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ABSTRACT 
 

Aims:  To investigate myrrh (Commiphora myrrha) resin as a rate controlling excipient in sustained 
release matrix tablets of theophylline, and to optimize formulation and process variables of the 
tablet preparation using central composite design. 
Methodology:  Wet granulation was employed for preparation of theophylline sustained release 
matrix tablets. Central composite design was used as an optimization tool having a total of 13 
experimental runs with 5 central points. The myrrh resin amount (A) and compression force (B) 
were selected as independent variables. Cumulative % release of drug at 1 h, and 12 h and time to 
50% drug release were taken as dependent variables. 
Results:  The moisture content and total ash values of myrrh resin were found to be 4.67±0.58% 
and   0.24±0.05%, respectively. The angle of repose for all formulated granules were less than 30°. 
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The hardness of different formulations were found to be between 89.8±2.86 and 133.7±3.53 N 
while all tablets have passed the friability test (<1%). Analysis of dissolution data of the 
formulations indicated that the best fitting model was the first order kinetics whereas the 
mechanism of drug release pattern followed anomalous or non-fickian diffusion. An optimum region 
of 24.98%, 91.22% and 2.86 h was obtained for cumulative % release of drug at 1 h, 12 h, and 
time to 50% drug release, respectively when 17.5% myrrh resin amount and 13.9 KN compression 
force was used. For the optimized formulation, the experimental values were found to be in close 
agreement with the predicted values (relative errors ranged between -4.496 and 4.814%) 
confirming the predictability and validity of the model.  
Conclusion:  The results of this study showed that the myrrh resin from Commiphora myrrha can 
be used as a potential alternative rate controlling excipient for sustained release matrix tablet 
formulation. 
 

 
Keywords: Myrrh resin; Commiphora myrrha; theophylline; sustained release; matrix tablet; 

optimization; central composite design. 
 

1. INTRODUCTION  
 
Oral dosage forms make up the lion's share of all 
medicinal products, and this is expected to grow 
in the years to come [1]. This route of drug 
administration has received the most attention as 
it is natural, uncomplicated, convenient, safer 
route, and due  to  its least  sterility constraints  
and  flexible  design  of  dosage  forms  [2,3,4]. 
Conventional oral dosage forms often produce 
fluctuations of drug plasma level that either 
exceed safe therapeutic level or quickly fall 
below the minimum effective level [5,6]. 
Sustained release delivery systems are used to 
overcome these drawbacks and have gained 
great advancement in the world of medicine in 
the recent years [7,8].  
 

The primary objectives of sustained drug delivery 
are to ensure safety and enhancement of 
efficacy of drugs with improved patient 
compliance. This delivery system is increasingly 
being used in the treatment of acute and chronic 
diseases as it provides blood levels that are 
devoid of the peak and valley effect for an 
extended period of time. Thus, sustained drug 
delivery results in optimum drug therapy with 
reduced frequency of dosing and side effects 
[4,9,10,11]. Sustained release preparations 
provide an immediate release of drug that 
promptly produces the desired therapeutic effect, 
followed by the gradual release of drug in 
amounts sufficient to maintain the therapeutic 
response for a specific extended period of time 
usually 8-12 h [4,12]. Among the different 
approaches for the design of oral sustained 
release dosage forms, the attention of 
pharmaceutical researchers has been attracted 
by the matrix tablets [5,13,14]. Matrix tablets still 
appear as one of the most efficient and 
interesting formulations from both the economic 

and the process development point of view. 
Drug-release retarding excipients are the key 
performers in matrix systems. These excipients 
provide the desired characteristics to the tablets 
and also influence the mechanism of drug 
release from the system [8,14,15,16]. 
 
The nontoxic behavior, easy availability, 
inexpensiveness, capability of chemical 
modifications, biodegradability and 
biocompatibility of natural excipients is making 
them more popular amongst formulation 
scientists for the development of oral sustained 
release dosage forms [17,18]. Myrrh is an oleo-
gum resin, obtained from the stem of various 
species of Commiphora, family Burseraceae. 
The chief source is Commiphora myrrha               
(C. myrrha). Myrrh is composed of volatile oil (2-
10%), ethanol soluble resin (25-40%) and water 
soluble gum (30-60%). Myrrh is phytotoxically 
safe raw material in industries like 
pharmaceuticals and food industries [19,20,21]. 
 
Theophylline is a methylxanthine alkaloid which 
is used as bronchodilator in the management of 
asthma and chronic obstructive pulmonary 
disease. It has narrow therapeutic range (10-20 
µg/ml), while toxicity generally appears at 
concentrations above 20 µg/ml. Conventional 
dosage forms of theophylline should be 
administered 3 to 4 times a day to provide 
effective concentration and to avoid large 
fluctuations in blood concentration. Therefore, its 
narrow therapeutic index requires suitable 
formulation strategies aimed at achieving and 
maintaining average serum levels of the drug 
within the therapeutic range, without significant 
fluctuations. Sustained release oral formulations 
have emerged as the most useful preparations 
toward this aim [14,22,23]. 
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Thus, the present study attempts to evaluate the 
local myrrh resin extracted from C. myrrha as 
rate controlling excipient in matrix tablets using 
theophylline as a model drug. 
 
2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Local myrrh (C. myrrha) was purchased from 
Natural Gum Processing and Marketing 
Enterprise of Ethiopia (NGPME). Anhydrous 
theophylline (Shandong Xinhua Pharmaceutical 
Co. Ltd, China) was kindly donated by Ethiopian 
Pharmaceutical Manufacturing Share Company 
(EPHARM). Lactose, Magnesium stearate (BDH 
Laboratory supplies, England), Ethyl alcohol 
(NALF, Ethiopia), Potassium phosphate 
monobasic (FARMITALIA CAROERBA, Italy), 
Hydrochloric acid, and Sodium hydroxide (BDH 
limited, Poole, England) were used as received. 
 
2.2 Methods 
 
2.2.1 Extraction of resin fraction of myrrh  
 
The myrrh obtained was dried in oven 
(Kottermann® 2711, Germany) at 60ºC for 4 h, 
powdered in a grinder and passed through sieve 
with a mesh size of 224 µm. To extract the resin 
from oleo-gum-resin, myrrh powder was stirred 
with ethanol (90%) for 2 h. The ethanol slurry 
was filtered through Whatman No.1 filter paper. 
The filtrate was concentrated to a thick paste by 
evaporation of ethanol at 80ºC and hydrodistilled 
using distillation apparatus to isolate essential oil. 
Finally the paste was dried in oven at 40ºC and 
the yield was calculated [24,25,26]. 
 
2.2.2 Loss on drying (LOD)  
 
One gram of the myrrh resin powder was 
transferred into Petri dishes and then dried in an 
oven (Kottermann® 2711, Germany) at 105ºC 
until a constant weight was obtained. The 
moisture content was then determined as the 
ratio of weight of moisture loss to weight of 
sample expressed as a percentage [27].  
 
2.2.3 Total ash determination  
 
Total ash value of the myrrh resin powder was 
determined based on the method described in 
British Pharmacopoeia (28). Two grams of 
powder was weighed in a pre-weighed ashing 
dish followed by heating in a furnace 

(CARBOLITE, OAF 11/1, England) at 450ºC for 8 
h. The sample was then removed and kept in a 
desiccator and weighed.  Total ash values in the 
samples of interest were calculated using 
Equation 1.  
 

% Total ash = ����
� � 100                          (1) 

 
where, m1 is mass of the ashing dish, m2 is mass 
of crucible with ash and m is mass of sample. 
 
2.2.4 Preparation of granules  
 
Granules were prepared by wet granulation 
method as per the formula given in Table 1. The 
required quantities of all ingredients except 
magnesium stearate were mixed thoroughly in a 
mortar and pestle by following geometric dilution 
technique. The granulating fluid (solvent blend of 
alcohol and purified water at 3:7 ratio) was added 
and mixed thoroughly to form a dough mass. The 
wet mass formed was passed through a 1.6 mm 
sieve to form granules and the resulting wet 
granules were dried in an oven (Kottermann® 
2711, Germany) at 60ºC for 4 h. The dried 
granules were passed through 1 mm sieve to 
break the aggregates [29]. 
 

Table 1. Composition of granules for 
preparing theophylline matrix tablet 

 
Ingredient Amount (mg) 
Theophylline 100 
Myrrh resin 25.02-58.98* 
Magnesium stearate 3 
Lactose q.s. to 300 

q.s. indicates quantity sufficient 
* Myrrh resin amount used in the formulations ranged 
between 25.02 mg (8.34%) and 58.98 mg (19.66%) as 

per central composite design 
 

2.2.5 Characterization of granules  
 
2.2.5.1 Flow rate and angle of repose  
 
Thirty grams of granule was placed in a funnel 
and allowed to flow through it from a fixed height  
of 10 cm. Time in seconds for the duration of flow 
was recorded. Flow rate was determined and the 
angle of repose was calculated as per the 
following equations: 
 

Flow rate = � ��                                           (2) 
 
where m is mass in gram and t is time in sec.  
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Angle of repose �θ� =  tan !"
#$                  (3) 

 
where h is height of the granule pile, and r is 
radius of circle  formed by the granule.  
 
2.2.5.2 Bulk density  
 
From each sample, 30 g of granule was carefully 
poured into a 250 ml graduated glass measuring 
cylinder. The volumes of the sample granules 
were then noted. The bulk densities were 
determined using Equation 4. 
 

Bulk density ( )
B

B V

m=ρ                             (4) 

 
where m is mass of granule (in g) and VB is the 
bulk volume of sample granule. 
 
2.2.5.3 Tapped density 
 
From each sample, 30 g of granules was 
carefully poured into a 250 ml graduated glass 
measuring cylinder and tapped 250 times using 
tapped densitometer (ERWEKA, SVM 20, 
Germany). The volumes of the sample granules 
were noted. Tapped density was calculated from 
the weight and tapped volume of the granule by 
using Equation 5.   
 

Tapped density ( )
T

T V

m=ρ                          (5) 

 
where m is mass of granule and VT is tapped 
volume of the sample granule.   
 
2.2.5.4 Density related properties 
 
The Carr’s index (compressibility) and the 
Hausner ratio were calculated from the bulk and 
tapped densities of the sample granules using 
Equations 6 and 7, respectively.   
 

%&''′( )*+,- �%� = !./.0
./

$ �100               (6) 

 
1&2(*,' 3&�)4 = !./

.0
$                                (7) 

 
where ρB is bulk density and ρT is tapped density 
of sample granules. 
 
2.2.6 Preparation of matrix tablets  
 
A 1% w/w magnesium stearate, used as a 
lubricant, was passed through a sieve with a 

pore size of 224 µm and blended with the dry 
granules for 5 min in a Turbula mixer (Willy A. 
Bachofen AG, Turbula 2TF, Basel, Switzerland). 
The granules were compressed into tablets at 
the desired compression force by an 
instrumented Korsch single punch tablet machine 
(KORSCH XP1-K0010288, Berlin, Germany) 
which was fitted with 10 mm diameter flat-faced 
punches. The tablets were kept for 24 h at room 
temperature in glass containers before their 
properties were evaluated.  
 
2.2.7 Evaluation of matrix tablet properties  
 
2.2.7.1 Thickness 
 
Ten tablets were taken and thickness was 
measured using sliding caliper scale (Nippon 
Sokutei, Japan).  
 
2.2.7.2 Crushing strength 
 
Ten tablets were taken from each batch and the 
crushing strengths of the tablets were 
determined using hardness tester (Schleuniger, 
2E/205, Switzerland).  
 
2.2.7.3 Friability 
 
The friability of the tablets was determined by 
placing 20 pre-weighed tablets in a friability 
tester (ERWEKA, TAR 20, Germany) and 
rotating them for 4 min at 25 rpm. The loss of 
tablet weight was calculated as a percentage of 
the initial weight after dusting the tablets. 
 
2.2.8 In vitro  drug release  
 
The in vitro drug release studies were performed 
using USP type II dissolution apparatus 
(ERWEKA, DT600, Germany) at 50 rpm. The 
dissolution was done in 0.1N HCl for the first 2 h 
and then changed to phosphate buffer pH 6.8 
(900 ml) for the next 10 h. The temperature was 
maintained at 37±0.5ºC. Aliquot samples of 10 
ml were  withdrawn  at  pre-scheduled  intervals 
(0.25, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 h) and  
replaced  with  an equal volume of fresh 
dissolution  medium  which was kept at 37±0.5ºC  
to  maintain  sink  condition. Each sample was 
diluted suitably and analyzed for the drug content 
at λmax of 271 nm using a UV/Visible 
spectrophotometer (SOLAR Spectrofluorimeter, 
CM2203, Belarus).  



 
 
 
 

Nigatu et al.; BJPR, 8(6): 1-17, 2015; Article no.BJPR.20780 
 
 

 
5 
 

Table 2. Experimental levels of the independent var iables for optimizing theophylline 
sustained release formulation using myrrh resin 

 
Variables  Levels  

-α -1 0 +1 +α 
A, Myrrh resin amount (%) 8.34315 10 14 18 19.6569 
B, Compression force (KN) 7.92893 10 15 20 22.0711 

α=1.41421 
 

2.2.9 Analysis of kinetics and mechanism of 
drug release  

 
To evaluate the rate and mechanism of 
theophylline release from prepared matrix 
tablets, the dissolution data were fitted to zero-
order, first-order, Higuchi, Hixson-Crowell and 
Korsmeyer-Peppas models. 
 
2.2.10 Experimental design  
 
The most common and successful experimental 
design used in response surface methodology is 
the central composite design (CCD) which has 
equal predictability  in  all  directions  from  the  
center  and allowing  investigation  with  the  
least  number  of  experiments  and  selection  of  
the  optimal composition for achieving the 
presetting target [30,31,32]. CCD contains an 
imbedded (2k) factorial design augmented with a 
group of star points (2k) and a “central” point.  
The  star  (axial)  points  allow  estimation  of  
curvature  and  establish  new extremes for the 
low and high settings for all the factors. Hence, 
CCD are second-order designs that effectively 
combine the advantageous features of both 
factorial design and the star design [33,34,35].  
 
A CCD with five coded values (Table 2) was 
employed in optimizing the oral sustained 
release dosage form of theophylline. The myrrh 
resin amount (A) and compression force (B) were 
selected as independent variables. The levels of 
the two factors were selected on the basis of the 
preliminary studies carried out before 
implementing the experimental design. Percent 
of drug released at 1 h (rel1 h,Y1), percent of drug 
released at 12 h (rel12 h,Y2), and time to 50% drug 
release (t50%,Y3) were taken as the response 
variables. According to this design, the total 
number of treatment combinations was 2k+ 2k + 
no, where k is the number of independent 
variables and no is the number of repetitions of 
experiments at the centre point which was 
studied in quintuplicate [30,36]. For k=2, 22 + 
(2×2) + 5 = 13.  A total of 13 experiments were 
carried out to find the optimum area, at which the 
desired responses are achieved.  

2.2.11 Validation of the experimental design  
 
To validate the chosen experimental design, the 
resultant experimental values of the responses 
were quantitatively compared with those of 
predicted values and the relative error (%) was 
calculated by the following equation [37]:   
 

% 3,5&�)6, ,''4' = 
 
�7#89:;<89 =>?@8ABC8#:�8D<>? =>?@8�

7#89:;<89 =>?@8 - 100         (8) 

 
2.2.12 Statistical analysis  
 
Origin 7 Software (OriginLab Corporation, MA, 
and USA) was used to statistically analyze the 
results and one way analysis of variance 
(ANOVA) was applied for comparison of all 
results. The contour and response surface plots 
were generated using Design-Expert 8.0.7.1 
software (Stat-ease, Corp. Australia). At 95% 
confidence interval, p-values of < 0.05 were 
considered statistically significant. All the data 
measured and reported are averages of a 
minimum of triplicate measurements and the 
values are expressed as mean ± standard 
deviation. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Physicochemical Properties of Myrrh 

Resin Powder  
 
As indicated from Table 3, the color of myrrh 
resin was reddish brown. The percentage yield of 
resin from C. myrrha was found to be 31.17% 
(w/w). 
 
It was also characterized for its moisture content 
and total ash to indicate to certain extent its 
stability and purity. The moisture content was 
calculated as percentage loss on drying and it 
was found to be 4.67±0.58%. The moisture 
content of myrrh resin was low suggesting its 
suitability in formulations containing moisture 
sensitive drugs.  
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The total ash content is designed to measure the 
total amount of residual material remaining after 
ignition which may include extraneous matters 
such as sand and soil. Thus, the ash values 
reflect the level of adulteration or handling of the 
excipient [15,38]. The total ash value for the 
myrrh resin was found to be 0.24±0.05% 
indicating low level of contamination. 
 
Table 3. Physicochemical properties of myrrh 

resin (n = 3, mean ± SD) 
 

Parameter  Result  
Color reddish-brown 
Yield value (%) 31.17±0.40 
Loss on drying (%) 4.67±0.58 
Total ash (%) 0.24±0.05 

 

3.2 Optimization  
 
On the basis of the preliminary studies, the 
appropriate ranges of values were determined for 
the two independent variables (10 to 18% for the 
myrrh resin amount (MRA) and 10 to 20 KN for 
compression force (CF)). A CCD was used in 
which 2 factors were evaluated, each at 5 levels, 
and experimental trials were performed for all 13 
possible combinations. The formulation layout for 
the CCD batches (F1-F13) is shown in Table 4. 
  

3.3 Characterization of Granules  
 
Granules prepared were evaluated for bulk 
density, tapped density, angle of repose, flow 
rate, Carr’s index and Hausner ratio (Table 5). 
The angles of repose for all formulated granules 
were less than 30º indicating good flow 
properties. This was further supported by lower 
Carr’s index (less than 15%) and Hausner ratio 
(less than 1.25) values.  
 
3.4 Evaluation of Matrix Tablets  
 
The formulated matrix tablets were evaluated for 
physical properties such as tablet hardness, 
friability and thickness (Table 6). The tablet 
thickness ranged from 2.79±0.01 to 3.02±0.02 
mm. The hardness of different formulations were 
found to be between 89.8±2.86 to 133.7±3.53 N 
while all tablets passed the friability test (0.11% 
to 0.19%) which was less than 1%, showing 
enough resistance to the mechanical shock and 
abrasion. 
 
3.5 In vitro  Drug Release  
 
The result of drug release profile from the 
different matrix tablet formulations was illustrated 

in Fig. 1. Sustained release up to 12 h was 
achieved in all formulations except F5 in which 
about 100% of the drug release was observed 
within 8 h. Complete release from F5 within short 
time was due to less MRA (8.34%). 
 
For the majority of formulations, the rate of drug 
release was found to be higher during 2 h 
followed by a gradual release phase for about 10 
h. The initial faster release might be due to 
surface erosion. The release rate then decreases 
because the external layers of the tablet become 
depleted and water must penetrate deeper layers 
of the tablet to reach the undissolved drug. This 
is probably responsible for a decrease drug 
release in the late stage. An inverse relationship 
was also observed between concentration of 
myrrh resin and release rate of theophylline from 
the matrix tablets under similar CF. It was 
observed that 90.22%, 94.98% and 99.96% of 
theophylline was released from F7, F9 and F5 
containing 19.66, 14 and 8.34% of myrrh resin, 
respectively.  
 

Table 4. The formulations for the central 
composite design batches of theophylline 

matrix tablets 
 

Formulation  Point 
type  

Factors  
MRA (%) CF (KN) 

F1 Factorial 18(+1) 20(+1) 
F2 Factorial 18(+1) 10(-1) 
F3 Factorial 10(-1) 10(-1) 
F4 Factorial 10(-1) 20(+1) 
F5 Axial 8.34(-α) 15(0) 
F6 Axial 14(0) 22.07(+α) 
F7 Axial 19.66(+α) 15(0) 
F8 Axial 14(0) 7.93(-α) 
F9 Central 14(0) 15(0) 
F10 Central 14(0) 15(0) 
F11 Central 14(0) 15(0) 
F12 Central 14(0) 15(0) 
F13 Central 14(0) 15(0) 

 
Results of the dissolution parameters cumulative 
release at 1 h, 12 h and t50% which were used as      
responses for the formulations are listed in Table 
7. The release profile revealed that F3, F5 and 
F8 showed more than 30% drug release at 1st 
hour. It is reported in literature that more than 
30% drug release in the first hour of dissolution 
indicates the chance for dose dumping [39]. This 
indicates formulations with lower levels of myrrh 
resin exhibited initial burst drug release. 
However, the rest of the formulations achieved 
sustained release with no burst or dose dumping 
effects. It was observed that among the different 
combinations of MRA and CF used in the 
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different formulations, F3 and F5 have shown 
highest drug release rate at the end of 12 h. In 
general, an optimal extended-release dosage 
form must have a minimal burst effect with most 
of the drug being released in a specific time 
period [40].  
 

3.6 Drug Release Kinetics  
 

The in vitro drug release data from the matrix 
tablets of different formulations were evaluated 
for their drug release kinetics using various 
mathematical models: zero order, first order, 
Higuchi and Hixson-Crowell models. The results 
of the curve fitting into these mathematical 
models are given in Table 8. The drug release 
data of the tablet formulations did not fit 
satisfactorily to zero-order, Higuchi and Hixson-
Crowell models but showed good fit to the first 

order kinetics  (r2 = 0.9546-0.9980) describing 
the drug release rate to be dependent on 
concentration of drug.  
 
In order to investigate the mechanism of drug 
release, the dissolution data were also fitted to 
the well known exponential equation, Korsmeyer-
Peppas model (Table 9). 
 
As depicted in Table 9, the values of diffusion 
exponent (n) ranged from 0.6013 to 0.7861 
indicating an anomalous diffusion (0.45<n<0.89) 
mechanism for cylindrical tablets [41]. 
Anomalous diffusion of drug release mechanism 
signifies a coupling of both diffusion and erosion 
mechanisms which indicate that the drug release 
is controlled by more than one process during 
the entire period of drug release [37]. 

 
Table 5. Flow properties of theophylline granules p repared with myrrh resin 

 
Formula-
tion 

Angle of 
repose  
(o) ± SD 

Flow rate 
(g/sec) ± SD 

Bulk density 
(g/ml) ± SD 

Tapped 
density 
(g/ml) ± SD 

Carr’s index    
(CI) ± SD 

Hausner      
ratio ± SD 

F1 26.56±0.64 4.79±0.09 0.49±0.02 0.53±0.02 7.55±0. 25 1.08±0.01 
F2 25.49±0.38 4.04±0.24 0.45±0.01 0.49±0.01 8.22±0. 19 1.09±0.00 
F3 29.10±0.34 4.81±0.03 0.44±0.01 0.49±0.00 9.52±1. 18 1.10±0.01 
F4 27.87±0.86 4.01±0.19 0.43±0.01 0.48±0.01 9.09±1. 16 1.10±0.01 
F5 29.28±0.70 4.33±0.07 0.43±0.01 0.45±0.02 4.42±0. 15 1.05±0.01 
F6 26.73±0.76 4.99±0.18 0.44±0.01 0.47±0.01 6.34±0. 16 1.07±0.00 
F7 29.00±0.23 4.09±0.24 0.42±0.01 0.45±0.01 6.62±0. 09 1.07±0.00 
F8 26.57±0.51 4.72±0.33 0.45±0.01 0.48±0.01 7.58±1. 15 1.08±0.01 
F9 28.93±0.69 5.03±0.03 0.46±0.01 0.49±0.01 5.47±1. 14 1.06±0.02 
F10 28.24±0.81 5.20±0.05 0.47±0.02 0.49±0.02 4.11±0 .13 1.04±0.00 
F11 26.75±0.31 4.72±0.26 0.46±0.01 0.48±0.00 6.17±0 .14 1.07±0.01 
F12 27.08±0.52 4.56±0.26 0.47±0.01 0.49±0.01 4.08±0 .06 1.04±0.00 
F13 26.57±0.51 4.88±0.24 0.45±0.01 0.48±0.01 6.29±0 .15 1.07±0.00 

 
Table 6. Characteristics of the formulations of the ophylline matrix tablets 

 
Formulation Thickness (mm) ±SD Hardness (N) ±SD Fri ability (%) ±SD 
F1 2.87±0.01 133.7±3.53 0.16±0.05 
F2 3.00±0.01 92.5±2.17 0.17±0.06 
F3 2.94±0.02 89.8±2.86 0.18±0.07 
F4 2.79±0.01 126.6±3.53 0.11±0.02 
F5 2.85±0.01 100.5±2.80 0.17±0.08 
F6 2.82±0.01 120.2±3.33 0.15±0.03 
F7 2.94±0.01 118.8±3.43 0.14±0.03 
F8 3.02±0.02 90.0±2.31 0.19±0.06 
F9 2.91±0.01 112.7±3.56 0.18±0.01 
F10 2.93±0.01 110.6±2.67 0.14±0.02 
F11 2.91±0.02 107.1±3.78 0.18±0.03 
F12 2.90±0.02 105.4±3.66 0.14±0.04 
F13 2.92±0.00 106.6±2.50 0.19±0.08 
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Fig. 1. In vitro  release profiles of thirteen theophylline matrix t ablet formulations  

prepared as per central composite design 
 

Table 7. Responses of the thirteen theophylline mat rix tablet formulations prepared as per 
central composite design 

 
Formulation  Responses  

         Cumulative release (%)  t50% (h) (Y3) 
1 h (Y1) 12 h (Y2) 

F1 21.14 86.45 3.76 
F2 26.32 92.48 2.92 
F3 34.84 98.90 1.86 
F4 29.85 90.86 2.40 
F5 35.94 99.96 1.63 
F6 24.20 87.03 3.43 
F7 21.50 90.22 3.44 
F8 31.93 97.47 2.30 
F9 28.86 94.98 2.33 
F10 28.43 92.46 2.39 
F11 29.71 93.58 2.16 
F12 28.95 93.34 2.15 
F13 29.03 92.74 2.37 

 
3.7 Selection of Mathematical Model 
 
The relationship between the two independent 
variables (MRA and CF) and the three 
dependent variables (% drug release at 1 h, 12 h 
and t50%) were analyzed using response surface 
methodology. Polynomial models including 
linear, interaction and quadratic terms were 
generated for all the response variables using 
Design Expert software. The best fitting 
mathematical model was selected based on the 
comparisons of several statistical  parameters 
including the coefficient of variation (CV), the  
multiple  correlation  coefficient  (R2),  adjusted  
multiple  correlation  coefficient  (adjusted R2) 
and the predicted residual sum of square 

(PRESS) provided by the Design Expert software 
[42]. Responses rel1h and rel12h were found to 
follow linear model whereas the selected model 
for t50% is quadratic model (Table 10). 
 
PRESS indicates how well the model fits the 
data, and for the chosen model it should be small 
relative to the other models under consideration 
[40]. As shown in Table 10 the selected models 
have smaller PRESS values of 8.44, 38.18 and 
0.16 for rel1h, rel12h and t50% respectively, 
compared to other models. 
 
For the model to fit to the experimental data 
better, the R2 value should be close to 1. The 
smaller the value of R2, the lesser will be the fit of 
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the model to the experimental data (43, 44). It 
can also be observed from Table 10 that R2 is 
high (> 0.9) for all responses, which indicates a 
high degree of correlation between the 
experimental and predicted responses. In 
addition, the ‘Predicted R2’ value is in good 
agreement with the ‘Adjusted R2’ value, resulting 
in reliable models.  
 
3.8 Model Adequacy Checking 
 
The information about the model reliability was 
verified by using the analysis of variance 
(ANOVA). ANOVA is used to analyze the data to 
obtain the interaction between process of 

independent variables and responses [40]. The 
results of ANOVA (Table 11) indicated all models 
were significant (p < 0.05) for all response 
parameters investigated.  
 
Lack of fit (LOF) is a special diagnostic test for 
adequacy of a model that compares the pure 
error and describes the variation of data around 
the fitted model. For a model  to  be  successfully  
used  for prediction,  the  LOF should  be  
insignificant [44,45,46]. The p-values of LOF 
from Table 11 (0.1492, 0.1797 and 0.8463 for Y1, 
Y2 and Y3, respectively) were greater than 0.05, 
which further strengthened the reliability of the 
models.  

 
Table 8. Kinetic data from regression fitting of di ssolution profiles of theophylline matrix 

tablets to several kinetic models 
  

Formulation Models 
Zero order 
kinetics 

First order 
kinetics 

Higuchi 
equation 

Hixson-Crowell 
model 

 Ko r2 K1 r2 K r 2 K r 2 
F1 6.5013 0.9329 0.1599 0.9980 26.9519 0.9948 -0.1783 0.8242 
F2 6.8192 0.8961 0.2033 0.9954 28.6759 0.9832 -0.1763 0.7824 
F3 6.8439 0.7826 0.3294 0.9699 29.8188 0.9218 -0.1659 0.6631 
F4 6.4715 0.7975 0.1917 0.9666 28.0689 0.9309 -0.1681 0.6779 
F5 7.2734 0.7675 0.7268 0.9546 31.8343 0.9122 -0.1724 0.6599 
F6 6.5029 0.9089 0.1659 0.9948 27.2049 0.9869 -0.1734 0.8085 
F7 7.1853 0.9367 0.1971 0.9942 29.7115 0.9937 -0.1967 0.8217 
F8 7.0677 0.8763 0.2851 0.9913 29.9215 0.9745 -0.1715 0.7652 
F9 6.9489 0.8337 0.2414 0.9952 29.8255 0.9530 -0.1771 0.7069 
F10 6.7430 0.8225 0.2131 0.9844 29.0377 0.9463 -0.1737 0.7001 
F11 6.8829 0.8184 0.2373 0.9802 29.6828 0.9443 -0.1731 0.7017 
F12 6.9044 0.8056 0.2334 0.9753 29.8776 0.9362 -0.1758 0.6896 
F13 6.8609 0.8355 0.2229 0.9852 29.4332 0.9541 -0.1748 0.7167 

 
Table 9.  Kinetic data from regression fitting of dissolution  profiles of theophylline matrix 

tablets as evaluated by the Korsmeyer-Peppas model 
 

Formulation  Korsmeyer-Peppas model 
K r 2 n 

F1 22.1233 0.9947 0.6169 
F2 25.5288 0.9975 0.6491 
F3 32.5724 0.9935 0.7618 
F4 28.3119 0.9959 0.7822 
F5 32.8965 0.9944 0.7704 
F6 24.1819 0.9957 0.6013 
F7 20.1818 0.9959 0.6996 
F8 29.5148 0.9936 0.6193 
F9 27.7511 0.9962 0.7861 
F10 27.7351 0.9974 0.7779 
F11 28.8749 0.9974 0.7519 
F12 28.0938 0.9958 0.7832 
F13 27.8119 0.9973 0.7491 
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Table 10. Fit summary statistics for responses (rel 1 h, rel12 h and t 50%) of theophylline matrix 
tablets 

 
Response  Source  R2 Adjusted R 2 Predicted R 2 PRESS Remark  
Release at 
1 h  

Linear 0.9800 0.9759 0.9645 8.44 Suggested 
2FI 0.9800 0.9733 0.9420 13.78  
Quadratic 0.9897 0.9823 0.9466 12.69  
Cubic 0.9954 0.9889 0.9265 17.46 Aliased 

Release at 
12 h 

Linear 0.9029 0.8835 0.8081 38.18 Suggested 
2FI 0.9080 0.8773 0.7494 49.84  
Quadratic 0.9523 0.9183 0.7685 46.04  
Cubic 0.9581 0.8994 -0.4732 293.06 Aliased 

t50% Linear 0.8428 0.8113 0.7391 1.30  
2FI 0.8473 0.7964 0.6528 1.73  
Quadratic 0.9870 0.9777 0.9677 0.16 Suggested 
Cubic 0.9887 0.9729 0.9517 0.24 Aliased 

 
Table 11. Summary of ANOVA results for dependent va riables from central composite design 

 
Source  Sum of 

squares 
df  Mean 

square 
F-value  p-value  Remark  

Release at 1 h (Linear)  
Model  232.86 2 116.43 244.38 < 0.0001 Significant 
  MRA (A) 177.20 1 177.20 371.93 <0.0001  
 CF (B) 55.66 1 55.66 116.83 <0.0001  
Lack of fit 3.91 6 0.65 3.06 0.1492 Insignificant 
Release at 12 h (Linear)  
Model  179.60 2 89.80 46.48 < 0.0001 Significant 
 MRA (A) 75.67 1 75.67 39.17 <0.0001  
 CF (B) 103.93 1 103.93 53.79 <0.0001  
Lack of fit 15.47 6 2.58 2.68 0.1797 Insignificant 
Time required for 50% drug release (Quadratic)  
Model  4.93 5 0.99 106.43 < 0.0001 Significant 
MRA (A) 3.10 1 3.10 334.67 <0.0001  
CF (B) 1.11 1 1.11 119.69 <0.0001  
AB 0.022 1 0.022 2.43 0.1630  
A2 0.13 1 0.13 13.94 0.0073  
B2 0.63 1 0.63 68.16 <0.0001  
Lack of fit 0.011 3 0.004 0.27 0.8463 Insignificant 

 
Adequate Precision (signal to noise ratio) values 
higher than four for all the responses (44.29, 
20.01 and 32.35 for YI, Y2, and Y3, respectively) 
confirmed that all proposed models can be used 
to navigate the design space. For all the models 
% CV were not greater than 10% (2.42, 1.49 and 
3.78 for YI, Y2, and Y3, respectively) which 
indicate that models are reproducible [46,47]. 
 
In the response observation for rel1h and rel12h 

(Table 11), both linear terms (A and B) were 
found to be significant. For t50%, the linear terms 
(A and B) and quadratic terms (A2 and B2) were 
found to be significant while the interaction term 
(AB) was insignificant (p > 0.05).  
 
It can be concluded from these analyses that the 
proposed models are adequate for the observed 
set of data and there is no reason to infer any 

violation of the independence or constant 
variance assumption [32,48]. Therefore in order 
to determine the levels of factors which yield 
optimum dissolution responses, mathematical 
relationships (after model simplification) were 
generated between the dependent and 
independent variables. The equations of the 
responses are given below: 
 

E = 28.52 − 4.71 ∗ N − 2.64 ∗ P                 (9) 
 

 EQ = 93.11 − 3.08 ∗ N − 3.60 ∗ P               (10) 
 

  ET = 2.28 + 0.62 ∗ N + 0.37 ∗ P + 0.14 ∗ NQ + 
  0.30 ∗ PQ                                                  (11) 

 
These equations represent the quantitative effect 
of independent variables (A and B) upon the 
responses (Y1, Y2 and Y3). A positive sign of 
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coefficient indicates a synergistic effect while a 
negative term indicates an antagonistic effect of 
the factor upon the response. Apart from the 
sign, the magnitude of the main effects signifies 
the relative influence of each factor on the 
response [40,49].   
 
It is observed from equations [9,10] that all the 
coefficients are negative. It indicates that 
dependent variables (Y1 and Y2) are significantly 
affected by the antagonistic effect of linear terms 
of MRA (A) and CF (B). The values obtained 
from Equation 9 reveals that MRA has more 
pronounced effect on drug release at 1 h than 
CF.  
 
3.9 Contour Plots and Response Surface 

Analysis  
 
These plots are very useful to study the 
interaction effects of the factors on the responses 
and show the effects of two factors on the 
response at a time [50]. Contour plots (Figs. 2a, 
3a and 4a) and response surface plots (Figs. 2b, 
3b and 4b) for the obtained responses (Y1, Y2 
and Y3) were drawn based on the model 
polynomial functions to assess the change of the 
response surface. The straight lines in Figs. 2a 
and 3a predicted linear relationship of factor A 
and factor B on the response Y1 and Y2. For 
responses Y1 and Y2, drug release decreases 
with increase in level of one variable while 
keeping other variable at a constant level. This 
showed that both the variables (MRA and CF) 
had negative effect on Y1 and Y2 as observed 
from Equations 9 and 10. However, the effect of 
MRA seems to be more pronounced as 

compared with that of CF in case of Y1 as 
revealed by the response surface and the 
mathematical model.  
 
However, factors A and B have non-linear 
relationship on the response Y3 (Figs. 4a and 
4b). Response surface plots show the 
relationship between these factors even more 
clearly. The contribution of the second order term 
from Equation 11 was interpreted as the 
presence of curvature and represents the nature 
of the response surface system (maximum, 
minimum or saddle system). Thus, the positive 
sign for quadratic terms (Equation 11) 
demonstrated the concave form of the curve, as 
observed in Fig. 4b. Analysis of Figs. 4b also 
shows that at constant level of MRA, t50% 
decreased with increasing CF to a minimum after 
which it increased. 
 
3.10 Optimization of rel 1 h, rel 12 h and t 50% 
 
After generating the model polynomial equations 
to relate the dependent and independent 
variables, the process was optimized for all three 
responses. Optimum formulation was obtained 
based on the constraints set on the dependent 
variables (Table 12). These constraints are 
common for all the formulations. Hence the 
optimum values of the variables were obtained 
by graphical and numerical analyses using the 
Design-Expert 8.0.7.1 software. To optimize all 
the responses with different targets, a multi 
criteria decision approach like a numerical 
optimization technique by the desirability 
approach and graphical optimization technique 
by the overlay plot were used. 

 

 
        (a)                                                                        (b) 

 
Fig. 2. a) Contour plot and b) Response surface plo t showing the effect of MRA (A) and CF  

(B) on rel 1 h (Y1) 
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   (a)                                                                        (b) 

 
Fig. 3. a) Contour plot and b) Response surface plo t showing the effect of MRA (A) and CF  

(B) on rel 12 h (Y2) 
 

 
                                         (a)                                                                             (b)  

 
Fig. 4. a) Contour plot and b) Response surface plo t showing the effect of MRA (A) and CF  

(B) on t 50% (Y3) 
 
A numerical optimization technique using the 
desirability approach was employed to develop a 
new formulation with the desired responses. 
Overall desirability function is a measure of how 
well the combined goals for all responses are 
satisfied. The best solution found by the Design-
Expert solver for independent variables are 
17.5% for MRA and 13.9KN for CF. The 
predicted optimum response values at these 
levels of parameters (at 17.5% MRA and 13.9KN 
CF) are 24.981%, 91.217% and 2.861 h, for Y1, 
Y2 and Y3, respectively according to the set 
goals. In this study, the overall desirability of 1 
was obtained as shown in Fig. 5. 
 
The region of optimized formulations was also 
ratified using overlay plot.  Based on the criteria 

indicated in Table 12, the overlay plot (Fig. 6) 
was drawn in which the yellow area represents 
the area satisfying the imposed criteria. The point 
identified by the flag was one of the solutions 
given by the software (same solution given by 
the numerical optimization technique). This flag 
predicts Y1, Y2 and Y3 to be 24.981%, 91.217% 
and 2.861 h, respectively under the given 
condition for independent variables (17.5% for 
MRA and 13.9 KN for CF). 
 

3.11 Evaluation of the Optimized 
Theophylline Matrix Tablet 
Formulation  

 
The optimized formulation (MRA of 17.5% and 
CF of 13.9 KN) was evaluated for its granule and 
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tablet characteristics (Table 13). The angle of 
repose (25.61±0.37), Carr’s index (7.03±0.91) 
and Hausner ratio (1.07±0.01) values showed 
the good flowability of the granules of the 
optimized formulation. Moreover the tablets 
showed hardness value of 99.30±1.65 and low 
friability (0.17±0.02) value which are acceptable. 
 
In vitro dissolution study was carried out on the 
prepared optimized formulation using three 
different batches (Fig. 7). The result indicated 
that 24.11% and 92.45% of drug release was 
obtained at the end of 1 h and 12 h, respectively. 
 

Table 12. Constraints for responses used 
during numerical and graphical optimization 

 
Response Goal Lower 

limit 
Upper 
limit 

Importance 

rel1 h In 
range 

24 28 5 

rel12 h In 
range 

90 100 4 

t50% In 
range 

2.75 4 3 

 

The drug release of optimized formulation was 
best fitted to the first order kinetics model (R2 = 
0.9963). The value of the diffusion exponent (n) 
was found to be 0.7257 indicating that the 
mechanisms of drug release was diffusion 
coupled with erosion. 

 
Table 13. Granule and tablet characteristics 
of the optimized formulation of theophylline 

matrix tablets 
 

Parameters Experimental 
values 
(mean±SD) 

Granule characteristics 
Angle of repose (º) 25.61±0.37 
Flow rate (g/sec) 5.11±0.23 
Bulk density (g/cm3) 0.48±0.02 
Tapped density (g/cm3) 0.52±0.02 
Carr’s index 7.03±0.91 
Hausner ratio 1.07±0.01 
Tablet characteristics 
Thickness (mm) 2.92±0.02 
Hardness (N) 99.30±1.65 
Friability (%) 0.17±0.02 

 

 
 

Fig. 5. 3D plot of the overall desirability functio n 
 

 
 

Fig. 6. Overlay plot of the three responses as func tions of MRA and CF (X 1= MRA, X2= CF). 
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3.12 Validation of the Optimized 

Formulation 
 
Three checkpoint formulations (that are selected 
to be at factor levels different from those used in 
the CCD) were prepared and evaluated for 
dependent responses. Table 14 shows the 
composition of optimum checkpoint formulations 
with their experimental and predicted values of 
all the response variables, and the percentage 
error in prognosis.  
 

The relative errors (RE) (%) between the 
predicted and experimental values for each 
response were calculated and the values found 
to be within 5% (ranged between -4.496 and 
4.814%).  Thus, the experimental values were 
found to be in close agreement with the predicted 
values confirming the predictability and validity of 
the model. This demonstrated that the 
optimization technique was successful in 
designing the theophylline sustained release 
matrix tablet formulation. 

0 2 4 6 8 10 12
0

20

40

60

80

100

C
um

ul
at

iv
e 

dr
ug

 r
el

ea
se

(%
)

Time(h)

 Batch 1  Batch 2  Batch 3

 
Fig. 7. In vitro  release profile of the optimized theophylline matr ix tablet formulation 

 
Table 14. Checkpoint formulations comparing experim ental and predicted values of the 

optimized formulations 
 

No Optimized formulation 
composition 

Response 
variable 

Experimental 
value 

Predicted value % RE 

1 A=17.50% 
B=13.90 KN 

Y1 24.107 24.981 3.499 
Y2 92.446 91.217 -1.347 
Y3 2.975 2.861 -3.998 

2 A=17.58% 
B=13.8 KN 

Y1 23.983 24.941 3.841 
Y2 92.629 91.229 -1.535 
Y3 2.989 2.874 -4.001 

3 A=17.64% 
B=12.39 KN 

Y1 24.378 25.611 4.814 
Y2 93.698 92.197 -1.628 
Y3 2.975 2.847 -4.496 
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4. CONCLUSION  
 
Physicochemical, pre-compression and tablet 
properties of formulations prepared by wet 
granulation as per CCD were within the 
specifications.   
 
The MRA and CF were found to be the 
determinant factors for formulation of 
theophylline sustained release matrix tablets. 
Accordingly, the CCD was successfully applied 
to optimize the combined effect of MRA and CF 
with respect to cumulative drug release at 1 h, 12 
h and t50%. 
 
The optimal conditions were obtained at 17.5% 
of MRA and 13.9 KN of CF. Under these 
conditions, the cumulative drug release at 1 h, 12 
h and t50% were 24.981%, 91.217%, and 2.861 h, 
respectively. The kinetic study showed the 
optimized formulation followed first order kinetics 
model with anomalous release mechanism. It 
was found that the mathematical models 
generated were statistically significant and valid 
for predicting values of response parameters at 
selected levels of formulation variables.  
 
Therefore, the results of the present study 
suggest that optimum formulation with 
theophylline release over a period of 12 h in a 
sustained manner with absence of burst release 
can be prepared by using myrrh resin as rate 
controlling excipient. Thus, myrrh resin can be 
used as an alternative pharmaceutical excipient 
in the formulation and manufacture of sustained 
release matrix tablets. 
 
CONSENT 
 
It is not applicable. 
 
ETHICAL APPROVAL  
 
It is not applicable. 
 
ACKNOWLEDGMENTS 
 
The Addis Ababa University and Wollo University 
are acknowledged for the financial support 
extended to Muluken Nigatu. The authors are 
also grateful to Ethiopian Pharmaceutical 
Manufacturing Share Company (EPHARM) for 
donating theophylline raw material. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

REFERENCES 
 
1. Akhlaq M, Khan GM, Jan SU, Wahab A, 

Hussain A, Nawaz A et al. A simple and 
rapid approach to evaluate the in vitro in 
vivo role of release controlling agent ethyl 
cellulose ether derivative polymer. Pak J 
Pharm Sci. 2014;27:1789-98.   

2. Salger SV, Danki LS, Hiremath S, Sayeed 
A. Preparation and evaluation of sustained 
release matrix tablets of propranolol 
hydrochloride. Int J Pharm Bio Sci. 2010;1: 
227-41.  

3. Khachane KN, Bankar VH, Gaikwad PD, 
Pawar SP. Novel sustained release drug 
delivery system: Review. IJPRD. 2011;3: 
1-14.  

4. Isha C, Nimrata S, Rana AC, Surbhi G. 
Oral sustained release drug delivery 
system: An overview. IRJP. 2012;3:57-62. 

5. Abdelkader H, Abdalla OY, Salem H. 
Formulation of controlled-release baclofen 
matrix tablets: Influence of some 
hydrophilic polymers on the release rate 
and in vitro evaluation. AAPS Pharm. Sci 
Tech. 2007;8:156-66. 

6. Khalid I, Ahmad M, Minhas MU, Sohail M. 
Formulation and in vitro evaluation of 
mucoadhesive controlled release matrix 
tablets of flurbiprofen using response 
surface methodology. BJPS. 2014;50:        
493-504. 

7. Jan SU, Khan GM, Hussain I. Formulation 
development and investigation of Ibuprofen 
controlled release tablets with hydrophilic 
polymers and the effect of co- excipients 
on drug release patterns. Pak J Pharm Sci. 
2012;25:751-56. 

8. Rehman A, Khan GM, Shah KU, Shah SU, 
Khan KA. Formulation and Evaluation of 
Tramadol HCl Matrix Tablets Using 
Carbopol 974P and 934 as Rate-
Controlling Agents. Trop J Pharm Res. 
2013;12:169-72. 

9. Deore RK, Kavitha K, Tamizhmani TG. 
Preparation and evaluation of sustained 
release matrix tablets of tramadol 
hydrochloride using glyceryl 
palmitostearate. Trop J Pharm Res. 2010; 
9:275-81. 

10. Shah SU, Shah KU, Jan SU, Ahmad K, 
Rehman A, Hussain A, et al. Formulation 
and in vitro evaluation of ofloxacin-ethocel 
controlled released matrix tablets prepared 
by wet granulation method: Influence of co-
excipients on drug release rates. Pak J 
Pharm Sci. 2011;24:255-61. 



 
 
 
 

Nigatu et al.; BJPR, 8(6): 1-17, 2015; Article no.BJPR.20780 
 
 

 
16 

 

11. Kumar KPS, Bhowmik D, Srivastava S, 
Paswan S, Dutta AS. Sustained release 
drug delivery system potential. Pharma 
Innovation. 2012;1:48-60. 

12. Kumar A, Raj V, Riyaz M, Singh S. Review 
on sustained release matrix formulations. 
IJOPILS. 2013;1:1-15. 

13. Khan GM, Jiabi Z. Formulation and in vitro 
evaluation of Ibuprofen-carbopol® 974P-
NF controlled release matrix tablets III: 
Influence of co-excipients on release rate 
of the drug. J Control Release. 1998;54: 
185-90. 

14. Ceballos A, Cirri M, Maestrelli F, Corti G, 
Mura P. Influence of formulation and 
process variables on in vitro release of 
theophylline from directly-compressed 
eudragit matrix tablets. Il Farmaco. 2005; 
60:913-18. 

15. Pachuau L, Mazumder B. Albizia  procera  
gum  as  an  excipient  for  oral  controlled  
release  matrix  tablet. Carbohyd Polym. 
2012;90:289-95. 

16. Prajapati VD, Jani GK, Moradiya NG, 
Randeria NP. Pharmaceutical  applications  
of  various  natural  gums,  mucilages  and  
their modified  forms. Carbohyd Polym. 
2013;92:1685-99. 

17. Prabu SL, Shirwaikar AA, Shirwaikar A, 
Ravikumar G, Kumar A, Jacob A.  
Formulation and evaluation of oral 
sustained release of diltiazem 
hydrochloride using rosin as matrix forming 
material. Ars Pharm. 2009;50:32-42. 

18. Kumar P, Singh I. Evaluation of oleo-gum 
resin as directly compressible tablet 
excipient and release retardant.  Acta Pol 
Pharm. 2010;67:307-13. 

19. Hanus LO, Rezanka T, Dembitsky VM, 
Moussaieff A. Myrrh- Commiphora 
chemistry. Biomed Papers. 2005;149:        
3-28.  

20. Tadesse W, Desalegn G, Alial R. Natural 
gum and resin bearing species of Ethiopia. 
Invest Agrar: Sist Recur For. 2007;16:         
211-21. 

21. Etman M, Amin M, Nada AH, Shams-Eldin 
M, Salama O. Emulsions and rectal 
formulations containing myrrh essential oil 
for better patient compliance. Drug Discov 
Ther. 2011;5:150-56. 

22. Nokhodchi A, Tailor A. In situ cross-linking 
of sodium alginate with calcium and 
aluminum ions to sustain the release of 
theophylline from polymeric matrices. Il 
Farmaco. 2004;59:999-1004. 

23. Emami J, Varshosaz J, Amirsadri M, 
Ahmadi F. Preparation and evaluation of a 
sustained-release suspension containing 
theophylline microcapsules. Afr J Pharm 
Pharmacol. 2012;6:2091-99. 

24. Chowdary K, Mohapatra P, Krishna MN. 
Evaluation of olibanum and its resin as 
rate controlling matrix for controlled 
release of diclofenac. Indian J Pharm Sci. 
2006;68: 497-500. 

25. Milani JM, Emam-djomeh Z, Rezaee K, 
Safari M, Ganbarzadeh B, Gunasekaran S. 
Extraction and physico-chemical properties 
of barijeh (Ferula galbaniflua) gum.  Int J 
Agri Biol. 2007;9:80-83. 

26. Sharma A, Bhatia  S, Kharya MD, 
Gajbhiye V, Ganesh N, Namdeo AG et al. 
Anti-inflammatory and analgesic activity of 
different fractions of Boswellia serrata. Int 
J Phytomed. 2010;2:94-99. 

27. Emeje M, Nwabunike P, Isimi C, Fortunak 
J, Mitchell JW, Byrn S, et al. Isolation, 
characterization and formulation properties 
of a new plant gum obtained from Cissus 
refescence. Int J Green Pharma. 2009;3: 
16-23. 

28. British Pharmacopoeia: The 
Pharmaceutical Press, Her Majesty’s 
Stationery Office, London; 2009. 

29. Kebebe D, Belete A, Gebre-Mariam T.  
Evaluation of two olibanum  resins  as  rate 
controlling  matrix  forming excipients  in  
oral sustained release tablets. Ethiop 
Pharm J. 2010;28:95-109. 

30. Celebi N, Yildiz N, Demir AS, Calimli A. 
Optimization of benzoin synthesis in 
supercritical carbon dioxide by response 
surface methodology (RSM). J Supercrit 
Fluid. 2008;47:227-32. 

31. Hao J, Wang F, Wang X, Zhang D, Bi Y, 
Gao Y, et al. Development and 
optimization of baicalin-loaded solid lipid 
nanoparticles prepared by coacervation 
method using central composite design. 
Eur J Pharm Sci. 2012;47:497-505. 

32. Savic IM, Savic IM, Stojiljkovic ST, Gajic 
DG. Modeling and optimization of energy-
efficient procedures for removing lead(II) 
and zinc(II) ions from aqueous solutions 
using the central composite design. 
Energy. 2014;30:1-7. 

33. Hamed E, Sakr A. Application of multiple 
response optimization technique to 
extended release formulations design. J 
Control Release. 2001;73:329-38. 

 



 
 
 
 

Nigatu et al.; BJPR, 8(6): 1-17, 2015; Article no.BJPR.20780 
 
 

 
17 

 

34. Techapun C, Charoenrat T, Watanabe M, 
Sasaki K, Poosaran N. Optimization of 
thermostable and alkaline-tolerant 
cellulase-free xylanase production from 
agricultural waste by thermotolerant  
Streptomyces sp. Ab106, using the central 
composite  experimental  design. Biochem 
Eng J. 2002;12:99-105. 

35. Singh B, Kumar R, Ahuja N. Optimizing 
drug delivery systems using systematic 
"Design of experiments." Part I: 
Fundamental aspects. Crit Rev Ther Drug 
Carrier Syst. 2004;22:27-105. 

36. Dhiman S, Singh TG. Design and 
optimization of floating matrix tablets of 
famotidine by central composite design. 
Asian J Pharm Clin Res. 2012;5:45-49. 

37. Acharya S, Patra S, Pani NR. Optimization  
of  HPMC  and  carbopol  concentrations  
in non-effervescent floating  tablet  through  
factorial design. Carbohyd Polym. 2014; 
102:360-68. 

38. Nayak RK, Swamy NVB, Senthil A, 
Mahalaxmi R. An in vitro evaluation of 
Mangifera indica gum as a potential 
excipient for oral controlled-release matrix 
tablet. Pharmacologyonline. 2011;2:          
360-91.  

39. Kuksal A, Tiwary AK, Jain NK, Jain S. 
Formulation and in vitro, in vivo evaluation 
of extended release matrix tablet of 
zidovudine: Influence of combination of 
hydrophilic and hydrophobic matrix 
formers. AAPS Pharm Sci Tech. 2006;7:         
1-9. 

40. Mujtaba A, Ali M, Kohli K. Statistical  
optimization  and  characterization  of pH-
independent extended-release drug  
delivery of cefpodoxime proxetil using  
Box–Behnken design. Chem Eng Res Des. 
2014;92:156-65. 

41. Siepmann J, Peppas NA. Modeling of drug 
release from delivery systems based on 
hydroxypropyl methyl cellulose (HPMC). 
Adv Drug Del Rev. 2012;64:163-74. 

42. Meka VS, Nali SR, Songa AS, Battu JR, 
Kolapalli VRM. Statistical optimization of a 
novel excipient (CMEC) based gastro 

retentive floating tablets of propranolol HCl 
and its in vivo buoyancy characterization in 
healthy human volunteers. DARU J Pharm 
Sci. 2012;20:1-12. 

43. Wu H, Feng TC, Chung TW. Studies of 
VOCs removed from packed-bed absorber 
by experimental design methodology and 
analysis of variance. Chem Eng J. 
2010;157:1-17. 

44. Sahoo C, Gupta AK. Optimization  of  
photocatalytic  degradation  of  methyl  
blue  using  silver  ion  doped titanium  
dioxide  by  combination  of  experimental  
design  and  response  surface approach. 
J Hazard Mater. 2012;215:302-10. 

45. Nazari A, Mirjalili M, Nasirizadeh N, 
Torabian S. Optimization  of  nano  TiO2 
pretreatment  on  free  acid  dyeing  of  
wool using  central  composite  design. J 
Ind Eng Chem. 2014;2044:1-9. 

46. Nasirizadeha N,  Dehghanizadeh H,  
Yazdanshenas ME, Moghadam MR,  
Karimi A. Optimization  of  wool  dyeing  
with  rutin  as  natural  dye  by  central  
composite design  method. Ind Crop Prod. 
2012;40:361-66. 

47. Pranav S, Bhargavi N, Chandarana Z. 
Optimization of formulation variables of 
ranolazine extended-release tablets by 32 
full factorial design. Pharmagene. 
2013;1:1-9. 

48. Bari N, Alam Z, Muyibi SA, Jamal P, Al-
Mamun A. Statistical optimization of 
process parameters for the production of 
citric acid from oil palm empty fruit 
bunches. Afr J Biotechnol. 2010;9:554-63. 

49. Mandal U, Gowda V, Ghosh A, Selvan S, 
Solomon S, Pal TK. Formulation and 
optimization of sustained release matrix 
tablet of metformin HCl 500mg using 
response surface methodology. Yakugaku 
Zasshi. 2007;127:1281-90. 

50. Kshirsagar SJ, Gupta AS, Kachare S, 
Bhalekar MR. Design and development of 
sustain release matrix tablets of an 
antipsychotic drug quetiapine fumarate and 
optimization by a 3-level full factorial 
statistical design. JAPS. 2012;2:267-77. 

 
© 2015 Nigatu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
  Peer-review history: 

The peer review history for this paper can be accessed here: 
http://sciencedomain.org/review-history/11593 


