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T

his commentary continues the discussion initiated
in a previous article entitled “Comment on the
Importance of Data Transparency, Openness, and
Reproducibility in Dissolution Science and Technology”
(1). As a follow-up, this commentary more specifically
provides a scan of current practices in the literature that
are applicable to solubility data reported in Dissolution
Technologies, with the goal of enhancing reproducibility
and meaningful interpretations of these data.
Any meaningful understanding, interpretation, and
reporting of a solubility measurement for a drug compound depends on accurate and reliable experimental
values. In turn, accurate and reliable experimental
values are influenced by experimental conditions and
methodology as well as the properties of the solute and
solvent (2).
Given the current emphasis of the scientific community on
promoting transparency, openness, and reproducibility,
this commentary is focused on the importance of
precisely and completely documenting the methodology
used to measure the solubility for drug compounds and
the related issue of characterizing and documenting the
physical form of the drug solute (3).

Accurate and reliable solubility measurements depend on
the following (2):
•

Control of measurement conditions (e.g.,
temperature and temperature control, agitation
conditions, incubation time);
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•

Sample preparation (e.g., centrifuge or filter
aliquots of slurries, then immediately dilute
vehicle in appropriate solvent for highperformance liquid chromatography [HPLC] or
other method of analysis);

•

Properties of the solubility media (e.g., pH, ionic
strength, added surfactants, co-solvents); and

•

Physicochemical properties of the drug
substance (e.g., surface area, ionization
chemistry, crystal form).

Crystal structure in particular can have a direct effect on
the solubility of the solid. Conversion of a metastable
phase into a more stable phase via solution-mediated
changes can occur (4).
Trends in the solubility of drug polymorphs have been
reviewed (5). One example of the impact of the physical
form of the drug on solubility was reported for ritonavir,
where two crystal forms differ substantially in their
solubility properties, which, in turn, creates challenges for
bulk drug manufacture and formulation (6, 7). Another
example involves rifaximin, an antibiotic intended for
local action in the gastrointestinal tract, where even small
amounts of the more soluble amorphous form can alter
the bioavailability and pharmacological properties of this
poorly absorbed drug (8).
With this background in mind, documenting the
methodology for solubility measurements, including
characterizing the physical form of the drug solute,

is relevant to the accuracy, reproducibility, and
interpretation of the solubility data. Methods for
determining solubility have been reviewed by several
authors (2, 9–13). Murdande et al. provide useful and
practical precautions to be taken when measuring
solubility, such as (11):
•

Ensuring high chemical purity of solute and
solvent;

•

Selecting satisfactory techniques for complete
separation of the saturated solution from
undissolved particles;

•

Employing appropriate analytical methods to
quantify drug concentration in solution;

•

Ability to detect decomposition products;

•

Temperature control;

•

Measurement of pH of the solution at the end of
the equilibration period for aqueous solutions;
and

•

Analyzing and characterizing the excess solid
separated from the saturated solution to
determine whether any changes in solid phase
may have occurred relative to the initial starting
material.

Murdande et al also provides detailed procedures for
solubility measurement of crystalline and amorphous
forms (11). Dressman et al. have given special attention
to measuring drug solubility in the gastrointestinal tract
(14). A review concerning the estimation of the solubility
of metastable polymorphs is available (15).
Higuchi et al. addressed special problems with measuring
the solubility of very sparingly soluble drug substances,
which is particularly problematic in the presence of
impurities, and proposed an experimental approach to
overcome this problem (16). A standardized protocol using
the Higuchi method to measure the equilibrium solubility
measurement of compounds with low dissolution rate
has more recently been validated (16, 17). Methods for
characterizing the physical form of the drug substance
include microscopy, spectroscopy, X-ray diffraction, and
thermal analysis. These and other methods have been
reviewed (18–21). It should be noted that more than
one method may be necessary to fully characterize the
physical form of a drug substance, as was the case for
ritonavir (7).

This commentary has provided a brief scan of the
literature concerning methods to measure solubility and
characterize the physical form of the drug. This sample
of relevant literature emphasizes the need to carefully
control experimental conditions for solubility studies and
provides the rationale for characterizing the physical form
of the drug.
Therefore, reviewers and readers of solubility data
submitted for publication in Dissolution Technologies
should have access to complete and precise methodology
used for any solubility measurement, including
characterization of the physical form of the drug solute
before and after the solubility experiment. Because in
vitro drug dissolution rates are directly related to drug
solubility (22, 23), it follows that a similar argument can be
applied to the measurement and reporting of dissolution
data.
Any lack of critical information related to solubility
measurement methodology and characterization of the
physical form of the drug solute creates questions about
the interpretation and reproducibility of these data, with
reproducibility being of particular importance because, as
emphasized by McNutt (24), “reproducing an experiment
is one important approach that scientists use to gain
confidence in their conclusions”.
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