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THE ROLE OF DISSOLUTION TESTING
IN THE DESIGN OF
IMMEDIATE RELEASE DOSAGE FORMS

DaviD E. STOREY
Director, Pharmaceutical Research, Merck Research Laboratories, West Point, Pennsylvania

Dissolution testing is an invaluable tool for the formulation team to use in the design of
oral dosageforms. Thispaper coversdissolution testsfor high solubility/high bioavailabil-
ity compounds, low solubility compounds, and apparently insoluble compounds, as well

as accelerated stability testing.
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INTRODUCTION

A FORMULATION TEAM'S objectives in
designing ora solid dosage forms can be
summarized as follows:

1. To develop a composition and process for
Phase | clinical studies which are consis-
tent with the intended market composition
(qualitative and quantitative),

2. To develop a highly discriminating disso-
Iution test; not as aquality control tool but
as an aid to optimization of aformulation,

3. To develop a dosage form with a consis-
tently high performance throughout its
shelf life, and

4. To devel op a dissolution test to serve as a
quality control tool.

The formulation team may not always be
entirely successful in achieving the third ob-
jective, but significant progress prior to
Phase | certainly providesajump start to the
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final design and development of the dosage
form and the manufacturing process.

A wide variety of factors need to be con-
sidered at the early design stage, in relation
to both the dosage form and the dissolution
test. These include the human dose/drug sol-
ubility relationship (dose prediction being
based upon preclinical in vivo and in vitro
data); with influencing physical factors such
as salt form, polymorphic form and hydrate/
solvate; the intrinsic dissolution rate over the
pH range 1-7, which coversthe predominant
range of pH in the upper gastrointestinal (Gl)
tract where a significant proportion of ab-
sorption normally occurs; and the crystal sur-
face energy, quantified by moisture sorption
thermodynamics, wetting thermodynamics
and modeling of surfacefree energies by ref-
erence to molecular structure. Also of impor-
tance are absorption rate data from animal
studies together with information on region-
specific absorption. These data provide an
indication of potential problemsif oneisin-
terested in achieving rapid absor ption/onset
of action in man.

There is a considerable body of data in
the literature supporting the use of drug per-
mesbility coefficients in cell cultures as a
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predictor of drug bioavailability. It has been
Merck’'s experience, however, that such in
vitro data can often be misleading, and the
preferred approach is to measure bioavail-
ability in at least three preclinical animal
models, with supporting metabolism data or
portal plasma level data to clearly resolve
membrane permeabi lity/metabolism and bio-
availability issues.

There has recently been renewed interest
in measuring drug permesability coefficients
directly in anima models and using perme-
ability/solubility relationships to predict po-
tential biocavailability problems in man.
There is currently an inadegquate database,
however, to support the general application
of this approach.

There are a number of warning signals,
“soft triggers,” which aert the formulation
team to potentia absor ption/biocavailability
problems and which may necessitate control
of certain physicochemical properties of the
bulk drug. For example, when the quotient of
the predicted human dose divided the drug's
agueous solubility (minimum solubility
value in the pH range 1-7) exceeds ca 100
mL, or the intrinsic dissolution rate is less
than 0.1 mg/sg. cm/minute or the percentage
of the oral dose which is absorbed does not
exceed about 60% in any one preclinical ani-
mal species (excluding presystemic metabo-
lism effects).

HIGH SOLUBILITY/HIGH
BIOAVAILABILITY COMPOUNDS

If none of these soft triggers are met, then
one would expect very rapid dissolution in
vitro and in vivo. The dissolution test for
formulation design could simply be water,
but instead of using the standard 900-1000
mL, one should consider reducing the vol-
ume of dissolution medium to achieve less
than three-fold sink conditions to chalenge
the design of the dosage form. Other ways of
challenging the dissolution rate of the dosage
form include reducing the stirring speed or
adjusting the pH to reduce the solubility.
For compounds with aqueous solubilities
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in excess of 1 mg/mL (in the pH range 1-7),
ultimately a dissolution specification in the
region of Q =80 at 15 minutes in 900 mL
would not be unreasonable. For a compound
at the limit of the dose/solubility quotient
which has a solubility less than 0.1 mg/mL,
however, ultimately a dissolution specifica-
tion of Q=75 in 30 minutes may well be
more appropriate.

Potential pitfalls in interpreting dissolu-
tion data for this class of compounds (high
solubility/high bioavailability) include the
entrapment of drug particles in loosely
packed water insoluble excipients (tarches,
cdlulosics, calcium phosphate) if the formu-
lation disintegrates too rapidly during disso-
Iution testing (eg, paddlie at 50 rpm). The
enigma in this situation is whether to slow
down the rate of disintegration merely to sat-
isfy theartificial conditionsof the dissolution
test and enhance dissolution rate purely to
satisfy a perceived need for a rapid in vitro
dissolution or to maintain the rapid disinte-
gration rate which may be more important
for in vivo behavior and provide an explana-
tion of the slower dissolution profile in the
regulatory submission.

Another, less common, pitfall in interpre-
ting dissolution rate for high solubility/high
bioavailability compounds has been a slow-
ing in dissolution rate due to adherence of
film coated tablets to the dissolution vessel
wall. Small changesin theradiusof curvature
of atablet surface following redesign of tab-
let tooling may lead to this effect. This em-
phasizes the need for careful observation
during dissolution testing. A video camera
may prove an invaluable resource. Addition-
aly, polar compounds have been found to
bind reversibly to certain water insoluble ex-
cipients such as cellulosics and starches.
During dissol ution testing, compl ete dissolu-
tion of the active dose may not be achieved,
with the dissolution curve reaching an as-
ymptote significantly below 100%. Screen-
ing of drug-excipient binding at the preform-
ulation stage can help to eliminate or reduce
such binding phenomena. Again one must
treat theinterpretation of such datawith care,
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however, sincein vivo thisreversible binding
may have little or no impact on drug absorp-
tion as it is a dynamic equilibrium.

Other parameters which can be optimized
during the design phase through appropriate
dissol ution testing are tablet crushing strength
specifications, tamping force specifications
during capsul e filling, influence of lubricant
level and mixing time ranges, processing
conditions to avoid unwanted changes in
drug form during manufacturing/stability
testing, and the influence of compression
speed on powder/granule/tablet performance.
Itisat thisearly stage when only small quan-
tities of compound are available that use of
acompaction simulator can enable the gath-
ering of a significant amount of important
information.

Evenfor high solubility/high bioavailabil-
ity compounds, some control over drug parti-
cle size is still appropriate for compounds
which do not meet any of the soft triggers.
For example, one may wish to ensure ade-
guate content uniformity for a low dose, po-
tent compound or to ensure that the quality
of the bulk drug is reproducible and hence
maintain close control of the manufacturing
process of the dosage form for higher dose
drugs.

If any of the soft trigger criteria are met,
thisis astrong indication that dissolution rate
and/or sol ubility may influence drug absorp-
tion/bioavailability. If such data areavailable
early enough, consideration can be given to
enhancing solubility through choice of salt
form or polymorph or by reducing particle
size appropriately. When the dose/solubility
quotient exceeds 100 mL but is less than ca
500 mL, use of the standard 900-1000 mL
dissolution medium volume should be ade-
quate to challenge the dissolution perfor-
mance and aid optimization of the formula-
tion composition.

LOW SOLUBILITY COMPOUNDS

A series of “hard triggers’ will indicate that
special formulation technologies may be re-
quired to achieve an adequate absorption
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rate/bioavailability. Such hard triggers in-
clude a dose/solubility quotient greater than
1000 mL, an intrinsic dissolution rate less
than 0.01 mg/sg. cm/minute, and an ora bio-
availability (excluding presystemic metabo-
lism) inall preclinical animal species of less
than 20%.

For such compounds, if enhancementsin
solubility cannot be achieved through salt
formation (eg, acidic or basic functions too
weak or absent), the first approach is usualy
to reduce particle size to below about 20
microns or less. Dissolution testing of tablet
and capsul e dosage forms incor porating such
compounds can be problematic. Nonetheless,
use of surfactants, such as sodium dodecy!
sulphate, at concentrations up to severa per-
cent, has usually been found adeguate to
achieve the required level of solubility to
allow monitoring of dissolution rate and
hence optimize product performance.

For hydrophobic compounds which wet
poorly, studies of crystal surface free energ-
ies and the interfacia free energy between
the wetting liquid and the crystal surface
have proven to be of benefit in selecting ap-
propri ate wetting agentsto includein capsule
and tabl et dosage forms. Wetti ng agents com-
monly employed include hydrophilic poly-
mers such as PVP, HPMC, and HPC and
surface active agents such as docusate so-
dium and sodium dodecyl sulphate. In gen-
eral, it hasbeen foundthat for poorly wetting/
low solubility (below 10 mcg/mL) com-
pounds, the disintegration rate of the solid
dosage form has a more profound effect on
the dissol ution profilethan for high solubility
compounds. Hence, besdes employing an
appropriate wetting agent, maximization of
the disintegration rate of the dosage form is
essential.

Many of the bioavailability problems as-
sociated with compounds which meet the
hard trigger criteria have arguably arisen be-
cause of apoor understanding of theformula-
tion requirements and the emergence of ge-
nericformulationsof such compounds. There
is an enormous amount of information in the
literature on the design of sustained release
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formulations; if one examines the theories
behind these different technologies, it is
readily apparent that by a design fault one
can develop a poorly dissolving immediate
release formulation and thereby influence a
drug’s pharmacokinetics. For background in-
formation, refer to Murthy and Ghebre-Sel-
lassie (1). Nevertheless, simply because a
drug displays a dissolution profile which is
apparently related to the rate of disintegra-
tion/erosion of the dosage form during disso-
Iution testing, it should not be assumed that
this will result in a slower absorption rate
in vivo because the forces exerted upon the
dosage form in the gastrointestinal tract are
unrelated to those it experiences using stan-
dard paddle or basket methodol ogies. Thisis
exemplified by the frequent failureto demon-
strate in vivo/in vitro correlations for sus-
tained release dosage formsrelying solely on
erosion of atablet matrix for release control.
Even so, there are a number, albeit limited,
of examples in the literature where in vivo/
invitro correlations have been found for im-
mediate release, low solubility compounds.
See, for example, Simmons et a. (2). This
particular example, however, perhaps serves
more effectively to demonstrate the role of
animal studies in formulation optimization
and selection of the final Phase | clinica
formulation.

If the rate of drug dissolution from an
immediate rel ease oral dosage form is con-
trolled by the properties of the drug, how-
ever, then there is a possibility that in vivo/
in vitro correlations may be found. This was
recognized as dissolution rate limited ab-
sorption by Hersey back in 1969 (3).

The underlying message to the formula-
tion team designing a dosage form for low
solubility compounds is that optimization of
the rate of drug dissolution through appro-
priate control of the drug form (polymorph,
sdt, solvate, hydrate, particle size, surface
energy) and through challenging the ability
of the dosage form to provide rapid dissolu-
tion, makesit possibleto designinto aformu-
lation the greatest flexibility for processing
changes on scale-up and postapproval. There
will aways be certain “insoluble” com-
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pounds for which this may not be possible
using conventiona tablet/capsule technolo-
gies and more specialized technologies are
needed to assure adequate and reproducible
bioavailability, as discussed in the following
section.

APPARENTLY “INSOLUBLE”"
COMPOUNDS

For compounds with agueous solubilities of
lessthan 1 meg/mL, rationally it would seem
impossibl e to achieve adequate bicavailabil-
ity, particularly in cases where the human
dose/solubility quotient is in excess of 3000
mL and intrinsic dissolution rate is immea-
surably slow. For such compounds, particle
size control is essential and surfactant solu-
tions (SDS, Tweens) are screened as suitable
dissolution media, followed by hydroalco-
holic solutions and lastly flow through cel
type dissolution apparatus; for further de-
tails, refer to Dakkuri and Shah (4). To obtain
complete dissolution within a reasonable
time period (less than one hour), increased
stirring speeds are employed. The role of
any wetting agent in the formulation may be
masked by the surfactant in the dissolution
medium. Hence, design of the optimal for-
mulation is aided by animal (primate, dog)
bioavailability studies using an appropriate
pharmaceutically acceptable sol ution formu-
lation, if feasible, as a “best case” control.

With only a limited number of animals
(n=6), the power to discriminate between
formulations is not very high. At this stage,
however, the formulation team should be
looking for significant differences in bio-
availability (eg, <20%—>50%) between what
is predicted from physica measurements to
be an optimal conventional dosage form and
the solution formulation. One might also
compare at this stage two conventional for-
mulations with markedly different dissolu-
tion profilesto see how predictive the current
dissolution method is.

It hasnot been too difficult to demonstrate
significant differences in biocavailability in
animals for these apparently insoluble com-
pounds in comparing conventional dosage
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forms with soft gelatin cgpsul e solution for-
mulations (or for that matter other well-
known technologies for enhacing the bio-
availability of low solubility compounds,
such as extending a sol ution of the drug over
a high surface area substrate, nano-meter
sized drug particles, nonagueous microemul-
sions). Experience to date, however, indi-
cates that such differences are minimized in
man. Nonetheless, it is essential to demon-
strate as early as possible in the clinical pro-
gram that the alternative technologies really
have no advantages in man. To discover this
during clinical doserangefinding studiesand
to attempt switching between formulations
will almost certainly mean a restart of the
range finding studies.

ACCELERATED STABILITY
TESTING

It has been claimed that performing dissolu-
tion testing on dosage forms subjected to
accelerated stress conditions (temperature
and humidity) is without meaning. Some for-
mulation teams believe that such testing can
provide a useful guide to potential problems
and provides the opportunity to select excipi-
ents/manufacturing processes which mini-
mize these effects. Taking thisapproach pro-
vides an extra margin of safety, knowing that
performance of the dosage form after storage
at the International Conference on Harmoni-
zation (ICH) recommended stress conditions
will be unaffected or that special packaging
considerations are required. It also provides
assurance that the dosage form is no more
temperature- or humidity-sensitive than the
bulk drug itself. After al, having carefully
sdected an appropriate form of the bulk drug
for development, whenever possible the for-
mulation team’s objective should be to build
on these physiochemical properties and not
to design aformulation with greater sensitiv-
ity to heat and moisture than the bulk drug
itself.

A wide variety of factors affect dissolu-
tion stability, including processing factors,
formulation variables, drug and excipient
solubi lity/hygroscopicity/therma  behavior,
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changes in tablet tensile strength and/or po-
rosity, and the product packaging itself in
terms of its moisture barrier properties. To
fully understand and predict potential disso-
Iution stability problems, a database on mois-
ture sorption isotherms of bulk drug excipi-
ents and finished dosage form over the range
of expected storage conditions (ICH recom-
mended conditions of 40°C/75% RH, 30°C/
60% RH, and 25%°C/60% RH) isinvaluable.
Further insight can be gained from the ther-
modynamics of the moisture sorption pro-
cess, for example, for exothermic moisture
sorption processes, 25°C/60% RH may be
more detrimental than 40°C/75% RH. The
guestion remains, however, on what consti-
tutes a significant change in the dissolution
profile.

CONCLUSIONS

Dissolution testing is an invaluable tool for
the formulation team to use in the correct
design of oral dosage forms. The dissolution
test itself should be designed to challenge
the dissolution performance of the dosage
form duringthe early design stage and should
later be modified to yield the standard quality
control tool. For highly water soluble com-
pounds, one might question the need for a
dissolution test at al, both in design and rou-
tine manufacturing, provided certain disinte-
gration criteria are met. In vivo and in vitro
correlations for most drugs and their formu-
lations are unlikely provided the formula-
tions have been correctly designed and the
drug solubilities are in general above about
100 mcg/mL. Poorly formulated products of
drugs with very low water solubilities whose
rate of dissolution/rate of absorption is con-
trolled by the physiochemical properties of
the bulk drug are more likely to demonstrate
in vivo—in vitro correlations. Hence, one
would not expect to see in vivo—in vitro cor-
relations for well-designed formulations of
even very low solubility compounds.

For compounds of extremely low water
solubility which necessitate either very high
surfactant levels or organic solvents in the
dissolution medium, one has to question
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