
TA-270 (4-hydroxy-1-methyl-3-octyloxy-7-sinapinoylamino-
2(1H)-quinolinone, Fig. 1) is a newly developed antiallergy
compound. TA-270 inhibits the immediate- and late-airway
responses, pulmonary inflammatory cell accumulation, and
airway hypersensitiveness.1) There are several useful reviews
on the pharmaceutical applications of polymorphs,2—6) and
the study of polymorphism of newly developed compounds
is important. A polymorphism is a solid material with at least
two different molecular arrangements giving distinct crystal
species. There can be large differences in their physical prop-
erties and also differences in bioavailability.7,8) Several tech-
niques for solid state measurements have been reported in the
study of polymorphs: microscopy, infrared (IR) spectroscopy,9)

differential scanning calorimetry (DSC),10—12) powder X-ray
diffractometry,13,14) and solid state NMR spectroscopy.15—21)

In the present study, the characterization of various crys-
talline forms of TA-270 was examined as a preformulation
study. To confirm the molecular state of the polymorphic
forms, powder X-ray diffractometry, thermal analysis, IR
spectroscopy and solid state 13C-NMR spectroscopy were
performed. The intrinsic dissolution rate of each form was
analyzed based on the rotating disk method. In vivo studies
were also performed using Male Cr:CD strain rats.

Experimental
Materials TA-270 was synthesized by the synthetic department of

Dainippon Ink and Chemicals, Inc. and the purity of the compound was
above 99 %. The a , b and d polymorphic forms were prepared by recrystal-
lization from acetonitrile, ethanol, and acetone, respectively. The amorphous
form was prepared by milling the b-form with a vibrating mill (CMT MGF,
TI-300). All other chemicals and solvents were of analytical reagent grade.

Powder X-Ray Diffraction The powder X-ray diffraction pattern was
measured with an X-ray diffractometer (Model RINT Ultima, Rigaku
Denki). The conditions of measurement were as follows: target Cu, mono-
chrometer graphite, voltage 40 kV and current 30 mA, with a scanning speed
of 2°/min.

Thermal Analysis DSC thermograms were obtained by a differential
scanning calorimeter (Model DSC7, Perkin-Elmer). The measurements were
made using an aluminum sample pan (sample weights were 6—10 mg)

under a nitrogen atmosphere at a scanning speed of 5 or 20°C/min. Tempera-
ture scale was calibrated by an Indium standard.

Thermogravimetry (TG) curves were obtained with a thermogravimeter
(Model TGA7, Perkin-Elmer ).

IR Spectroscopy IR spectra were obtained with a Fourier transform
(FT)-IR spectrometer (Perkin Elmer Spectrum One) using a diffuse re-
flectance technique.22)

Dissolution Rate Measurement The intrinsic dissolution rate was de-
termined according to the rotating disk method under the following condi-
tions: 2%w/v Tween80–pH 8.0 phosphate buffer (37 °C), stirring rate of
100 rpm. A disk (diameter: 8 mm) was prepared by compressing a 100 mg
sample under a pressure of 196 MPa in a hydraulic press. It was confirmed
by powder X-ray diffraction measurement that no polymorphic transition
took place during the compression. The concentration of dissolved drug was
measured at 352 nm with an UV spectrophotometer (JASCO V-550). Each
point on the profile represents the average of three determinations.

In Vivo Studies Animals: Male Cr:CD strain rats at 6 weeks old were
obtained from Charles River Japan Inc. Male rats (7 weeks old) were fasted
overnight prior to experiments. The oral use samples were prepared as an
aqueous suspension with 0.5% methylcellulose and administered by a gas-
tric intubation at a dose of 100 mg/kg/5 ml. The plasma concentration of TA-
270 was measured with a high performance liquid chromatography (HPLC)
(JASCO GULLIVER). Each point on the profile represents the average of
three determinations.

HPLC: HPLC was used to determine the content of TA-270. The HPLC
equipment was as follows: an octadecyl silica (ODS) column (Inertsil ODS-
2, 15034.6 mm i.d., GL Sciences), UV-VIS detector (UV-970; JASCO).
Gradient elution was performed from ethanol/20 mmol phosphate buffer
(1/1, mobile phase A) to ethanol/20 mmol phosphate buffer (9/1, mobile
phase B) over 30 min, the flow rate was 1.0 ml/min. Absorbance was de-
tected at 340 nm.

Solid State 13C-NMR Solid state 13C-NMR was performed on a spec-
trometer (JEOL GSX-400) with a 8 mm (diameter) cross polarization magic
angle spinning (CP/MAS) probe and hexamethylbenzene as an external ref-
erence. 
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The polymorphic forms and amorphous form of TA-270 (4-hydroxy-1-methyl-3-octyloxy-7-sinapinoylamino-
2(1H)-quinolinone), a newly developed antiallergenic compound, were characterized by powder X-ray diffrac-
tometry, thermal analysis, infrared spectroscopy and solid state 13C-NMR. The intrinsic dissolution rates of poly-
morphic forms were measured using the rotating disk method at 37 °C. The dissolution rates correlated well with
the thermodynamic stability of each polymorphic form. These dissolution properties were clearly reflected in the
oral bioavailability of TA-270 in rats. The transition behavior for each polymorph and for the amorphous form
was studied under the high temperature and humidity conditions. The bb- and dd-forms were transformed into the
aa-form by heating. The amorphous form was also easily crystallized into aa-form by heating, however it was rela-
tively stable under humidified conditions. The internal molecular packing of each polymorph was estimated from
IR and solid state NMR spectral analysis.
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Fig. 1. Structure of TA-270



Results and discussion
Characterization of the Three Polymorphs and Amor-

phous Form The powder X-ray diffraction patterns of dif-
ferent crystal preparations are shown in Fig. 2. a-Form gave
diffraction peaks at 2q57.1°, 10.1°, 22.8°, and b-form
showed peaks at 2q57.6°, 8.8°, 17.8°, 22.8°. The character-
istic diffraction peaks of the d-form were observed at 2q5
5.7°, 11.6°, 13.2°, 16.0°, 20.4°, 23.9°, 26.6°. The powder X-
ray diffraction patterns of each crystal form showed different
patterns which confirmed the presence of the three different
crystal structures of TA-270. On the other hand, ground TA-
270 gave no distinctive diffraction, which was clearly differ-
ent from those of the a-, b-, d-forms. These polymorphs and
amorphous of TA-270 were further characterized by other
physical methods.

Figure 3 shows the DSC thermograms of the three poly-
morphs and amorphous form measured at a scanning speed
of 5 °C/min. The DSC thermograms of the a- and d-forms
showed a sharp endothermic peak due to melting at 186 °C
and 118 °C, respectively. The DSC thermograms of the b-
form showed a broad endothermic peak at 144 °C. The rea-
son why a broad melting peak appeared for the b-form is dis-
cussed in section 3.4 (internal structure of polymorphs). In
the DSC thermograms of the amorphous form, there were no
endothermic or exothermic peaks at a scanning speed of
20 °C/min. However, an endothermic peak was observed at a
scanning speed of 5 °C/min, due to the crystallization of the
amorphous form during slow heating. The TG curve of each
form showed no weight loss until melting. To determine the
level of impurities, elemental analysis and HPLC was per-
formed. The content of a-, b-, d- and amorphous forms de-
termined by HPLC were 99.2%, 99.5%, 99.1% and 99.4%,
respectively. The values obtained by elemental analysis were
coincident with the theoretical values, as shown in Table 1.
These results suggested that the three preparations did not
contain solvents of crystallization or impurities. Therefore,
we confirmed that the three crystal forms of TA270 were dif-
ferent polymorphs (a-, b- and d- forms).

Transition Behavior of Polymorphs As shown in Fig.

3, the melting temperature and heat of fusion of the a-form
were 186 °C and 433 kJ/mol, respectively. On the other hand,
the corresponding data for the b- and d-forms were smaller
than for the a-form. The b- and d-forms showed exothermic
peaks at around 170 °C, followed by an endothermic peak at
186 °C, due to fusion of the a-form. The amorphous form
also showed an exothermic peak at around 170 °C and en-
dothermic peaks at 186 °C. The powder X-ray diffraction pat-
tern of an amorphous sample heated at 170 °C was identical
to that of the a-form, indicating that the peak of 170 °C was
due to crystallization of the amorphous form. These results
indicated that the a-form is the thermodynamically stable
form of TA270, and the b-, d-, and amorphous forms are
transformed to a-form by thermal treatment.

The isothermal transition behavior of the amorphous form
was investigated since it is a metastable state and might be
crystallized during storage under ambient conditions. Powder
X-ray diffraction measurements of the amorphous form were
conducted after storage at 40 °C and 80% relative humidity
(RH) for 14 d, and no diffraction peak due to crystals was 
observed.

Dissolution Rates and Absorption Behaviors of the
Three Polymorphs and the Amorphous Form The intrin-
sic dissolution rates were determined for the three crystal
forms and the amorphous form of TA-270 at 37 °C. The sam-
ples in the dissolution medium were taken out, dried, and
subjected to powder X-ray diffraction measurements to gain
insight into phase changes during the dissolution. Changes in
the crystal forms of TA-270 were not observed in this experi-
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Fig. 2. Powder X-Ray Diffraction Patterns of Polymorphic Forms of TA-
270

A, a-form; B, b-form; C, d-form; D, amorphous form.

Fig. 3. DSC Thermograms of Polymorphic Forms of TA-270

A, a-form; B, b-form; C, d-form; D, E, amorphous form. The measurements were
made at a scanning speed of 5°C/min (A—D) and 20°C/min (E).

Table 1. Elemental Analysis of Polymorphic Forms of TA-270 (C29H36N2O7)

C (%) H (%) N (%)

Calcd 66.4 6.9 5.3
a-Form 66.3 6.8 5.2
b-Form 66.3 6.8 5.2
d-Form 66.1 7.0 5.1



ment. The dissolution profiles measured by the rotating disk
method are shown in Fig. 4. The dissolution rate of the amor-
phous form was greater than that of the crystal forms,
whereas dissolution of the a-form was significantly slower
than that of the others. The difference in crystal forms signif-
icantly altered the dissolution rate of TA-270, and the disso-
lution rate constants of the a-, b-, d-, and amorphous forms
were calculated as 2.38, 15.6, 21.1, and 24.131023 mg/ml ·
min, respectively. The solubility of the amorphous form
might be higher compared to the three polymorphs.

Figure 5 shows the plasma concentration–time profiles
after oral administration of the three crystal forms and the
amorphous form of TA-270 in rats. The AUCs (area under
the concentration–time curve) of a-, b-, d-, and amorphous
forms were calculated as 68, 375, 598 and 662 mg ·h/ml , re-
spectively. The oral bioavailability of TA-270 increased in
the order of a-form ,,b-form,d-form,amorphous form,
and that of the d- and amorphous forms were 10 times higher
than that of the a-form, reflecting the in vitro dissolution be-
havior of the polymorphs.

Internal Structure of Polymorphs Solid state 13C-NMR
spectroscopic studies were employed to gain insight into the
internal structure of the TA-270 polymorphs. Figure 6 shows

13C-NMR spectra for the a-, b-, and d-forms measured in a
CP-MAS mode. These 13C-NMR signals were assigned ac-
cording to the spectrum of TA-270 in dimethyl sulfoxide
(DMSO) solution, as shown in Fig. 7 and Table 2. There
were some spectral differences between the three poly-
morphs, suggesting differences in the molecular conforma-
tion and crystal packing of TA270. The chemical shift of
C19 of the a-form, located at the joint of the octyloxy group,
was split into two (75.6, 73.7 ppm), on the other hand, the
chemical shifts of the corresponding carbon in the b- and d-
forms were 72.6 and 72.3 ppm, respectively. This suggests
that two different conformers are present in the unit cell of
the crystalline a-form. The NMR spectrum of the b-form
was similar to that of the d-form except for the chemical
shifts due to the octyloxy group, observed at 10—70 ppm.
The densities of the a- and b-forms were measured pycno-
metrically to be 1.27 and 0.97 g/cm3, respectively. These re-
sults indicate that the conformation of TA-270 in the b-form
may be different from the other form, and that the environ-
ment around the octyloxy group may differ; that is, there may
be some free space that allows the carbon chain to rotate due
to looser packing of crystals in the b-form.

The FT-IR spectroscopic studies supported this conclu-
sion, as shown in Fig. 8. A stretching vibration band for a
free amino group at 3501 cm21 was observed in the a-form,
however, no free amino absorption was observed in the spec-
tra of the other polymorphs. IR absorption bands of the func-
tional groups involving in the intermolecular hydrogen bond-
ing of TA-270 molecules, such as the hydrogen bonded
(around 3140 cm21) and free (3500 cm21) amino groups,
showed significant differences in wavelength between the
three polymorphs, suggesting the different molecular packing
of TA270. Moreover, the stretching vibration band of methyl-
ene (octyloxy) group, which appeared around 2850—2940
cm21, was considerably different between the polymorphs. In
this spectral region, a broad peak was observed for the b-
form, whereas, the a- and d-forms showed sharp peaks. The
broad absorption peak was usually observed for the low crys-
tallinity or amorphous samples, therefore, the octyloxy group
of the b-form could be disordered compared with other poly-
morphs. The obtained results may confirm the slight imper-
fection of the b-form that was observed in the broad melting
peak in the DSC thermogram and the broad X-ray diffraction

October 2001 1323

Fig. 4. Dissolution Profiles of Polymorphic Forms of TA-270 in 2%w/v
Tween80–pH 8.0 Phosphate Buffer at 37 °C

j, a-form; d, b-form; h, d-form; s, amorphous form.

Fig. 5. Plasma Concentrations of TA-270 after Oral Administration of
Polymorphic Forms to Rats

j, a-form; d, b-form; h, d-form; s, amorphous form.

Fig. 6. Solid State 13C-NMR Spectra of Polymorphic Forms of TA-270

A, a-form; B, b-form; C, d-form.



pattern. The observed imperfection of the b-form did not af-
fect the solubility, because of the good correlation between
thermodynamic stability and bioavailability of TA-270 poly-
morphs.

Conclusions
In this study, we fully characterized polymorphs of TA-

270 by various physical methods such as solid state NMR, IR
spectroscopy, X-ray powder diffraction measurement and
thermal analysis. The intrinsic dissolution rates were in the
order of amorphous form.d-form.b-form.a-form. The
dissolution rates were well correlated with the thermody-
namic stability of each polymorphic form and also clearly re-
flected in the oral bioavailability of TA-270 in rats. Transi-
tion behavior of each polymorph and the amorphous form
was studied under high temperature and high humidity con-
ditions. b- and d-Forms were transformed into the a-form by
heating. The amorphous form was also easily crystallized
into the a-form by heating, however, it was relatively stable
under humidified conditions. The internal molecular packing
of each polymorph was estimated from IR and solid state
NMR spectral analysis. The conformational difference of the
octyloxy group and the difference in intermolecular hydrogen
bonding were assumed to be characteristic for TA-270 poly-
morphs. The present systematic characterization of TA-270
polymorphs affords a rational basis for the design of solid
TA-270 formulations.
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