both factors 
investigated for the formulation optimization of salbu-

tamol sulfate matrix tablets. To achieve optimized sal-
butamol sulfate matrix tablets, numerical optimization 
based on desirability approach was employed. Desir-
able ranges of R5h and hardness values were restricted 
to 65  ≤  R5h  ≤  70 %, and 4.5  ≤  hardness  ≤  5  kg/cm2. 
The ranges of values of factors were restricted to 
235 ≤ A ≤ 270 mg and 120 ≤ B ≤ 140 mg. The optimal 
values of responses were obtained by numerical analy-
sis using the Design-Expert 8.0.6.1 software based on 
the criterion of desirability. The overlay plot indicat-
ing the region of optimal process variable settings was 
presented in Fig. 5. The selected optimal setting used 
for the optimized formulation were A= 262.93 mg and 
B  =  134.57  mg. Optimized salbutamol sulfate matrix 
tablets (F-O) were prepared and evaluated for R5h and 

Fig. 1. Effect of amounts of so-
dium alginate and calcium car-
bonate on R5h (%), presented 
by response surface plot

Fig. 2. Effect of amounts of 
sodium alginate and calci-
um carbonate on hardness 
(kg/cm2), presented by re-
sponse surface plot
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hardness. Predicted values obtained from generated 
mathematical models and actual values were present-
ed in Table 4. Optimized matrix tablets (F-O) showed 
R5h of 67.54 ± 2.42 %, and hardness of 4.85 ± 0.11 kg/ 
/cm2 within small error-values (3.81 and –  2.80, re-
spectively).

Drug Content  
and Weight Variation
Formulated salbutamol sulfate matrix tablets 

contained salbutamol sulfate within 96.48  ±  1.84 to 
99.16 ± 0.92 (Table 5), indicating uniform drug content 

Fig. 3. Effect of amounts of 
sodium alginate and calcium 
carbonate on R5h (%), pre-
sented by contour plot

Fig. 4. Effect of amounts of 
sodium alginate and calci-
um carbonate on hardness 
(kg/cm2), presented by con-
tour plot
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Table 4. Results of experiments to assure optimization capability

Code Sodium alginate (mg)
(A)

Calcium carbonate 
(mg)
(B)

Responses

R5h(%)a Hardness (kg/cm2)

F-O
 
262.93 134.57

actual valuesb

67.54 ± 2.42 
predicted values
65.06 

actual valuesb

4.85 ± 0.11
predicted values
4.99

% Errorc  3.81 –2.80
a R5h (%) = cumulative drug release after 5 h; b Actual values = mean ± S.D., n = 6; c% error = [(actual value – predicted value)/predicted 
value] × 100; A and B represent the main effects (factors).

Fig. 5. Overlay plot showing the 
region of optimal process variable 
settings (dark area)

Table 5. Drug content and weight variation of salbutamol sulfate matrix tablets

Formulation codes Drug content
(%)a

Weight variation 
(%)b

F-1 98.12 ± 0.73 3.30 ± 0.09

F-2 96.48 ± 1.84 3.15 ± 0.28

F-3 98.06 ± 0.93 2.88 ± 0.17

F-4 97.37 ± 0.77 3.12 ± 0.22

F-5 98.11 ± 0.92 3.39 ± 0.25

F-6 99.02 ± 1.12 3.43 ± 0.23

F-7 97.33 ± 0.73 2.92 ± 0.19

F-8 96.49 ± 0.87 1.96 ± 0.09

F-9 99.16 ± 0.92 3.18 ± 0.18

F-O 98.53 ± 0.77 2.87 ± 0.20
a mean ± S.D., n = 20; b coefficient of weight variation (%) = standard deviation/mean weight × 100.
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in these matrix tablets. The weight variation of these 
salbutamol sulfate tablets was varied from 1.96 ± 0.09 
to 3.39 ± 0.25 % (Table 5). The results shows that none 
of the salbutamol sulfate tablets had deviated up to 5 %, 
which complied with the USP specifications [41]. The 
uniform salbutamol sulfate content and weight unifor-
mity of these salbutamol sulfate matrix tablets indicate 
the uniform mixing of salbutamol sulfate with other in-
gredients used in formulation of matrix tablets.

Hardness
A force of about 4 kg/cm2 is considered as the sat-

isfactory hardness for tablets [42]. The hardness of all 

these salbutamol sulfate matrix tablets were within the 
range, 3.80 ± 0.03 to 4.85 ± 0.11 kg/cm2 (Table 2 and 
Table 4) indicating their satisfactory hardness.

In Vitro Drug Release
All salbutamol sulfate matrix tablets displayed pro-

longed drug release over a period of 6 h (Fig. 6). Salbu-
tamol sulfate release was found slower in the first 2 h at 
pH, 1.2. After that, it was found faster at pH, 7.4. The 
salbutamol sulfate release retardation from these tablet 
matrices might be due to the formation of in situ rigid 
gel of calcium alginate during dissolution through cal-
cium ion-induced ionic gelation of alginate  [7]. With 

Fig. 6. In vitro drug release from various 
in situ cross-linked salbutamol sulfate ma-
trix tablets (F-1 to F-O). Values are repre-
sented as (mean ± S.D., n = 6)

Table 6. Results of curve fitting of the in vitro salbutamol sulfate release data from different salbutamol sulfate matrix tablets 

Formulation code Correlation 
coefficient (R2)

Release exponent
(n)

Zero-order First-order Higuchi Korsmeyer-Peppas

F-1 0.996 0.863 0.870 0.995 0.96

F-2 0.992 0.869 0.856 0.990 0.95

F-3 0.997 0.823 0.873 0.992 0.95

F-4 0.997 0.889 0.883 0.991 0.89

F-5 0.997 0.916 0.877 0.995 0.93

F-6 0.992 0.864 0.857 0.978 0.99

F-7 0.995 0.907 0.867 0.993 0.94

F-8 0.998 0.894 0.889 0.998 0.90

F-9 0.997 0.924 0.877 0.992 0.97

F-O 0.998 0.908 0.873 0.997 0.96
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the increments of sodium alginate and calcium carbon-
ate, availabilities of cross-linking sites and cross-linker 
should be increased. The viscosity increment due to in-
creasing sodium alginate amount could produce highly 
viscous gels, when it comes in contact with aqueous 
dissolution medium. This could impede the drug re-
lease. On the other hand, increasing calcium carbonate 
amount could produce a  high degree of in situ cross-
linking due to an electrostatic ionic interaction between 
positively charged calcium ions released from calcium 
carbonate and negatively charged alginate ions. This 
phenomenon could slow the drug release from highly 
cross-linked alginate matrices. 

The results of the curve fitting into various impor-
tant mathematical models are given in Table  6. The 
drug release from salbutamol sulfate matrix tablets 
was found to follow the zero-order model (R2 = 0.992 
to 0.998) and Korsmeyer-Peppas model (R2  =  0.990 
to 0.998) over 6  h. The values of release exponent 
(n) determined ranged from 0.89 to 0.99 indicating 

anomalous (non-Fickian) diffusion mechanism, which 
demonstrated both diffusion controlled and swelling 
controlled drug release. The release exponent near-
er to 1 indicates swelling controlled drug release is 
prominent. 

In situ cross-linked matrix tablets for sustained 
salbutamol sulfate release were developed by statistical 
optimization. The amounts of sodium alginate and cal-
cium carbonate on salbutamol sulfate release and hard-
ness of matrix tablet were analyzed and optimized based 
on 32 factorial design. The response surface plots and 
corresponding contour plots indicated the decreased 
values of R6h and increased values of hardness with the 
increment of amounts of sodium alginate and calcium 
carbonate in salbutamol sulfate matrix tablets. These 
developed optimized salbutamol sulfate matrix tablets 
showed prolonged sustained release of salbutamol sul-
fate over 6 h and might be advantageous over the con-
ventional salbutamol sulfate tablets to reduce the dos-
ing frequency with improved patient compliance.

References
  [1]	 Gohel M.C., Parikh R.K., Aghra P.Y., Nagori S.A., Delvadia R.R., Dabhi, R.R.: Application of simplex lattice design and 

desirability function for the formulation development of mouth dissolving film of salbutamol sulphate. Curr. Drug Deliv. 
2009, 6, 486–494.

  [2]	 Fattah E.A.E., Grant D.J.W., Gabr K.E., Meshali M.M.: Physical characteristics and release behaviour of salbutamol sul-
phate beads prepared with different ionic polysaccharides. Drug Dev. Ind. Pharm. 1998, 24, 541–547.

  [3]	 Vasantha P.V., Puratchikody A., Mathew S.T., Balaraman A.K.: Development and characterization of Eudragit based mu-
coadhesive buccal patches of salbutamol sulphate. Saudi Pharm. J. 2011, 19, 207–214.

  [4]	 Puratchikody A., Vasantha P.V., Mathew S.T., Balaraman A.K.: Development and characterization of mucoadhesive 
patches of salbutamol sulfate for unidirectional buccal drug delivery. Acta Pharm. 2011, 61, 157–170.

  [5]	 Singh S., Soni R., Rawat M.K., Jain A., Deshpande S.B., Singh S.K., Muthu, M.S.: In vitro and in vivo evaluation of buc-
cal bioadhesive films containing salbutamol sulphate. Chem. Pharm. Bull. 2010, 58, 307–311.

  [6]	 Basak S.C., Kumar K.S., Ramalingam M.: Design and release characteristics of sustained release tablet containing metform-
in HCl. Brazilian J. Pharm. Sci. 2008, 44(3), 477–483.

  [7]	 Malakar J.; Nayak A.K.: Theophylline release behavior for hard gelatin capsules containing various hydrophilic polymers. 
J. Pharm. Educ. Res. 2012, 3, 10–16.

  [8]	 Malakar J.; Nayak A.K.; Goswami S.: Use of response surface methodology in the formulation and optimization of biso-
prolol fumarate matrix tablets for sustained drug release. ISRN Pharmaceutics 2012: Article ID 730624.

  [9]	 Üner M.; Celebi B.: Design of hydralazine hydrochloride matrix tablets based on various polymers and lipids. Indian 
J. Pharm. Educ. Res. 2012, 46, 75–87.

[10]	 Abdel-Rahman S.I., Mahrous G.M., El-Badry M.: Preparation and comparative evaluation of sustained release metoclopr-
amide hydrochloride matrix tablets. Saudi Pharm. J. 2009, 17, 283–288.

[11]	 Gohel M.C., Parikh R.K., Nagori S.A., Jena D.G.: Fabrication of modified release tablet formulation of metoprolol succi-
nate using hydroxypropyl methylcellulose and xanthan gum. AAPS Pharm. Sci. Tech. 2009, 10, 62–68.

[12]	 Joshi N.C., Ahamad Z., Mishra S.K., Sing R.: Formulation and evaluation of matrix tablet of tramadol hydrochloride. In-
dian J. Pharm. Educ. Res. 2011, 45, 360–363.

[13]	 Jian H., Zhu L., Zhang W., Sun D., Jiang J.: Galactomannan (from Gleditsia sinensis Lam.) and xanthan gum matrix 
tablets for controlled delivery of theophylline: In vitro drug release and swelling behaviour. Carbohydr. Polym. 2012, 87, 
2176– 2182.

[14]	 Fan J., Wang K., Liu M., He Z.: In vitro evaluations of konjac glucomannan and xanthan gum mixture as the sustained re-
lease material of matrix tablet. Carbohydr. Polym. 2008, 73, 241–247.

[15]	 Pachuau L., Majumder B.: Albizia procera gum as an excipient for oral controlled release matrix tablet. Carbohydr. Polym. 
2012, 90, 289–295.

[16]	 Ghosh S., Pal S.: Modified tamarind kernel polysaccharide: A novel matrix for control release aspirin. Int. J. Biol. Macro-
mol. 2013, 58, 296–300.

[17]	 Sinha V.R., Al-Azaki A.A., Kumar R.V.: Novel Lenna woodier gum matrices for controlled release of drugs. Carbohydr. 
Polym. 2011, 83, 1492–1498.



J. Malakar, K. Das, A. Nayak230

[18]	 Singh K., Kumar A., Langyan N., Ahuja M.: Evaluation of Mimosa pudica seed mucilage as sustained-release excipient. 
AAPS Pharm. Sci. Tech. 2009, 10, 1121–1127.

[19]	 Chivate A.A., Poddar S.S., Abdul S., Savant G.: Evaluation of Sterculia foetida gum as controlled release excipient. AAPS 
Pharm. Sci. Tech. 2008, 9, 197–204.

[20]	 Varshosaz J., Tavakoli N., Kheirolahi F.: Use of hydrophilic natural gums in formulation of sustained-release matrix tab-
lets of tramadol hydrochloride. AAPS Pharm. Sci. Tech. 2006, 17, E1–E7.

[21]	 Bamiro O.A., Odeku O.A., Sinha V.R., Kumar R.: Terminalia gum as a directly compressible excipient for controlled drug 
delivery. AAPS Pharm. Sci. Tech. 2012; 13, 16–23.

[22]	 Emeje M.O., Franklin-Ude P.I.F., Odoefule S.I.: Evaluation of the fluid uptake kinetics and drug release from gellan gum 
tablets containing metronidazole. Int. J. Biol. Macromol. 2010, 47, 158–163.

[23]	 Sriamornsak P., Sungthongjeen S.: Modification of theophylline release with alginate gel formed in hard capsules. AAPS 
Pharm. Sci. Tech. 2007, 8, Article 51.

[24]	 Goh C.H., Heng P.W.S., Chan L.W.: Alginates as a useful natural polymer for microencapsulation and therapeutic applica-
tions. Carbohydr. Polym. 2012, 88, 1–12.

[25]	 Banerjee S., Singh S., Bhattacharya S.S., Chattopadhyay P.: Trivalent ion cross-linked pH sensitive alginate-methyl cellu-
lose blend hydrogel beads from aqueous template. Int. J. Biol. Macromol. 2013, 57, 297–307.

[26]	 Nayak A.K., Pal D., Pradhan J., Hasnain M.S.: Fenugreek seed mucilage-alginate mucoadhesive beads of metformin HCl: 
Design, optimization and evaluation. Int. J. Biol. Macromol. 2013, 54, 144–154.

[27]	 Nayak A.K., Pal D.: Formulation optimization and evaluation of jackfruit seed starch-alginate mucoadhesive beads of met-
formin HCl. Int. J. Biol. Macromol. 2013, 59, 264–272. 

[28]	 Nayak A.K., Pal D., Santra K.: Plantago ovata F. mucilage-alginate mucoadhesive beads for controlled release of glibencl-
amide: Development, optimization and in vitro-in vivo evaluation. J. Pharmaceutics 2013; Article ID 151035.

[29]	 Nayak A.K., Das B., Maji R.: Calcium alginate/gum Arabic beads containing glibenclamide: Development and in vitro char-
acterization. Int. J. Biol. Macromol. 2012, 51, 1070–1078

[30]	 Mandal S., Bau S.K., Sa B.: Sustained release of a water-soluble drug from alginate matrix tablets prepared by wet granula-
tion method. AAPS Pharm. Sci. Tech. 2009, 10, 1348–1356.

[31]	 Mandal S., Bau S.K., Sa B.: Ca2+ ion cross-linked interpenetrating network matrix tablets of polyacrylamide-grafted-sodium 
alginate and sodium alginate for sustained release of diltiazem hydrochloride. Carbohydr. Polym. 2010, 82, 867–873.

[32]	 Giunchedi P., Gavini E., Moretti M.D., Pirisino G.: Evaluation of alginate compressed matrixes as prolonged drug deliv-
ery systems. AAPS Pharm. Sci. Tech. 2000, 1, 31–36.

[33]	 Nokhodchi A., Tailor A.: In situ cross-linking of sodium alginate with calcium and aluminum ions to sustained the release 
of theophylline from polymeric matrices. IL Farmaco 2004, 59, 999–1004.

[34]	 Saeedi M., Akbari J., Enayatifard R., Morteza-Semnani K., Tahernia M., Valizadeh H.: In situ cross-linking of polyanion-
ic polymers to sustain the drug release from theophylline tablets. Iran. J. Pharm. Res. 2009, 8, 241–249.

[35]	 Malakar J., Nayak A.K., Pal D.: Development of cloxacillin loaded multiple-unit alginate-based floating system by emul-
sion-gelation method. Int. J. Biol. Macromol. 2012, 50, 138–147. 

[36]	 Malakar J., Nayak A.K., Jana P., Pal D.: Potato starch-blended alginate beads for prolonged release of tolbutamide: Devel-
opment by statistical optimization and in vitro characterization. Asian J. Pharm. 2013, 7, 43–51.

[37]	 Nayak A.K., Das B., Maji R.: Gastroretentive hydrodynamically balanced systems of ofloxacin: In vitro evaluation. Saudi 
Pharm. J. 2013, 21, 113–117.

[38]	 Malakar J., Nayak A.K.: Formulation and statistical optimization of multiple-unit ibuprofen-loaded buoyant system using 
23-factorial design. Chem. Eng. Res. Des. 2012, 9, 1834–1846.

[39]	 Guru P.R., Nayak A.K., Sahu R.K.: Oil-entrapped sterculia gum-alginate buoyant systems of aceclofenac: Development and 
in vitro evaluation. Colloids Surf. B: Biointerf. 2013, 104, 268–275.

[40]	 Nayak A.K., Laha B., Sen K.K.: Development of hydroxyapatite-ciprofloxacin bone-implants using »Quality by design«. Ac-
ta Pharm. 2011, 61, 25–36.

[41]	 US Pharmacopoeia National Formulary, USP 23/NF 18, United States Pharmacopoeia Convention Inc., Rockville, MD, 2000.
[42]	 Allen L.V., Popovich N.G., Ansel H.C.: Ansel’s pharmaceutical dosage forms and drug delivery systems, 8th edition, Lip-

pincott Williams & Wilkins, Philadelphia 2004. 

Address for correspondence:
Amit Kumar Nayak
Department of Pharmaceutics
Seemanta Institute of Pharmaceutical Sciences
Jharpokharia
Mayurbhanj-757086
Odisha
India
Tel.: +91 958 313 16 03
E-mail: amitkrnayak@yahoo.co.in

Conflict of Interest: None declared

Received: 20.07.2014
Revised: 08.09.2014
Accepted: 10.10.2014


