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Abstract

issolution tests employed as quality assurance/control tests to
monitor potential changes in product formulation and/or man-

ufacturing attributes do not necessarily reflect drug release
characteristics in humans, i.e. they may lack bio-relevancy. In such
cases, observed deviation from expected drug release (dissolution)
characteristics, even with possible (un)intentional changes in formula-
tion/manufacturing attributes, would not indicate substandard drug
release in humans. Therefore, such quality control tests may often result
in false negatives. A more appropriate test would thus be one which is
bio-relevant. This article provides a discussion on the difficulties in
obtaining such bio-relevant tests and presents some suggestions for
improved method development and validation approaches.
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A dissolution test is an in vitro analytical test used for assessing
expected drug release characteristics of pharmaceutical products in
humans, in particular, of solid oral dosage forms, such as tablets and
capsules. The rationale for conducting these tests is that, for a product
to be therapeutically effective, the drug (active pharmaceutical ingredi-
ent or API) must be released from the product and should generally be
dissolved in the fluids of the gastrointestinal (GI) tract. The API in solu-
tion form facilitates the absorption of the drug from the GI tract into the
systemic (blood) circulation to reach its desired target (site of action) to
exert its effect. Therefore, a dissolution test could be considered a crit-
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ical step for assessment of quality of product batches, bridging to safe-
ty and efficacy aspect.

From both product development and quality control aspects, drug
dissolution testing facilitates evaluation of the impact of formulation
and manufacturing differences on drug release characteristics in
humans. This link of dissolution test (in vitro) to anticipated or expect-
ed drug release characteristics in humans (in vivo) establishes the bio-
relevancy of the test and is more formally known as in vitro-in vivo cor-
relation or IVIVC. Commonly, in the literature, both terminologies, i.e.
IVIVC or bio-relevancy, are interchangeably used. It is most important
to note that bio-relevancy is a critical requirement for an appropriate
dissolution testing procedure, whether at the product development
stage or for its routine use as a QC test.

However, in the literature there has been some confusion, in
which use of dissolution tests has been suggested to be based on two
separate objectives, one for [IVIVC supported and the other non-IVIVC
supported [1]. Generally, IVIVC supported tests are considered as bio-
relevant to be used to relate or predict bioavailability/bioequivalency
characteristics of products. On the other hand, non-IVIVC supported
tests are generally described as QC tests just to monitor or differentiate
physical characteristics of the products, i.e. the tests should be capable
of differentiating products having differences in formulation or manu-
facturing attributes.

Therefore, at present, these two dissolution testing approaches
run in parallel, which may or may not overlap. These concurrent over-
lapping views of dissolution testing have created a confusing situation
in the practice of dissolution testing. The purpose of this article is to
present a discussion to highlight the issues and potential causes of this
confusion and to make suggestions towards a coherent approach for
dissolution method development and validation for improved product
evaluation.

Often in the literature [1], from the method development and val-
idation aspect, a dissolution method is treated like another analytical
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DISSOLUTION

procedure, such as spectroscopic or chromatographic (HPLC and/or
GC). Therefore, method development and validation appear to be com-
monly based on such performance evaluation parameters as precision,
linearity, repeatability, reproducibility, limit of quantitation, etc.
Certainly, these are important and critical parameters for dissolution
testing. However, surprisingly limited focus has been put on the rele-
vance of dissolution testing itself for characterizing the product (formu-
lation and manufacturing) and its bio-behavior. That is, how should a
dissolution method be developed and validated to ensure bio-relevant
dissolution results? This article will focus on the latter aspect towards
developing and validating a dissolution method which would reflect
products release characteristics that also provide bio-relevant results.

From a method development perspective one may describe the
role of dissolution testing as depicted in Figure 1, in which two differ-
ent drug dissolution or release profiles are obtained for the same prod-
uct using two different testing approaches, which may be based on var-
ied conditions such as different apparatuses, media or spindle rotation
speeds, etc. The effective way to decide on an appropriate method
would be based on drug release characteristics of the product observed
in humans. Therefore, the testing technique, including procedure, must
have a link to human drug release characteristics to provide bio-rele-
vant results.

On the other hand, from a QC aspect, if a drug release profile
deviates from the expected profile as shown in Figure 2, should the
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Schematic representation of drug release characteristics of a product using
two different methods. In vivo drug release characteristics would be need-
ed to establish which method would be the appropriate one.

product/profile be considered as an expected variability or would it
suggest substandard quality of the tested product? This can only be
decided based on the observed release behavior of the product in
humans. If both products are of acceptable quality, then differences in
profiles would reflect tolerances for a QC standard. Otherwise, one of
the products be considered of substandard quality. Therefore, even for
QC purposes, the test is expected to relate to and predict the behavior
of the test product in humans. Lot to lot, dissolution testing is done with
the expectation that change in dissolution results will reflect potential
change in formulation and/or manufacturing change, which may nega-
tively affect the safety and efficacy of the product and thus quality.
Therefore, even for QC purposes, a dissolution test must have a link to
IVIVC. Thus, QC dissolution testing may be considered as part of
IVIVC testing, not as a stand alone or independent test different from
an IVIVC test.
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In reality, therefore, there is only one objective of a dissolution
test. The test should be capable of reflecting drug release characteris-
tics of the products in humans. If a dissolution test is seen from this
objective, it will become easier to develop and then validate an appro-
priate and useful dissolution test.

The next consideration is how to approach in developing a bio-
relevant dissolution test. To achieve this objective, one would require a
relevant analytical technique or apparatus. The critical word here is
“relevant,” i.e. how would one define a relevant technique for conduct-
ing a dissolution test. Again, one considers the environment in which
the drug product will go through, i.e. in the GI tract. As stated earlier,
that to exert a therapeutic effect, a drug must be released from the prod-
uct and dissolved in the GI tract. Therefore, one needs to create a GI
tract environment for dissolution testing.

It is important to note that drug dissolution testing only reflects
drug release and dissolution in the GI tract. Absorption of the drug and
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Schematic representation of drug release profile of two different batch-
es of the same product. In vivo drug release characteristics would be
needed to establish whether the products are of similar/acceptable qual-
ity or not.

further pharmacokinetic steps, such as metabolism, elimination and
degradation of drug in the GI tract, usually are not dependent on the
drug dissolution. This principle is depicted in Figure 3, in which only
the dissolution step is equated to dissolution in human GI tract, i.e. dis-
solution is a product characteristic while absorption is an API charac-
teristic. If API characteristics (e.g. nature and strength) remain the
same, then only absorption and bioavailability are dependent and
directly linked to the dissolution rate. One can evaluate pharmacokinet-
ic behavior of a drug (API) appropriately by administrating drug in
solution, avoiding the dissolution step. However, for the evaluation of
drug release characteristics of a product one needs to consider the dis-
solution step.

An important consideration here is that, for dissolution testing
purposes, the GI tract may be assumed to be a vessel (a tube with vary-
ing diameter). It is not necessary to duplicate human GI tract physiolo-
gy in vitro to observe dissolution results, but a simple vessel capable of
dissolving an API in vitro should suffice, as has been in use for the
many years [2].

Apart from a vessel concept, there are some other biochemical
properties of the GI tract that have to be considered for relevant drug
dissolution testing. These are aqueous based milieu in the pH range of
one to seven or eight maintained at 37 °C. Also present are some bile
salts which may facilitate dissolution of non-polar APIs with limited
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aqueous solubility. Further, the GI tract provides a stirring and mixing
mechanism to facilitate disintegration of products into fine particles
with appropriate product and medium interaction.

Pharmacokinetic
Dependent

Dissolution

Schematic representation of in vivo and in vitro dissolution processes. For
all practical purposes, the hollow tube of GI tract may be considered as a
“pot,” which is represented with a dissolution vessel for in vitro testing
purposes. Given similar nature and strength of an API, its appearance (i.e.
bioavailability) in the body would directly be linked to the rate of input of
the API into solution, i.e. dissolution rate. This in vitro-in vivo link forms
the basis of use of dissolution testing as a tool for product development
and later as a quality control/assurance tool.

Therefore it is necessary that dissolution tests be conducted at 37
°C, representing normal body temperature using aqueous based solvents
in an efficient mixing and stirring environment. If any of the above
described conditions are missing from the testing technique, then obvi-
ously it may not be possible to obtain bio-relevant results. In the end,
the combined effect of the testing environment should be such that the
drug release be reflective of drug release in humans with complete drug
release from the product being within the dosing interval. That is, if a
product is prescribed to be taken after every six, 12 or 24 hours, then
complete drug release must be accounted for within six, 12 and 24 hour
durations, respectively.

In short, for the development and validation of a dissolution test
or procedure, the first and foremost requirement is to ascertain that the
apparatus and procedure are capable of simulating an in vivo environ-
ment through which the product will pass.

At present, pharmacopeial (such as USP) apparatuses commonly
referred to as Paddle and Basket are employed for the testing. Although,
use of these apparatuses emphasizes using physiologically relevant test
conditions, such as body temperature and aqueous-based dissolution
mediums having pH values within expected physiological range.
Surprisingly, the use of such apparatuses does not provide necessary
product-medium interaction because of the lack of adequate stirring and
mixing within the vessels. This lack of stirring and mixing appears to
cause difficulties in developing appropriate dissolution methods. A pic-
torial representation of the result of the lack of product-medium inter-
action and stagnation of a product is shown in Figure 4. Therefore,
developing bio-relevant dissolution tests using these apparatuses would
be unlikely as has been reported in the literature [3].
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A pictorial representation of the lack of interaction between product and
dissolution medium using the USP Paddle Apparatus. The environment
within the vessel creates stagnation of product (disintegrated or non-dis-
integrated product). This lack of product and medium interaction and the
stagnation in dissolution vessels represents dissimilarity of the in vitro-in
vivo testing environment and thus appears to cause deficiencies in disso-
lution testing using current approaches, such as the USP Paddle
Apparatus.

To address the artefact of the current practices, some alternate
approaches are needed to perform dissolution testing, which would pro-
vide appropriate and efficient product-medium interaction, i.e. the appa-
ratus should be capable of providing adequate stirring and mixing envi-
ronment to mimic the physiological environment better.

In order to achieve improved stirring and mixing or product and
medium interaction, one approach is a modified spindle. There are a
number of reports in the literature describing its use and superiority of
the new spindle, known as crescent-shaped spindle, for dissolution
method development and validation. The literature provides details of
further information on the utility and relevancy of the crescent-shaped
spindle [4-6].

There are a number of ways one may evaluate the bio-relevancy
of a new method. One simple approach is that the developed method
must not be product dependent, as on average human, the GI tract phys-
iology remains the same and is product independent. Therefore, an in
vitro method should also be product independent. This concept is high-
lighted and discussed by describing a dissolution method using a cres-
cent-shaped spindle. The use of the modified spindle not only achieves
this objective but also makes the method development and testing sig-
nificantly simpler and useful. For example:

Dissolution profiles of carbamazepine and diltiazem products are
given in Figure 5. Dissolution profiles were generated using the USP
vessel apparatus but with crescent-shaped spindles at a rotation speed of
25 rpm. The media used was 900 mL water for diltiazem and 900 mL
water containing 0.5 percent sodium lauryl suphate (SLS) for car-
bamezepine. Products tested were IR (60 mg diltiazem tablets and 200
mg carbamazepine tablets) and ER (120 mg diltiazem capsules, 200 and
400 mg carbamazepine tablets). It is to be noted that all of these prod-
ucts were tested using the same experimental conditions, except for
medium, where SLS was added for carbamezepine to provide the need-
ed sink condition. Therefore, testing with improved product-medium
interaction using crescent-shaped spindle fulfills a necessary experi-
mental condition that products should be and can be analyzed under
similar experimental conditions. Under the suggested experimental con-
ditions, all one has to do is to provide an appropriate dissolution medi-
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um so that the expected amount of drug be soluble in the medium, obvi-
ously within physiological requirements [5-6].

Time (h)

Drug dissolution profiles of multiple products using a vessel based appa-
ratus with crescent-shaped spindle (25 rpm) in 900 mL of water (dilti-
azem) alone and water with 0.5 percent SLS (carbamezepine). The prod-
ucts tested were [5-6]: 60 mg IR diltiazem tablets (—O—); 200 mg IR
carbamazepine tablets (—®-—); 120 mg ER diltiazem capsules (—®—);
200 mg ER carbamezepine tablets (—®—) and; 400 mg ER car-
bamezepine tablets (— a —).

It is to be noted that the same method is being used for different
type of products, i.e. tablets, capsules, IR and ER products having high
water solubility (diltiazem) and low solubility (carbamazepine). As these
experimental conditions are commonly used and simple, thus method
may easily be transferred to a QC test with a supported bio-relevancy of
the testing environment. Therefore, such a method would also meet the
requirement that both the bio-relevant method and the QC test will be the
same.

The reason current practices of dissolution testing do not provide
such single procedure appears to be due to a lack of an appropriate prod-
uct-medium interaction which causes inefficient dissolution [6].
Generally, a dissolution procedure is set for an individual product to
achieve certain desired dissolution behavior. For example, all products
described above have their own testing methods for a total of five differ-
ent methods [7-8]. Obviously, the GI tract physiology does not change
with the products. Multiple methods would not be bio-relevant.
Furthermore, it would be difficult to compare release characteristics of a
slow versus fast release product. Moreover, these methods, which are
described in the USP, are generally considered as QC tests, obviously for
bio-relevant tests, other sets of experimental conditions may be needed.
Another important point in this regard is that if a single method cannot be
used to differentiate IR and ER products, which have relatively large for-
mulation and/or manufacturing differences, then how would such a
method be used for evaluating the impact of small changes within a prod-
uct category? Thus, use of current procedures, such as those described in
pharmacopeias, have become quite confusing in practice. However, it
appears that improved dissolution methods may be developed by provid-
ing improved product-medium interaction. That is, by enhancing stirring
and mixing.

In short, for developing appropriate dissolution methods, the meth-
ods should be linked to in vivo drug release characteristics of the prod-
ucts. If this principle is followed, then quality control tests and bio-rele-
vant tests become one and the same thing, which would provide simplic-
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ity to method development. Further, simplicity would be achieved by
developing tests using a product independent dissolution test environment
reflecting the product independent in vivo environment. It appears that
lack of efficient product-medium interaction in currently used apparatus-
es may be the cause of the confusing situation in dissolution testing.
Efficient product-medium interaction appears to provide an improved and
bio-relevant dissolution testing environment, thus methods.
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