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Crystal form selection of pharmaceutical compounds including salts, cocrystal and polymorphs
is an essential process in the field of drug development. In order to optimize the crystal form,
numerous studies dealing with high-throughput salt and polymorph screening on multi-well
plates have been conducted. High-throughput salt and polymorph screening is commonly per-
formed by using powder X-ray diffractometory (PXRD) and Raman microscopy. Raman
microscopy is especially useful for salt screening, since the technique can provide not only physi-
cal information but also chemical information. This review introduces an effective method for
salt and polymorph screening by using multi-well plates and Raman microscope, providing infor-
mation on the stoichiometry of pharmaceutical drug salts obtained. In addition, a case study of
pharmaceutical development using salt screening with Raman microscopy is described.
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Abbrev1at10ns used in the table ; MeOH, methanol ; EtOH, ethanol ; IPA isopropy! alcohol ; MeCN, acetonitrile ; EtOA, ethyl acetate ;

IPE. isopropyl ether ; THF, tetrahydrofuran ; DCM, dichloromethane; cHex, cyclohexane ; TAM, tamoxifen ; CA, counter acid.

a Raman spectra of crystals formed with TAM and methanesulfonic acid (1: 1) were classified as M1 or M2.

b Raman spectra of crystals formed with TAM and benzenesulfonic acid (1 : 1) were classified as Bl or B2.

¢ Raman spectra of crystals formed with TAM and L-tartaric acid (1:1,2:1) were same patterns and classified as T1, T2, or T3.
d Raman spectra of crystals formed with TAM and fumaric acid (1:1,2:1) were same patterns and classified as F1 or F2.

€ Raman spectra of crystals formed with TAM and citric acid (1

1. 2 1 1) were same patterns and classified as C1 or C2.

{ Raman spectrum of crystal formed with TAM and succinic acid (1:1,2:1) was just one pattern and classified as SI.
g Raman spectrum of TAM crystal was just one pattern and classified as Free.
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Fig. 2 Raman spectra of TAM, TAM citrate, and citric acid
crystals?. TAM citrate was prepared with TAM and citric
acid (1 : 1 and 2 : 1) on 96-well plate. Free, C1, and C2
correspond to the classification in Table 1. (—), TAM
(Free) ; (—), TAM citrate(C1) ; (—), TAM citrate
(c2) ; (=), citric acid.
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f-:ig. 3 PXRD patterns of TAM citrate prepared with TAM and cit-

ric acid (1 2 1and 2 : 1) ona large scale.
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Fig. 4 Raman spectra of compound A as zwitter ion (ZW :
BSA=1 : 0), besylate salt (ZW:BSA=1 : 1) and benzen-
sulfonic acid (ZW 2 BSA=0 : 1) crystals on a 96-well
plate® .
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Abbrevxatxons used in the figure ; ZW zwitterion, CA : counter acid, ESA : 1.2-ethanedisulfonic acid, MSA : methanesulfomc acid,

CSA : Camphorsulfonic acid, BSA : benzenesulfonic acid, PA : phosphoric acid, TA : Ltartaricacid, FA ! fumaric acid, CiA ! citric
acid, GA : gluconic acid, MA : L-malic acid, LA : L-lactic acid, SA : succinic acid, AA : acetic acid, MeOH . methanol, EtOH :

ethanol, IPA :isopropyl alcohol, MeCN : acetonitrile, EtOA : ethyl acetate, IPE :isopropyl ether, THF : tetrahydrofuran, DCM :

dichloromethane, cHex : cyclohexane, WA : mixed solvenet of isopropyl alcohol and water (v/v=1/1).

Raman spectra were classified in oil or amorphous, Ezwitterion, Bicounter acid, and salt or cocrystal, B

Table 5 Physmochemlcal Properties of Salts?

SA- T (220) CSA-1 (188) 6 solvates FA-1 (137).
BSA-D(2000 CSA-TI  (MeOH EtOH. . (111)  FA-T(145)
BSA-I (hydrate) THF,DCM, SA-1 FA-II(162)
(hydrate) Acetone, (114)

MeCN)*

BSAT

SA-1 FA-TI
Potency Potency -t Potency Potency
>99% >99% , >09%  >09%
Stable Stable -t Unstable* Unstable®

Anhydrous form of hemi-edisylate salt was not obtained
b Not determined
¢ Transformed to ZW-IV (hydrate of zwitterion)
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Fig. 5 Sorption/desorption step-isotherm for water vapor on
various salts*. (@) : sorption, (O) : desorption.
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Evaluation of Stability of Solid Pharmaceutical Drugs :
From the Viewpoint of Photostability

AE FA

Yoshihisa Matsuda

The photolytic degradations of photolabile solid drugs are very complex and therefore difficult to
quantitatively analyze the results because they are typical topochemical reactions differing from those in
aqueous media. In this article, based on the results of several works performed by the authors, some
essential and important problems and factors (e. g., effects of temerature, humidity, irradiation wave-
length and intensity of light source, particle size, crystal forms) for rational evaluation of photostability
of these drugs are presented and extensively discussed.

Keywords : Photolabile drug, Photostability, Polymorph, Crystal form
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Table1 Kinetic equations for the most common mechanism of solid- state reactions

Symbol g (x) Mechanism
R1 X Zero-order mechanism (Polany-Winger equation)
R2 (1-(1-x))/2 Two- dimensional phase- boundary mechanism
R3 [1-(1-x)]"/3 Three- dimensional phase- boundary mechanism
F1 -In(1-x) First-order mechanism
A2 [—In(1-x))}/? Two-dimensional growth of nuclei mechanism (Avrami equation)
A3 [—In(1-x))"/3 Three- dimensional growth of nuclei mechanism (Avrami equation)
D1 x2 One-dimensional diffusion mechanism
D2 (1-x)In(1-x}+x Two-dimensional diffusion mechanism
D3 f1-(1-x)'3)2 Three- dimensional diffusion - mechanism (Jander equation)
D4 (1-2x/3)—(1-x)*3 Three- dimensional diffusion mechanism (Ginstilling - Brounshtein equation)
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Fig. 4 The double logarithmic plot for the color
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diation intensity under mercury vapor
lamp (@) and fluorescent lamp (O)
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