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Abstract: Istradefylline as a selective adenosine A2A-receptor antagonist is clinically used to treat
Parkinson’s disease and improve dyskinesia in its early stages. However, its crystal form, as an
important factor in the efficacy of the drug, is rarely studied. Herein, three kinds of crystal forms
of istradefylline prepared from ethanol (form I), methanol (form II), and acetonitrile (form III) are
reported by use of a crystal engineering strategy. These three crystal forms were characterized and
made into tablets for dissolution testing. Both the solubility and the dissolution rates were also
determined. The dissolution rate of form I and form III is significantly higher than form II at pH 1.2
(87.1%, 58.2%, and 87.7% for form I, form II, and form III, respectively), pH 4.5 (88.1%, 58.9%, and
87.1% for form I, form II, and form III, respectively) and pH 6.8 (87.5%, 58.2%, and 86.0% for form
I, form II, and form III, respectively) at 60 min. Considering the prepared solution and the proper
dissolution profile, form I is anticipated to possess promising absorption for bioavailability.
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1. Introduction

The adenosine A2A-receptor is closely related to Parkinson’s disease (PD). A suit-
able antagonist could enhance the function of dopamine on D2 receptor neurons and
result in some anti-Parkinson’s effect [1–6]. Istradefylline (Figure 1) (KW-6002, (E)-8-(3,4-
dimethoxystyryl)-1,3-diethyl-7-methyl-dihydro-1H-purine-2,6-dione) is the first approved
adenosine A2A-receptor antagonist that can improve the motor function of PD patients
through its neuronal activity [7,8]. Moreover, it has also received extensive attention in
pharmacology. Istradefylline was reported as a promising drug for movement disorders
treatment [9]. In addition, Shin-ichi Uchida reported that istradefylline enhances the
anti-parkinsonian activity of low doses of dopamine agonists [10–13].
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Figure 1. Chemical structure of istradefylline.

It is known that the originality of the pharmacological activity of a drug has an
important influence on the effective absorption and utilization of the drug in the body.
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It is remarkable that the solubility and dissolution of a drug in oral tablets significantly
affects its absorption and metabolism in the body. The particle size and crystal form of a
drug also affect pharmacological efficacy, due to their ability to alter the physicochemical
properties of solubility, dissolution, and dosage forms. During the crystallization of a drug,
different crystal structures can be formed, as the packing of molecules in space change at
different temperatures, solutions, and pressures [14–17]. Generally, the appearance, melting
point, dissolution, and other aspects of the same drug are significantly different in diverse
crystal forms, which correspondingly affect clinical efficacy [18–22]. However, there are
few reports on the solubility, crystal form, and dissolution of istradefylline.

Drug crystallization form depends on many factors, such as solvent, temperature
and cooling rate, stirring speed and time, water content in solvent, and impurities in
product. Based on descriptions in the literature [23–27], five crystal forms of istradefylline
from ethanol/THF/isopropanol/n-propanol, methanol, acetonitrile, dichloromethane, and
DMF/H2O have been reported, while the melting points, acceleration tests, and long-
term stability studies of three forms have been described; namely, the melting points of
form I, form II, and form III were reported as 191.93 ◦C, 191.14 ◦C, and 191.14 ◦C by
DSC analysis, respectively. However, the particle size, physical properties, and single
crystal data of crystal forms were not reported in these patents, except for PXRD. Generally,
dichloromethane and DMF were excluded in the manufacturing process due to their
harmful impact on the quality of the medicine of the solution.

In this paper, we primarily discuss the dissolution rate of istradefylline in consid-
eration of its adsorption in pharmacokinetics. In order to avoid the influence of other
factors, the solubility, crystal form, particle size, and physical and chemical properties
of istradefylline were also studied. The solubility and crystal form of istradefylline in
seven single solvents and five mixed solvents were studied in a temperature range from
293.15 K to 333.15 K. Based on the solubility and powder diffraction data, three different
crystal forms of istradefylline were obtained from ethanol (form I), methanol (form II), and
acetonitrile (form III). These were consistent with the three crystal forms reported by patent
NO. CN104744464A [23]. In addition, all of them were characterized by solubility, HPLC
analysis, TGA and FT-IR [28,29]. In order to keep the particle size and specific surface area
roughly uniform, each of the istradefylline forms was ground in a mortar for five minutes
before the tablet preparation. Then, the dissolution rate of istradefylline was investigated
according to the “Guidelines for determination and comparison of dissolution curves of
common oral solid preparations” of Chinese pharmacopoeia. In this study, the dissolution
rates of form I and form III were significantly higher than that of form II. These results have
guiding significance for istradefylline tablet production.

2. Materials and Methods
2.1. Materials

Istradefylline with a purity of 99.5% was provided by Shandong Xinhua pharma-
ceutical Co., Ltd., Zibo, China. Acetonitrile, methanol, ethanol, ethyl acetate, n-propanol,
isopropanol, and n-butanol were purchased from J.T. Baker Co., Ltd. without further purifi-
cation (analytical pure), Shanghai, China. Hydrochloric acid, sodium hydroxide, potassium
dihydrogen phosphate, sodium acetate trihydrate, and acetic acid were purchased from
Sinopharm Group Chemical Reagent Co., Ltd. without further purification (analytical
pure), Shanghai, China. Lactose (Lactose Anhydrous, NF DTHV) was provided by Kerry
Inc.-Rothschild, Shanghai, China. Microcrystalline cellulose (MCC, Microcrystalline Cel-
lulose, VIVAPUR®, PH 102) was provided by J. Rettenmaier & Sohne GmbH + Co. KG,
Germany. Crospovidone (PVPP, Kollidon®, CL-F) was provided by BASF SE. Magnesium
stearate (LIGAMED®, MF-2-V) was provided by Peter Greven Nederland CV. Sodium
laurylsulfonate (SDS) was purchased from J&K Chemicals, Beijing, China. Purified water
(18.25 MΩ·cm−1) was obtained from a Millipore Mili-Q Plus water system. All saturated
solutions prepared for HPLC detection were filtered through 0.22 µm filter membrane
before usage.
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2.2. HPLC analysis

The qualitative and quantitative determinations of istradefylline were performed on a
Shimadzu HPLC system (Kyoto, Japan) comprising of two LC-20AT pumps, one SPD-20 UV
detector, and a SIL-10A auto-sampler. The liquid chromatographic condition was optimized
on an Agilent ZORBOX C18 chromatographic column (150 mm × 4.6 mm, 5 µm) with
acetonitrile and water (60/40, v/v) as the stationary and mobile phase, respectively. The
flow rate was confirmed as 1.0 mL·min−1, while the UV-determined wavelength was
355 nm, and the sample injection volume was 20 µL.

2.3. Solubility of Istradefylline in Diverse Organic Solvents and Solvent Mixtures with Water

A certain amount of istradefylline powder was placed into a glass vial with
10 mL of acetonitrile, methanol, ethanol, ethyl acetate, n-propanol, isopropanol, n-butanol,
methanol/water (30/70, v/v), ethanol/water (24/76, v/v), ethanol/water (55/45, v/v),
acetonitrile/water (25/75, v/v), and acetonitrile/water (58/42, v/v), respectively. Then, the
vials were incubated in a thermostat water bath for 12 h with magnetic stirring at 293.15 K,
303.15 K, 313.15 K, 323.15 K, and 333.15 K, each measured by a thermometer inside each
glass vial. The temperature fluctuation of the thermostat water bath was controlled within
±0.5 K with temperature uncertainty of ±0.1 K. Then, all solutions were left to stand for
a further 12 h at the corresponding temperature until the dissolution equilibrium was
obtained. Then, 2 mL of supernatant from each vial was withdrawn by a syringe with a
0.22 µm filter membrane for HPLC analysis. All of the experiments were carried out three
times simultaneously to obtain data averages (Table S1).

2.4. Preparation of Single Crystal

First, 1 g istradefylline was added into each of three 100 mL single-mouth flasks with
20 mL ethanol, 50 mL methanol, or 20 mL acetonitrile, respectively. Then, the mixture was
stirred and heated at 78 ◦C, 64.5 ◦C and 81.0 ◦C, respectively, until completely dissolved,
followed by being cooled down to room temperature. Stirring continued for 2 h for
crystallization. Consequently, forms I, II, and III of istradefylline were obtained by filtration.

2.5. X-ray Diffraction

Single-crystal X-ray diffraction data were collected using a Bruker apex2 X-ray diffrac-
tometer equipped with a Mercury CCD detector with graphite monochromated Mo-K α

radiation (λ = 0.71073 Å) at 296 K. The structures were solved by direct methods and refined
by full-matrix least-squares on F2 values (SHELXL-97). Non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were fixed at calculated positions and refined using a
riding mode. Powder X-ray diffraction (PXRD) patterns of samples were collected on a
Bruker D8 Focus X-ray diffractometer with Cu Kα radiation (λ = 1.54 Å) at a scanning rate
of 0.02◦ s−1 from 5◦ to 50◦ in 2θ.

2.6. Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA)

The DSC and TGA was determined by TGA/DSC1/1100LF(Mettler Toledo, Switzer-
land). The temperature range was 25~1100 ◦C; temperature accuracy was ±0.3 ◦C; calori-
metric accuracy was ±1%; balance sensitivity was 0.1 µg; heating rate was 0.1~100 K/min.

The experiment was performed under N2 atmosphere at 1 atm with a heating rate of
10 ◦C/min in a temperature range of 30~400 ◦C.

2.7. Fourier-Transform Infrared Spectral Analysis (FT-IR)

FT-IR analysis was collected in a range of 3600–1600 cm−1 using KBr pellets and
a Thermo iD7 ATR infrared spectrometer (Thermo Fisher Technology (China) Co., Ltd.,
Shanghai, China).



Crystals 2022, 12, 917 4 of 12

2.8. Particle Size and Specific Surface Area Analysis (BET)

The particle sizes of forms I/II/III were determined by a Malvern 2000 laser particle
size analyzer (Malvern, England). The specific surface areas (N2 adsorption) of forms
I/II/III were detected by the specific surface-area analyzer BK200B (Beijing Jingwei Gaobo
Science and Technology Co., Ltd., Beijing, China.).

The samples were mixed thoroughly and evenly (loose clumps were gently pressed
with a spoon to completely disperse) and flatly laid on the sample table of the Scirocco
2000 dry sampler. Vibration injection speed was 30~80%; relaxation-dispersed air pressure
was 2.5 bar; cost of shading was 1~5%; measuring time was 10 s; background time was 10 s.

Specific surface-area analysis was performed under N2 adsorption with adsorption
temperature of 77.35 K on a BK200B using the static capacity method, while the temperature
was controlled at 40 ◦C for 360 min.

2.9. Dissolution Study

The instruments used for tablets included a circulating water vacuum pump (SHB-III,
Zhengzhou Great Wall Science, Industry and Trade Co., Ltd., Zhengzhou, China), an elec-
trothermal blast drying box (GZX-9240MBE, Shanghai Boxun Industrial Co., Ltd., Shanghai,
China), an electronic balance (PB3002-S, METTLER TOLEDO), a constant-temperature mag-
netic stirrer (DF-101S, Zhengzhou Great Wall Industry and Trade Co., Ltd.), an ultraviolet-
absorption spectrophotometer (UV1800, Shimadzu, Kyoto, Japan), a dissolution tester
(SNTR-8400AT, Shimadzu), a single-stamping-sheet machine (YP-1, HangZhou XuZhong
Food Machinery Co., Ltd.), and a high-efficiency coating machine (JCB/K-3/5/10, Wen-
zhou Jianpai Pharmaceutical Machinery Co., Ltd., Wenzhou, China, nozzle diameter of
1 mm).

In order to prepare the istradefylline tablets, a prescribed amount of istradefylline was
weighed and ground in a mortar for 5 min. Lactose, microcrystalline cellulose PH102, and
PVPP were weighed and mixed with istradefylline by hand for 3 min. Then, magnesium
stearate (MS) was weighed and added into the above mixture and mixed again by hand for
3 min. A single-stamping-sheet machine (mold circular concave Φ7.1 mm, tablet weight
140 mg, tablet hardness −5 kp) was used for tableting. The coating liquid prepared by
Opadry 03K19229 (solid content: 8%) was coated on a high-efficiency coating machine. The
inlet air temperature was 70 ◦C, the atomization gas pressure was 0.3 MPa, the rotation
speed was 8 rpm, and the spraying speed was 7 rpm. Coating-weight gain was controlled
at about 3%. The batch size was 1000 pieces. The tablet speed was 1000 tablets/h, and the
coating batch was 800 tablets/batch. The spray speed was 7.0 g/min. The prescription
ingredients are shown in Table 1 in detail.

Table 1. Prescription ingredients list.

Process Material Name Function Batch Size/g Proportion/%

Tablet

Istradefylline Drug 20.00 14.29
MCC PH102 Fillers 67.50 48.21

Lactose Diluents 42.00 30.00
PVPP Disintegrant 9.80 7.00

MS Lubricants 0.70 0.50
Total 140.0 100.0

Coating
Single piece of content

Opadry Materials 5.2 3%
Purified water Solvent 59.8 Final removal

Actual use
(1.2 times preparation)

Opadry Materials 54.4 3%
Purified water Solvent 626.0 Final removal

According to the dissolution and release determination method (Chinese Pharma-
copoeia 2020 Edition, general rule of the fourth part 0931, second method), six tablets of
istradefylline were put into a beaker filled with 900 mL buffer solution of pH 1.2, pH 4.5,
and pH 6.8, while the rotation speed was fixed at 75 r/min. Then, 10 mL samples were
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taken out at 5 min, 10 min, 15 min, 30 min, 45 min, and 60 min and filtrated with 0.22 µm
filter membrane. Then, 2 mL filtrate was diluted to 10 mL with a diluent (acetonitrile-
water (50:50)), and the test sample was obtained. Next, 25 mg istradefylline was precisely
weighed and dissolved into 25 mL acetonitrile in a volumetric flask. Then, 1 mL istrade-
fylline solution was diluted to 5 mL with a diluent (acetonitrile-water (50:50)), and the
solution was mixed. Next, 2 mL solution was precisely measured and transferred into a
10 mL volumetric flask. Then, 2 mL dissolution medium was added, and the solution was
diluted to scale with a diluent (acetonitrile-water (50:50)), upon which the reference solution
was obtained.

The same amount of diluent (acetonitrile-water (50:50)) was added to the two cuvettes,
and then they were placed in channel 1 and channel 2 of UV-Vis spectrophotometer,
respectively. After the instrument was zeroed, the reference solution and sample solution
were placed in channel 2 and measured at a wavelength of 362 nm. Each group of samples
was repeatedly tested six times, and the RSD of all samples at each time point was less than
10%, which proved that each sample had good uniformity.

Computational Formula:

Dissolution =
Atest × Creference × 5 × 900

Areference × 20
× 100%

Cumulative dissolution = An +
(An − 1 + . . . . . . + A1)× 10

900
where Atest is UV absorbance of sample, Areference is UV absorbance of reference substance,
Creference is concentration of reference substance.

3. Results and Discussion
3.1. Solubility of Istradefylline

A perfect chromatogram of istradefylline as a symmetrical sharp peak was obtained,
as shown in Figure 2. The relationship between the chromatogram peak area and con-
centration expressed as calibration curve is graphically displayed in Figure 2. The linear
fitting equation was Y = 4.42X + 7.06 with a concentration range of 0.001 mg·mL−1 to
0.1 mg·mL−1, while the linear dependence was 0.9999. The linearity was used to calcu-
late the istradefylline concentration in the supernatant of each vial in the experiment by
HPLC detection.
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In this study, the solubility data of istradefylline in common organic solvents in the
range of 293.15 K to 333.15 K were determined by an established HPLC method with
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milligram-grade usage. The solubility of istradefylline was expressed by mole fraction of
the solute in the solution. The mass of the solute in the sample solution can be calculated
according to Equation (1), while the concentration of istradefylline in saturated solution
was estimated by the liquid chromatographic method according to the calibration curve,

m = c·v (1)

where m is the mass of istradefylline in saturated solution, c is the corresponding concen-
tration, and v is the volume after diluted. The mole fraction of the solute can be readily
calculated as follows:

x =
m1/M1

m1/M1 + (m0 − m1)M2
(2)

where x is the mole fraction of the solute istradefylline, m1 is the mass of the solute calcu-
lated by Equation (1), M1 is the molecular weight of solute, m0 is the mass of the solution,
and M2 is the molecular weight of solvent. The precise solubility of this compound in seven
single-solvents and five mixed-solvents in the range of 293.15 K to 333.15 K is recorded in
Table S1. Furthermore, the temperature influence on the solubility of istradefylline was also
studied. Solubility increased at an exponential rate with rising temperature in all solvents,
as shown in Figure 3. Generally, the solubility of chemicals is an endothermic process, so
increasing the temperature is beneficial for increasing the solubility of drugs. Besides the
solubility data, which were useful in the quality control and process improvement that
followed, three kinds of crystalline forms were also determined and classified in these
solvents by powder X-ray diffraction method.
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It is known that the solubility of istradefylline is very low in aqueous media in the pH
range from 1.0 to 12.0, so the solubility of istradefylline in aqueous solutions of different
pH was tested. The test results were shown in Table 2. From the test results, it can be seen
that the solubility of istradefylline decreased when the pH increased, since istradefylline is
a weakly alkaline drug that has greater solubility in acidic solutions.
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Table 2. Solubility of istradefylline in different pH at 293.15 K.

pH Solubility of Istradefylline (µg/mL)

1 0.41
2 0.39
3 0.32
4 0.31
7 0.27
8 0.18
10 0.11
12 0.10

3.2. Powder X-ray Diffraction

The istradefylline crystalline solids from the saturated solutions were characterized
by X-ray powder diffraction (Figure 4). Three forms can be clearly distinguished from the
significant differences present among their diffraction patterns. Form I could be obtained
in a wide variety of solvent systems, including ethyl acetate, n-propanol, isopropanol, n-
butanol, ethanol, ethanol/water (w = 0.1828), and ethanol/water (w = 0.4886). Its powder
diffraction pattern is characterized by peaks at 2θ = 6.98◦, 11.02◦, 13.98◦, 15.68◦. Form II
crystallized in methanol and methanol/water (w = 0.2553). Its characteristic diffraction
peaks can be found at 2θ = 8.68◦, 11.86◦ and 12.12◦. Form III, obtained in acetonitrile,
acetonitrile/water (w = 0.2105), and acetonitrile/water (w = 0.5127), shows characteristic
diffraction peaks at 2θ = 9.74◦, 10.24◦, 12.38◦ and 25.07◦. These results were consistent with
the three forms disclosed by patent number CN104744464A.
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3.3. Single-Crystal X-ray Diffraction

For further study, three forms were obtained using ethanol, methanol, and acetonitrile
as the crystallization solvents, respectively (CCDC number: 2043873-2043875). Their crystal
structure and crystallography data are shown in Figures S1–S3 and Table 3.

Table 3. Crystallographic data and structure refinement parameters.

Compounds Form I Form II Form III

Chemical formula C20H24N4O4 C20H26N4O5 C22H29N5O5
Formula weight 384.43 402.45 443.50
Crystal system monoclinic monoclinic monoclinic

Space group P21 P21/c P21/m
a/Å 13.6762(17) 4.5436(5) 9.430(9)
b/Å 4.7483(7) 23.776(2) 7.129(7)
c/Å 16.464(2) 18.6282(17) 17.587(18)
α/◦ 90 90 90
β/◦ 112.39(4) 95.065(7) 103.514(10)
γ/◦ 90 90 90

vol/Å3 988.5(2) 2004.6(3) 1149.5(19)
Z 2 4 2

ρcalcg/cm3 1.292 1.334 1.281
Gof 1.017 1.036 1.052

R R1= 0.0552,
wR2 = 0.1107

R1 = 0.0888,
wR2 = 0.2892

R1 = 0.083,
wR2 = 0.27

According to the crystallographic data and structure refinement parameters, three
forms can be effectively distinguished. From the single-crystal structure, it can be seen
that form I was pure crystal, form II was monohydrate crystal, and form III was monohy-
drate of acetonitrile solvent complex. The three forms were all monoclinic systems with
different space groups, with form I, II and III exhibiting P21, P21/c and P21/m, respec-
tively. The molecular packing and intermolecular interactions of the three forms were
different (Figure 5). Form I has strong intermolecular hydrogen bonds between oxygen
atoms and the nearby hydrogen on the other side of the molecule (C=O . . . H, 2.37 Å and
3.16 in form I), without π-π stacking. Form II and form III have hydrogen bonds between
oxygen atoms and the nearby hydrogens of water molecules (O5=O2 . . . H, 2.878 Å in
form II and O5A=O3 . . . H, 2.955 Å in form III). Although abundant hydrogen bonds were
constructed through the interactions between water molecules and the crystal of form II
and form III, their bond energies of about 15~30 kJ·mol−1 were much lower than those of
general chemical bonds. This suggests that these hydrogen bonds are fragile, and the water
molecules are transferred during the drying process of istradefylline. Otherwise, form II
was a head-to-head π-π interaction, and form III was a head-to-tail π-π interaction. The
π-π stacking interaction of form II, at 3.55 Å, was stronger than that of form III, at 3.54 Å,
between two molecules. It is well-known that π-π stacking is detrimental to the solubility
of compounds. Different π-π stacking forms also have an effect on solubility, which may
lead to the weak solubility and dissolution of the crystalline form II of istradefylline.



Crystals 2022, 12, 917 9 of 12

Crystals 2022, 12, x FOR PEER REVIEW 9 of 13 
 

 

Gof 1.017 1.036 1.052 

R R1= 0.0552, 
wR2 = 0.1107 

R1 = 0.0888, 
wR2 = 0.2892 

R1 = 0.083, 
wR2 = 0.27 

According to the crystallographic data and structure refinement parameters, three 
forms can be effectively distinguished. From the single-crystal structure, it can be seen 
that form I was pure crystal, form II was monohydrate crystal, and form III was monohy-
drate of acetonitrile solvent complex. The three forms were all monoclinic systems with 
different space groups, with form I, II and III exhibiting P21, P21/c and P21/m, respec-
tively. The molecular packing and intermolecular interactions of the three forms were dif-
ferent (Figure 5). Form I has strong intermolecular hydrogen bonds between oxygen at-
oms and the nearby hydrogen on the other side of the molecule (C=O…H, 2.37 Å and 3.16 
in form I), without π-π stacking. Form II and form III have hydrogen bonds between ox-
ygen atoms and the nearby hydrogens of water molecules (O5=O2…H, 2.878 Å in form II 
and O5A=O3…H, 2.955 Å in form III). Although abundant hydrogen bonds were con-
structed through the interactions between water molecules and the crystal of form II and 
form III, their bond energies of about 15~30 kJ·mol−1 were much lower than those of gen-
eral chemical bonds. This suggests that these hydrogen bonds are fragile, and the water 
molecules are transferred during the drying process of istradefylline. Otherwise, form II 
was a head-to-head π-π interaction, and form III was a head-to-tail π-π interaction. The 
π-π stacking interaction of form II, at 3.55 Å, was stronger than that of form III, at 3.54 Å, 
between two molecules. It is well-known that π-π stacking is detrimental to the solubility 
of compounds. Different π-π stacking forms also have an effect on solubility, which may 
lead to the weak solubility and dissolution of the crystalline form II of istradefylline. 

 
Figure 5. Single-crystal molecular structure of istradefylline in (a) ethanol (form I), (b) methanol 
(form II) and (c) acetonitrile (form III), respectively, and π-π stacking and hydrogen-bond lengths. 

3.4. TGA 
Figure S5 shows the TGA curves for form I, form II, and form III at a heating rate of 

10 °C/min under N2 atmosphere. As shown in Figure S5a, the weight loss of form I was 
99.98% from 191.66 to 198.08 °C, corresponding to the degradation of istradefylline mole-
cules. In Figure S5b, the weight loss of form II was in two stages: the first weight loss of 
3.23% from 27.56 °C to 52.45 °C corresponds to the release of one H2O molecule (calc. 
4.48%), while the second weight loss occurred at or above 377.72 °C, corresponding to the 

Figure 5. Single-crystal molecular structure of istradefylline in (a) ethanol (form I), (b) methanol
(form II) and (c) acetonitrile (form III), respectively, and π-π stacking and hydrogen-bond lengths.

3.4. TGA

Figure S5 shows the TGA curves for form I, form II, and form III at a heating rate
of 10 ◦C/min under N2 atmosphere. As shown in Figure S5a, the weight loss of form I
was 99.98% from 191.66 to 198.08 ◦C, corresponding to the degradation of istradefylline
molecules. In Figure S5b, the weight loss of form II was in two stages: the first weight loss
of 3.23% from 27.56 ◦C to 52.45 ◦C corresponds to the release of one H2O molecule (calc.
4.48%), while the second weight loss occurred at or above 377.72 ◦C, corresponding to the
degradation of istradefylline. In Figure S5c, the thermal decomposition process of cocrystal
III was in two stages: the first weight loss of 15.62% from 91.16 ◦C to 121.02 ◦C corresponds
to the release of one H2O molecule and one CH3CN molecule (calc. 13.32%), while the
second weight loss occurred at or above 258.93 ◦C, corresponding to the degradation
of istradefylline.

3.5. FT-IR Analysis

In Figure S6a, the absorbance peaks at 2966 cm−1, 2935 cm−1, and 2832 cm−1 are
ascribed to the presence of the methyl or methylene group. In Figure S6b, the absorbance
peaks at 3482 cm−1, 2977 cm−1, 2935 cm−1, and 2841 cm−1 are ascribed to the presence
of the hydroxy, methyl, or methylene group. In Figure S6c, the absorbance peaks at
2979 cm−1, 2932 cm−1, 2839 cm−1, and 2217 cm−1 are ascribed to the presence of the
methyl or methylene group, the absorbance peaks at 3465 cm−1, 3380 cm−1 and 3028 cm−1

indicate the presence of water molecules, and the absorbance peak at 2217 cm−1 indicates
the presence of acetonitrile molecules.

3.6. Particle Size and BET Analysis

The particle size of form I, II and III was determined with a Malvern 2000 laser particle-
size analyzer, and the median particle sizes were 5.6 µm, 5.2 µm, and 7.1 µm, respectively.
The specific surface areas of the three forms were 5.08 m2/g, 5.51 m2/g and 5.18 m2/g,
respectively. The specific surface areas of single points were 0.20000 at P/Po is 4.67 m2/g,
4.74 m2/g, and 4.72 m2/g, respectively. As can be seen from the above data, the surface
area was basically the same.
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3.7. Dissolution Curve Test

The dissolution of istradefylline in three crystal forms was studied in a buffer solution
in which pH value was fixed at 1.2, 4.5, and 6.8, corresponding to pH of digestive solutions
such as gastric juice and intestinal juice. All experiments were repeated six times, as shown
in Figure 6. The dissolution rates of the three crystal forms at pH 1.2 at 5 min were 72.2%,
28.3%, and 74.7%, respectively. At 60 min, the dissolution rates of form I, II, and III reached
87.1%, 58.2%, and 87.7% respectively. The dissolution rates of the three crystal forms at
pH 4.5 at 5 min were 68.3%, 29.4%, and 73.2%, respectively. At 60 min, the dissolution of
form I reached 88.1%, the dissolution of form II reached 58.9%, and the dissolution of form
III reached 87.1%. The dissolution rates of the three crystal forms at pH 6.8 at 5 min were
69.2%, 30.3%, and 70.7%, respectively. At 60 min, the dissolution of form I reached 87.5%,
the dissolution of form II reached 58.2%, and the dissolution of form III reached 86.0%.
From the dissolution profile of the three crystal forms of istradefylline, it can be inferred
that the dissolution of istradefylline form I, refined in ethanol, and form III, refined in
acetonitrile, show good dissolution performance, while that of form II, refined in methanol,
was significantly lower. Through single-crystal studies, it was found that form II has π-π
stacking, and the π-π stacking interaction of form II is stronger than that of form III between
two molecules. The π-π stacking leads to weak solubility and dissolution in istradefylline.
These results indicate that the solvent has a direct effect on the dissolution.
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4. Conclusions

In this paper, the solubility of istradefylline in 12 kinds of solvents such as ethanol,
methanol, and acetonitrile was studied, and three kinds of crystal forms were sequentially
obtained in these solvents and proved by X-ray powder diffraction. Their single-crystal
diffraction structure and data were also confirmed by single-crystal diffraction. Further-
more, the dissolution test was performed with tablets prepared from the three crystal forms
of istradefylline, and it was found that the dissolution rates of the three crystal forms were
different. Compared with form II, the dissolution rates of form I and form III were superior.
Additionally, the solubility and X-ray powder diffraction data, as well as the dissolution
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rates, indicated that the packing of molecules and crystal forms have notable influence
on solubility and dissolution. This study offers additional insight into optimizing the
crystallization process of istradefylline and improving absorption in pharmacokinetics.

5. Patents

Preparation method and application of istradefylline crystal, CN113024558A, 2021-06-25.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cryst12070917/s1. Table S1. Solubility of Istradefylline in Twelve
Different Solvents from 293.15 K to 333.15 K. Table S2. Bond Lengths for Istradefylline. Table S3. Stability
data of Istradefylline (Form I of istradefylline). Figures S1–S3. ORTEP view with labeling scheme for
Istradefylline. Figure S4. The surface area of three crystal forms. Figure S5. (a) The TGA curves of From
I, (b) The TGA curves of From II and (c) The TGA curves of From III. Figure S6. The IR of From I, The IR
of From II and The IR of From III.
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