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Abstract

It is desirable and increasingly more common in drug discovery to characterize
compound solubility prior to biological testing. A filter-based method has been
developed for both semi-quantitative and quantitative solubility determinations.
Compounds solubilized in water-miscible solvents are added to buffer in a filter
plate and incubated on a shaker deck. The filter plate is then transferred to a vacuum
manifold and samples are filtered. A fixed volume of each filtrate is transferred to a
UV-transparent analysis plate. Depending on the type of analysis - semi-
quantitative or quantitative - a single calibrator or standard solutions are transferred
to the plate and absorbance is measured. Results from the filter-based method
correlate well with values obtained using standard methodology (shake flask). The
filter-based assay can be fully automated on a number of laboratory robots.
Depending on calibration and replicate number, the method is capable of producing
results on hundreds of samples per day.

Introduction

Determining compound solubility in water has become an essential early
measurement in the drug discovery process. Poor water-solubility can cause
problems in many different in vitro testing techniques leading to unreliable results
and/or ducibility problems. C ly, did p ds can fail early
in their development due to unfavorable physicochemical profiles. An even larger
problem results when insoluble precipitates cause false positives in bioassays,
potentially wasting valuable resources. Such issues can add significant cost and
time to drug development activities.

The standard protocol to determine the solubility of a compound is to use the shake-
flask solubility method.! This method is inherently low-throughput, labor
intensive, and necessitates the addition of drug in powder form — a requirement
which can be i ible with how pounds are g 11 intained (e.g., in
DMSO023).  The shake-flask method involves adding an excess quantity of solid
material to a volume of buffer at a fixed pH. This saturated solution is agitated
(shake-flask) until equilibrium is reached, generally after 24 to 48 hours
(empirically determined). Following separation by filtration or centrifugation, the
compound in solution is analyzed and quantified by UV/Vis spectroscopy or HPLC.

Presented herein are two methods carried out in a 96 well format for the fast and
accurate determination of aqueous compound solubility. Using a single point
calibration for classification, or a calibration curve for quantitation, the solubility of
hundreds of compounds can be determined in less than four hours. The method is
automation compatible, high throughput and can be used in conjunction with
existing laboratory equipment. The solubility assay has excellent correlation with
the shake-flask method.

Features

*MultiScreen® Solubility plate designed and optimized for the determination of
aqueous solubility

*96-well format allows for analysis of multiple drugs in a single plate
«Compatible with standard laboratory robotics and analytical equipment
«Low non specific binding/high drug recovery (see Chart 5)

*Low sample amounts required (e.g., 10 pL at 10 mM = 100nMoles)
*Direct quantitation of compound in solution

«Functional over a wide pH range and compatible w/multiple excipients
+Good particle retention removes insoluble compound

«Compatible with aqueous organic solutions (e.g., < 5% DMSO)
*Reproducible and repeatable results
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Chart 1: The solubility of more than 30 ially available p was

determined using the MultiScreen solubility quantitation method and the shake- H il
flask method. Results for 12 ially available pounds are p Factors InﬂuenCIng SOIUbIIIty
demonstrating the correlation between the quantitative method and the traditional
shake flask method over a range of compound solubilities.

Solubility Time Dependence
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Chart 3: The effect of time on compound solubility. Solubility was determined
for each of the compounds at time = 0, 0.5, 1.5, 3, 6, and 16 hours. For the majority
of p (e.g., cl ine and glybenclamide), an incubation time of 1.5 hours
was sufficient to reach equilibrium. A 1.5 hour incubation may not permit super-
saturated compounds to reach equilibrium as some compounds may crystallize
slowly in the solvent system.  This effect is illustrated with nifedipine, whose
solubility decreased from 350 pM initially to 150 uM after 16 hours.
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Chart 2: The correlation of the MultiScreen solubility quantitative
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Plate Polystyrene
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Chart 4: DPI, B-estradiol, benzanthrone, all relatively low solubility compounds,
and sulpiride, a relatively high solubility compound, are essentially unaffected by the
concentration of DMSO, while the apparent solubility of glybenclamide and

nifedipine are elevated by an order of magnitude in the presence of 5% DMSO.

Maximum Vacuum 12” Hg

Recommended Vacuum 10" Hg

The ing ratio is
as detailed below. The resultant screening ratio is classified as follows:

Data Analysis

The quantitative solubility of a drug is calculated from the absorbance of a sample
divided by the slope of the line generated from the calibration curve:

Aqueous Solubility = (WJ x1.25

slope

Teul

d using six lengths for both the sample and standard

Screening l > AU @ 280,300,320, 340, 360 minus AU @ 800nm Sample )
Ratio \TAu (@ 280,300, 320, 340, 360 minus AU @ 800nm Standard
then solubility < 100 uM

then solubility > 100 uM and < 500 pM
then solubility > 500 uM

Screening ratio < 0.5
Screening ratio > 0.5 and <1
Screening ratio = 1.0
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Chart 5: Nine drugs were analyzed for drug recovery in a Multiscreen Solubility
plate. Compound recovery was at least 80 %, with the majority of compounds
being recovered at 90 to 100 %.
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Chart 6: Ketoconazole was analyzed in a total of 6 plates (45 wells per plate) on 3
different days. The average and standard deviation from a given plate on a specific
day is plotted in uM units.

Summary

The MultiScreen Solubility Filter plate and screening method provide an
automation compatible, high throughput means to estimate the aqueous
solubility of hundreds of compound per day. Using a single point calibration,
the screening ratio is easily and quickly derived, and compound solubility is
readily approximated. Multiple samples, each requiring approximately 200
nanomoles (~100 pg) per result, can be run in parallel. The method allows
for the analysis of approximately 45 compounds (duplicate determinations)
per plate with the capability of completing four or more plates in a standard
8-hour day. The assay is inherently compatible with the manner in which
most compound libraries are produced (e.g., as stock solutions in DMSO,
etc.), fully automatable and is easily integrated into existing chemical profiling
and early ADME workflows.
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