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The rapid determination of key physical properties of lead compounds is essential to the drug discov-
ery process. Solubility is one of the most important properties since good solubility is needed not only
for obtaining reliable in vitro and in vivo assay results in early discovery but also to ensure sufficient
concentration of the drug being in circulation to get the desired therapeutic exposure at the target of
interest. In order for medicinal chemists to tune solubility of lead compounds, a rapid assay is needed to
provide solubility data that is accurate and predictive so that it can be reliably used for designing the next
generation of compounds with improved properties. To ensure speed and data quality, we developed a
high throughput solubility assay that utilizes a single calibration UHPLC-UV-CLND method and a 24 h
shake-flask format for rapid quantification. A set of 46 model compounds was used to demonstrate that
the method is accurate, reproducible and predictive. Here we present development of the assay, includ-
ing evaluation of quantification method, filtration membranes, equilibrium times, DMSO concentrations,
and buffer conditions. A comparison of thermodynamic solubility results to our high throughput 24 h
shake-flask solubility assay results is also discussed.
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1. Introduction

Solubility is one of the most essential properties among all
important physicochemical properties in drug discovery and devel-
opment, where solubility plays crucial roles affecting in-vitro and
in-vivo assay results [1-3]. Drug candidates need sufficient solu-
bility for assessment in biochemical and cellular screening assays,
microsomal and plasma stability assays, and physical property
assays of lipophilicity and permeability. Furthermore, the oral
bioavailability of a drug is highly affected by solubility [4]. As a
drug discovery project progresses, the lead compounds are investi-
gated in-vivo to gain a good understanding of its pharmacokinetics,
pharmacodynamics, absorption, and toxicity. Throughout these
tests, solubility is one parameter used to guide formulation design
and suitable assay conditions. Poorly soluble compounds often
have incomplete and variable oral adsorption and potentially have
higher risk of failure in drug development due to variability in clin-
ical response [5,6].

Solubility measurements are typically done using either solid
material or from a compound DMSO stock solution. Thermo-
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dynamic solubility is measured from solid material and is the
preferred solubility assessment during drug development, where
it is used by preformulation groups for determining dosage com-
position and estimating ultimate bioavailability. Thermodynamic
solubility is defined as the maximum quantity of a substance in a
saturated solution where the solution and solid phases are in equi-
librium. Unfortunately, this process is low throughput and requires
a significant amount of material and thus is not well suited for drug
discovery. Conversely, kinetic solubility is measured from a com-
pound stock solution typically prepared in DMSO. Kinetic solubility
assays are high throughput and require minimal amounts of mate-
rial, usually a few micro grams, but do have limitations relative to
thermodynamic solubility assays.

Many drug discovery in-vitro assays such as biological screening
and pharmacokinetic assays are controlled under kinetic solubil-
ity conditions. Kinetic solubility is the compound concentration
in solution shortly after the addition of DMSO stock solution
into aqueous buffer, normally measured in a few minutes to two
hours after addition [5,7]. This short-time solubility can be non-
reproducible and have noticeable deviations from equilibrium
solubility values owing to that kinetic solubility values are associ-
ated with metastable conditions. This unreliable kinetic solubility
data may cause potential errors in interpretation of pharmacoki-
netic and in-vitro potency results [8]. Kinetic solubility using long
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Table 1

B. Lin, J.H. Pease / Journal of Pharmaceutical and Biomedical Analysis 122 (2016) 126-140

24 commercial compounds used for CLND response testing.
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