Journal of Pharmaceutical Sciences xxx (2016) 1-9

Journal of Pharmaceutical Sciences

Contents lists available at ScienceDirect

journal homepage: www.jpharmsci.org

Pharmaceutics, Drug Delivery and Pharmaceutical Technology

Interlaboratory Validation of Small-Scale Solubility and Dissolution
Measurements of Poorly Water-Soluble Drugs

Sara B.E. Andersson !, Caroline Alvebratt !, Jan Bevernage 2, Damien Bonneau °,

Claudia da Costa Mathews #, Rikesh Dattani °, Khadijah Edueng !, Yan He ®, René Holm "%,
Cecilie Madsen ¥, Thomas Miiller 7, Uwe Muenster '°, Anette Miillertz ¥, Krista Ojala ',
Thomas Rades &, Peter Sieger '?, Christel A.S. Bergstrom "

! Department of Pharmacy, Uppsala University, Uppsala Biomedical Centre, Uppsala SE-751 23, Sweden

2 Pharmaceutical Sciences, Janssen Pharmaceutica, Beerse 2340, Belgium

3 Chemical and Pharmaceutical Analysis, Sanofi-Aventis Recherche Développement, 34184 Montpellier, France

4 Drug Product Design, Pharmaceutical Sciences, Pfizer Ltd., Sandwich, Kent CT13 9NJ, UK

5 Biopharmaceutics, Product Development, AstraZeneca, Macclesfield SK10 2NA, UK

6 Pre-Development Sciences, Sanofi, Waltham, Massachusetts 02451

7 Pharmaceutical Science and CMC Biologics, Valby DK-2500, Denmark

8 Department of Pharmacy, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen DK-2100, Denmark
9 Drug Product Development, AbbVie Deutschland GmbH & Co KG, Ludwigshafen 67061, Germany

10 Bayer Pharma AG, Chemical and Pharmaceutical Development, Research Center Aprath, Wuppertal 42096, Germany

" Orion Pharma, P.O. Box 65, 02101 Espoo, Finland

12 pharmaceutical Development, Boehringer Ingelheim, 55218 Ingelheim am Rhein, Germany

ARTICLE INFO

ABSTRACT

Article history:

Received 9 February 2016
Revised 8 March 2016
Accepted 8 March 2016

Keywords:

dissolution

intrinsic dissolution rate
apparent solubility
preformulation

poorly water-soluble drug
small scale

The purpose of this study was to investigate the interlaboratory variability in determination of apparent
solubility (Sapp) and intrinsic dissolution rate (IDR) using a miniaturized dissolution instrument. Three poorly
water-soluble compounds were selected as reference compounds and measured at multiple laboratories
using the same experimental protocol. Dissolution was studied in fasted-state simulated intestinal fluid and
phosphate buffer (pH 6.5). An additional 6 compounds were used for the development of an IDR measure-
ment guide, which was then validated with 5 compounds. The results clearly showed a need for a stan-
dardized protocol including both the experimental assay and the data analysis. Standardization at both these
levels decreased the interlaboratory variability. The results also illustrated the difficulties in performing disc
IDR on poorly water-soluble drugs because the concentrations reached are typically below the limit of
detection. The following guidelines were established: for compounds with S, > 1 mg/mL, the disc method
is recommended. For compounds with Sapp <100 pug/mL, IDR is recommended to be performed using powder
dissolution. Compounds in the interval 100 pg/mL to 1 mg/mL can be analyzed with either of these methods.

© 2016 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.

Introduction

solubility, have also increased. Therefore, water solubility and
dissolution rate often need to be determined early in the develop-

High-throughput screening technologies used during the last
decades have increased the number of drug candidates with high
potency. At the same time, physicochemical challenges associated
with these candidates, such as high lipophilicity and poor aqueous
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ment process, when the quantity of the compound is limited.
Evaluation of these properties can help to obtain early information on
whether the compound is expected to have a dissolution
rate—limited or solubility-limited absorption, determine the phar-
maceutical risk of the project, and define the initial formulation
strategy.” This is particularly relevant for poorly water-soluble bio-
pharmaceutics classification system class 2 and 4 compounds,’
where salt selection and formulation strategies, such as amorphiza-
tion and solubilization, may significantly improve the absorption
profiles.*

0022-3549/© 2016 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://dx.doi.org/10.1016/j.xphs.2016.03.010
mailto:christel.bergstrom@farmaci.uu.se
www.sciencedirect.com/science/journal/00223549
http://www.jpharmsci.org
http://dx.doi.org/10.1016/j.xphs.2016.03.010
http://dx.doi.org/10.1016/j.xphs.2016.03.010
http://dx.doi.org/10.1016/j.xphs.2016.03.010

2 S.B.E. Andersson et al. / Journal of Pharmaceutical Sciences xxx (2016) 1-9

Dissolution studies during the preformulation stage are usually
performed using powder-based assays or compressed discs, whereas
dissolution studies of formulations typically are performed from
tablets.”” In recent years, a small-scale apparatus, the pDISS Profiler
(Pion Inc., Billerica, MA), has been developed.®® This apparatus can
determine the dissolution rate from either powder or disc using
minimal amount of material. It uses fiber optic dip probes to read
concentration over time in situ, scanning absorbance between 200
and 700 nm. The fiber optic dip probes have interchangeable tips
with a path length in the range of 1-20 mm suited for various con-
centrations in the solution. Powder-based assays facilitate the
determination of the dissolution rate through higher concentration
of drug, compared with a disc assay, due to the increased surface area
of the material that is in contact with the dissolution medium.'®!!
However, the advantage of discs is that they have an exact and con-
stant surface area, which is produced by compressing the powder
into a compact disc with a fixed diameter. The intrinsic dissolution
rate (IDR) is the surface-specific dissolution rate, which can be
calculated if the surface area of the solid material is known. In disc
dissolution, the IDR is calculated according to the following equation:
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(1)

where m is the mass (ug), t is the time (min), Agisc is the disc surface
area (cm?), Vis the volume of the medium (mL), and dc/dt is the slope
of the straight line from dissolution (pg/(min x mL)). The unit of IDRgjs¢
is, therefore, pg/min/cm?.%° The advantage with the pDISS Profiler is
that it requires only 5-10 mg of compound in comparison with the
traditional Wood’s apparatus,'” where material up to ~500 mg is
required to compress a disc.”®

Disc dissolution studies are limited by the compound solubility and
the molar extinction coefficient of the compound. When the solubility
is poor, the concentration of compound in the medium dissolved from
the disc can be below the detection limit of the probe for a long period.
In contrast, powders can dissolve up to 600 times faster than discs.’
For the powder assay, an excess of compound needs to be used so
that the saturated concentration is obtained.” To calculate powder IDR,
the powder dissolution data are curve fitted with a biexponential
equation, as previously suggested by Tinke et al.'* and used in former
studies when establishing the powder dissolution method using the
puDISS.” Based on the assumption that there may be 2 particle size
populations, the following equation is used:

Crot(t) = CO(;’ {] _ e—ko(f—fmc)] + C?lo [1 _ek (f—fu\c)] (2)

where G is the total concentration (pg/mL) of the dissolved drug
as a function of time t (min), C§° and C{° are concentrations at t = co
of the dissolved particles from each of the 2 particle size pop-
ulations, ko and ki (per minute) are rate constants, and tja¢ is the
lag time occurring due to experimental delays, such as poor
wettability. The analysis is made with the assumption that a satu-
rated solution is present at t = co. The derivative of Equation 2 at the
start of dissolution (evaluated at t = t;a¢) is set equal to the limiting
slope in the Nernst—Briinner equation:
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where A,pp is the apparent total surface area (cm?), hagp is the
apparent thickness of the aqueous boundary layer, D (cm“/min) is
the diffusivity of the compound in the medium, V (cm?) is the
volume of the medium, and S (pg/mL) is the solubility of the

compound. The ratio of A;pp and happ, at the start of the dissolution
is defined as:

Aapp _ v 0 )
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when excess material is present, S = C§° + C§°. To determine the 5
constants associated with Equation 2 (G, ko, C{°, kq, and tiac),
nonlinear weighted regression analysis is used in the uDISS Profiler.
These constants are used to calculate the IDR by making use of
standard assumptions for disc IDR calculations:
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(5)
where DR?\% (ug/min) is the maximum slope in the powder

dissolution curve, MW is the molecular weight of the drug, and
RPM (rev/min) is the rotation speed.’

IDR measurements have many scientific and regulatory applica-
tions and are used for instance in polymorph identification, formu-
lation assessment, and batch quality control. It is, therefore,
important that measurements are reproducible and generate high-
quality data. Variability associated with dissolution testing has
been reported for the US Pharmacopeial (USP) apparatuses 1 and
2.7151n 1 study, 28 laboratories used the same experimental protocol
to measure dissolution of USP calibrator tablets, Food and Drug
Administration prednisone tablets, and glibenclamide tablets. A co-
efficient of variation (CV) of 14%-37% was reported for glibenclamide
tablets, the number being dependent on sampling time and method
used (basket or paddle). For the USP calibrator tablets and Food and
Drug Administration prednisone tablets, the CV was 9%-24% at the
30-min sampling time point, whereas the CVs for glibenclamide
tablets were 29.4% and 19.7% for the basket and the paddle method,
respectively. This variation could not be associated with the product
or compound, but rather to the dissolution testing itself.

In this study, interlaboratory differences of apparent solubility
(Sapp) and IDR measurements were evaluated with the aim to develop
guidelines for measuring the IDRs of poorly soluble compounds
when only available in limited amounts. Miniature dissolution
methods are increasingly used in academic research and industry
laboratories,'"'5?% but, to the best of our knowledge, there are no
common, standardized experimental protocols for the uDISS Profiler.
Furthermore, the variability between powder and disc IDR mea-
surements has not been described for poorly water-soluble com-
pounds. The standardization and validation of protocols for this
miniaturized dissolution method are therefore needed. This study
was undertaken as a part of the ORBITO (Oral Biopharmaceutical
Tools) consortiumwithin the Innovative Medicine Initiative program.
The interlaboratory variability was assessed using 3 structurally
diverse and poorly water-soluble reference compounds. The disso-
lution measurements were performed at multiple laboratories. The
same batch of each of the compounds and identical experimental
protocols were used at all laboratories, with the purpose to diminish
the influence of the drug material itself and the experimental assay
on the variability of the IDR. Six additional, structurally diverse
compounds with varying protolytic functions were selected to eval-
uate the established protocols and to produce a guide for whether to
use the powder or disc protocol. The established guide was then
applied to 5 compounds of past and present Research and Develop-
ment programs provided by the European Federation of Pharma-
ceutical Industries and Associations partners to test the applicability
of the recommended workflow.
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