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30The creation of co-crystals of various insoluble drug substances has been extensively investigated as a
31promising approach to improve their pharmaceutical performance. In this study, co-crystal powders of
32indomethacin and saccharin (IMC–SAC) were prepared by an anti-solvent (water) addition and compared
33with co-crystals by evaporation method. No successful synthesis of a pharmaceutical co-crystal powder
34via an anti-solvent approach has been reported.
35Among solvents examined, methanol was practically the only one that resulted in the formation of
36highly pure IMC–SAC co-crystal powders by anti-solvent approach. The mechanism of a preferential for-
37mation of IMC–SAC co-crystal to IMC was explained with two aspects: phase solubility diagram and solu-
38tion complexation concept. Accordingly, the anti-solvent approach can be considered as a competitive
39route for producing pharmaceutical co-crystal powders with acceptable properties.
40� 2013 Published by Elsevier B.V.
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42

43 1. Introduction

44 Co-crystals are being studied intensively primarily due to the
45 potential for improved pharmaceutical properties, including the
46 dissolution behavior of BCS class-II drug substances [1,2]. Addi-
47 tionally, this approach has been recognized as attractive in terms
48 of new intellectual property, based on the novelty, utility, and
49 non-obviousness of co-crystals [3,4]. Many reviews and overview
50 articles regarding pharmaceutical co-crystals have been published
51 [5–8].
52 Pharmaceutical co-crystals are distinguished from salts by the
53 presence/absence of proton transfer from the organic acid to the
54 base when two or more pharmaceutical compounds are bound
55 together as building blocks [8]. According to a survey study using
56 85 crystal structures, co-crystals showed predictable stoichiome-
57 tric ratios versus salts, which could make the co-crystal approach
58 especially valuable for new pharmaceutical formulations. Several
59 drug products including meloxicam-salicylic acid have been ap-
60 proved in the form of co-crystal formulations. Because of the

61significance of co-crystals as new drug products, the US FDA
62recently issued draft guidance for industry [9].
63Co-crystals can be prepared by various methods [10] such as
64solvent evaporation, vapor or solvent diffusion, cooling, anti-
65solvent addition, and solid-state grinding (neat and liquid-as-
66sisted). Solid-state grinding was initially performed with a mortar
67and pestle, and bulk pharmaceuticals [11]. This approach has
68attracted much attention recently due to advancements in co-crys-
69tal formation capabilities and environmental factors [12]. Several
70novel methods to produce pharmaceutical co-crystals have also
71been reported: supercritical fluid [13], solvent-mediated phase
72transformation [14], and ultrasound-assisted [15] processing. The
73feasibility of supercritical fluid technology for indomethacin–
74saccharin (IMC–SAC) co-crystal production was examined using
75three different approaches: CCS (co-crystallization with supercrit-
76ical solvent), SAS (supercritical anti-solvent), and AAS (atomization
77and anti-solvent) [13]. With successful preparation of co-crystal
78particles 0.5–2 lm in size by SAS and AAS techniques, supercritical
79technology was demonstrated as a potential screening method for
80pharmaceutical co-crystals.
81There have been a large number of studies on IMC–SAC co-
82crystals compared with other pharmaceuticals. This could be
83attributed to several advantages such as the distinctly improved
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84 dissolution behavior of insoluble IMC as well as the safety of the
85 coformer SAC, classified as GRAS (generally regarded as safe). In
86 this regard, SAC has been extensively studied as a coformer with
87 many other drug substances [16].
88 IMC–SAC co-crystals manufactured by solution evaporation and
89 grinding have been characterized in terms of structural and phys-
90 icochemical properties [17]. It has been reported that the co-
91 crystal structure of IMC–SAC co-crystals is formed by an interac-
92 tion between the IMC carboxylic acid dimer and the SAC imide
93 dimer synthon, through weak NAH� � �O bonding. Regarding
94 evaporation, methanol, and acetone resulted in incomplete co-
95 crystallization, whereas other solvents, such as ethyl acetate, gave
96 pure IMC–SAC co-crystals. Additionally, a pure co-crystal was ob-
97 tained with one drop of ethyl acetate or ethanol during 15 min
98 grinding. The solubility was 2–4 times higher than IMC in phos-
99 phate buffered saline (PBS) solution, depending on the buffer

100 concentration.
101 The solubility of IMC–SAC co-crystals was determined in vari-
102 ous organic solvents to develop a model equation for solution
103 chemistry [18]. Its solubility decreased as the SAC concentration
104 in the solution increased, which was explained by the solubility
105 product and solution complexation. The IMC–SAC co-crystal pre-
106 pared by solvent evaporation and cooling crystallization was
107 examined for in vivo bioavailability with a commercial product
108 Indomee� in beagle dogs [19]. The estimated AUC value of the
109 co-crystal turned out to be about the same as that of Indomee�

110 but twice that of IMC alone.
111 In addition to X-ray diffractometry (XRD), differential scanning
112 calorimetry (DSC) and dynamic vapor sorption (DVS) [17], near-
113 infrared (NIR) spectroscopy was used for IMC–SAC co-crystal
114 screening, combined with Raman spectroscopy [20]. Recently,
115 simultaneous DSC-FTIR micro-spectroscopy was used successfully
116 to screen the co-crystal formation of several drug substances,
117 including IMC–SAC, in real time [21]. The IMC–SAC co-crystal for-
118 mation mechanism during mechanical cogrinding was investigated
119 using DSC and FTIR to conclude that the intermolecular interaction
120 by hydrogen bonding between IMC and SAC was the primary root
121 [22].
122 Anti-solvent crystallization has been regarded as the best meth-
123 od to achieve a controlled and scalable particle size distribution of
124 drug substances [23]. Additionally, it can be operated in semi-
125 batch or continuous fashion. The main objective of this study
126 was to apply the anti-solvent crystallization approach to prepare
127 IMC–SAC co-crystal powders. As described above, no successful re-
128 sult has been reported previously using the anti-solvent method to
129 prepare any pharmaceutical co-crystal. Several organic solvents
130 were examined using water as the anti-solvent for IMC and SAC.
131 We found that methanol was the only solvent which successfully
132 created high-quality IMC–SAC co-crystals, whereas other solvents
133 did not work well under our experimental conditions.

134 2. Materials and methods

135 2.1. Materials

136 Indomethacin (IMC; 2-{1-[(4-chlorophenyl)carbonyl]-5-meth-
137 oxy-2-methyl-1H-indol-3-yl}acetic acid) was purchased from
138 Tokyo Chemical Industry (Tokyo, Japan) in a pure c-form
139 polymorph.
140 Saccharin (SAC) was from by Sigma Aldrich Co. (St. Louis, MO,
141 USA). We examined five organic solvents, ethyl acetate (EtAc),
142 methyl acetate (MeAc), methanol (MeOH), ethanol (EtOH), and
143 acetone because they make a broad range of difference in water
144 miscibility as well as in polarity. These solvents were purchased
145 from Junsei Chem. (Tokyo, Japan). All materials were used without

146further purification. Water was purified using a deionizer (Human
147Corp., Seoul, Korea) prior to use.

1482.2. Preparation of IMC–SAC co-crystal powders

149We prepared pharmaceutical IMC–SAC co-crystal powders for
150the first time via an anti-solvent crystallization route. We also pro-
151duced IMC–SAC co-crystals by an evaporation method for compar-
152ison. IMC and SAC powders in equimolar (0.034 M) amounts were
153dissolved in EtAc at room temperature (�25 �C). The composition
154used here was based on a previous study [20]. After aging for 1 h
155under mild agitation (@ 100 rpm; Wisetir� HT-50D, Daihan Sci.,
156Korea), the mixture solution was evaporated by natural vaporiza-
157tion of the solvent overnight. When the solution evaporated leav-
158ing a dry phase, the flask was pulled by vacuum at 25 �C
159overnight to remove the residual solvent. The same procedures
160were followed for other solvents, including MeAc, EtOH, MeOH,
161and acetone. Each resulting solid was recovered from the flask,
162weighed, and characterized in various ways.
163Fig. 1 illustrates a schematic diagram of our anti-solvent co-
164crystallization experiment. We examined various solvent-to-water
165volume ratios and found out 2:1 as the optimal ratio in terms of co-
166crystallization efficiency. The mixture solution of IMC (0.034 M)
167and SAC (0.05 M) was prepared in a solvent (150 mL) as described
168previously. After solvation at room temperature, 75 mL of purified
169water were added as an anti-solvent into the solution vessel using
170a peristaltic pump, followed by mild agitation at 300 rpm for 1 h at
171constant temperature (25 �C). As water was not well miscible with
172acetate solvents, especially EtAc, a more vigorous agitation
173(1000 rpm) was implemented for a sufficient homogenization.
174Then, each solution was filtered via aspiration using filter paper
175(Whatman 2.5 lm grade). The collected solid was dried in a vac-
176uum oven at 25 �C overnight prior to subsequent characterization.

1772.3. Powder characterization

178The crystalline properties of all starting and resulting powders
179were determined using XRD (Rigaku Miniflex, Japan). Each powder
180specimen (200 mg) was mounted on a pan for XRD measurements
181with a Cu Ka source. The measurement was carried out for Bragg

Fig. 1. Experimental apparatus for the anti-solvent co-crystallization process. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)
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