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Abstract DA-6886 is a new 5-HT4 receptor agonist under

development for the treatment of constipation-predominant

irritable bowel syndrome. The objective of this work was to

investigate the existence of polymorphs and pseudopoly-

morphs of DA-6886. Five crystal forms of DA-6886 have

been isolated by recrystallization and characterized by dif-

ferential scanning calorimetry (DSC), thermogravimetric

(TG) analysis, and powder X-ray diffractometry (PXRD).

From the DSC and TG data, it was confirmed that Form 2 is
1=3 methanol solvate, Form 3 is 1 methanol solvate, Form 4

is 11=3 ethanol solvate, and Form 5 is 32=3 hydrate. The

PXRD patterns of five crystal forms were different,

respectively. In the dissolution studies in pH 6.8 ± 0.05

buffer at 37 ± 0.5 �C, the solubility of Form 2 was the

highest. And the dissolution rate at 5 min in water decreased

in rank order: Form 2[Form 4[Form 1[Form 3[
Form 5. After storage of 3 months at 2 �C, 24 % relative

humidity, Form 1, Form 2, Form 3, and Form 4 were not

transformed, but Form 5 (32=3 hydrate) was transformed to

dihydrate.

Keywords DA-6886 � Polymorphism �
Pseudopolymorphism � Dissolution � DSC � TG �
PXRD � Transformation

Introduction

Pharmaceutical solids can exist in different crystal forms,

such as crystalline, amorphous, or glass, and also in sol-

vated or hydrated states [1, 2]. Polymorphism is defined

as the ability of a substance to exist as two or more

crystalline phases that have different arrangements and/or

conformations of the molecules in the crystal lattice.

Polymorphs share the same chemical composition but

have different crystal structures. Because of their struc-

tural differences, polymorphs may have different physic-

ochemical properties. For example, polymorphs can have

different density, habit, melting properties, vapor pres-

sure, solubility, dissolution rate, tableting, and mechanical

properties [1–6].

Solvates are molecular complexes that have incorpo-

rated the crystallizing solvent molecule in their lattice.

When the solvent incorporated in the solvate is water, it is

called a hydrate. To distinguish solvates from polymorphs,

which are not molecular compounds, the term pseu-

dopolymorph is used [2, 3]. Identification of possible

hydrate compounds is also important since their aqueous

solubilities can be significantly less than their anhydrous

forms [7–10]. Crystal form includes polymorphs, solvates,

and amorphous forms as defined in the International Con-

ference on Harmonization (ICH) Guideline Q6A [11].

Crystal form affects properties such as drug absorption,

rate of dissolution, elimination rate, and stability in galenic

preparations [12–17]. The successful utilization of a crystal

form of significantly greater thermodynamic activity (i.e.,

solubility) than the stable modification may provide, in

some instances, therapeutic blood levels from otherwise

inactive drugs [18].

Companies have experienced market shortages because

they have observed unpredicted changes in crystal form,
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which ultimately resulted in problematic quality release

and stability testing of the finished dosage form [19–22]. A

thorough understanding of the way in which solid-state

properties influence solubility, stability, and other proper-

ties of the drug substance is critical in the development of

profiling strategies and in the setting of criteria for devel-

opability assessment [23].

The compound DA-6886 (Fig. 1), N-((1-(3-(1,2,3-tria-

zol-1-yl)propyl)piperidin-4-yl)methyl)-4-amino-5-chloro-

2-methoxybenzamide hydrochloride, is the gastrointestinal

prokinetic benzamide derivative and a new 5-HT4 receptor

agonist being developed for the treatment of constipation-

predominant irritable bowel syndrome (IBS-C) by DongA

Pharmaceutical Co. Ltd., Korea. DA-6886 is a highly

potent and selective 5-HT4 receptor agonist to accelerate

colonic transit in mice, which might be therapeutic agent

having a favorable safety profile in the treatment of gas-

trointestinal motor disorders such as IBS-C and chronic

constipation [24].

In the case of a new drug substance, it is important that

crystal form data should be generated prior to the initiation

of pivotal clinical studies and primary stability batches.

Thus, the thorough investigation of new solid states of a

drug molecule is recognized as an essential and very

important part of preformulation studies [25].

The aim of this study was to investigate the existence of

polymorphs and pseudopolymorphs of DA-6886.

Experimental

Materials

DA-6886 was provided from DongA Pharmaceutical Co.

Ltd., Korea. The purity of DA-6886 was not less than

99.0 %. All of the other chemicals were of reagent grade

and were used without further purification.

Preparation of crystal forms

Form 1

Form 1 is the donated one and standard. Standard was

always stored at 0–2 �C condition.

Form 2

A suspension of Form 1 in methanol was heated to 50 �C
for 10 min. The solution was filtered to remove most nuclei

and then left undisturbed for 1 week at room temperature.

The resulting solid was filtered and dried for 1 week in the

desiccators to give Form 2.

Form 3

A suspension of Form 1 in methanol was heated to 50 �C
for 10 min. The solution was filtered to remove most nuclei

and then left undisturbed for 1 week at 4 �C. The resulting

solid was filtered and dried for 1 week in the desiccators to

give Form 3.

Form 4

A suspension of Form 1 in ethanol was heated to 50 �C for

10 min. The solution was filtered to remove most nuclei

and then left undisturbed for 1 week at room temperature.

The resulting solid was filtered and dried for 1 week in the

desiccators to give Form 4.

Form 5

A suspension of Form 1 in water was heated to 50 �C for

10 min. The solution was filtered to remove most nuclei

and then left undisturbed for 1 week at room temperature.

The resulting solid was filtered and dried for 1 week in the

desiccators to give Form 5.

Methods

Thermal analysis

Thermal analysis methods used in this study included dif-

ferential scanning calorimetry (DSC) and thermogravi-

metric (TG) analysis. The DSC data were collected using a

Mettler-Toledo DSC 1 STARe system (Mettler-Toledo AG,

Schwerzenbach, Switzerland) within the temperature range

of 30–350 �C at a heating rate of 10 �C min-1 using highly

purified nitrogen gas, free of any other gases, in the sur-

rounding atmosphere with a flow rate 30 mL min-1. The

TG was carried out using a Mettler-Toledo TGA 1 STARe

system (Mettler-Toledo AG, Schwerzenbach, Switzerland)

within the temperature range of 30–350 �C at a heating rate

of 10 �C min-1 using highly purified nitrogen gas, free of

any other gases, in the surrounding atmosphere with a flow

rate 30 mL min-1. Calibration for DSC was executed by

the standard test method for temperature calibration of

DSC (E967-08, 2014) and the standard practice for heat
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Fig. 1 Chemical structure of DA-6886
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flow calibration of DSC (E968-02, 2014). Calibration for

TG was executed by the standard test method for compo-

sitional analysis by thermogravimetry (E1131-08, 2014).

Powder X-ray diffraction

Powder X-ray diffraction patterns under ambient conditions

were collected on D8 focus-Bruker AXS (Bruker AXS

GmbH, Karlsruhe, Germany) diffractometer using graphite

monochromatized CuKa radiation (k = 1.54178 Å). The

isothermal measurement conditions were: target, Cu; volt-

age, 30 kV; current, 10 mA. The PXRD patterns of the

samples were compared with regard to peak position and

relative intensity, peak shifting, and the presence of lack of

peaks in certain angular regions.

Analytical method

The absorption maximum for DA-6886 was obtained at

290 nm. To construct a calibration curve for DA-6886,

known amounts of the prepared samples were dissolved in

water and the drug content was evaluated spectrophoto-

metrically at 290 nm (Agilent 8453 UV–visible spec-

trophotometer, Santa Clara, USA). Six sets of aqueous

standard solutions of DA-6886 were prepared twice a day

for a 3-day period. The absorbance values of these solu-

tions were measured at 290 nm. Analytical parameters

such as linearity, precision, and accuracy were then eval-

uated. System suitability: standard deviation 0.005. Lin-

earity was evaluated by correlation coefficient (R2) value.

R2 = 0.999961. The limit of detection (LOD) and the limit

of quantification (LOQ) were measured by calibration

curves, respectively. LOD 0.05 lg mL-1, LOQ 0.14 lg mL-1.

Precision was expressed as relative standard deviations

(RSD), and the value of RSD within 1 % is acceptable. The

accuracy (%) was 99.78 %.

Dissolution

The dissolution rate of DA-6886 crystal forms was mea-

sured according to the dissolution test (paddle method) of

the Korean Pharmacopeia 8th Edition. A fixed amount

(20 mg, 250–600 lm) of DA-6886 crystal forms was put

into 900 mL of pH 6.8 ± 0.05 buffer equilibrated at

37 ± 0.5 �C and stirred at 90 rpm. At appropriate inter-

vals, an aliquot (1 mL) was withdrawn with a syringe and

filtered with 0.45-lm syringe filter. And then, it was ana-

lyzed spectrophotometrically at 290 nm.

Transformation

A certain amount (20 mg) of crystal forms was taken and

placed in weighing dish. They were stored at 2 �C, 24 %

relative humidity (RH). The transformation behavior of

crystal forms was monitored by powder X-ray diffraction

analysis, DSC and TG.

Results and discussion

The DSC and TG curves of Forms 1–5 are illustrated in

Fig. 2. The DSC curve of Form 1 shows one endothermic

peak at 248 �C. The DSC curve of Form 2 shows two

endothermic peaks at 120 and 248 �C. Form 3 shows two

endothermic peaks at 100 and 248 �C. The DSC curve of

Form 4 shows two endothermic peaks at 91 and 248 �C.

DSC curve of Form 5 shows three endothermic peaks at 92,

120, and 248 �C.

On TG curve of Form 2, the mass loss corresponding to

the DSC endotherm at 90–120 �C was 2.13 %, which

corresponds to the loss of 0.301 mol of methanol. The TG

curve of Form 3 shows a single mass loss at 70–120 �C
(6.7605 %) which corresponds to the loss of 1.0037 mol of

methanol. The TG curve of Form 4 shows a single mass

loss at 60–90 �C (8.1044 %) which corresponds to the loss

of 1.26 mol of ethanol. On TG curve of Form 5, the mass

loss corresponding to the DSC endotherm at 60–100 �C
was 6.9414 %, which corresponds to the loss of 1.97 mol

of H2O, the mass loss corresponding to the DSC endotherm

at 140–150 �C was 3.9552 %, which corresponds to the

loss of 1.04 mol of H2O, and the mass loss corresponding

to the DSC endotherm at 170–180 �C was 2.8954 %,

which corresponds to the loss of 0.73 mol of H2O. TG

analysis represents a powerful adjunct to the other methods

of thermal analysis, since a combination of either a DTA or

a DSC study with a TG determination can be used in the

assignment of observed thermal events [26].

The powder X-ray diffraction patterns of Forms 1–5 are

illustrated in Fig. 3. The PXRD patterns of Forms 1–5

showed differences.

The DSC, TG, and PXRD results confirmed the exis-

tence of five crystal forms of DA-6886.

The dissolution patterns of five crystal forms of DA-

6886 are illustrated in Fig. 4 and Table 1. In the dissolution

studies in pH 6.8 ± 0.05 buffer equilibrated at

37 ± 0.5 �C, the solubility of Form 2 was the highest. And

the dissolution rate at 5 min in water decreased in rank

order: Form 2[ Form 4[ Form 1[ Form 3[ Form 5.

The dissolution rate of anhydrate was higher than that of

32=3 hydrate (Form 5). It has been noted from the earliest

dissolution work [27] that for many substances, the disso-

lution rate of an anhydrous phase usually exceeds that of

any corresponding hydrate phase. These observations were

explained by thermodynamics, where it was reasoned that

the drug in the hydrates possessed a lower activity and

would be in a more stable state relative to their anhydrous
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Fig. 2 DSC and TG curves of five crystal forms of DA-6886.

a Form 1, b Form 2, c Form 3, d Form 4, and e Form 5

3200

3100

3000

2900

2800

2700

2600

2500

2400

2300

2200

2100

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

0

8000

7000

6000

5000

4000

3000

2000

1000

0

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

110000

100000

90000

80000

70000

60000

50000

40000

30000

20000

10000

0

5000

4000

3000

2000

1000

0

5 10 20 30

8.83 4.43 2.97

2θ /°

d/Å

In
te

ns
ity

/c
ps

In
te

ns
ity

/c
ps

In
te

ns
ity

/c
ps

In
te

ns
ity

/c
ps

In
te

ns
ity

/c
ps

5 10 20 30

5 10 20 30

5 10 20 30

A

B

C

D

E

Fig. 3 PXRD patterns of five crystal forms of DA-6886. a Form 1,

b Form 2, c Form 3, d Form 4, and e Form 5
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forms [18]. This general rule was found to hold for anhy-

drate/32=3 hydrate of DA-6886. The dissolution rate of

solvates (Form 2, Form 3, and Form 4) was higher than that

of hydrate (Form 5). Also in our report on DA-6034 [5], the

dissolution rate of solvates was higher than that of hydrate.

Dissolution rate of solvates (Form 2, Form 3, and Form 4)

at 5 min exceeds that of anhydrate (Form 1), as in the case

of urapidil [28], glibenclamide [29], and sulindac [30].

These trends would imply that a nonaqueous solvate phase

could be considered as being a high-energy form of the

solid with respect to dissolution in water [18].

Five crystal forms were stored under the condition of

2 �C, 24 % RH. After storage of 3 months at 2 �C, 24 % RH,

Form 1, Form 2, Form 3, and Form 4 showed no change in

DSC, TG, and PXRD patterns (not shown). DSC and TG

curves of stored sample of Form 5 are illustrated in Fig. 5.
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Fig. 4 Dissolution patterns of

five crystal forms of DA-6886

Table 1 Dissolution of five crystal forms of DA-6886

Time/min Dissolved amount/%

Form 1 Form 2 Form 3 Form 4 Form 5

1 60.1 ± 0.8 55.2 ± 0.6 55.1 ± 0.6 58.1 ± 0.7 37.2 ± 0.4

2 63.2 ± 0.8 57.1 ± 0.8 56.2 ± 0.7 60.5 ± 0.8 42.3 ± 0.5

3 64.4 ± 0.8 60.5 ± 0.8 57.3 ± 0.7 62.1 ± 0.9 43.5 ± 0.5

4 65.7 ± 0.7 72.5 ± 0.8 60.3 ± 0.6 65.8 ± 0.8 52.1 ± 0.5

5 69.2 ± 0.7 75.0 ± 1.0 69.1 ± 0.8 72.4 ± 0.8 55.1 ± 0.5

7 74.3 ± 0.7 83.4 ± 1.4 70.3 ± 0.9 79.4 ± 0.8 60.3 ± 0.6

10 78.4 ± 0.7 85.5 ± 1.1 73.5 ± 0.9 80.1 ± 0.8 62.4 ± 0.6

15 85.1 ± 1.2 87.1 ± 2.1 85.5 ± 1.4 81.2 ± 1.7 65.3 ± 0.9

20 89.2 ± 1.9 90.3 ± 2.2 90.2 ± 1.8 85.4 ± 2.1 72.1 ± 1.2

30 90.5 ± 1.5 95.4 ± 1.9 92.4 ± 2.7 89.3 ± 2.4 74.5 ± 1.5

40 92.5 ± 1.4 97.2 ± 1.7 92.5 ± 2.2 92.4 ± 2.3 82.5 ± 1.8

50 96.4 ± 2.3 98.6 ± 0.5 95.3 ± 0.6 95.1 ± 1.2 95.7 ± 0.8

60 98.6 ± 1.1 98.6 ± 0.2 95.4 ± 0.3 97.3 ± 1.4 95.7 ± 0.3
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On TG curve of stored sample of Form 5, the mass loss

corresponding to the DSC endotherm at 80–110 �C was

7.2769 %, which corresponds to the loss of 1.93 mol of

H2O. Upon dehydration crystal hydrates can transform to

crystalline less hydrated forms [31]. The powder X-ray

diffraction pattern of stored sample of Form 5 is illustrated

in Fig. 6. The stored sample of Form 5 shows same PXRD

pattern as Form 5. When solvents are employed in the

purification of new drug substances by recrystallization, it

is observed that the isolated crystals include solvent

molecules, either entrapped within empty spaces in the

lattice or interacting via hydrogen bonding or van der

Waals force with molecules constituting the crystal lattice

[32]. The term ‘‘desolvated solvates’’ has been applied to

compounds that were originally crystallized as solvates but

from which the solvent has been removed [33]. Frequently,

these ‘‘desolvated solvates’’ retain the crystal structure of

the original solvate form and exhibit relatively small

changes in lattice parameters. Based on crystal lattice

studies, three cases have been distinguished following

desolvation of solvates: (a) The residue is amorphous or

poorly crystalline, (b) the residue recrystallizes with a

different crystal lattice, and (c) the crystal lattice of the

residue is nearly identical to that of the original hydrate

[32]. It is thought that Form 5 (32=3 hydrate) corresponds to

case (c). Form 1, Form 2, Form 3, and Form 4 were not

transformed at 2 �C, 24 % RH, and it maintained its crystal

structure, and it is confirmed that Form 1, Form 2, Form 3,

and Form 4 are stable at 2 �C, 24 % RH. Depending on the

nature of molecular packing arrangements, it may happen

that the inclusion of solvent is necessary to build a stable

crystal structure. When solvent molecules increase the

strength of the crystal lattice, they can affect the stability of

the compound to solid-state decomposition [32].
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The dissolution rate at 5 min of stored sample of Form 5

(dihydrate) was higher than that of 32=3 hydrate (Form 5), as

the report of Giron et al. [31]. This confirms the usual

observation that increasing degrees of hydration result in

slower dissolution rates [18].

Conclusions

Five crystal forms of DA-6886 were prepared by recrystalliza-

tion from different solvents. The crystal forms were character-

ized by DSC, TG, and PXRD. In the dissolution studies in pH

6.8 ± 0.05 buffer equilibrated at 37 ± 0.5 �C, the solubility of

Form 2 was the highest. And the dissolution rate at 5 min in

water decreased in rank order: Form 2[Form 4[Form 1[
Form 3[Form 5. After storage of 3 months at 2 �C, 24 % RH,

Form 1, Form 2, Form 3, and Form 4 were not transformed, but

Form 5 (32=3 hydrate) was transformed to dihydrate.
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