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  THE STUDY ON THE EFFECT OF 
FORMULATION VARIABLES ON IN VITRO 
FLOATING TIME AND THE RELEASE 
PROPERTIES OF A FLOATING DRUG 
DELIVERY SYSTEM BY A STATISTICAL 
OPTIMIZATION TECHNIQUE 

The present investigation concerns the evaluation of the effect of formulation 
variables on in vitro floating time and the release properties in developing a 
floating drug delivery system (FDDS) containing a highly water soluble drug 
metoprolol tartrate (MT) in the presence of a gas generating agent. A 32 full 
factorial design was employed in formulating the FDDS containing hydroxyl 
propylmethylcellulose (HPMC K4M) and sodium carboxymethylcellulose (NaCMC) 
as swellable polymers. Drug-to-polymer ratio and polymer-to-polymer ratio 
were included as independent variables. The main effect and the interaction 
terms were quantitatively evaluated by a quadratic model to predict formula-
tions with the floating time desired, and the release properties. It was found 
that only drug-to-polymer ratio and its quadratic term were found to be signi-
ficantly affective for all the response variables. Non-Fickian transport was con-
firmed as a release mechanism from the optimized formulations. The desira-
bility function was used to optimize the response variables, each having a dif-
ferent target, and the observed responses were highly agreed with experi-
mental values. The results demonstrate the feasibility of the model in the de-
velopment of FDDS containing a highly water-soluble drug MT. 

Key words: Metoprolol tartrate, floating drug delivery system, HPMC, 
NaCMC, factorial design, optimization. 

 
 

Metoprolol tartrate (MT) chemically, 1-(isopro-
pylamino)-3-p-(2-methoxyethyl) phenoxy-2-propanol (2:1) 
dextro-tartrate [1] is a β1 selective adrenergic blocking 
agent and widely used as a drug of choice in the 
management of hypertension, angina pectoris and 
arrythmias [2]. The drug is freely soluble in water and 
administered at a dose of 100 mg daily, half-life of MT 
is about 3-4 h and its oral bioavailability has been 
reported to be about 50 % [3]. It was also reported 
that MT absorption in the duodenum and upper jeju-
num is directly proportional to dose availability [4]. 
The oral bioavailability of MT can be increased by 
increasing the gastric residence time of MT containing 
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a dosage form, thus permitting the MT to reach the 
site of the active absorption in a controlled manner. 
This can be achieved by Floating Drug Delivery 
System (FDDS) [5], which retains the dosage form in 
the stomach for a long period of time. Various ap-
proaches for retaining the dosage form in the sto-
mach are a floating system [6], a swelling and ex-
panding system [7], a bio-adhesive system [8-10], 
and a high-density system [11]. 

Hydroxy propylmethylcellulose (HPMC), a water 
swellable polymer, was identified as a popular carrier 
material for swellable matrix tablets [12]. Hilton et al. 
[13] reported that HPMC shows good matrix integrity 
at pH 2 and sodium carboxymethylcellulose (NaCMC) 
quickly gelled to lose shape and float with an ade-
quate drug release. A combined usage of HPMC K4M 
and carbopol (974P) in formulating matrix tablets of 
propranolol hydrochloride has been reported [14] and 
the conclusion is that the amount of water that pene-
trated in HPMC K4M was higher than that of carbopol 
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974P. Nur et al. [15] developed captopril floating tab-
lets by using two viscosity grades of HPMC (K15M 
and K4M) and carbopol 934P as polymers. Based on 
the release studies, a 24h controlled release of cap-
topril was achieved where the tablet hardness and 
stirring rate had no or little effect on the release kine-
tics. However, there has been no study so far de-
signed to evaluate the in vitro floating time and the 
release property of FDDS containing a highly water 
soluble drug MT by using HPMC (K4M) and NaCMC 
as swellable polymers in the presence of sodium bi-
carbonate as a gas generating agent. 

The design of the experiment has been widely 
used in pharmaceutical field to study the effect of 
formulation variables and their interaction on depen-
dent (response) variables [16-18]. In the present 
study, a 32 full factorial design was used and the dif-
ferent independent variables include drug-to-polymer 
ratio (X1) and polymer-to-polymer ratio (X2). The 
formulation variables and their ranges were chosen 
from the knowledge acquired from the preliminary 
studies and from the previously experiments reported. 
Dependent (response) variables evaluated include 
the floating time, the percentage MT release at 8 h, a 
diffusion exponent (n) and time taken to release 50 % 
of the drug (T50 %). The in vitro release studies were 
performed by using USP XXVI basket apparatus. The 
dissolution data were fitted to a curve fitting analysis 
to obtain the release parameters like T50 % (time taken 
to release 50 % of drug) and a diffusion exponent (n). 
All the response variables were fitted to a quadratic 
model and a regression analysis was carried out to 
get a quantitative relationship between the dependent 
and the analyzed independent variables. 

MATERIALS AND METHODS 

Materials 

Metoprolol tartrate was received as a gift sample 
from M/s Astra Zeneca India Pvt. Ltd., Bangalore, In-
dia. Hydroxy propylmethylcllulose (Methocel, K4M) 
and sodium carboxymethylcellulose (a high-viscosity 
polymer of Reliance Cellulose Products Limited) were 
supplied by M/s Bangalore Pharmaceutical Research 
Labs Pvt. Ltd., Bangalore, India. Other materials were 
purchased from a commercial source; magnesium 
stearate (Loba chemicals, Mumbai, India), microcrys-
talline cellulose (MCC) (Reidel India chemicals, Mum-
bai, India), sodium bicarbonate (Nice chemicals, Co-
chin, India), and di-calcium phosphate (Strides Arco 
labs, Bangalore, India). All other chemicals used in 
the study were of analytical grade. 

Experimental design 

Factorial design is an experimental design tech-
nique by which the factors involved and their relative 
importance can be assessed [19-21]. In the present 
study, a 32 full factorial design was employed contain-
ing 2 factors evaluated at 3 levels and experimental 
trials were performed at all 11 possible combinations. 
The levels of the 2 independent variables are shown 
(Table 1) and the formulation variables evaluated in-
clude:  

X1 = Drug-to-polymer ratio 

X2 = Polymer-to-polymer ratio (NaCMC:HPMC) 

The response variables tested include: 

Y1 = Floating time  

Y2 = Percentage MT release at 8 h 

Y3 = Diffusion exponent (n) 

Y4 = Time for 50 % of MT release from the deli-
very system (T50%) 

Table 1. Factor and level of the variables investigated 

Level 

Factors Low 
(-1) 

Medium 
(0) 

High 
(+1) 

(X1) Drug:Polymer ratio 1:1 1:2.5 1:4 

 (X2) Polymer: Polymer ratio 
(NaCMC:HPMC 4KM) 

1:3 1:6 1:9 

Preparation of FDDS 

The formulations were prepared at random fol-
lowing a 32 full factorial design; Table 2 shows the 
experimental design. All the ingredients were passed 
through an 80 mesh screen. The required quantities 
of HPMC K4M, MCC (50 % of the total quantity), 
NaCMC, sodium bicarbonate and di-ca-phosphate 
were mixed in a suitable stainless steel vessel in a 
tumbler mixer (Rimek, Karnavati Engineering Ltd. Ah-
medabad, India) at 100 rpm for 30 min. MT (50 mg) 
was added to the above mixer in geometric ratio and 
mixed at 30 rpm for 30 min. Ethanol (99 % v/v) was 
used as a granulating agent. The granules were dried 
at room temperature for 3 hours and passed through 
20 mesh screen. To the above granules, MCC (remain-
ing 50 %) was added and finally lubricated with mag-
nesium stearate. The granules were compressed by 
using a 10-station rotary tablet compression machine 
(Rimek, Ahmedabad, India) fitted with 12 mm stan-
dard flat-faced punches. Preparation was performed 
in a 100 tablets batch and the compression was con-
trolled to produce 5 kg/cm2 tablet crushing strength. 
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Evaluation of FDDS 

Weight variation test 

Weight variation was performed for 20 tablets 
from each batch using an electronic balance (Denver 
APX-100, Arvada, Colorado) and average values were 
calculated. 

Assay 

The content of MT in 10 randomly selected tab-
lets of each formulation was analyzed spectrophoto-
metrically at 275 nm using an Elico UV SL-159 spec-
trophotometer. Each measurement was carried out in 
triplicate and the average drug content was calcu-
lated. 

Floating capability 

Tablets were placed in a 400 ml flask at pH 1.2 
maintained at 37±1 °C, and both the time needed to 
go upward and float on the surface of the fluid (floating 
lag time), and the floating time were determined [22]. 
In vitro dissolution studies 

The dissolution was performed by using USP 
XXVI (basket apparatus) (Disso 2000, Lab, India) at a 
rotational speed of 75 rpm. 750 ml of simulated gas-
tric fluid (SGF) (without enzymes) was used as disso-
lution media maintained at 37±1 °C. Then, 5ml of the 
dissolution medium was taken out at every hour for 8 
hours. 5 ml of fresh SGF was added to the dissolution 
vessel in order to maintain a constant volume. The 
samples withdrawn were analyzed spectrophotometri-
cally at 275 nm. The dissolution studies were con-
ducted in triplicates and the mean values plotted ver-
sus time with a standard error of the mean, indicating 
the reproducibility of the results. 

Curve fitting 

The release data were fitted to various mathe-
matical models for describing the release mechanism 
from tablets: 

– Korsmeyer-Peppas model [23] 

n
KP

t tk
M

M
=

∞

 (1) 

where Mt/M∞ is the fraction of the drug released at 
time‘t’, kKP is the release rate constant, and n is the 
diffusion exponent. 

– Zero-order model [24] 

tkMM 00t +=  (2) 

where Mt is the amount of the drug released at time‘t’, 
M0 is the concentration of the drug in the solution at 
t = 0 and k0 is the zero-order release constant. 

– Higuchi release model [25] 

1/2
Ht tkM =  (3) 

where Mt is the amount of the drug release at time 
and kH is Higuchi release constant. 

All curve fitting, simulation and plotting were car-
ried out by using commercially available softwares 
(SigmaPlot® version 9, Systat Software, Inc.; and 
GraphPad PRISM® version 3.02, GraphPad Software, 
Inc.). 

Statistical Analysis 

The effect of formulation variables on the res-
ponse variables were statistically evaluated by apply-
ing one-way ANOVA at 0.05 level using a commercially 
available software package Design-Expert® version 
6.05 (Stat-Ease, Inc.). The design was evaluated by 
quadratic model, which bears the form of equation (4). 
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where Y is the response variable, b0 the constant and 
b1, b2, b3,…, b5 is the regression coefficient. X1 and X2 
stand for the main effect; X1X2 are the interaction 
terms and show how the response changes when two 
factors are simultaneously changed. 2

1X  and 2
2X  are 

quadratic terms of the independent variables to eva-
luate the nonlinearity. 

RESULTS AND DISCUSSION 

Formulation of FDDS 

FDDS was prepared following a 32 full factorial 
design (Table 2). HPMC, a non-ionic polymer with 
unique physicochemical properties are used fre-
quently as a controlled release polymer in swellable 
hydrophilic matrices. The popularity of this polymer 
may be attributed to its non-toxic nature and to being 
relatively inexpensive [26]. Based on the previous 
studies [27], HPMC K4M polymer is considered to be 
the best vehicle for floating tablets. NaCMC, a domi-
nant hydrophilic carrier widely used in the pharma-
ceutical industries as anionic polymer in matrix tablets 
[28]. The inclusion of MCC in the FDDS is due to its 
very porous structure and provides more air in the 
tablet which subsequently helps the dosage form to 
float [29]. Sodium bicarbonate was included as a gas 
generating agent and this compound generates car-
bon dioxide on the reaction with acidic aqueous me-
dia which help the tablet to become buoyant and re-
main entrapped in the gel layer [30]. Our preliminary 
studies suggested that tablets containing less than 
12 % of total polymer were unable to float in the dis-
solution medium for a long period of time during 
which the integrity of the tablet is lost due to the libe-



C. NARENDRA et al.: THE STUDY ON THE EFFECT… CI&CEQ 14 (1) 17–26 (2008) 

20 

rated CO2 making the tablet to disintegrate. With the 
increase in polymer concentration, the tablets were 
able to float in the dissolution medium. Hence, in this 
study, a relatively wide range of polymer loading (12 
to 50 %) has been selected in order to obtain the opti-
mum loading level. 

Weight variation and assay 

The average percentage deviation of 20 FDDS 
of each formula was less than ±5 %, which provided a 
good weight uniformity. In all the formulations, the as-
says for drug content were found to be uniform among 
different batches of the FDDS and ranged from 98.43 
to 103.23 % of the theoretical value. 

Release profile 

Figures 1-3 illustrate the release profiles of four 
factorial, four centre edges and three centre points of 
the design. Figures 1-3 clearly show that mostly all the 
formulations showed a linear pattern of MT release at 
least in their initial phase, which indicates the appro-
priate choice of the selected range of formulation vari-

ables. By comparing the drug release from the formu-
lations, it is evident that, the decreased amount of 
polymer in the dosage form and the evolution of the 
gas from sodium bicarbonate make the gel matrix 
more relaxed allowing the water penetration, leading 
to the increased drug diffusion (as seen in the case of 
formulations F1, F4 and F7). From Figure 3, it can be 
inferred that the release of all three centre points over-
laps each other, indicating that the experimental er-
rors caused by the method adapted were found to be 
small enough in order to generate meaningful fittings 
for the response variables. The results of the T50 % va-
lues are summarized (Table 2). Similarly, formula-
tions F1, F4 and F7 showed low T50 % values due to 
the rapid release of MT from the delivery system. This 
type of the behavior is attributed to the low polymer 
concentration in the delivery system which makes the 
tablet matrix weaker and also unable to hold the libe-
rated CO2 for a long period of time which, in turn, 
leads to a very fast release of MT. Such formulations 
with low T50 % values have relatively high percentage 
of MT release at 8h. 

Table 2. Coded levels as per 32 full factorial design with the observed responses 

Formulation code X1 X2 Floating time (h) MT release at 8 h (%) Diffusion exponent (n) T50 % (h) 

F1 -1 -1 4.1 99.33 0.40 1.46 

F2 0 -1 21.0 88.95 0.64 4.21 

F3 1 -1 19.8 87.96 0.67 2.70 

F4 -1 0 4.2 97.93 0.45 1.77 

F5 0 0 21.0 87.25 0.85 4.36 

F6 1 0 23.0 82.48 0.66 3.60 

F7 -1 1 4.5 95.56 0.35 1.52 

F8 0 1 21.5 79.60 0.70 4.41 

F9 1 1 24.0 76.39 0.63 4.10 

F10 0 0 20.8 88.35 0.81 4.21 

F11 0 0 20.5 87.94 0.84 4.34 
 

 

Figure 1. MT release profiles for formu-
lations prepared from 4 factorial points. 

F1 (-1,-1), F3 (1,-1), F7 (-1, 1) and F9 (1, 1) 

Figure 2. MT release profiles for formu-
lations prepared from 4 Centre Edge points. 
F2 (0,-1), F4 (-1, 0), F6 (1, 0) and F8 (0, 1) 

Figure 3. MT release profiles for formu-
lations prepared from 3 central points. 

F5, F10 and F11 (0, 0) 
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Release mechanism 

In order to understand the complex mechanism 
of the drug release from the tablet, the in vitro MT 
release data were fitted to Korsmeyer-Peppas release 
model [23] and the interpretation of diffusion exponent 
values (n) improves the understanding of the release 
mechanism from the dosage form. The diffusion ex-
ponent values thus obtained were ranged from 0.35 
to 0.85. Formulation F1, F4 and F7 exhibited Fickian 
diffusion with a value ranging between 0.35 to 0.45, 
formulation F2, F3, F6, F8 and F9 exhibited anoma-
lous (non-Fickian transport) diffusion mechanism with 

a value ranging between 0.63 to 0.70 (Table 2). 
These formulations also yielded a quality adjustment 
with Higuchi release model (Table 3). In the case of 
centre points, the diffusion exponent values were 
found to be 0.81 to 0.85 with a limited burst effect, 
which may be due to rapid initial swelling and also 
erosion at the later stage. These formulations also 
showed highest R2 values for zero-order kinetics, in-
dicating that in addition to a Fickian diffusion, polymer 
relaxation also plays an important role in controlling 
the drug release (Tables 2 and 3) [31]. 

Table 3. Results of the curve fitting analysis 

Formulation code 
Korsmeyer-Peppas 

KKP ( h-n) 
R2 

Zero- order 
K0 ( % h-1) 

R2 
Higuchi 

KH ( % h-1/2) 
R2 

F1 42.96 ± 0.98 0.9979 14.98 ± 1.30 0.6393 36.67 ± 0.65 0.9842 

F2 29.64 ± 0.89 0.9975 12.81 ± 0.84 0.8189 31.25 ± 0.27 0.9697 

F3 15.45 ± 2.91 0.9561 11.12 ± 0.47 0.9221 35.53 ± 0.55 0.9518 

F4 38.72 ± 1.83 0.9923 14.57 ± 1.16 0.7102 26.33 ± 1.49 0.9886 

F5 14.35 ± 2.35 0.9691 10.92 ± 0.39 0.9595 25.78 ± 1.47 0.8979 

F6 21.54 ± 1.47 0.9914 11.69 ± 0.55 0.918 27.98 ± 0.80 0.9693 

F7 43.20 ± 2.81 0.9799 13.7 ± 1.33 0.5292 33.67 ± 1.09 0.9433 

F8 17.60 ± 1.10 0.9935 10.37 ± 0.41 0.9438 24.72 ± 0.82 0.9599 

F9 20.52 ± 0.82 0.9968 10.64 ± 0.52 0.9081 25.53 ± 0.57 0.9805 

F10 15.56 ± 2.90 0.9566 11.10 ± 0.47 0.9416 26.28 ± 1.47 0.8977 

F11 14.64 ± 2.82 0.9562 10.93 ± 0.45 0.9455 25.85 ± 1.52 0.8902 

 
Effect of formulation variables on floating time 

Sodium bicarbonate was used in the formulation 
as a gas-generating agent in contact with acidic aque-
ous media; CO2 is generated and entrapped within 
the gelling hydrocolloid, causing the system to float 
with a short lag time. The floating lag time for all the 
formulations was found to be less than five minutes 
and the floating time are summarized (Table 2). The 
model for floating time can be written as:  

Y1 = 20.97 + 9.0X1 + 0.85X2 – 7.68 2
1X  + 0.95 X1X2 

Positive values indicated that the floating time of 
the FDDS increased with the increase in the drug-to- 
-polymer and polymer-to-polymer ratio. The relation-
ship between the variables was further elucidated by 
using the Response surface plot (Figure 4). A high 
level of factor X1 gave a high value of floating time at 
all the levels of factor X2, which indicated that the 
factor X1 has a significant positive effect on floating 
time as seen in formulations F3, F6 and F9. The pro-
bable explanation for this may be the formation of 
more viscous gel layer, due to which the CO2 entrap-
ped within the gel matrix was slowly removed from 
the delivery system, leading to an extended floating 

time [32]. During the floating studies it was also ob-
served that the collected CO2 was displaced by the 
swollen polymers and escaped through the small fis-
sures from the gelled matrix leading to a lesser float-
ing time as seen in the case of formulations F1, F4 
and F7 which sank after 4.1, 4.2 and 4.5 h, respectively. 

Effect of formulation variables on percentage MT 
release at 8h 

The constant and regression coefficients for Y2 
are as follows:  

Y2= 87.18 – 7.67X1 – 4.11X2 + 4.03 2
1X  – 1.95X1X2 

The quadratic model for the percentage MT 
release at 8h was found to be significant. The in-
crease of drug-to-polymer and polymer-to-polymer 
ratio causes the increase in the density of the swollen 
hydrogel network, which is a hindrance to the drug 
diffusion and consequently decreases the release rate. 
The relationship between the variables was further 
elucidated using response surface plot (Figure 5). If 
X2 is at a lower level and X1 was increased from -1 
level to +1 level, Y2 decreases from 99.33 to 87.96 %. 
Similarly, Y2 decreased to 76.39 from 95.95 %, when 
X1 was increased by keeping X2 at a higher level. 
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Such the decrease in percentage of MT release at 8 h 
was attributed to the increased viscosity of the gel 
layer around the tablet core and there the drug diffu-
sion is controlled by the penetration of a liquid through 
the gelled matrix. Similar results were reported earlier, 
as the polymer concentration in the matrix increases, 
the release rate decreases [33,34]. The release of the 

water soluble drug MT may be controlled by the gel 
viscosity [35]. In this case, a synergism in viscosity 
between NaCMC-HPMC was observed, which may 
be due to the formation of a strong hydrogen bond 
between the OH group on HPMC and carboxyl group 
on NaCMC, leading to a strong cross linking between 
the polymers [36]. 

 
(a) 

 
(b) 

Figure 4. (a) Correlation between actual and predicted values. (b) Response surface plot showing the effect of 
drug-to-polymer ratio (X1) and polymer-to-polymer ratio (X2) on the response floating time (Y1) 

 
(a) 

 
(b) 

Figure 5. (a) Correlation between actual and predicted values. (b) Response surface plot showing the effect of drug-to-polymer ratio (X1) 
and polymer-to-polymer ratio (X2) on the response percentage MT release at 8h (Y2) 

 

Effect of formulation variables on diffusion exponent (n) 

The regression equation obtained for the diffu-
sion exponent is as follows: 

Y3 = 0.81 + 0.13X1 - 0.22 2
1X  - 0.09X2

2 

The model terms for the diffusion exponent were 
found to be significant with an F value of 17.85; high 
R2 value of 0.9469 indicates the adequate fitting to a 
quadratic model. The interaction effects between X1 
and X2 are shown in the response surface plot (Figure 
6). If X2 is kept at the lowest level and X1 is increased 
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from -1 level to +1 level, the diffusion exponent value 
increases from 0.4 to 0.67. Similarly, the same diffu-
sion exponent value increased drastically from 0.35 to 
0.63, when X1 was increased by keeping X2 at a 
higher level. The probable explanation for this beha-
vior may be due to the increased polymer load in the 

delivery system and the system taking a complete 
control on the release of MT [37]. At the same time, 
the release mechanism from the device shifts from 
diffusion (al) release (Fickian) to non-Fickian release 
(erosion mechanism) [38]. 

 

(a) 

 

(b) 

Figure 6. (a) Correlation between actual and predicted values 
(b) Response surface plot showing the effect of drug-to-polymer 

ratio (X1) and polymer-to-polymer ratio (X2) on the 
response diffusion exponent (Y3) 

 

 

(a) 

 

(b) 

Figure 7. (a) Correlation between actual and predicted values 
(b) Response surface plot showing the effect of drug-to-polymer 

ratio (X1) and polymer-to-polymer ratio (X2) 
on the response T50 % (Y4)
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Effect of formulation variables on T50 % 

Y4 = 4.36 + 0.94X1 + 0.28X2 – 1.75 2
1X  + 0.33 X1 X2 

High level of X1 shows a high value of T50 % at all 
the levels of X2 (Figure 7), thus indicating that when 
the drug-to-polymer ratio increases, the correspond-
ing T50 % also increases. This type of behavior may be 
attributed to quicker hydration of HPMC to form a vis-
cous gel layer. Such a dense layer decreases the 
water diffusion into the core layer and delays the re-
lease of MT from the dosage form with the simultane-
ous increase in T50 % values [39]. 

ANOVA, pure error, lack of fit 

The regression analysis was carried out in order 
to obtain the regression coefficients (Table 4) and the 
effects as follows; all the studied response variables 

were found to be significant for drug-to-polymer ratio 
and its quadratic term. Similarly, polymer–to–polymer 
and its interaction term with X1 were found to be 
significant for responses Y1, Y2 and Y4, where as 2

2X  
is significant for the response Y3. The results of 
ANOVA (Table 5) for the dependent variables demon-
strate that the model was significant for all response 
variables. Hence, an appropriate range of formulation 
variables yields an optimized FDDS with good buoy-
ancy and drug release. The data of a pure error and 
lack of fit are summarized (Table 5), which can pro-
vide a mean response and an estimate of pure experi-
mental uncertainty [40]. The residuals are different in 
the observed and the predicted value. So, the com-
puted F values were, respectively, less than the criti-
cal F value, which denotes the insignificant lack of fit. 

Table 4. Summary of ANOVA table for dependent variables from a full factorial design 

Source df Sum square Mean square F value Probability 

 Floating time (h) R2 = 0.9965 

X1 1 486 486 1057.73 < 0.0001 

X2 1 4.33 4.33 9.43    0.0277 
2
1X  1 149.59 149.59 325.56 < 0.0001 

X1X2 1 3.61 3.61 7.85     0.0379 

 MT release at 8h (%) R2 = 0.9847 

X1 1 352.51 352.51 221.90 < 0.0001 

X2 1 101.61 101.61 63.95    0.0005 
2
1X  1 41.15 41.15 25.90    0.0038 

X1X2 1 15.21 15.21 9.57    0.0270 

 Diffusion exponent (n) R2 = 0.9469 

X1 1 0.096 0.096 30.60 < 0.0001 
2
1X  1 0.12 0.12 37.56    0.0017 
2
2X  1 0.024 0.024 7.75    0.0387 

 T50 % (h) R2 = 0.9901 

X1 1 5.31 5.31 177.48 < 0.0001 

X2 1 0.46 0.46 15.48   0.0110 
2
1X  1 7.76 7.76 259.39  < 0.0001 

X1X2 1 0.45 0.45 14.88   0.0119 

 

Optimization 

A multiple response optimization approach was 
considered more useful and suitable for optimizing in 
vitro floating time and the release properties from 
FDDS. To optimize 4 responses with different targets, 
a multi-criteria decision approach, like a numerical 
optimization technique by the desirability function was 
used to generate the optimum settings for the formu-
lation [41]. The variables were optimized for the res-

ponse Y1-Y4 and the optimized experimental para-
meters were set by maximizing the floating time and a 
diffusion exponent. The % MT release at 8h was 
targeted to 80 % and T50 % was kept at the range of 
between 2 to 4 hours. The desirability function res-
ponse plot is shown in Figure 8, where two solutions 
were found with a desirability of 0.9909 and 0.502. 
The solution having the highest desirability was com-
posed of 1:3.89 of drug-to-polymer ratio and 1:7.54 of 
polymer-to-polymer ratio (Table 6). Still, to challenge 



C. NARENDRA et al.: THE STUDY ON THE EFFECT…  CI&CEQ 14 (1) 17–26 (2008) 

 25

the reliability of the response surface model, new opti-
mized combinations were prepared according to the 
predicted model and evaluated for the responses. 

The results (Table 6) showed a good relationship 
between the experimented and predicted values, which 
confirms the practicability and the validity of the model.

Table 5. Summary of ANOVA results in analyzing lack of fit (LOF) and pure error 

Source Sum square df Mean square F value Prob > F 

Floating time (h)  

Model 655.37 5 131.07 285.27 < 0.0001* 
Residual 2.30 5 0.46 - - 

Total 657.67 10 - - - 
Lack of fit  2.17 3 0.72 11.42 0.0816ns 
Pure error 0.13 2 0.06 - - 

MT release at 8h (%) 

Model 512.32 5 102.46 64.50 0.0002* 
Residual 7.94 5 1.59 - - 

Total 520.26 10 - - - 
Lack of fit  7.32 3 2.44 7.90 0.1144 ns 
Pure error 0.62 2 0.31 - - 

Diffusion  exponent (n) 

Model 0.28 5 0.056 17.85  0.0033* 
Residual 0.016 5 0.003 - - 

Total 0.296 10 - - - 
Lack of fit  0.015 3 0.005 14.29 0.0661 ns 
Pure error 6.98E-004 2 3.49E-004 - - 

T50 % (h) 

Model 14.92 5 2.99 99.79 < 0.0001* 
Residual 0.15 5 0.29 - - 

Total 15.07 10 - - - 
Lack of fit  0.14 3 0.045 7.38 0.1217 ns 
Pure error 0.012 2 0.006 - - 

Table 6. Comparison between the experimented (E) and predicted (P) values for the most probable optimal formulations 

Composition Y1 (h) PE Y2 (%) PE Y3 (n) PE Y4 (h) PE Optimum 
formula X1 X2 E P % E P % E P % E P % 

1 1:3.89 1:7.54 24 ± 0.50 23.61 1.63 82.31 ± 3.62 80.00 2.89 0.68 ± 0.04 0.72 -5.88 3.79 ± 0.15 4.0 -5.25

2 1:2.17 1:90 20 ± 1.50 19.26 3.84 79.63 ± 4.50 83.44 -4.57 0.71 ± 0.08 0.67 5.97 4.39 ± 0.27 4.15 5.78 
 

 

Figure 8. Desirability response surface plot 
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CONCLUSION 

A 32 full factorial design was performed to study 
the effect of formulation variables on in vitro floating 
time and the release properties by applying a com-
puter optimization technique. Drug-to-polymer ratio is 
the major factor affecting the floating time and the 
release properties of FDDS. High polymer load in the 
dosage form can control the release of a highly water-
-soluble drug MT with good in vitro floating time in the 
presence of a gas generating agent. The mechanism 
of the drug release from the optimized formulation 
was confirmed as non-Fickian release, where water 
diffusion and polymer rearrangement have an essen-
tial role in the drug release. The statistical approach 
for formulation optimization is a useful tool, particu-
larly in simultaneously evaluating several variables. 
The observed responses were in close agreement 
with the predicted values of the optimized formula-
tions, demonstrating the feasibility of the optimization 
procedure in developing FDDS containing gas-gene-
rating agent. 
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