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Concept of Dissolution/Drug Release Testing

n the pharmaceutical industry, dissolution

testing is a very important tool in drug devel-

opment and quality control. Although initially

developed for solid oral dosage forms, in
recent years, the application of dissolution testing
has widened to a variety of “special” dosage forms,
such as suspensions, chewable tablets, chewing
gums, transdermal patches, semi-solid prepara-
tions, suppositories and implants. For drug prod-
ucts administered orally, it is customary to refer to
the test as a ‘dissolution’ test, because the drug dis-
solves in the test medium. For non-oral dosage
forms such as topical and transdermal delivery sys-
tems, suppositories and others, the test is prefer-
ably referred to as a‘drug release’ or ‘in vitro release’
test procedure. Due to significant differences in
formulation design among these special dosage
forms, which in turn lead to very different physico-
chemical characteristics, it is not possible to devise
a single test system which could be used to study
the drug release properties of each and every one.
Rather, different apparatus, procedures and tech-
niques are employed on a case-by-case basis,
which could be dosage form, type of formulation,
or even product specific.

However, the general principles and application
of dissolution tests for solid oral dosage forms
should also be applicable to in vitro/drug release
tests for special dosage forms. The ultimate goal of
these tests is analogous to that for solid oral dosage
formsi.e.to use the test for the biopharmaceutical
characterization of the drug product,and as a tool
to assure consistent product quality within a
defined set of specification criteria.

Different types of dosage forms and appropriate
apparatus used for drug release testing are
discussed below. For several special dosage forms,
the methodology is well evolved and specific
recommendations can be made for drug release
testing, e.g., for suspensions,chewable tablets,
suppositories, transdermal patches and semi-solid
topical dosage forms (creams, ointments and gels).
As for conventional oral dosage forms there may be
specific formulations in the above-mentioned cate-
gories for which the evolved methods may not be



applicable. In several other instances, e.g.,chewing gums,
powders,granules, solid dispersions, microparticles,and
implants,more method development and refinement will be
required before afinal recommendation on standardized
drug release methods can be made.For these dosage forms,
a brief summary of the state-of-the-art knowledge is
provided to guide further development.Due to the different
characteristics of the special dosage forms and their sites
and modes pf application, itis essential that apparatus selec-
tion, composition of the dissolution medium, agitation (flow
rate) and temperature be given appropriate consideration
during evaluation of key method parameters. Instances
where acompendial (USP, Ph.Eur.,Ph.Jap.) basket or paddle
method is employed for in vitro drug release testing, the
experimental test conditions, qualifications and validation
steps should be the same as discussed in the FIP Guidelines
on dissolution testing (1).

Dosage Forms for Which a Specific Method Can Be
Recommended

Oral Suspensions

In general, the rotating paddle method utilizing an
aqueous dissolution medium is the recommended method
for dissolution testing of suspensions.To obtain representa-
tive samples, product preparation should follow a standard-
ized procedure based on shaking or mixing.Sample
weight/volume should reflect a typical dose of the product.
Method parameters such as sample introduction and agita-
tion rate should be established on the basis of the viscosity
and composition of the suspension matrix. The sample
introduction technique must be accurate, precise and
reproducible. The agitation rate should facilitate discrimina-
tion between batches with different release properties.

For low viscosity suspensions,an accurate dose can be
delivered to the bottom of the dissolution vessel using a
volumetric pipette. Alow agitation rate of 25 rpm is gener-
ally recommended for less viscous suspensions (2). For high
viscosity samples, the dose may need to be determined by
weight with a quantitative sample transfer to the dissolu-
tion vessel to ensure accuracy of the sample size intro-
duced. High viscosity suspensions may also require a higher
agitation rate such as 50 or 75 rpm to prevent sample
mounding at the bottom of the vessel.

Chewable Tablets
In principle, the test procedure employed for chewable
tablets should be the same as that for regular tablets. This

conceptis based on the possibility that a patient might
swallow the dosage form without proper chewing, in which
case the drug will still need to be released to ensure the
desired pharmacological action (3). Where applicable, test
conditions would preferably be the same as used for
conventional tablets of the same active pharmaceutical
ingredient, but because of the non-disintegrating nature of
the dosage form,there may be a necessity to alter test
conditions (e.g.increase the agitation rate) and specifica-
tions (e.g.increase the test duration).

Transdermal Patches

Although several apparatus and procedures have been
utilized to study in vitro release characteristics of trans-
dermal patches, it is desirable to avoid unnecessary prolifer-
ation of dissolution test equipment. Current compendial
apparatus include paddle over disk (USP apparatus 5),
rotating cylinder (USP apparatus 6) and reciprocating disk
(USP apparatus 7). As it has been shown experimentally that
asimple paddle over disk procedure using a watch glass-
patch-screen sandwich assembly results in almost the same
release profile as other, more complicated apparatus for all
US marketed transdermal patches (4) the paddle over disk
procedure with a watch glass-patch-screen sandwich
assembly is considered method of choice.

The configuration of this assembly ensures that the patch
is prevented from floating during the entire testing period.
Special attention needs to be given to the proper posi-
tioning of the patch so that the drug-loaded surface is
exposed to the medium. The pH of the medium ideally
should be adjusted to 5 - 6, reflecting physiological skin
conditions. For the same reason, test temperature is typi-
callysetat32°C.

Semisolid Dosage Forms

Semisolid dosage forms include creams, ointments and
gels. Invitro drug release from semisolid dosage forms has
been extensively investigated using the Franz cell diffusion
system (5) with a synthetic membrane and to some extent
using the Enhancer cell (6). Comparative studiesindicate
that both types of apparatus generate similar data.
However,in certain instances, especially with gels, the diffu-
sion cell system appears to have some superiority as results
are less dependent on specific formulation/composition
details (7).

Depending on the solubility of the drug substance, the
receptor medium may need to contain alcohol and/or
surfactant. De-aerationis critical to avoid bubble formation
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atthe interface with the membrane. As with trans-
dermal products the test temperature is typically
setat 32°C toreflect the usual skin temperature.

Suppositories

For hydrophilic suppositories that release the drug
by dissolving in the rectal fluids, the basket, paddle,
or flow-through cell can all be used in principle.

For lipophilic suppositories that release the drug
after melting in the rectal cavity,a modified basket
method is recommended. A paddle method with a
wired screen and a sinker is also recommended (8).
For lipophilic suppositories,a modified flow-
through cell with the specific suppository cell has
also been evaluated.Experience with this cell has
shown that it may generate highly variable data due
to the behavior of the suppository in the cell,in
particular for formulations containing spreading
agents. Therefore, this modified flow through cell
with the specific suppository cell cannot be recom-
mended generally for quality control and routine
analysis of lipophilic suppositories (9).

Dosage Forms Requiring More Work Before a
Method Can Be Recommended

Chewing Gum

In the case of chewing gums, the intensity and
frequency of shearing forces/activities (i.e.
“chewing”action) can have alarge influence on drug
release rate. The European Pharmacopoeia provides
adescription of an apparatus designed for testing of
chewing gum products (10). However, to date there
has been insufficient experience with this apparatus
to draw a firm conclusion about its suitability.

Powders, Granules, Solid Solutions and Solid
Dispersions

The flow through apparatus offers specific sample
cells for studying drug release from powder and
granular dosage forms.However,it isimportant to
note that the dissolution behavior of these dosage
forms may be greatly influenced by their wettability,
surface area and particle size distribution.Thus, the in
vitro release test results constitute one of a group of
physicochemical parameters needed to characterize
the product. For powders, especially when exhibiting
poor wettability, it may be necessary to add a surfac-
tant to the dissolution medium to obtain repro-
ducible dissolution results.Care should be taken to
use alevel of surfactant that does not increase the
solubility of the drug to the extent where the test is
no longer discriminatory.

Solid solutions and dispersions may be housed in
seemingly typical oral dosage forms such as
capsules and tablets. If this is the case, their in vitro
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Special Dosage Forms ... continued

release characteristics can be determined by
methods typical for solid oral dosage forms.Since
solid solutions and dispersions usually lead to a
super saturation of the medium, itis often of interest
(especially during product development) to run the
in vitro release test somewhat longer so that the
potential for precipitation can be appraised.

Parenterals: Implants and Microparticles

The modified flow-through cell has been used
successfully for implants and microparticles. The
compendial flow-through apparatus is modified
with regard to the inner diameter to suit the special
properties for testing parenterals, i.e. low volume of
acceptor compartment.The flow rate of the
medium has to be set very slow.As tests are often
runover along time period (e.g.several weeks)
measures have to be taken to compensate against
evaporation and to prevent microbial growth in the
medium. The composition of the medium should
take into consideration the osmolarity, pH and
buffer capacity of the fluids at the site of applica-
tion,which are usually assumed to resemble that of
plasma. However, the main challenges with this
type of dosage form are to determine the appro-
priate duration of the test and the times at which
samples are to be drawn in order to characterize
the release profile adequately. The possibility of
running the test under accelerated conditionsis
attractive, but to date there has not been enough
experience to make any specific recommendations
on thisapproach.

Formulation Characterization

In order to characterize the release from the
dosage form adequately, it is recognized thata
drug release profile should be generated, in which
release (dissolution) values are determined as a
function of time.This multipoint characterization
has been in place for modified release dosage
forms for some time and is also recommended for
slower dissolving immediate release products.
Because many of the dosage forms discussed here
are complex in terms of composition and release
mechanism,they will also require a multipoint drug
release test to characterize release from the drug
product in general and to test for possible alter-
ations in the release profile during storage. Multi-
point tests may also be needed for batch release
testing in order to prove a good batch-to-batch
consistency. Typical cases where multipoint tests
are likely to be needed include transdermal
patches, semisolid preparations,chewing gums,
implants, microparticles, solid solutions and solid
dispersions.However, in other cases like powders,



granulates, suspensions,chewable tablets and
rapidly releasing suppositories a single point speci-
fication may be sufficient for batch-to batch quality
control,if properly derived from profiles generated
during the development phase of the product.

Experimental Test Conditions

The experimental test conditions should be
discriminating enough (“mild”conditions) to detect
manufacturing variables that may affect biophar-
maceutical product performance. Test conditions
that may not be able to discriminate adequately
among products/batches with differentin vivo
release profiles include those with very high agita-
tion/flow rates, the use of strongly alkaline solutions
to dissolve poorly soluble acids,and the use of very
high surfactant concentrations to create sink condi-
tions,to name but a few.

As for solid oral dosage forms, development of in
vitro release/dissolution tests and specifications for
“special”’dosage forms should take into account
relevant bioavailability data.ldeally,the in
vitro/dissolution release test conditions should be
selected taking into consideration physiological
conditions at the site of application. The complexity
of the release mechanism of some special dosage
forms and the lack of knowledge about the condi-
tions under which release occurs in vivo make it
difficult to design physiologically based tests in all
cases, but it should be possible to conceive a test
that can detect the influence of critical manufac-
turing variables, differentiate between the different
degrees of product performance and to some
extent characterize the biopharmaceutical quality
of the dosage form.

Asthe release mechanism and site of application
varies dramatically among the special dosage forms,
the experimental test conditions have to be tailored
according to the conditions at the site of application
(e.g.temperature of the test) and the release mecha-
nism (e.g.chewing gumswill require different agita-
tion rates than suspensions). Within a given
category, it may be necessary to have product-type
specific dissolution tests (e.g.separate tests for
lipophilic and hydrophilic suppositories),and in
some cases for products containing the same drug
and administered in the same type of special
dosage form, but with a different release mecha-
nism (similar to the range of tests available for
theophyllin extended release dosage forms).

Test procedures for dissolution testing of solid oral
dosage forms,i.e.immediate release and modified
release dosage forms, have been significantly refined
and standardized over the past quarter century. The

methods are well on their way to harmonization. Itis
anticipated that through further refinement and
standardization of invitro release testing for non-
oral and“special” dosage forms, harmonization of
tests for these dosage forms will take considerably
less time.

Applications

A specific value of in vitro dissolution / drug
release testing is recognized inits application asa
batch-to-batch quality control test and its value in
Scale-Up and Post Approval Changes (SUPAC). The
SUPAC document (for semisolid dosage forms)
defines the levels of changes with respect to
component and composition,site of manufac-
turing, scale of manufacturing and process and
equipment changes (11). In vitro drug release is
used to assure product sameness under SUPAC
related changes. The same principles can easily be
extended to other dosage forms where the product
sameness can be assured by profile comparison
between pre-change and post-change products
using an appropriate in vitro test and profile
comparison (12). In addition to this,the drug
release / dissolution test can also be used for
providing bio-waivers for lower strengths of a
product from a given manufacturer,once the
higher strength isapproved based on appropriate
bioavailability/bioequivalence test procedure.

Setting Specifications: Acceptance
Criteria/Limits

Theinvitrodissolution / drug release specifica-
tions should be primarily based on manufacturing
experience and pivotal clinical trial batches or other
biobatches. Compared to testing of solid dosage
forms in basket and paddle dissolution equipment,
far less experience is available for many of the
special dosage forms with respect to variability of
data and,where the newer types of apparatus are
used, qualification of the equipment. In general,
criteria and specification limits (ranges) may be set
similar to the procedure for oral solid dosage forms.
However, further experience needs to be gained to
better understand the desired level of standardiza-
tion,and it can be expected that the appropriate
ranges and criteria for acceptance of release data of
special dosage forms will be different to those for
solid oral dosage forms in some instances.

Conclusions

An appropriate drug release testisrequired to
characterize the drug product and assure batch-to-
batch reproducibility for consistent pharmacolog-
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Special Dosage Forms ... continued

ical/biological activity.Table 1 summarizes different appa-
ratus that have been used/can be used for various types of
dosage forms.The in vitro drug release test for some
“special” dosage forms such as semi-solid dosage forms and
transdermal drug delivery systems has proven to be equally
valuable as the dissolution test for solid oral dosage forms.
Thein vitro drug release test also shows promise to be of
value for other dosage forms such as chewable tablets,
suspensions and suppositories. For yet other dosage forms
such as chewing gums, powders,and parenterals, further
method development and refinementwill be needed to
make the drug release test a generally applicable, robust
and valuable tool.
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