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chieving good in vivo performance is a key
attribute for ensuring safety and efficacy of oral
solid dosage (OSD) forms intended for systemic
delivery. Yet, new drug targets and mechanisms of action continue to drive drug candidates’ physical properties toward poorly soluble biopharmaceutics
classification system (BCS) II or IV designation.¹ Applying
bioavailability enhancement techniques can help improve
not only the water solubility and oral absorption of OSD
drug products but also increase patient safety, efficacy,
and compliance. With the availability of so many types of
in vitro dissolution tests, though, how do you determine
which one will be most effective in predicting in vivo performance of your BCS II or IV drug product?

WHAT FACTORS DETERMINE THE RIGHT
METHODOLOGY FOR PREDICTING
BIOPERFORMANCE?
Oral drug delivery is the most commonly used route of
administration in the pharmaceutical industry. Oral drugs
meant for systemic delivery need good oral bioavailability
to ensure adequate drug concentrations at the site(s) of
therapeutic action. Achieving good oral bioavailability
requires dissolving in gastrointestinal fluids and permeating through the intestinal wall, which depend on a drug
having adequate solubility and permeability. However,
nearly 40% of currently marketed drugs and up to 80% of
compounds currently under development are classified

as having either low solubility/high permeability (BCS II)
or low solubility/low permeability (BCS IV).2,3
Drugs with low solubility and/or permeability levels
require formulation strategies that can overcome these
challenges, in order to improve bioavailability. This will
help bring new drugs to the market as well as improve
existing medications by removing poor product characteristics, such as patient variability, as well as drug-drug and
food-drug interactions. Methods to enhance bioavailability
of a drug include improving its solubility and/or dissolution
rate. There are several ways to do this, such as reducing
particle size, developing a salt form of the drug, or creating
different types of formulation, such as lipids or amorphous
solid dispersions (ASDs). 4,5,6 A key advantage of the amorphous form of a drug is its higher solubility compared to
the crystalline form.⁷ However, the potential for precipitation to the more stable crystalline form is inherent for
ASDs.⁸ Biopredictive dissolution testing, which evaluates
how the interplay between a drug formulation and GI
fluid properties impacts bioperformance, can help assess
bioperformance risk of drug product formulations, such as
ASDs. It can be applied using a range of methods incorporating various apparatuses and test designs.
A desired goal of in vitro dissolution testing is to determine
the rate of drug input into plasma over time, which is driven
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by many factors, such as dissolution and precipitation in the
stomach and/or the small intestine, gastric emptying and
transit, and permeation into the intestinal membrane. Traditional in vitro dissolution methods for solid dosage forms
common for quality control testing may not effectively predict oral bioperformance of drug products for which the rate
of absorption is impacted by factors other than dissolution,
such as products comprised of poorly soluble molecules.9,10
For example, simple USP methods (Figure 1) typically use a
single dissolution medium with non-physiological volumes
and dose concentrations. They also do not take into account
factors that can impact both dissolution rate and precipitation, such as GI transit or membrane permeation.

that will affect your drug product performance in vivo.
Likewise, the dissolution media you use during testing can
be critical, as it can greatly impact performance. For example, it is important to select media tailored to the target
population(s) of interest (i.e., fasted humans, fed humans,
fasted dogs, etc.) and capture the range in GI fluid properties expected to affect dissolution for your particular drug
product. A webinar highlighting a method for selecting
the most relevant media based on these factors was recently presented by Lonza and can be found here.
At Lonza, we recommend the following steps for testing
bioperformance using an in vitro dissolution test:
1. Predict in vivo problem statement and rate-determining steps to absorption.
2. Select in vitro dissolution apparatus.
3. Choose an in vitro dissolution media and test parameters.
Common in vivo problem statements for ASDs include
precipitation/crystallization, slow dissolution rate, and
solubility/permeability limited absorption. The following
examples describe three scenarios for in vivo dissolution
testing of these ASD problem statements.

PROBLEM STATEMENT 1:
PRECIPITATION/CRYSTALLIZATION
Fig 1: Industry standard dissolution testing methodologies are USP Apparatus 1
(basket) and USP Apparatus 2 (paddle).

Newer in vitro dissolution methods, designed to capture
some key rate-determining steps to absorption, are tests
aimed at capturing more gastrointestinal variables, such
as sequential exposure to different fluid pH and compositions.10 However, while these tests can be more successful in predicting bioperformance, they can be more
time-consuming and difficult to run. Selecting the simplest
apparatus(es) that has the potential to be predictive of
bioperformance requires an understanding of the factors

Many ASD formulations are designed to supersaturate
in GI fluids. While supersaturation can lead to improved
absorption, it also increases the possibility of precipitation (i.e., conversion of the amorphous form to the more
thermodynamically stable crystalline form).12
The gastric-to-intestinal transfer test is a practical test for
assessing precipitation, particularly for ASDs that tend to
precipitate in intestinal media after exposure to gastric
media (Figure 2).13 In this test, the dosage form is added
to a simulated gastric medium, and drug concentration is
monitored over a period of time, such as 30 min. Next, a
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concentrated simulated intestinal buffer is added to the
vessel to create a simulated intestinal medium and drug
concentration is further monitored.11 These tests can be
conducted in USP 2 or Pion µDiss (Pion, Billerica, MA)
vessels, allowing for multiple tests to be run simultaneously. In addition to media selection, key testing parameters
include gastric and intestinal medium volumes and dose.
Depending on the drug dose, effective permeability,
and fluid volumes, this test can represent a worst-case
scenario for in vivo precipitation since fluid and solids
remain in the vessel for the duration of the test. With
their ease of use, high throughput, and likelihood to
discriminate formulations in terms of in vivo precipitation
(since they tend to represent a worst-case scenario), gastric-to-intestinal transfer tests can be useful for ranking
formulations early in development.

Fig 2: Two-stage gastric-to-intestinal transfer test

A more sophisticated option for assessing precipitation
is a multicompartment/controlled transfer dissolution
(CTD) test (Figure 3), which simulates a dynamic, physi-

ologically relevant environment in terms of fluid volume, transit, and gastric and intestinal secretions.14,15,16
In this test, the dosage form is placed in a compartment
of simulated gastric medium and then fluid and dissolved solids are pumped into subsequent ‘intestinal
compartments’ at a physiologically relevant gastric
emptying rate (e.g., a 15-min emptying half time). At
the same time, simulated gastric and intestinal secretion fluids are pumped into the relevant compartments
as a function of time. Many multicompartment dissolution tests are developed by companies or universities
in-house and can be labor- and time-intensive since
typically only a single experiment can be conducted
at a time. Key testing parameters for this type of test
besides media selection include the volume of media
being used and the transfer rates (i.e., pumping rates).
Compared to the static gastric-to-intestinal transfer
test, multicompartment/CTD tests may be better
suited for understanding a smaller number of formulations later in development due to their higher complexity and lower throughput, with a tendency toward
better replicating the in vivo environment. A case
study using the CTD apparatus demonstrated correct
rank ordering of in vivo performance for an ASD tablet
and crystalline drug in capsule dosed at low and high
gastric pH in beagle dogs for a weak base drug with
moderate crystallization propensity.⁴
A drawback for both types of tests is that they do not
capture the in vivo absorption process, which can also
drive down the supersaturation ratio and decrease
the propensity for crystallization, particularly for high
permeability (i.e., BCS II) drugs. Coupling these in vitro
testing strategies with in silico modeling can be useful for
capturing the sensitivity of formulations to absorption
rate and other important physiological variables. Further,
tests designed to capture the absorption process, such as
membrane or biphasic tests can also be utilized.17, 18, 19,20
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In this case, the dissolution rate is influenced not only
by the formulation properties and drug loading, but also
by the available particle surface area in contact with GI
fluids, dictated by the ASD particle size distribution and
any particle aggregation that may occur in GI fluids.22,23
A sink test is recommended for measuring differences
in the dissolution rate between samples. A sink test
represents conditions when dose/medium volume is
low compared to the drug solubility, which would be
the solubility of the amorphous form for an ASD. A sink
test allows determination of dissolution rate differences
between samples/formulations when dissolution rates
are at their maximum values, and therefore contributions arising from factors such as differences in particle
size distribution can be adequately assessed.
If the gastric dissolution rate is of interest, the sink
test can be performed in the desired gastric medium.
However, if the intestinal dissolution rate is of interest,
an intestinal only test in a single intestinal medium can
be completed or else a gastric-to-intestinal transfer test
can be performed as described above. Gastric transfer is
typically completed when prior exposure of the sample
to gastric medium is expected to affect the dissolution
rate of the sample in the intestinal medium. This can be
driven by the drug properties (acid/base) and/or excipient properties (enteric or neutral polymer).
Fig 3: Lonza multicompartment/controlled transfer dissolution (CTD) test

PROBLEM STATEMENT 2:
SLOW DISSOLUTION RATE
For some ASDs, dissolution can be a rate-determining
step to absorption (i.e., when the dissolution rate is
slow relative to the permeation rate and the dose is
relatively low). A slow dissolution rate may be a concern for ASDs that dissolve via an erosion mechanism,
whereby the drug and polymer erode from the particle
surface, generating supersaturated drug concentrations.

Although sink conditions may not be biorelevant for
some, for example, high dose BCS II or IV compounds,
sink tests can be highly discriminating for dissolution
rate limited compounds and therefore can be useful
for ranking formulations of these compounds to select
those that might have the most robust in vivo performance. In addition, the sink dissolution data can be
highly valuable for inputting into predictive modeling
software that can assess sensitivity of the impact of the
dissolution rate on absorption in conjunction with in
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vivo processes, such as gastric emptying, intestinal transit, GI hydrodynamics, and absorption rate. A case study
using a gastric-to-intestinal transfer test coupled with
predictive modeling software was useful in elucidating
the performance differences between three different
ASD formulations administered to beagle dogs, supporting the hypothesis that one ASD formulation was
limited by the dissolution rate.24

PROBLEM STATEMENT 3: SOLUBILITY/PERMEABILITY LIMITED ABSORPTION
Absorption of ASDs can be solubility/permeability
limited when the dissolution rate is considerably faster
than the permeation rate and the dose-to-solubility
ratio is higher than the intestinal fluid volume.21 When
ASDs dissolve, different drug-containing species can
form, such as freely dissolved drug (neutral and ionized
forms); drug bound to bile-salt micelles and other lipidic
structures; and in some cases, nano-sized species (i.e.,
“drug-polymer colloids”) arising from amorphous-phase
separation once the amorphous solubility of the drug
has been reached in the GI fluid. Understanding the
presence and abundance of each of these drug-containing species can be important, as they differ in diffusivity,
release, and permeation behavior.
For some ASDs, transport across the unstirred water
layer (UWL) in the small intestine is a rate-determining
step to absorption. In these cases, micelle-bound drug
and nano-sized drug species can boost dissolution rate
and enhance transport across the UWL by acting as a
drug “shuttle” to provide a reservoir at the epithelium
surface, thereby improving the rate of drug absorption.
A good way to evaluate the impact of different
drug-containing species on drug absorption is using
a membrane flux test.27,29,30 A membrane flux test is a
dissolution/permeation test that can mimic the process
of simultaneous drug dissolution and absorption in vivo.

A membrane flux test can capture the contributions
to flux from all drug-containing species and be used
to make predictions about the rate-limiting step for
absorption in vivo with respect to dissolution rate, UWL
diffusion, and cell membrane permeation.
A membrane flux test developed at Lonza (Figure 4)
consists of a donor compartment and receiver compartment separated by a membrane.27 The receiver solution
acts as a sink for the drug, allowing for flux measurements based on formulation performance in the donor
compartment. Important testing parameters to consider
include the dose concentration, surface-area-to-volume
ratio, and dissolution media.27 Key advantages of Lonza’s
membrane flux test include a high membrane surface
area to donor volume (SA/V) similar to that of the small
intestine (when approximated as a smooth tube), high
throughput, and low material requirements.27

Fig 4: Membrane flux test developed internally at Lonza 27 (surface area = SA,
donor volume = V)

A case study using the membrane flux test showed
correct ranking of in vivo performance of three different ASD formulations that were solubility-permeability
limited in rats.25 In this case, only one dissolution media
provided the correct ranking, further emphasizing the
importance of dissolution media selection.
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CONCLUSION
Advances in biological science and technology are
leading to the discovery of novel drug candidates
aimed at addressing unmet medical needs across the
global market. Many of these products are OSDs classified as poorly soluble, calling on the need for formulation strategies that can increase bioavailability.
In vitro dissolution testing can help assess bioperformance, but only if the most appropriate testing
method and solution for your problem statement and
rate-determining steps are selected. Doing so not
only enables rapid development of robust oral dosage
forms, such as ASDs, but also aids formulation scientists in selecting formulations that will perform well in
vivo without the need for multiple clinical studies. This
lessens the number of formulation iterations, which
can help reduce the cost and time of development.
Lonza’s in-house experts have a wide range of experience in designing and implementing various testing methods that can accurately identify and help a
drug’s performance in the human body, ultimately
setting a path toward clinical and commercial success
for our clients.
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