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Oral drug delivery due to excellent accessibili-
ty and reasonable patient compliance offers attrac-
tive route for drug administration (1). However,
major drawback of administering drug orally is that
many therapeutic agents are subjected to extensive
presystemic elimination by gastrointestinal degrada-
tion or first pass hepatic metabolism (2, 3), results in
low systemic bioavailability and shorter duration of
therapeutic activity or formation of inactive or toxic
metabolites (4, 5). Moreover, the quick passage of
dosage forms through the absorptive segment of
GIT often leads to unutilized drug, particularly in
case of extended delivery of narrow absorption win-
dow drugs (6). Controlled release drug delivery
technology are opted for minimizing the frequency

of administration by keeping the drug in therapeutic
window for longer period of time, safe guarding
patient compliance and reduces drug wastage
through improving the efficacy of drugs (7, 8).
However, controlled release technology is inade-
quate and incapable of increasing gastric resident
time of drugs (9). In order to improve the gastric res-
idence time for drugs exhibiting an absorption win-
dow for continuously releasing the drug for a pro-
longed period before it reaches the absorption site,
various approaches including floating systems,
bioadhesive systems, swelling and expanding sys-
tems and high density systems have been success-
fully employed (10, 11). The concept of mucoadhe-
sion was introduced into controlled drug delivery in
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Abstract: The objective of this study was to extend the GI residence time of the dosage form and to control the
release of domperidone using directly compressible sustained release mucoadhesive matrix (SRMM) tablets. A
2-factor centre composite design (CCD) was employed to study the influence of independent variables like gum
ghatti (GG) (X1) and hydroxylpropylmethyl cellulose K 15M (HPMC K 15M) (X2) on dependent variable like
mucoadhesive strength, tensile strength, release exponent (n), t50 (time for 50% drug release), rel10 h (release after
10 h) and rel18 h (release after 18 h). Tablets were prepared by direct compression technology and evaluated for
tablet parametric test (drug assay, diameter, thickness, hardness and tensile strength), mucoadhesive strength
(using texture analyzer) and in vitro drug release studies. The tensile strength and mucoadhesive strength were
found to be increased from 0.665 ± 0.1 to 1.591 ± 0.1 MN/cm2 (Z1 to Z9) and 10.789 ± 0.985 to 50.924 ± 1.150
N (Z1 to Z9), respectively. The release kinetics follows first order and Hixson Crowell equation indicating drug
release following combination of diffusion and erosion. The n varies between 0.834 and 1.273, indicating
release mechanism shifts from non fickian (anomalous release) to super case II, which depict that drug follows
multiple drug release mechanism. The t50 time was found to increase from 5 ± 0.12 to 11.4 ± 0.14 h (Z1 to Z9)
and release after 10 and 18 h decreases with increasing concentration of both polymers concluding with release
controlling potential of polymers. The accelerated stability studies were performed on optimized formulation as
per ICH guideline and the result showed that there was no significant change in tensile strength, mucoadhesive
strength and drug assay.

Keywords: sustained release mucoadhesion matrix, gum ghatti, natural polymer, response surface methodolo-
gy, optimization, release mechanism

725

* Corresponding author: e-mail: inderbirsingh2906@gmail.com; phone: 91-9855024140



726 GURPREETARORA et al.

the early 1980s. Bioadhesion is defined as the state
in which two materials, at least one of them being
biological in nature, are held together for an extend-
ed period of time by interfacial forces and when the
biological material involved is mucosa, then the
concept is termed mucoadhesion (12). Response
surface methodology (RSM) is a widely practiced
approach in the development and optimization of
drug delivery devices. Based on the principle of
design of experiments, the methodology encompass-
es the use of various types of experimental designs,
generation of polynomial equations, and mapping of
the response over the experimental domain to deter-
mine the optimum formulation(s). The technique
requires minimum experimentation and time, thus
proving to be far more effective and cost-effective
than the conventional methods of formulating
dosage forms (13, 14).

Domperidone is synthetic benzimidazole com-
pound that act as dopamine D2 receptor antagonist
drug widely used in the treatment of motion-sick-
ness. It is rapidly absorbed from the stomach and the
upper part of the GIT by active transport, after oral
administration, and few side effects have been
reported. It is a weak base with good solubility in
acidic pH but in alkaline pH solubility is signifi-
cantly reduced. Oral controlled release dosage forms
containing drug, which is a weak base, are exposed
to environments of increasing pH and poorly soluble
free base may get precipitated within the formula-
tion in the intestinal fluid. Precipitated drug is no
longer capable of being released from the formula-
tion. It is absorbed orally, but bioavailability is only
15% due to first pass metabolism. It is eliminated
during 7 h after single oral administration; its con-
centration peak at 30 min following oral administra-
tion also favors development of a sustained release
formulation (15).

Gum Ghatti (GG) is the amorphous translucent
exudate of the Anogeissus Latifolia tree of the
Combretaceae family. The tree occurs throughout
the greater part of India; more commonly in the dry
deciduous forests. The gum, locally called Dhavda,
when first exuded is in a soft plastic form (16).

In present study, SRMM tablets were prepared
using various proportions of GG and HPMC K 15M.
The formulated tablets were characterized through
tablet parametric tests, mucoadhesive strength and
in vitro drug release studies and optimized using
RSM and design of experiment (DoE) for selecting
optimum formulations with desired responses.
Polynomial equations thus generated were used for
mapping the responses over the experimental
domains for determining the optimum formulation.

MATERIALS AND METHODS

Materials

Domperidone and HPMC K 15M were
received as gift samples from Helios
Pharmaceuticals, Baddi, India. Vivapur-102 was
kindly gifted by S. Zhaveri, Mumbai, India. Gum
ghatti was procured from Loba Chemie, Mumbai,
India. Talc and magnesium stearate were purchased
from S. D. Fine Chemicals Ltd. Mumbai, India. All
other chemicals and reagents were of analytical
grade and were used as such.

Characterization of gum ghatti

GG was characterized for swelling index, vis-
cosity, pH and for microbial load. Microbial load
was determined as outlined in Indian Pharmaco-
poeia 2007 for total aerobic count using plate count
method. Pre-treated sample was inoculated on nutri-
ent agar plates and were incubated for 96 and 120 h
at 34 ± 0.5 and 22 ± 0.5OC for bacteria and fungi,
respectively. Then, the number of colony forming
units was calculated for bacteria and fungi.

Preparation of tablets

SRMM tablets containing domperidone were
prepared by direct compression technology using
variable concentrations of GG and HPMC K 15M
according to Table 1. Before use, drug and polymers
(GG, HPMC K 15M and Vivapur 102) were
screened through 80 mesh sieve (size: 180 µm),
while talc and magnesium stearate were screened
through # 120 mesh sieve (size: 125 µm). All the
materials were accurately weighed and mixed inti-
mately in a polyethylene bag for 2 min. The directly
compressible mixtures were compressed into tablet
using 8.5 mm standard concave punch with single
stroke multi punch tablet punching machine (AK
Industries, India) and keeping average weight of 250
mg. All domperidone loaded mucoadhesive matrix

Table 1. Composition of formulated domperidone tablets.

Ingredients Quantity (mg)  

Domperidone 30  

Gum ghatti 20ñ60  

HPMC K 15 M 30ñ50  

Talc 2  

Magnesium sulfate 2  

Vivapur 102 qs to 200 mg  

qs = quantity sufficient
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tablets were stored in air tight container at room
temperature for further study.

Experimental design

Based on evaluation of prototype formulation,
two polymers were found to be having predominant
effect on bioadhesive strength and drug release. A
central composite design with α = 1 was employed
to study the effect of two independent variables (X1

= % GG and X2 = % HPMC K 15M) in three differ-
ent concentrations on the dependent variables like
mucoadhesive strength, tensile strength, n, t50, rel10 h

and rel18 h. Formulations Z1ñZ9 were prepared by
varying the levels of the independent variables as
required by the experimental design and factors lev-
els were suitably coded in Table 2.

Evaluation of tablets

Drug assay and physical evaluation 
Twenty tablets were powdered individually

and a quantity equivalent to 100 mg of domperidone
was accurately weighed and extracted with a suit-
able volume of 0.1 M HCl. Each extract was filtered
through Whatman filter paper No. 41 (Whatman
Paper Limited, UK) and analyzed spectrophotomet-
rically (Systronics 2202, India) at 284 nm after suf-
ficient dilution. The formulated tablets were also
evaluated for hardness using a Monsanto hardness
tester (PharmaChem Machineries, Mumbai, India),
friability using Roche friabilator (Digital friability
test apparatus, Model 102 EI, India), weight varia-

tion using analytical balance (Citizen CY 200), and
thickness using digital vernier callipers (Mitutoyo,
absolute digimax caliper, CD 6î CSX, Japan).

Tensile strength
The tablet tensile strength is the force required

to break a tablet by compressing it in the radial
direction and was measured using a Monsanto hard-
ness tester. Tensile strength for crushing (T) is cal-
culated using equation: 

T = 2F / π d t
where F is the crushing load, and d and t denote the
diameter and thickness of the tablet, respectively. 

Ex vivo mucoadhesive strength
Porcine gastric mucosa were utilized as the

model membrane for ex vivo bioadhesive strength
determination of various formulations. The mucosal
membrane was excised by removing the underlying
connective tissue and was placed on the base of
Texture Profile Analyzer (TAXT plus, Stable
MicroSystems, UK). A tablet was attached to the
stainless steel probe fixed to the mobile arm of the
texture analyzer. The area of contact of mucosa was
moistened with 50 µL of SGF. The mobile arm was
lowered at a rate of 0.5 mm/s until a contact with the
membrane was made. A contact force of 1 N was
maintained for 60 s, after which the probe was with-
drawn from the membrane at a 0.5 mm/s to the dis-
tance of 15 mm. The peak detachment force was
recorded as a measure of bioadhesion (17).

Table 2. Factor combinations for the selected experimental design. Coded factor levels.

Trail Coded factor levels

No.    X1 X2

Z1 ñ1 ñ1

Z2 0 ñ1

Z3 1 ñ1

Z4 ñ1 0

Z5 0 0

Z6 1 0

Z7 ñ1 1

Z8 0 1

Z9 1 1

Translation of coded levels in actual units

Coded level -1 0 1  

Gum ghatti (mg) 20 40 60  

HPMC K 15M (mg) 30 40 50  
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In vitro drug release study

The in vitro drug release studies of the SRMM
tablets were conducted in eight stage USP type II
dissolution apparatus (Lab India, DS 8000) equili-
brated at temperature 37 ± 0.5OC and 50 rpm speed.
The dissolution studies were carried out in triplicate
for 24 h in 900 mL of 0.1 M HCl (pH 1.2) as a
buffer. The dissolution samples were collected at
every 1 h interval for 24 h and replaced with an
equal volume of buffer to maintain the volume con-
stant. The sample solution was diluted sufficiently
and analyzed at 284 nm by a UV spectrophotometer
(Systronics 2202, India). The amount of drug pres-
ent in the sample was calculated with the help of
appropriate calibration curves constructed from ref-
erence standard of the respective drug. Drug dis-
solved at specified period was plotted as a percent
release versus time (h) curve, depicted in Figure 1.

Data analysis

To analyze the in vitro release data, various
kinetic models were used to describe the release
kinetics. The zero order rate (Eq. 1) describes the
systems where the drug release rate is independent
of its concentration (Fig. 1). The first order rate (Eq.

2) describes the release from system where release
rate is concentration dependent (Fig. 2). Higuchi
equation (18) (Eq. 3) described the release of drugs
from insoluble matrix as a square root of time
dependent process based on fickian diffusion (Fig.
3). The Hixson-Crowell cube root law (19) (Eq. 4)
describes the release from systems where there is a
change in surface area and diameter of particles or
tablets (Fig. 4).

C = kot (1)
where, k0 is zero-order rate constant expressed in
units of concentration/time and t is the time.

Log C = Log C0 ñ k1t/ 2.303 (2)
where C0 is the initial concentration of drug and k1 is
first order constant.

Q = kHt1/ 2 (3)
where kH is the rate constant for Higuchi equation.

Q0
1/3 ñ Qt

1/3 = kHC t (4)
where Qt is the amount of drug released in time t, Q0

is the initial amount of the drug in tablet and kHC is
the rate constant for Hixson-Crowell rate equation.

The following plots were made: cumulative %
drug release vs. time (zero order kinetic model); log
cumulative of % drug remaining vs. time (first order

Figure 1. Zero order release model of domperidone from SRMM
tablets

Figure 2. First order release model of domperidone from SRMM
tablets

Figure 3. Korsmeyer-Peppas model for mechanism of drug 
release

Figure 4. Higuchi release model of domperidone from SRMM
tablets
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kinetic model); cumulative % drug release vs.
square root of time (Higuchi model); (Korsmeyer-
Peppas model) and cube root of drug % remaining in
matrix vs. time (Hixson-Crowell cube root law).

Mechanism of drug release

Korsmeyer et al. (20, 21) derived a simple rela-
tionship between log cumulative % drug releases vs.
log time, which described drug release from a poly-
meric system (Eq. 5). To find out the mechanism of
drug release, first 60% drug release data were fitted
in KorsmeyerñPeppas model (Fig. 5):

Mt / M8 = kKP t (5)

where Mt / M8 is a fraction of drug released at time
t, kKP is the rate constant and n is the release expo-
nent. The n value is used to characterize different
release mechanisms as given in table for cylindrical
shaped matrices. The value of n = 0.45 indicates a
classical fickian diffusion-controlled (case I) drug
release, n = 0.89 indicates a case II relaxational
release transport; non-fickian, zero-order release
and n > 0.89 indicates super case II (increased plas-
ticization at the relaxing boundary) type of release.
Values of n between 0.45 and 0.89 can be regarded
as an indicator of both phenomena (drug diffusion in
the hydrated matrix and the polymer relaxation)
commonly called anomalous transport.

Optimization data analysis and validation of

optimized model

The traditional approach to developing a for-
mulation is to change one variable at a time. By this
method it is difficult to develop an optimized for-
mulation, as the method reveals nothing about the
interactions among the variables. Various response
surface methodology (RSM) computations for the
current optimization study were performed employ-
ing the design expert software (Version 7.0.0, Stat-
Ease). Hence, a CCD with 2 factors, 3 levels, and 9
runs was selected for the optimization study. In this
design, 2 formulation independent factors are evalu-
ated, each at 3 levels (low, medium and high), and
experimental trials are performed at all 9 possible
combinations. GG (X1) and HPMC K 15M (X2),
were selected as independent variables.
Mucoadhesive strength, tensile strength, n, t50, rel10 h

and rel18 h were selected as dependent variables.
After application of CCD and with the aid of pro-
duced polynomial terms, the amount of two formu-
lation variables was optimized. The optimized
amount of the GG and HPMC K 15M were incorpo-
rated in the tablet which was used as the check point
of the regression analysis model. The polynomial

equation 6 generated by this experimental design
(using Design Expert 7.0.0 software, State Ease
Inc.) is as follows:
Y = β0 + β1X1 + β2X2 + β3X1 X2 + β4X1

2 + β5X2
2 (6)

where, β0 is the intercept representing the arithmetic
average of all quantitative outcomes of 13 runs; β1 to
β5 are the coefficients computed from the observed
experimental values of Y; and X1 and X2 are the
coded levels of the independent variable(s). The
terms X1X2 and Xi

2 (i = 1 to 2) represent the interac-
tion and quadratic terms, respectively. Statistical
validity of the polynomials was established on the
basis of ANOVA provision in the design expert soft-
ware.

Ex vivo mucoadhesion time

The ex vivo mucoadhesion time was per-
formed (n = 3) after application of the tablet on
freshly cut rat stomach mucosa. The fresh rat
stomach mucosa was tied on the glass slide with
the help of double sided tape and the optimized
tablet was wetted with 1 drop of 0.1 M HCl (pH
1.2) and pasted to the rat stomach mucosa by
applying a light force with a fingertip for 30 s. The
glass slide was placed at the bottom of vessel pad-
dle type USP Type-II (Lab India, DS 8000) appa-
ratus. The test was performed with 900 mL of the
0.1 M HCl at 37 ± 1OC. After 2 min, a 50 rpm stir-
ring rate was applied to simulate the stomach envi-
ronment, and tablet adhesion was monitored for 24
h. The time for the tablet to detach from the rat
stomach mucosa was recorded as the mucoadhe-
sion time (22). The experimental protocol was
approved by the institutional animal ethics com-
mittee and the animals were cared as per the
guidelines of the committee for the purpose of
control and supervision of experiments on animals
(CPCSEA), Ministry of Environment and Forests,
Government of India (Reg No. 107/1999/CPC-
SEA).

Stability studies

The success of an effective formulation can be
evaluated only through stability studies. The pur-
pose of stability testing was to obtain a stable prod-
uct, which assures its safety and efficacy up to the
end of shelf life at defined storage conditions and
peak profile. Accelerated stability testing was car-
ried out according to ICH guidelines (40OC / 75%
RH). One hundred tablets of each batch were secure-
ly packed in HDPE bottles and kept in a stability
chamber. Tablets were evaluated at 0 day and after
3 and 6 months for tensile strength, mucoadhesive
strength and drug assay.
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RESULTS AND DISCUSSION

Characterization of GG

Swelling index of 1% w/v solution of GG was
found to be 21, which indicated good swelling ten-
dency of the natural gum. Viscosity of 1% w/v solu-
tion of GG using spindle number 61 of Brookfield
viscometer at 37 ± 1OC was found to be 50, 25.5,
13.2 and 5.5 at 6, 12, 30 and 60 rpm, respectively.
pH of 1% w/v solution at 37 ± 1OC was found to be
6.87. 

As natural materials are prone to possess
microbial contamination so it became necessary to
perform microbial load studies. Total aerobic count
using plate count method was determined as given
in Indian Pharmacopoeia 2007. The number of
colony forming units were found to be 55 CFU/g
and 9 CFU/g for bacteria and fungi, respectively
(Fig. 6), which were well within limits as per Indian
Pharmacopoeia 2007 for total aerobic count. 

Drug assay and physical evaluation

The assessment results for physical parameters
and drug assay for designed SRMM tablet formula-
tions are shown in Table 3. The assayed content of
drug was found between 99.19 ± 0.64 and 99.97 ±
0.71% for different formulated batches, showing

that even changing experimental parameters i.e.,
changing the polymer concentrations, did not effect
drug content. The hardness of all prepared batches
was found to be ranging between 3.5 ± 0.50 to 8.5 ±
0.50 kg/cm2 (Z1 to Z9). This extensive hardness
without addition of any binding agent in formulation
indicates the binding potential of GG. The maxi-
mum diameters and thickness of prepared tablets
was found to be 8.5 ± 0.3 mm and 4.0 ± 0.2 mm. The
friability of formulated tablets was found to be
decreased from 0.16 ± 0.02 to 0.01 ± 0.01% (Z1 to
Z9) and tensile strength rised from 0.665 ± 0.1 to
1.591 ± 0.1 MN/cm2 (Z1 to Z9) with the increase in
polymer concentrations. This decline in friability
and raise in tensile strength with proportional
increase in polymer concentration pointed towards
the binding property of GG.

In vitro drug release profile

The release of domperidone from the prepared
SRMM tablet formulations was analyzed by plotting
the cumulative percent drug released vs. time as
shown in Figure 1. The release profile found to be
declined from 94.75 to 71.29% (Z1 to Z9) indicating
the release retardant belonging of GG and HPMC K
15M with the increase in concentration of both
polymers. These release patterns indicates the
matrix forming belonging of HPMC K 15M and nat-
ural gum (GG), which might be responsible for con-
trolling the release of drug through the formation of
sound matrix.This may be due to the increased vis-
cosity of the gel layer around the tablet with an
increase in the polymers concentration, thus limiting
the release of active ingredient. At high levels of
both the polymers, a significant fraction of the drug
(~28%) remained unreleased until 24 h.

Release kinetics and mechanism of release

Several kinetic models describe drug release
from immediate and modified release dosage forms.
The correlation coefficient (r) value was used as

Figure 5. Hixson-Crowell cube root plots of domperidone from
SRMM tablets

Figure 6. Microbial load studies
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criteria to choose the best model to describe drug
release from the mucoadhesive controlled release
tablets. The r-value in various models is given in
Table 4. In most of the formulated tablets, the r val-
ues were higher in first order model than in zero
order model indicating that the drug release from
most of the tablets was dependent on remaining
drug concentration. The r-values (r = 0.982)
obtained for fitting the drug release data to the
Hixson Crowell equation, indicated that the drug
release mechanism from these tablets was erosion
and diffusion controlled. There was a decrease in
the surface area of the tablet with time as dissolu-
tion proceeded. The values of n in Peppas model
also indicated that the release exponent shifts from
non fickian to super case II with the increasing

polymer concentration. The release exponent rise
from 0.834 ± 0.12 to 1.171 ± 0.05 and 1.211 ± 0.09
to 1.273 ± 0.11 at low and high level of HPMC K
15M, respectively, as the concentration of GG is
increased and n amplified from 0.834 ± 0.12 to
1.211 ± 0.09 and from 1.171 ± 0.05 to 1.273 ± 0.11
at low and high levels of GG, respectively, as the
concentration of HPMC K 15M increased. This
indicates that the release mechanism shifted from
combination of erosion as well as diffusion to ero-
sion only along with polymer disentanglement with
plasticization of relaxing boundaries.

Mathematical modelling

Mathematical relationships generated using
design expert software (Design Expert 7.0.0 soft-

Figure 7. Response surface plot showing the influence of amount of GG and HPMC K 15M on mucoadhesive strength

Figure 8. Response surface plot showing the influence of amount of GG and HPMC K 15M on tensile strength
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ware, State Ease Inc.) for the studied response vari-
ables (Table 5) by varying concentration of inde-
pendent variables and the polynomial equations
were found to be highly statistically significant (p <
0.001), as determined by ANOVA. Equations (7) ñ
(12) are expressed in terms of coded factors:
Mucoadhesive strength = 29.23 + 13.35X1 + 5.91X2

+ 0.87 X1 X2 ñ 0.43 X1
2 + 0.75 X2

2 (7); 
Tensile strength = 1.22 + 0.26 X1 + 0.20 X2 + 0.026
X1 X2 ñ 0.10 X1

2 ñ 0.010X2
2 (8)

Release exponent (n) = 0.87 + 0.11 X1 + 0.12 X2 ñ
0.069 X1 X2 ñ 0.016 X1

2 + 0.27 X2
2 (9)

t50 = 9.39 + 0.82X1 + 2.58 X2 ñ 0.48 X1 X2 ñ 0.064
X1

2 ñ 0.66 X2
2 (10)

rel10 h = 53.47 ñ 4.84X1 ñ 16.08 X2 + 2.25 X1 X2 +
0.88 X1

2 + 3.98 X2
2 (11)

rel 18 h = 73.91 ñ 2.89X1 ñ 11.94 X2 + 0.59 X1 X2 +
1.55 X1

2 + 2.05 X2
2 (12)

The polynomial equations can be used to draw
conclusions after considering the magnitude of coef-
ficient and the mathematical sign it carries (i.e., pos-
tive or negtive). Equations (7) and (8) made known
that the amounts of GG (X1) has a leading role for
the response variables viz. mucoadhesive strength,
tensile strength,. while equations (9), (10), (11) and
(12) show that HPMC K 15M (X2) has dominating
role on the release exponent (n), t50 (time for 50%

Figure 9. Response surface plot showing the influence of amount of GG and HPMC K 15M on release exponent (n)

Figure 10. Response surface plot showing the influence of amount of GG and HPMC K 15M on t50
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drug release), rel10 h (release after 10 h) and rel18 h

(release after 18 h).

Mucoadhesion strength

The polynomial equation 7 illustrates that GG
was played principal role in mucoadhesive potential
upon HPMC K 15M. The response surface plot 7
shows the effect of GG on mucoadhesive strength,
as observed with porcine mucosa, which increased
from 10.789 ± 0.985 to 36.639 ± 1.264 N and from
21.577 ± 0.869 to 50.924 ± 1.150 N at low and high
level of HPMC K 15M, respectively, as the concen-

tration of GG was increased, and mucoadhesive
strength increased from 10.789 ± 0.985 to 21.577 ±
0.869 N and from 36.639 ± 1.264 to 50.924 ± 1.150
N at low and high levels of GG, respectively, as the
concentration of HPMC K 15M was increased. This
boost in mucoadhesive strength with intensification
in polymer concentration may be due to an increase
in interpenetration or interdiffusionat free molecular
chain ends at the interface between mucus and
mucoadhesive polymers, which ultimately supports
the development of final binding strength and leads
to development of strong bonds.

Figure 11. Response surface plot showing the influence of amount of GG and HPMC K 15M on rel10h

Figure 12. Response surface plot showing the influence of amount of GG and HPMC K 15M on rel18h
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Table 3. Evaluation of formulated tablets.

Tensile Drug
Batch 

Diameter Thickness Hardness
Strength

Friability
content(mm)  (mm)  (Kg/cm2) 

(MN/cm2) 
(%) 

(%)

Z1 8.5 ± 0.3 4.0 ± 0.1 3.5 ± 0.5 0.665 ± 0.1 0.16 ± 0.02 99.51 ± 0.57

Z2 8.5 ± 0.2 4.0 ± 0.2 5.5 ± 0.25 1.029 ± 0.07 0.12 ± 0.02 99.82 ± 0.32

Z3 8.5 ± 0.3 4.0 ± 0.1 6.0 ± 0.60 1.123 ± 0.12  0.10 ± 0.01 99.91 ± 0.64

Z4 8.5 ± 0.1 4.0 ± 0.1 4.5 ± 0.40 0. 842 ± 0.08 0.08 ± 0.01 99.73 ± 0.31

Z5 8.5 ± 0.2 4.0 ± 0.2 6.5 ± 0.50 1.217 ± 0.13 0.07 ± 0.02 99.85 ± 0.46

Z6 8.5 ± 0.2 4.0 ± 0.2 7.5 ± 0.30 1.404 ± 0.095 0.04 ±0.01 99.89 ± 0.67

Z7 8.5 ± 0.3 4.0 ± 0.1 5.5 ± 0.60 1.029 ± 0.09  0.04 ±0.02 99.85 ± 0.39

Z8 8.5 ± 0.1 4.0 ± 0.2 7.5 ± 0.70 1.404 ± 0.13 0.02 ±0.01 99.19 ± 0.27

Z9 8.5 ± 0.1 4.0 ± 0.2 8.5 ± 0.50 1.591 ± 0.1 0.01 ±0.01 99.97 ± 0.71

Mean± S.D, n=3

Table 4. Release kinetic studies offormulated tablets.

Zero order First order Higuchi Korsmeyer- Peppas Hixson- Crowell 
Batch

r2 k0(h-1) r2 k1(h-1) r2 kH(h1/2) r2 n kKP(h-n) r2 kHC(h-n)

Z1 0.744 3.244 0.979 -0.089 0.960 75.502 0.988 0.834 1.116 0.979 -0.186

Z2 0.775 3.471 0.990 -0.086 0.969 79.514 0.992 1.003 0.920 0.982 -0.185

Z3 0.857 3.968 0.958 -0.082 0.978 86.879 0.987 1.171 0.691 0.971 -0.187

Z4 0.892 3.205 0.954 -0.078 0.971 68.522 0.995 0.704 1.071 0.913 -0.173

Z5 0.918 3.345 0.937 -0.078 0.955 69.91 0.99 0.867 0.844 0.964 -0.174

Z6 0.939 3.455 0.914 -0.077 0.943 70.973 0.990 0.992 0.689 0.955 -0.174

Z7 0.939 3.455 0.914 -0.077 0.943 70.973 0.995 1.211 0.43 0.939 -0.174

Z8 0.940 3.424 0.912 -0.077 0.934 69.933 0.972 1.266 0.315 0.938 -0.173

Z9 0.9273 3.331 0.9397 -0.079 0.936 68.59 0.972 1.273 0.3072 0.956 -0.175

Table 5. Response parameters of various formulations prepared as per the experimental design.

Trail Mucoadhesive Tensile Release t50 Rel10h Rel18h

no.  strength (N)  strength(MN/cm2)  kinetic (n) (h) (%) (%)

Z1 10.789 ± 0.985 0.665 ± 0.1 0.834 ± 0.12 5 ± 0.12 79.69 ± 1.12 92.18 ± 1.89

Z2 23.927 ± 0.763 1.029 ± 0.07  1.003 ± 0.07 6 ± 0.09 75.01 ± 1.54 87.87 ± 1.67

Z3 36.639 ± 1.264 1.123 ± 0.12  1.171 ± 0.05 7.3 ± 0.08 67.64 ± 1.87 86.77 ± 1.09

Z4 15.484 ± 0.718 0. 842 ± 0.08 0.704 ± 0.06 8.2 ± 0.13 61.85 ± 2.08 79.90 ± 1.56

Z5 29.589 ± 0.824 1.217 ± 0.13 0.867 ± 0.04 9.4 ± 0.14 53.25 ± 1.93 73.91 ± 1.78

Z6 40.378 ± 0.985 1.404 ± 0.095 0.992 ± 0.06 10.4 ± 0.09 47.95 ± 1.27 71.06 ± 1.34

Z7 21.577 ± 0.869 1.029 ± 0.09  1.211 ± 0.09 11 ± 0.11 43.97 ± 1.59 67.08 ± 1.83

Z8 34.289 ± 1.365 1.404 ± 0.13 1.266 ± 0.14 11.4 ± 0.07 40.98 ± 1.39 64.10 ± 1.42

Z9 50.924 ± 1.150 1.591 ± 0.1 1.273 ± 0.11 11.4 ± 0.14 40.90 ± 1.65 64.01 ± 1.17

Mean ± S.D, n=3



Gum ghatti ñ a pharmaceutical excipient: development, evaluation and... 735

Tensile strength

The polynomial equation 8 indicates the effect
of GG that was found to be ruling on the tensile
strength rather than HPMC K 15M, which has sig-
nificant but smaller effect. The response surface plot
(Fig. 8) illustrates that the value of tensile strength
showed an increase from 0.665 ± 0.1 to 1.123 ± 0.12
mN/cm2 and from 1.029 ± 0.09 to 1.591 ± 0.1
mN/cm2 at low and high level of HPMC K 15M,
respectively, and increasing GG concentration from
0.665 ± 0.1 to 1.029 ± 0.09 and from 1.123 ± 0.12 to
1.591 ± 0.1 at low and high levels of GG, respec-
tively, as the concentration of HPMC K 15 M was
increased.This improvement in tensile strength may
be due to extensive binding potential of GG in con-
centration dependent manner. These finding con-
cludes that GG was a good tablet binding agent. 

Release kinetics

The polynomial equation (9) shows that GG
and HPMC K 15M have almost equal and significant
effect on the release mechanism. From response sur-
face plot (Fig. 9) it was concluded that the release
exponent rises from 0.834 ± 0.12 to 1.171 ± 0.05 and
from 1.211 ± 0.09 to 1.273 ± 0.11at low and high
level of HPMC K 15M, respectively, as the concen-
tration of GG was increased, and release exponent
(n) increased from 0.834 ± 0.12 to 1.211 ± 0.09 and
from 1.171 ± 0.05 to 1.273 ± 0.11 at low and high
levels of GG, respectively, as the concentration of
HPMC K 15M was increased. This research outcome
suggests that with the increase in both polymer con-
centrations, the release shifts from combination of
diffusion and erosion to erosion only. This finding
suggests that both polymers have important and

Table 6. Experimentally observed response parameters of two optimum formulation and comparison with predicted values for validation
of response surface methodology.

Formulation composition Response Constraints Observed Predicted Error
Gum ghatti/HPMC K15M (mg) parameters  set  value  value  (%)  

Mucoadhesive Maximize 50.112 49.676 0.88
strength (N)

Tensile strength (MN/cm2) Maximize 1.576 1.596 1.25
30/25 Release kinetic (n) Maximize 1.295 1.291 0.31

t50 Maximize 11.575 11.587 0.10
Rel10 h Minimize 38.901 39.651 1.89
Rel18 h Minimize 62.197 63.278 1.71

Mucoadhesive Maximize 48.418 49.469 2.12
strength (N)

Tensile strength (MN/cm2) Maximize 1.578 1.591 0.82
30/24.87  Release sinetic (n) Maximize 1.253 1.276 1.80

t50 Maximize 11.500 11.567 0.14
Rel10 h Minimize 39.019 39.801 1.96
Rel18 h Minimize 64.218 63.460 1.19

Table 7. Results of accelerated stability studies on SRMM tablets.

Parameter (months)

Batch    Tensile strength Mucoadhesive strength Drug assay

0 3 6 0 3 6 0 3 6  

Z1 0.665± 0.1 0.660± 0.08 0.657± 0.06 10.789± 0.985 10.501± 0.656 10.631± 0.505 99.51± 0.57 99.80± 0.60 99.67± 0.55  

Z2 1.029± 0.07 1.020± 0.09 1.019± 0.06 23.927± 0.763 23.503± 0.801 23.822± 0.919 99.82± 0.32 99.58± 0.55 99.45± 0.43

Z3 1.123± 0.12  1.125± 0.10 1.119± 0.16 36.639± 1.264 36.628± 0.897 36.221± 1.019 99.91± 0.64 9.79± 0.38 99.87± 0.42

Z4 0. 842± 0.08 0.835± 0.05 0.837± 0.13 15.484± 0.718 15.931± 0.780 15.281± 0.509 99.73± 0.31 99.89± 0.54 99.80± 0.43

Z5 1.217± 0.13 1.210± 0.06 1.215± 0.08 29.589± 0.824 29.063± 0.645 29.806± 0.988 99.85± 0.46 99.55± 0.87 99.76± 0.48

Z6 1.404± 0.095 1.414± 0.12 1.409± 0.07 40.378± 0.985 40.082± 0.685 40.850± 0.712 99.89± 0.67 99.58± 0.70 99.90± 0.76

Z7 1.029± 0.09  1.028± 0.06 1.020± 0.10 21.577± 0.869 21.731± 0.173 21.256± 0.705 99.85± 0.39 99.81± 0.65 99.69± 0.93

Z8 1.404± 0.13 1.399± 0.11 1.407± 0.14 34.289± 1.365 34.802± 1.506 34.093± 1.106 99.19± 0.27 99.12± 0.15 99.30± 0.72

Z9 1.591± 0.1 1.596± 0.16 1.587± 0.07 50.924± 1.150 50.007± 1.103 50.413± 0.546 99.97± 0.71 99.73± 0.78 99.89± 0.43

Mean ± SD, n = 3
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equivalent effect in managing the release of drug
through the formation of sound matrix and corre-
sponding lengthening of the drug diffusion pathway
and retards the drug release rate.

These findings conclude that both GG and
HPMC K 15M have immense capability for regula-
tion and retarding the release by forming decent
matrix tablets.

t50 (time for 50% drug release)

The response surface plot (Fig. 10) and poly-
nomial equation (10) exemplify that HPMC K 15M
has leading role in controlling the release, moreover,
GG has significant contributory effect in release
retardation almost 6 h solely observed in prelimi-
nary evaluation. The value of t50 increased from 5 ±
0.12 to 7.3 ± 0.08 h and from 11 ± 0.11 to 11.4 ±
0.14 h at low and high level of HPMC K 15M,
respectively, as the concentration of GG was
increased and the value of release exponent (n)
increased from 5 ± 0.12 to 11 ± 0.11 h and from 7.3
± 0.08 to 11.4 ± 0.14 h at low and high levels of GG,
respectively, as the concentration of HPMC K 15M
increased. The formation of tight matrix with the
increase in polymer concentration might be respon-
sible for this rise in t50. These research outcomes
indicated the release retardant potential of HPMC K
15M and GG in formulation of matrix tablets.

Rel10 h (release after 10 h)

The response surface plot (Fig. 11) shows max-
imum release retardant behavior at the maximum
concentration level of both the polymers, however,
HPMC K 15 M has a prime role in retarding release
and GG has supporting role in controlling the
release by supporting the formation of sound matrix,
as GG can direct release exclusively for 6 h.
Polynomial equation (11) represents the rel10 h which
was found to be decreased from 79.69 ± 1.12 to
67.64 ± 1.87% and from 43.97 ± 1.59 to 40.90 ±
1.65% at low and high level of HPMC K 15M,
respectively, with increasing GG concentration, and
decreased from 79.69 ± 1.12 to 43.97 ± 1.59% and
from 71.78 ± 1.87 to 40.90 ± 1.65 % at low and high
levels of GG, respectively, as the concentration of
HPMC K 15 M was increased. These values indicate
that the combination of HPMC K 15M and GG
behave as a good release retardant agent as they
retard the release at their maximum levels to 40.90
± 1.65%. 

Rel18 h (release after 18 h)

The polynomial equation (12) clues that
HPMC K 15M stands as authentic release retardant

mediator along with GG and shows improvement in
controlling the release for longer duration of time.
The response surface plot (Fig. 12) shows the
change in the value of rel18 h from 92.18 ± 1.89 to
86.77 ± 1.09% and from 67.08 ± 1.83 to 64.01±
1.17% at low and high level of HPMC K 15M,
respectively, with increasing GG concentration
from 92.18 ± 1.89 to 67.08 ± 1.83% and from 86.77
± 1.09 to 64.01 ± 1.17% at low and high levels of
GG, respectively, as the concentration of HPMC K
15 M was increased. These research findings sug-
gest the combination of HPMC K 15 M and GG as
matrix forming agent and superior properties in con-
trolling the release.

Optimization data analysis and validation of

optimized model

Two formulations out of thirty solutions were
selected as check-points to validate DoE optimiza-
tion. Mucoadhesive matrix tablet formulations were
compressed using the chosen optimal composition
and evaluated for physical tests, dissolution per-
formance and bioadhesion, as described earlier.
These optimized formulations, which have composi-
tion of polymers (GG/HPMC K15 M) with 30/25
mg and 30/24.87 mg, show desirability of 0.995 and
0.994, respectively. The optimized formulation was
evaluated for various dependent variables. The
response values were calculated and compared to
the corresponding predicted values. Table 6 lists the
values of the observed responses and those predict-
ed by mathematical models along with the percent-
age prediction errors. The maximum prediction
error for the response parameter was found to be
1.89 and 2.12%, respectively, for both optimized
formulations. 

Ex vivo mucoadhesion time

The optimized formulation was tested for
mucoadhesion time because main objective of the
gastroretentive formulations are to prolong gastric
resident time, which is necessary for increasing the
extent of release and absorption. Gastric resident
time is governed by the mucoadhesion time which,
evaluated using rat stomach mucosa, was found to
be more than 24 h in the formulated tablets. Residual
of tablets on the rat stomach were remain even after
36 h. These findings conclude that the GG was a
good mucoadhesive polymer.

Accelerated stability studies

Accelerated stability data (Table 7) show the
effect of accelerated storage conditions on the
mucoadhesive strength, tensile strength and drug
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assay of various batches of GG tablets. It was evi-
dent from the results that there was no significant
change in the mucoadhesive strength, tensile
strength and drug assay observed with any batch of
prepared tablets kept under accelerated storage con-
ditions.

CONCLUSION

In our study, we developed sustained release
domperidone mucoadhesive oral matrix tablet of
gum ghatti by using direct compression without any
time consuming granulation processes with an aim
to provide an effective therapy with enhanced
bioavailability and better targeting of drug at the site
of action. The mucoadhesive polymers of gum ghat-
ti and HPMC K 15M are more effective in combi-
nation than alone in order to achieve desired gastric
retention and better drug release profile. Suitable
combination of the two polymers, optimized using
2-factor central composite design, showed good
agreement between predicted and observed respons-
es represented by mucoadhesive strength, tensile
strength, n, t50, rel10 h and rel18 h values. It can be con-
cluded that natural polymer gum ghatti can be used
as binder, release retardant and mucoadhesive agent
for its pharmaceutical applications.

Acknowledgment

The authors are grateful to Dr. Madhu
Chitkara, Vice Chancellor, Chitkara University,
Patiala, Punjab, India, Dr. Ashok Chitkara,
Chairman, Chitkara Educational Trust, Chandigarh,
India and Dr. Sandeep Arora, Dean, Chitkara
University, Patiala, Punjab, India, for support and
institutional facilities. 

Declaration of interest

Authors do not have any commercial affilia-
tions, or potential conflicts of interest associated
with this work submitted for publication.

REFERENCES

1. Gandhi R.B., Robinson J.R: Adv. Drug Deliv.
Rev. 13, 43 (1994).

2. Gupta P.K., Leung S.H.S., Robinson J.R.: in
Bioadhesive Drug Delivery Systems, Lenaerts

V., Gurny R. Eds., p. 65, CRC Press, Boca
Raton 1990.

3. Madsen F., Eberth K., Smart J.D.: J. Control.
Release 50, 167 (1998).

4. Jay S., Fountain W., Cui Z.,Mumper R.J.: J.
Pharm. Sci. 91, 2016 (2002).

5. Jimenez C.N.R., Zia H., Rhodes C.T.: Drug
Dev. Ind. Pharm. 19, 143 (1993).

6. Akiyama Y., Nagahara N.: in Bioadhesive Drug
Delivery Systems, Mathiowitz E., Chidckering
De., Lehr C.M. Eds., p. 477, Marcel Dekker
Inc., New York 1999.

7. Peltola J., Coetzee C., Jimenez F., Litovchenko
T., Ramaratnam S., Zaslavaskiy L., Lu Z.S.,
Sykes D.M.: Epilepsia 50, 406 (2009).

8. Bomma R., Swamy Naidu R.A., Yamsani M.R.,
Veerabrahma K.: Acta Pharm. 59, 211 (2009).

9. Longer M.A., Ching H.S., Robinson J.R.: J.
Pharm. Sci. 74, 406 (1985).

10. Streubel A., Siepmann J., Bodmeier R.: Curr.
Opin. Pharmacol. 6, 501 (2006).

11. Streubel A., Siepmann J., Bodmeier R.: Expert
Opin. Drug Deliv. 3, 217 (2006).

12. Andrews G.P., Laverty T.P., Jones D.S.: Eur. J.
Pharm. Biopharm. 71, 505 (2009).

13. Kumar P., Singh I.: Acta Pharm. 60, 295
(2010).

14. Singh B., Rani A., Babita, Ahuja N., Kapil R.:
Sci. Pharm. 78, 303 (2010).

15. Tripathi K.D.: in Essentials of Medical
Pharmacology, p. 639, Jaypee Brothers,
Medical Publishers Ltd., New Delhi 2008.

16. Available from: www.ffcr.or.jp/zaidan/FFCR-
HOME.nsf/.../$FILE/D191.pdf, retrieved on
12-10-2010.

17. Thirawong N., Nunthanid J., Puttipipatkh-
achorn S., Sriamornsak P.: Eur. J. Pharm.
Biopharm. 67, 132 (2007).

18. Higuchi T.: J. Pharm. Sci. 50, 874 (1961).
19. Hixson A.W., Crowell J.H.: Ind. Eng. Chem.

23, 923 (1931).
20. Korsmeyer R.W.,GurnyR., Doelker E., Buri P.,

Peppas N.A.: Int. J. Pharm. 15, 25 (1983).
21. Peppas N.A.: Pharm. Acta Helv. 60, 110

(1985).
22. Patel V.M., Prajapati B.G., Patel H.V., Patel

K.M.: AAPS PharmSciTech. 8, E1, (2007).

Received: 16. 05. 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


