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 The objective of this study is two folds:
1. To investigate the influence of hydrogenated vegetable oil (HVO), pH modifier

(Na2HPO4), poly(acrylic acid) and the nature of excipient (water-soluble or
insoluble) on the swelling matrix systems loaded with highly soluble drug
diltiazem-HCl (DH).

2. To compare the effect of Na2HPO4 in present work with reported excipient
poly(acrylic acid) which has been successfully used as a counter polymer for
achieving the controlled release1-2 of DH.

All excipients and API were passed through a US standard sieve #20.
Matrix tablets were prepared by dry blending of DH and other excipients
(see Table 1) and directly compressed with a Carver press using a 9 mm
flat-faced punch and die which were pre-lubricated with magnesium
stearate dissolved in acetone. Each tablet weighed 400 mg. Dissolution
study was carried out with a VK 7000 dissolution machine using USP 34
Apparatus-II at a stirring rate of 100 rpm in 900 ml of pH 5.8 phosphate
buffer at 37 ºC. Stainless steel ring mesh device was inserted in each vessel
to avoid the adhesion of the hydrated matrix tablet to the bottom of vessel
and to allow free three-dimensional swelling to occur. Samples were
automatically taken through a 10 µm filter and measured by a UV
spectrophotometer at 237 nm. The hydrated tablets were removed from the
dissolution vessels at predetermined interval (4, 8 and 12 h), patted lightly
with tissue paper to remove excess water, and subjected to textural
analysis (TA) to study swelling and dimensional changes including tablet
hardness.
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 Na2HPO4 was chosen as an alkaline buffering agent incorporated in the
controlled release formulation in this study. Upon hydration, Na2HPO4
dissolves inside the tablet creating an alkaline microenvironment, leading
to an in-situ base formation with low solubility relative to the salt,
(diltiazem hydrochloride, solubility is 50 mg/ml, while diltiazem base
shows solubility of 0.465 mg/ml). Formation of base allows for
suppression of burst release and modulation of release kinetics from
square root to a slow pseudo steady release over 12 hours as shown in
Figures 2 and 3.

 HVO due to its hydrophobic nature in the hydrophilic matrix system
decreases the rate of hydration and results in a more resilient and robust
matrix which may perform more optimally in-vitro and evade the impact
of GI contraction forces during in-vivo transit thus providing better in-
vivo prediction3. Moreover, it is obvious that incorporation of HVO in a
hydrophilic matrix would interfere with swelling dynamic and
consequently release kinetics especially for high load-high solubility drug
like DH (see Figure 6).

 Control of micro-environmental pH and inclusion of HVO in a polymeric
carries could synchronize dynamics of swelling and various fronts
leading to linear release in simple matrices containing high-load of highly
soluble drugs.
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Figure 1 shows the % dissolved of diltiazem-HCl from monolithic matrix tablets with and without
alkaline buffering agent Na2HPO4 in the formulation. Figure 2 shows the dissolution profiles of PEO-
based tablets containing Na2HPO4, CaHPO4 or Carbopol. The dissolution profile of Dilacor XR™ (three
layer composite matrix) used as reference are also included in Figure 2. It reveals that formulation with
Na2HPO4 and Carbopol show a comparative effect on the controlled release of DH. Replacement of
PEO with HPMC shows a similar dissolution behavior with f2 value > 50; see Figure 3. Figure 4 shows
series of force-distance (F-D) profile obtained with TA for formulations 7 and 8 without HVO and with
25% HVO, at different times (4, 8 and 12 h) during dissolution. The total work required for the probe to
penetrate into 3 mm depth of the swollen tablets reflecting dynamics of changes in matrix was
calculated using the area under the force-distance (F-D) curves ( see Figure 5).

RESULTSINTRODUCTION
High load (120-360 mg), high solubility (≥50mg/ml) and high
permeability API’s could be challenging for the formulation scientists
when designing a simple monolithic matrix for controlled release (CR).
Formulation such as hydrophilic based matrix tablets with high dose of
highly soluble drugs often result in an initial burst (~40%-50% in <2-3
hrs.), followed by rapid and declining release rate referred to as square
root kinetics. This study highlights aspects of a matrix comprising
hydrogenated vegetable oil (HVO), pH modifier and poly(acrylic acid) as
synchronizing excipients in HPMC or PEO carriers to suppress initial
burst and contribute to CR function. It extends utility and contributing
nature of select excipients in matrix systems to achieve a more desirable
CR system containing highly soluble drugs, curtailing the burst effect.

Figure 5. Total work required by the 
probe ( ∙ = AUC) to penetrate 
into 3 mm depth of the swollen tablets 
with and without HVO, after exposure 
to dissolution medium (4, 8 and 12 h).

Figure 1. Dissolution profiles of PEO-based tablets 
with and without Na2HPO4 in phosphate buffer 
pH 5.8 at a paddle speed of 100 rpm.

Figure 2. Comparison of dissolution behavior of 
Dilacor XR™ (reference)  and PEO-based tablets 
containing alkaline buffering agent (Na2HPO4), 
insoluble excipient (CaHPO4) and counter polymer 
(Carbopol) in phosphate buffer pH5.8, at 100 rpm.

Formulation
Diltiazem-

HCl HVO
PEO 

WSR303
HPMC 
K100M Na2HPO4 CaHPO4

Carbopol
971 P

Silicified 
MCC Total

1 100 100 + + 400
2 100 100 + + + 400
3 100 100 + + + 400
4 100 100 + + + 400
5 100 100 + + + 400
6 100 100 + + + 400
7 + + 400
8 100 + + 400

Figure 3. Comparison of dissolution profiles of  
Dilacor XRTM and HPMC-based tablets containing 
alkaline buffering agent (Na2HPO4) and counter 
polymer (Carbopol) in pH 5.8 phosphate buffer at a 
paddle speed of 100 rpm.
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Table 1. Experimental formulation composition (quantities in mg)

Figure 4. Texture analysis profile (F-D curve) for Formulations 7 and 8 (without and with HVO) 
during dissolution at 4, 8 and 12 hours with probe penetrating to a the fixed distance of 3 mm.
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Photo shows type of 
probe (3 mm round end) 
used for texture analysis 
with data presented in 
Figure 4.
(Texture Analyzer-
TA.XT2i).
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Figure 6. Comparison of the swelling behavior of matrix with and 
without HVO. 
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