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Purpose: The present work aimed at challenging the efficacy of natural gums, karaya and
locust bean gum, as matrix-forming polymers for the formulation of sustained-release tablets
of diltiazem, a model drug.

Methods: Central design composite was adopted for the formulation and optimization of
tablet formulations. The two gums have been selected as independent variables. The depen-
dent factors chosen were the amount of drug released in 1st hour (Y1), amount of drug
released after 12 h (Y2), diffusion exponent (Y3), and time for half of the total drug released
(Ts095) (Y4). Wet granulation approach was used for the formulation of tablets. FT-IR, DSC,
in vitro dissolution, swelling-erosion investigations, SEM, and stability studies were carried
out.

Results and Discussion: It was evident that the release pattern from the prepared formula-
tions was significantly influenced by the quantity of gum(s) in the tablet. FT-IR and DSC
results confirm drug—polymer compatibility. Polynomial equations were used for the predic-
tion of quantitative impact of independent factors at different levels on response variables.
After ANOVA analysis, the significant factors were considered for constrained optimization
to get the optimized formula. The optimized formula generated by the response surface
methodology was evaluated both for in vitro and in vivo properties. The optimized formula
and a sustained-release marketed product were subjected to in vivo studies in rabbits and the
results of the s-test demonstrated insignificant variation in pharmacokinetic parameters
among the two formulations, confirming that the prepared tablet showed sustained-release
profile.

Conclusion: The results indicated that karaya and locust bean gum can be effectively used
to formulate sustained-release tablets.

Keywords: locust bean gum, karaya gum, diltiazem hydrochloride, response surface
methodology, sustained release

Introduction

Oral drug delivery is the most preferred route for drug administration due to cost-
effectiveness, convenience and high patient compliance.'? Nevertheless, for the
treatment of chronic diseases, long-term therapy with multiple doses of conven-
tional formulations is required, which might result in many disadvantages.>*
Instead, sustained-release formulations has surged to improve the drug therapy by
prolonging the duration of action, increasing safety, reducing side effects, reducing
dosing frequency and improving patient compliance.® Most prominently, com-

pared to conventional dosage forms, sustained-release dosage forms are designed to
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maintain a uniform drug plasma concentration, alleviating
the fluctuation in the drug plasma concentration and,
thereby, ensuring a uniform therapeutic effect.’

Different types of oral sustained-release formulations
have been developed to improve drug efficacy and patient
compliance.*'° The introduction of matrix tablets has
been considered a breakthrough in the field of pharmaceu-
tical technology. Matrix tablets are widely used for the
purpose of sustained release of both water-soluble and
insoluble drugs.'""'* The method involves direct compres-
sion of a mixture of drug, retardant material (polymer) and
additives to formulate a tablet in which the drug is uni-

matrix.' >

formly dispersed into the polymeric
Alternatively, a drug and polymer blend might be granu-
lated before tablet compression.'> On contact with water,
the retardant polymer swells to form a hydrated matrix
layer which acts as a barrier against further uptake of
water and/or the release of the drug. The drug gets
released from matrices by a complex interaction between
swelling, diffusion and erosion depending on the nature of
the drug.'® For hydrophilic drugs, release is mediated
mostly by diffusion mechanism.'” While, in case of hydro-
phobic drugs, drug release is mediated via a combination
of matrix erosion and dissolution.'®

The polymeric matrices are generally made up of syn-
thetic, semi-synthetic or natural polymers.'®?' Among
them, polymers of natural origin, which are commonly
utilized in the cosmetic and food industry, are extensively
adopted in pharmaceutical research and are currently used
in matrix tablet technology.'”**** Polysaccharide gums,
including karaya gum and locust bean gum, are one of the
natural polymers, which are biodegradable, non-toxic, bio-
compatible, non-immunogenic and naturally abundant.
Karaya gum is a desiccated exudate of the Sterculia
urens tree and other species, which belong to the family
Sterculiaceae.”* It is a large molecular weight complex
polysaccharide that swells in water to yield highly viscous
solutions. On hydrolysis, it produces galactose, galacturo-
nic acid and rhamnose. Locust bean gum, also known as
algaroba, carob flour, Ceratonia gum, carob bean gum or
St. John’s bread, is a galactomannan vegetable gum
extracted from the seeds of the locust bean plant.” It is
commonly used as an alternate to tragacanth or other
related gums. Due to its viscosity-increasing feature, it is
said to be two times more effective than tragacanth and
five times more than starch.?® Data regarding the adoption
of both karaya gum and locust bean gum for the

preparation of sustained-release matrix tablets are few
and still under investigation.

The aim of the present study was, therefore, to inves-
tigate the efficacy of karaya and locust bean gum as
matrix-forming polymers for the formulation of sustained-
release tablets of diltiazem (DTZ), a model drug. Central
design composite was adopted for the formulation and
optimization of tablet formulations. Characterization of
the prepared tablets was investigated. The in vitro release
pattern of DTZ from natural gum-based matrix tablets was
investigated. In addition, the in vivo pharmacokinetics of
the formulated matrix tablets was evaluated.

Materials and Methods

Materials

Diltiazem hydrochloride (commercial grade) was obtained
from Microlabs (Bangalore, India). Karaya gum and locust
bean gum were obtained from Sigma-Aldrich (Germany).
All the other chemicals and reagents used in the study
were of analytical and pharmaceutical grade.

Methods

Preparation of Tablets

The tablets were prepared by wet granulation using
PVPK30 as binder, and the weight was fixed to 250 mg.
To maintain tablet weight constant microcrystalline cellu-
lose (MCC) was used as a diluent that does not interfere
with the sustained-release properties of the tablet.
Magnesium stearate and talc were used as glidant and
lubricant, respectively. Tablets were compressed (Rimek
mini-press I, Frankfurt, Germany) using 9 mm biconvex
shape punches. The formulation recipe of the karaya and
locust bean gum matrix tablets are shown in Table 1.

Central Composite Design
Response surface methodology was used in this study, and
two factors were evaluated, each at four levels. The amount

Table | Model Formula of the Diltiazem Tablet

Ingredients Quantity/Tablet Percentage
(mg) (%)

Diltiazem ydrochloride 90 36

Karaya um 30-90 12-36

Locust bean um 2040 8-16

PVP-K 30 15 15

Talc 6 6

Magnesium stearate 3 1.2

Microcrystalline cellulose | 6-86 2.4-34.4
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of karya gum and locust bean gum was selected as the
independent variables studied at 3 levels. According to the
model, it contains four full factorial design points, four axial
and three centre points. Table 2 summarizes the 11 trial runs
studied and their factor combinations. It also states the
translation of the coded levels to the experimental units
employed during the study. The percent of drug released in
1 h and 12 h, diffusion exponent (n) and time for 50% of
drug release from the tablets (Tsqo,) Were taken as response
variables Y1, Y2, Y3 and Y4, respectively.

Fourier Transform Infrared (FT-IR)
Spectrophotometric Analysis

A FT-IR spectrophotometer type FT-IR 8400S (Shimadzu,
Japan) was used, and the spectrum was recorded in the
wavelength region of 4000-500 cm™'. The procedure con-
sisted of dispersing a sample (DTZ, polymers and prepared
formulation) in KBr and compressing into discs by applying
a pressure of 5 t for 5 min in a hydraulic press. The pellet
was placed in the light path, and the spectrum was recorded.
All spectra were collected as an average of three scans.

Differential Scanning Calorimetry (DSC) Analysis
Mettler DSC20 was used for the DSC analysis for DTZ,
polymers and the prepared formulation. Pure metal indium
was used as a standard for the instrument calibration. Nitrogen
atmosphere at a constant heating rate (10°C per minute) was
used for obtaining dynamic DSC thermograms.'®

In vitro Evaluation of the Prepared Tablets
Hardness

Tablet hardness, defined as the compressional force
required to break the tablet, was determined using

Erweka hardness tester (Erweka IHT 100, GmbH,
Heusenstamm, Germany).

Friability
Roche friabilator (Electrolab, Mumbai, India) was used to
estimate the friability of tablets. Here, 10 arbitrarily cho-
sen tablets were weighed and subjected to impact testing at
25 rpm up to 4 min. The percentage of friability was then
calculated as follows:

F= (Witial- Wrinat/ Wnitia) % 100

Weight Variation

The average weight of 20 randomly selected tablets was
estimated. The weight variation of each individual tablet
was examined regarding standard limits stated in Indian
Pharmacopoeia.

Assay

Ten tablets containing DTZ were randomly selected, and the
average weight was calculated and powdered. Assay was
performed according to the Indian Pharmacopoeia by taking
the 100 mg equivalent tablet triturate and consequently dilut-
ing by simulated gastric fluid (pH 1.2). The resultant solution
was filtered through 0.45 um membrane filter, and the absor-

bance was measured spectrophotometrically at 237 nm.?’

In vitro Release Profile

USP XX1V, type I apparatus (model TDT-08L, Electrolab,
Mumbai, India) was used for in vitro drug release profile
estimation.”® The instrument was set up at 37+0.5°C and
100 rpm, for initial 2 h in pH 1.2 (900 mL) buffer followed
by pH 7.4 (900 mL) phosphate buffer for a further 10 h. The
samples were examined spectrophotometrically at 237 nm
for DTZ after diluting it with blank dissolution fluid.

Table 2 Experimental Design Matrix of the Central Composite Design with Experimental Results

Formulation Code Coded Values Actual Values of Independent Variables Responses

A B Karaya Gum (mg) Locust Bean Gum (mg) Y (Y2) (Y3) (Ys)
| -1 -1 30 20 60.35 98.52 0.1743 0.59
2 +1 -1 90 20 22.78 7287 0.4745 4.65
3 -1 +1 30 40 25.19 102.72 0.5818 2.90
4 +1 +1 90 40 22.69 81.88 0.5016 3.39
5 -1 0 30 30 38.93 104.74 0.4013 2.28
6 +1 0 90 30 26.45 76.17 0.4322 4.53
7 0 -1 60 20 23.83 77.40 0.4621 2.82
8 0 +1 60 40 27.01 7822 0.4369 345
9 0 0 60 30 23.74 68.27 0.4436 4.53
10 0 0 60 30 26.65 70.26 0.4336 4.37
I 0 0 60 30 25.36 68.24 0.4432 442
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Erosion and Water Uptake Analysis
Erosion and water uptake of the DTZ tablet formulations
were estimated under conditions similar to those described
for dissolution testing. Water uptake (swelling %) and
mass loss (erosion %) was determined gravimetrically
according to the following equations:

(%) Swelling = (Ts — T)/T x 100

Where initial tablet wt. is represented as T, and swollen
tablet wt. is represented as Ts.

(%) Erosion = (T — Tf)/T x 100

Where initial tablet wt. is represented as T, and tablet
wt. after the erosion test is represented as Tf.

Statistical Analysis and Optimization
One-way ANOVA analysis, at 0.05 level, was performed
to statistically calculate the impact of independent vari-
ables on the response variables. The design was evaluated
by the quadratic model equation as follows:

Y= b0 + blA+ b2B + b3A2 + b4B2 + b5AB

The response values are subjected to multiple regres-
sion analysis to find out the relationship between the
factors used and the response values obtained. The
response values subjected to this analysis were: Y1,
the drug % released at first hour; Y2, the drug %
released at twelfth hour; Y3, the diffusion exponent
(n); and Y4, the time taken for half of the drug release
in hours (Tsge,). The terms bl to b5 are the coefficients
while b0 A and
B represent the independent variables, while AB repre-

of regression, is the constant.
sents the interface terms and demonstrates how the
responses change as the two factors change concur-
rently. A2 and B2 are quadratic terms of the indepen-
dent
polynomial equation for the response is developed by

variables to evaluate the nonlinearity. The
using regression coefficient of factors, wherein only

prominent contributing factors are taken into

consideration.

Scanning Electron Microscopy (SEM)
Analysis

Scanning electron microscope (JEOL-JSM-840A, Japan)
was used to analyse the apparent morphological features
of the
8 h dissolution.

optimized formulations prior and after

In vivo Pharmacokinetic Study

In vivo study was performed on healthy albino rabbits (2.5
to 3 kg). Animals were kept in cages made of polypropy-
lene having paddy husk bedding material under sterile
conditions. Standard food pellets and water ad libitum
were given as feed to them. CPCSEA rules were followed
for handling and taking care of animals. Prior approval
from the Institutional Animal Ethics Committee (IAEC)
proposal No. 028, JSS College of Pharmacy, Mysuru,
India was received for the animal study. For in vivo
study, optimized formulation (product A) and marketed
sustained-release tablets (product B), both containing
90 mg of DTZ, were orally administered. Blood samples
(500 pL) were withdrawn at different time intervals and
plasma concentrations of DTZ quantified by HPLC analy-
sis as described previously.”® Briefly, chromatographic
conducted wusing HPLC (Shimadzu,
Kyoto, Japan) equipped with a C18 column (250 mm 3

separation was

4.6 mm ID; particle size 5 mm). The mobile phase con-
sisted of a mixture of acetonitrile and water (containing
0.35% trimethylamine, 37:63, v/v). The column tempera-
ture was kept at 40°C, and the flow rate was set at
0.95 mL/min. The detection was conducted using a UV-
VIS detector at a wavelength of 240 nm. Pharmacokinetic
parameters (Cpax, tmaxs Kel, t12 and AUC( »4,) Were esti-
mated from the individual plasma concentrations versus
time profiles both the products.

Stability Analysis

Stability analysis was performed on the optimized formu-
lation to evaluate the hardness, physical appearance, drug
content and drug release attributes upon storage at 25°C/
60% RH and 30°C/66% RH according to ICH Q1A reg-
ulations for 6 months with sampling time of 2 months.

Results and Discussion
FT-IR Spectroscopy

DTZ, polymers and prepared formulation were subjected
to FT-IR studies, and the spectra obtained are shown in
Figure 1. Both DTZ and tablet formulation have shown
characteristic  peaks at 3433 cm ' (aliphatic
C-H stretching), 2932 em ' (O-CH;, C-H stretching),
2388 cm ' (amine HCI, N-H stretching), 1742 cm™" (acet-
ate C=0 stretching) and 1678 cm ™' (lactam C=O stretch-
ing). Results of spectra indicated no new peaks or absence
of existing peaks, confirming drug—polymer compatibility.
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Figure | FT-IR spectra of diltiazem, locust bean gum, karaya gum and formulation.

Differential Scanning Calorimetry (DSC)

The DSC thermograms of pure DTZ, polymer and that of
the crushed optimized tablet formulation are shown in
Figure 2. Pure DTZ showed endothermic peak starting at
180.33°C and ending at 220.25°C, with peak maximum at
214.14°C. Except for the slight shift and the drug peak
widening (214.9°C) in the formulation, no other effects
were visible, indicating absence of obvious interaction and

good drug—polymer compatibility.

Evaluation of the Prepared Tablets

The mean percentage deviation of each formulation (20
tablets) was within £ 5% of the average tablet weight,
conforming to BP specification. The content of uniformity
of various tablet batches was found to be between 97.6%
and 104.61% of the theoretical value. Hardness was
observed to be in between 5.34 kg and 6.46 kg, with
friability range of 0.24% to 0.68%, which was below
specified limit of 1%.

In vitro Dissolution Studies

The cumulative % drug release versus time plot for sus-
tained-release tablet formulations of DTZ prepared using
karaya and locust bean gum, as shown in Figure 3, illus-
trates that initial drug release for the first hour ranged
between 22.68% and 60.35% for all the formulations. The
drug release from the tablet at the end of 12 h ranged
between 68.24% and 102.72%. It was found that with
a rise in the total polymer concentrations, the drug release
decreased at 1 h and 12 h. Increasing karaya gum concen-
tration remarkably reduced the release rate; on the other
hand, the impact of locust bean gum was observed to be
antagonistic, which resulted in increased drug release for
formulations (F1-F4). The axial point formulations of the
design (F5-F8) showed a sustained release towards the end
of 12 h except for formulation F5, which showed more than
80% of drug release at the end of 6 h. Most importantly,
there was no significant difference in drug release profile
for the formulations of three centre points (F9 to F11),

Drug Design, Development and Therapy 2020:14
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Figure 2 DSC thermogram of diltiazem, locust bean gum, karaya gum and formulation.
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Figure 3 In vitro dissolution profile of formulations FI-F4 (Factor points), F5—F8 (Axial points), F9—FI | (Centre points). Each point represents the mean + SD (n = 3).

demonstrating the well fitness of the data in the model. In
addition, it was evident that the release pattern from the
prepared formulations was significantly influenced by
the quantity of gum(s) in the tablet; as the amount of gum
in the matrix increased, there would be a greater degree of
gum hydration with concomitant swelling that caused con-
sistent increase in drug diffusion pathlength, which in turn
would lead to a remarkable reduction in drug release.® The
incorporation of locust bean gum aided in maintaining
a balance between matrix swelling and erosion, modifying
the drug release as per the desired requirement.
Nevertheless, at a low level of karaya gum, the increase in
locust bean gum resulted in faster drug release (F1 and F5).
This is because the locust bean gum hastens the swelling
followed by erosion, resulting in a burst effect as well as

a faster release rate.

Kinetic Analysis of Dissolution Data

The diffusion exponent values were within the range of
0.17 to 0.581, demonstrating that the drug release followed
Fickian to non-Fickian anomalous kinetics depending on
gum concentration. High correlation coefficient (R2) value
with a good fit in both the Peppas and the Higuchi
equations was observed for the release data. However,
the Peppas model was the best fit, indicating that the
release was directed by both diffusion and erosion.

In vitro Swelling and Erosion Study

The rate of swelling profile, shown in Figure 4, ranged
between 28.89% + 5.3 and 148.26% + 3.7 at the end of 1st
h and between 28% and 286% at the end of 12 h. The erosion
presented in Figure 5 was found to be between 7.28% + 2.8
and 34.21%= 2.7 at the 1st h and between 69% and 100% at
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Figure 4 In vitro swelling data of formulations FI-F4 (Factor points), F5-F8 (Axial points), F9—FI| (Centre points). Each point represents the mean * SD (n = 3).
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Figure 5 In vitro erosion data of formulations FI-F4 (Factor points), F5-F8 (Axial points), F9—FI1 (Centre points). Each point represents the mean * SD (n = 3).

the end of 12 h. The rate of swelling was gradual with slower
erosion rate in formulations containing a higher concentration
of karaya, total blend polymer concentration, and the opposite
process was detected as the locust bean gum concentration
increased. The formulations containing low total polymer
concentration rapidly swelled at 3 h and also showed the
highest erosion at the end of the study period in contrast to
formulations F2, F4 and F7. This is because they had more
karaya gum and overall total polymer concentration.

Statistical Analysis Using Central

Composite Design Regression Model
DTZ tablets were formulated using a central composite
design. Eleven formulations were prepared with the tablet
weight fixed to 250 mg. The experimental design summary is
shown in Table 2. The percentage cumulative drug release at
1 h (Y1) ranged between 22.68% and 60.35% and at 12
h (Y2) ranged between 68.24% and 104.74% for all formula-
tions. The diffusion exponent (n) values Y3 ranged between
0.17 and 0.58, while Tsqs, (Y4) ranged between 0.059% and
4.65%. To create the polynomial equations, only coefficients
that were statistically significant (p<0.05) were involved.
The regression coefficients for each term in the regres-
sion model are summarized in the following equations:

Y1 =30.50-8.14 A—-726 B+ 7.76 AB
Y2 =69.74-11.51 A + 3.48 B + 16.48 A2 + 3.39 B2

Y3 =10.37+0.043 A+ 0.06 B-0.05 AB
Y4=426+1.13 A-0.61 A2 -0.87 B2 -0.88 AB

Table 3 describes the model parameters affecting the
response variables. The two-factor interaction (2FI) model
was found to be significant with a probability value of 0.001
indicating adequate fitting for the response Y1. All the vari-
ables studied and interaction factors were found to be sig-
nificant. Among all, factors A and B exhibited a negative
effect, and interaction factor AB exhibited a positive effect.
The % drug release after 1 h was predominantly dominated
by factor A. At a low level of B, as factor A was increased
from low to high level, the drug release decrease from
60.353% to 22.782%. At a high level of factor B, drug release
did not show any significant change (25.185% to 22.686%).
At a low level of A, as factor B was increased from low to
high, drug release significantly decreased (60.353% to
25.185%). The release at 1 h was not significantly affected
at a high level of A (22.782% to 22.686%). The interaction
effect was prominent with 0.0067 probability value, which is
shown in the surface response graph in Figure 6A.

The quadratic model showed a good fit for response Y2
with a probability value of less than 0.0001. All the studied
variables and their quadratic factors were found to be sig-
nificant. Factor A exhibited a negative effect, while the other
factors exhibited a positive effect. However, the quadratic
factor A dominated the response Y2. At a low level of B, as
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Table 3 Model Parameters for the Studied Response Variables

Source | Sum of DF | Mean F Value | Prob>F
Squares Square

% Drug release at | h (Y,)

A 397.7204 | 397.7204 23.75568 | 0.0018

B 316.9284 | 316.9284 18.93001 | 0.0034

AB 241.3673 | 241.3673 14.41677 | 0.0067

% Drug release at 12 h (Y3)

A 795.1108 | 795.1108 308.6441 | < 0.0001

B 72.84347 | 72.84347 282762 | 0.0031

A? 688.0905 | 688.0905 267.1013 | < 0.0001

B? 29.14316 | 29.14316 11.31272 | 0.0200

AB 5.788836 | 5.788836 2.247096 | 0.1941

Diffusion exponent (n) (Y3)

A 0.011484 | 0.011484 | 460.5439 | < 0.0001

B 0.022448 | 0.022448 900.2115 | < 0.0001

AB 0.014078 | 0.014078 564.5458 | < 0.0001

Tsox (h) (Ya)

A 7.680322 | 7.680322 100.8554 | 0.0002

B 0.472275 | 0.472275 6.201753 | 0.0551

A? 0.956142 | 0.956142 12.55573 | 0.0165

B’ 1.960299 I 1.960299 | 25.74198 | 0.0039

AB 3.161091 | 3.161091 41.51038 | 0.0013

factor A was increased from low to high level, the drug
release decreased from 98.52% to 72.87%. At a high level
of factor B, with an increase in karaya gum (factor A) from
low to high, drug release decreased from 102.7% to 81.88%.

DESIGNEXPERT PDI DESIGN-EXPERT Piot
X~ ; A Amount of Karay a
X =A Amount of Karaya - n

Y = B: Amt of Lbean Y = B: Amt of Lbean

=
A oo,
O SIS SSRIITOT
oesus RESSRNSSSISS
S S s K2
oene | DRI
SHoe SRS IS SN RIS AL AL AT
TSR RS RRRIK KK
omsm| RSN KRIRIHXL
&ns !
0.s04 396 006%9. 2ol
vow 5SS

At low and high levels of karaya gum, when factor B was
increased there was insignificant increase in drug release.

The 2FI model was observed to be significant with
less than 0.0001 probability value for the response Y3.
For all the studied variables, the linear and interaction
factors were found to be significant. Factors A and
B exhibited a positive effect, and interaction factors
exhibited a negative effect. The diffusion exponent was
predominantly dominated by factor B. At a low level of
B, as factor A was increased from low to high level, the
diffusion exponent augmented from 0.17 to 0.47.
However, when the diffusion exponent was studied at
a low level of A, as factor B was increased from low to
high, the diffusion exponent significantly increased (0.17
to 0.58). The diffusion exponent was not significantly
affected at a higher level of A. The interaction effect of
factors A and B is significant with a probability value of
less than 0.0001 as shown in the response surface graph
in Figure 6B.

The quadratic model was found to show a good fit for
response Y4 with a probability value of 0.0005. Factor
A showed a positive effect while others exhibited a negative
effect. Response Y4 was predominantly dominated by the
factor A. At alow level of B, as factor A was augmented from
low to high level, Y4 significantly increased from 0.59 h to
4.65 h. When the Y4 was studied at a low level of A, as factor
B was increased from low to high, Tsq., increased (0.59 h to
2.9 h). The interaction effect of factors A and B was note-
worthy (Figure 6C) with 0.0013 probability value.

DESIGN-EXPERT Pit

TS0%
X=A: Amount of Ka@ya
Y =B: Amt of Lbean

Figure 6 Response surface graph for the effect of interaction factors AB on (A) release after | h, (B) diffusion exponential and (C) Tsqy,
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Table 4 Comparisons Between Experiment and Predicted Values for the Optimized Formulation

Independent Variables Optimum Responses Predicted Values Observed Values
Factor A 89.97 mg Release at | h (Y)) 22.68 25.96

(Karaya gum) Release at 12 h (Y>) 78.02 78.80

Factor B 35.17 mg Diffusion exponent (Y3) 0.42 0.43

(Locust bean gum) Tsos% (Ya) 4.22 425

Optimization of the Prepared Formulation
Numerical optimization approach with desirability func-
tion was applied with certain constraints on the responses
(Supplementary Table 1) to generate the optimized for-

mula. The whole experimental domain was scanned for
the composition of the optimized formula. Based on the
optimization result, one solution was predicted with
desired responses as shown in Table 4. The values of
response variables of the optimized formula, selected at
a desirability of 0.96, were within the desired range.

Characterization of Optimized
Formulation

Scanning Electron Microscopy (SEM)

Mechanical interlocking of excipient particles of the tablet
with fragile fractures were observed in the SEM images of
the dry tablet surfaces when compressed (Figure 7A). In
addition, some cracks or dents were also observed in the
surface images of the tablet compacts. The surfaces of the
tablets upon hydration (Figure 7B) indicated the develop-
ment of a profoundly membranous permeable structure as
a result of the gel layer formed by the polymer relaxation
upon water absorption. The surface nature also confirmed
that the tablet was showing signs of erosion.

In vitro Release Pattern of the Optimized
Formulation

The validation of the chosen optimized formulation using
design of experiments (DoE) was performed by in vitro
drug release assay. The release profile, represented in
Figure 8, showed sustained drug release, with about 78%
of the drug released over a period of 12 h.

In vivo Pharmacokinetic Study

The mean drug plasma concentration—time profile of both
the optimized formulation (Product A) and the commercial
formulation (Product B) following oral administration is
depicted in Figure 9. The mean pharmacokinetic para-
meters of products A and B are summarized in Table 5.
Following oral administration, the peak plasma concentra-
tion (Cpax) of product A (optimized formulation) and
product B (reference marketed formulation) was 583.67
+18.45 ng/mL and 607.67+12.86 ng/mL, respectively. The
Thax for reference and test formulations was the same
(1.67 h). The observed value AUCg.,4, Was 5203.75 =+
251.67 and 5975.08 + 345.35 ng.h/mL for products
A and B, respectively. The t,, for reference and optimized
formulation was found to be 11.00 + 2.50 h and 12.06 +
3.59 h, respectively. No substantial variation was found
among the reference and the test formulation from #-test

Figure 7 Scanning electron microscopy of optimized tablet (A) before and (B) after in vitro dissolution.
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Figure 8 In vitro drug release of the optimized formulation. Each point represents
the mean = SD (n = 3).
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Figure 9 Mean plasma concentration of diltiazem of optimized and marketed
formula. Each point represents the mean + SD (n = 3).

(p<0.05) statistical analysis. These results suggest that the
optimized formulations showed sustained/extended drug
release.

Stability Studies
Stability studies were accomplished for the evaluation of
optimized formulation for their physical appearance,

Table 5 Statistical
Pharmacokinetic Parameters of Products A and B

Comparison of the Mean Values of

Parameters Product A Product B
(Optimized (Marketed
Formulation) Product)

Crax (ng/mL) 583.67+18.45 607.67+12.86

Tnax (h) 1.67+0.52 1.67+0.52

Ka (b7 0.0663+0.017 0.0606+0.013

ty, (h) 11.00+2.5 12.06+3.5

AUCq 4n (ng.h/mL) 5203.75+951.6 5975.08+445.3

Figure 10 In vitro release profile of the optimized formulation at day 0 and 6
months (n=3).

hardness, and dissolution profile. The samples were eval-
uated at 2-month intervals for 6 months. The optimized
formulation did not show any significant variation for the
evaluated properties except for minute color changes. The
paired #-test for drug content and hardness had P-value
greater than 0.05, representing no significant change. The
dissolution profile of the optimized tablets before the start
and the termination of the study period were similar, as
shown in Figure 10.

Conclusion

Matrix tablets of diltiazem HCI were prepared using kar-
aya and locust bean gums as matrix polymers. Response
surface design was adopted to evaluate the influence of
different
responses and to optimize the drug release profile. The

formulation parameters on tested variable
estimated variable responses of the optimized formulation
were in close agreement with the predicted values, con-
firming that the prepared tablet showed a sustained-release
profile. The in vivo pharmacokinetic parameters of both
optimized formulation and marketed sustained product did
not show any significant difference, indicating sustained
plasma concentrations. It can be concluded that a mixture
of natural gums can be effectively used for the preparation
of sustained-release tablets. Short Tsqs, and higher percen-
tage release of the formulation is likely to improve the
drug therapy and eventually prolong the duration of action.
However, appropriate balancing between various levels of
the two polymers is imperative to acquire desirable con-
trolled-release pattern.This study has successfully shown
that natural gums may be potential polymers for the pre-
paration of matrix tablets for achieving the desired drug
release pattern.
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