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Current USP dissolution methods measure the effects of pH and
hydrodynamic forces on the behavior of dosage forms, largly
ignoring other parameters with real presence in vivo and
potential effect on the drug release from dosage forms. One of
these parameters is the tonic and phasic contractions forces
(peristalsis & segmentation) in the gastrointestinal tract (GIT).
Inclusion of such parameters in the study of drug release from
dosage forms can help develop a better in vitro-in vivo
correlation, leading to a more realistic approach to determining
dissolution and similarity of drug release from swelling
hydrophilic sustained release matrices over 12 or 24 hours.
The goal of this study is to offer an insight into the effects of
the contractual forces in the GIT on drug release from swellable
/ erodible matrices. Understanding the in vivo environment for
drug release from these dosage forms and being able to simulate
them in vitro may place them in par with immediate release
dosage forms in terms of regulatory status, specially biowaivers
for BCS Class I & III drugs.
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Contractual forces in the stomach and intestine are capable of
significantly altering drug release from hydrophilic swollen
matrices, but are largely absent from in vitro studies of drug
release. Accounting for these forces in dissolution studies may
help achieve better IVIVC, and pave the way for future
biowaivers for swellable/erodible CR matrix systems with BCS
class I & III API’s.

Figure 1. Tablet formulations with insoluble or soluble excipient for Formulation-1 and Formulation-2
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To assess the effects of GIT contractual forces, The release of
drug from tablets was measured under simulated conditions as
follows: Two sustained release tablet formulations of
tetracycline were prepared in an HPMC (hydroxypropyl methyl
cellulose) matrix. Formulation-1 included insoluble Dibasic
Calcium Phosphate as filler, while Formulation-2 included
soluble Lactose as filler (see Figure 1 for details of formulation).
Dissolution studies were performed using a USP Apparatus-II
(paddle) rotating at 75 rpm in an acidic medium (pH2.2). A
single mesh and ring assembly was placed in the dissolution
vessel to prevent tablets from sticking to the bottom of the
vessel, thus ensuring a more uniform drug release from the
entire surface area. The dissolution profiles of the tablets were
compared to the dissolution profiles of tablets subjected to axial
mechanical forces by a computerized texture analyzer equipped
with a 13mm cylindrical probe (Figure 2). The texture analyzer
was programmed to apply five consecutive axial compressions
on each tablet at pre-programmed time points, to a maximum
force of 1.2 N or 2.0N, simulating the contractual forces
measured in the human intestine or stomach respectively [1-2].
Drug release was measured by UV spectrometry at 277 nm. The
FDA’s similarity factor (f2) was used to compare dissolution
profiles with and without axial forces.

RESULTS AND DISCUSSION
Drug release from the two formulations under the different
conditions is shown in Figure 3. Both formulations showed a
typical sustained drug release under control conditions with no
real burst, in Formulation -1 followed by slower release due to
the effect of the insoluble filler dibasic calcium phosphate
relative to formulation 2.
Under simulated intestinal and stomach contractual forces, the
formulations started losing mechanical consistency after 3 and 6
hours for Formulation-2 and Formulation-1, respectively,
leading to a significant increase in drug release as compared to
the control, thus resulting in dissimilar dissolution profiles under
control and non-control conditions (see Table 1 for similarity
(f2) values). This shows that the contractual forces in the
stomach and intestine have potential and are capable of altering
drug release from CR hydrophilic matrices during transit in
human GI tract. Accounting for these forces during dissolution
can enhance predictions of in vivo drug release, and therefore
help achieve better in vitro-in vivo correlation or relationship
(IVIVC or IVIVR) for drug release from similar dosage forms
or of different strengths. A more in depth understanding of
matrix dynamics via simulations may pave the way for
improved dissolution studies and FDA guidances especially in
the context of biowaivers for both BCS Class I & III .

**

Batch No. 1st Profile 2nd Profile f2 Value

Formulation-1

Control 1.2N 50.8

Control 2.0N 30.1

1.2N 2.0N 40.1

Formulation-2

Control 1.2N 54.2

Control 2.0N 37.5

1.2N 2.0N 42.8

Figure 2. A Texture Analyzer was used to exert multiple pre-determined force on each tablet. 
Typical force displacement profiles are shown.

Figure 3. Dissolution profiles for Formulation-1 and Formulation-2 (*P<0.01, **P<0.001)
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Table 1. Dissolution profiles compared using FDA’s Similarity Factor “f2”

Tapping force 
1.9N, three 
times/cycle 

2 hr 4 hr 6 hr 8 hr


