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A tablet preparation is one of the most patient-preferred
dosage forms of a pharmaceutical product because it is easy
to handle and easy to take. Tablets offer precise dosing each
time and coatings for various purposes are also possible. For
these reasons a tablet preparation is often the preferred
choice dosage form for new drug substances. Tablets are
generally prepared by compression methods using high com-
pression pressure between approximately 100 and 200 MPa,
and it is well known that drug substances are exposed to vari-
ous factors such as pressure, friction and heat during com-
pression.

There are several reports concerning the effects of com-
pression or grinding on the crystallinity of drug substances
and, for example, it has been reported that the crystallinity of
cephalexin, a-tricalcium phosphate and chloramphenicol
palmitate decreased by compression or grinding with a ball
mill.1—3) Drug substances are sometimes modified from crys-
talline solids to the amorphous state in order to improve their
solubility, even though it is generally known that amorphous
materials have poor chemical stability compared to crys-
talline materials.4,5) However, literature is limited that clearly
describes the relationship between crystallinity and chemical
stability of drug substances mechanically-treated by com-
pression and grinding.6—8)

SX-3228, 6-benzyl-3-(5-methoxy-1,3,4-oxadiazol-2-yl)-
5,6,7,8-tetrahydro-1,6-naphthyridin-2(1H)-one (Fig. 1A), is a
benzodiazepine receptor agonist that was newly synthesized
at Dainippon Sumitomo Pharma Co., Ltd. (Osaka, Japan),
and was targeted for use as a hypnotic drug.9—13) This com-
pound is a non-benzodiazepine derivative with demonstrable
selectivity for the benzodiazepine w1 receptor subtype.9—13)

Although intended to be developed as a tablet preparation,

the drug substance turned out to be chemically unstable in
tablet form even though its stability was comparatively good
in the powder mixture for tableting.

The objective of this study was to clarify the cause of poor
chemical stability of the drug substance in the tablet prepara-
tion using powder X-ray diffraction measurement, thermal
analysis and HPLC analysis.

Experimental
Materials SX-3228 was synthesized at Dainippon Sumitomo Pharma

Co., Ltd., Osaka, Japan.
Pharmaceutical Excipients: Japanese Pharmacopoeia (fifteenth edition)

grade excipients were used. Lactose (Tablettose® 80) (Meggle GmbH,
Wasserburg, Germany), cornstarch (Nihon Shokuhin Kako Co., Ltd., Tokyo,
Japan), low-substituted hydroxypropylcellulose (L-HPC, LH-11) (Shin-Etsu
Chemical Industry Co., Ltd., Tokyo, Japan), magnesium stearate (animal
origin) (Taihei Chemical Industrial Co., Ltd., Osaka, Japan) and light anhy-
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ened and shifted toward lower temperatures by these mechanical treatments. It was then revealed that the degra-
dation temperature decreased and the amount of degradation products after storage increased with decreasing
crystallinity, even though there was little change in the amount of degradation products shortly after mechanical
treatments. These results demonstrated that the drug substance became chemically unstable with decreasing
crystallinity. It was proved that chemical instability of the drug substance in the tablet preparation was due to
decreasing crystallinity caused by compression. It would therefore be difficult to produce chemically stable
tablets containing this compound using a conventional manufacturing process. Tablets for this compound should
be prepared without mechanical treatments such as compression and grinding.
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Fig. 1. Chemical Structure of 6-Benzyl-3-(5-methoxy-1,3,4-oxadiazol-2-
yl)-5,6,7,8-tetrahydro-1,6-naphthyridin-2(1H)-one (SX-3228, Molecular
Formula: C18H17N4O3, Molecular Weight: 338.37) (A) and Methyl-Re-
arranged SX-3228 (B)



drous silicic acid (LASA, Aerosil® 200) (Nippon Aerosil Co., Ltd., Tokyo,
Japan) were used.

Reagents: Methanol of HPLC grade and all other reagents of analytical
grade were purchased from Wako Pure Chemical Industries, Ltd., Osaka,
Japan.

Preparation and Storage of SX-3228 Tablets SX-3228 tablet formula-
tion contained the drug substance 5 mg, lactose 55 mg, cornstarch 23 mg, L-
HPC 15 mg, magnesium stearate 1 mg and LASA 1 mg (total weight:
100 mg/tablet). The tablets were prepared by a direct compression method
with a pressure of 200 MPa using a single punch tableting machine (2B,
Kikusui Seisakusho Ltd., Kyoto, Japan) fitted with a 6.5 mm diameter
punch. The drug substance alone was also compressed in the same way. The
intact and compressed drug substance, the powder mixture for tableting and
the tablets were stored in open glass bottles at 80 °C and 60 °C/75% relative
humidity (RH) for 14 d in order to evaluate their chemical stability.

Mechanical Treatment and Storage of SX-3228 Drug Substance SX-
3228 drug substance was first mechanically treated by either compression or
grinding. Each 200 mg of intact drug substance was compressed with pres-
sures of 20, 50 and 200 MPa using the same machine as for tablet prepara-
tion, fitted with an 8.0 mm diameter punch. As for grinding, about 5 g of the
intact drug substance was ground with an agate centrifugal ball mill (P-7,
FRITSCH GmbH, Idar-Oberstein, Germany) for 1, 3 and 60 min. The grind-
ing conditions were as follows: capacity of each container, 45 ml; diameter
and number of balls, 15 mm and 7; rotation speeds of disk and containers,
600 rpm. The intact and mechanically-treated drug substances were sub-
jected to powder X-ray diffraction analysis and thermal analysis and the ap-
pearance of crystals was observed.

The drug substance was also compressed with pressures of 50 and
200 MPa and ground for times varying between 3 to 60 min in order to in-
vestigate the relationship between relative crystallinity and degradation tem-
perature or chemical stability. Chemical stability was evaluated after storage
in open glass bottles at 70 °C and 50 °C/75% RH for 14 d.

Observation of Crystals Appearance of crystals was observed using a
scanning electron microscope (SEM) (JSM-5900LV, JEOL Ltd., Tokyo,
Japan) in a high vacuum mode after platinum evaporation coating.

Powder X-Ray Diffraction Analysis Powder X-ray diffraction was per-
formed with an X-ray diffractometer (XRD6100, Shimadzu Corp., Kyoto,
Japan or RINT1100, Rigaku Corp., Tokyo, Japan). The measurement condi-
tions were as follows: target Cu, voltage 30 kV, current 20 mA, receiving slit
0.15 mm, scanning speed 3°/min, investigation range 2q�10—40°. Relative
crystallinity was evaluated by a reflection intensity method using lithium flu-
oride (LiF) that had a diffraction intensity at 2q�38.4° as an internal stan-
dard. The relationship of the diffraction intensity ratios of the three main
peaks of SX-3228 drug substance (2q�14.2°, 16.6°, 18.4°) to the peak of
LiF and the weight ratios of the drug substance and LiF mixture was exam-
ined and there was a linear relationship between these values when the
weight ratio of LiF in the mixture was 20% or larger. Therefore, relative
crystallinity was expressed as a percentage of an average of the three peak
intensity ratios of the compressed or ground drug substance to the average
of the intact drug substance, using mixed powder that consisted of 20% LiF
and 80% drug substance.

Thermal Analysis Thermal behavior was determined using a differen-
tial scanning calorimetry (DSC) instrument (DSC2920, TA Instruments,
Inc., New Castle, DE, U.S.A., or TAS100, Rigaku Corp., Tokyo, Japan). The
measurement conditions were as follows: sample weight, about 2 mg; heat-
ing rate, 5 °C/min.

Evaluation of Chemical Stability Chemical stability was evaluated
with an HPLC system consisting of an LC-10AS pump, a CTO-10A column
oven, an SPD-10A UV–visible detector, an SCL-10AVP system controller,
an SIL-10AXL auto injector and a CLASS-VP data system (Shimadzu
Corp., Kyoto, Japan). A 150 mm�5 mm internal diameter column packed
with octadecyl silica gel of 5 mm particle size, Develosil ODS-5 (Nomura
Chemical Co., Ltd., Aichi, Japan) was utilized at 40 °C. The mobile phase
consisted of 65% 0.01 mol/l acetate buffer (pH 4.0) and 35% methanol and
the flow rate was set at about 1.0 ml/min. Retention time of SX-3228 was
around 11.0 min. SX-3228 and its degradation products were extracted from
around 20 mg of the drug substance or from 4 tablets with 50 ml of purified
water–methanol (2 : 3) and 5 m l of the extract was injected. The peaks of the
degradation products were identified based on the retention time of the stan-
dard materials. The drug substance and its degradation products were de-
tected at a wavelength of 342 nm and degradation product amounts were ex-
pressed as a peak area percentage of the sum of SX-3228 and its degradation
products.

Results and Discussion
Chemical Destabilization by Compression of SX-3228

Drug Substance Chemical stability of SX-3228 in tablet
form was evaluated. Figure 2 presents the HPLC profile of
SX-3228 tablets after storage at 80 °C for 14 d as a typical
chromatogram. The results in Table 1 showed that the total
amount of degradation products increased from 0.9 to 5.4
and 11.9% during the 14 d storage at 80 °C and 60 °C/75%
RH respectively. The increases were much larger than those
in the powder mixture for tableting, which were from 0.7 to
2.2 and 2.0%, respectively. The effects of compression on
chemical stability on the drug substance alone were then ex-
amined and similar results to those for the tablets and powder
mixture for tableting were obtained, as presented in Table 1.
The adverse impact of compression was especially large
under the high-humidity condition and the increase in the
total amount of degradation products during storage in the
drug substance and the powder mixture was 18-fold and 11-
fold respectively. The cause of the chemical destabilization
by compression shown by these results was then investigated.

Effect of Compression and Grinding on Relative Crys-
tallinity of SX-3228 Drug Substance Appearance of crys-
tals in the intact and mechanically-treated SX-3228 drug sub-
stance was checked by SEM. Whereas the intact drug sub-
stance contained columnar crystals of around 15 to 150 mm
in length, these were observed to be clearly broken in the
compressed and ground drug substance as shown in Fig. 3.
Powder X-ray diffraction profiles in Fig. 4 indicated that the
crystalline form was not changed by these mechanical treat-
ments because the peak positions of the compressed and
ground drug substance were almost the same as those of the
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Fig. 2. HPLC Profile of SX-3228 Tablets after Storage at 80 °C for 14 d

Table 1. Effect of Compression on Chemical Stability of SX-3228 in the
Drug Substance and Powder Mixture (Compression Pressure: 200 MPa,
Stored in Open Bottles)

Total amount of degradation products (%)

Sample
After 14 d After 14 d at 

Initial
at 80 °C 60 °C/75% RH

Intact drug substance 0.73�0.02 1.89�0.05 1.17�0.02
Compressed drug substance 0.78�0.01 3.25�0.04 8.69�0.02

Powder mixture for tableting 0.73�0.02 2.23�0.00 1.96�0.04
Tablets 0.85�0.03 5.44�0.07 11.91�0.39

The data are expressed as means�standard deviations, n�3.



intact drug substance. The compressed and ground drug sub-
stance, however, appeared to be low in diffraction intensity
compared to the intact drug substance as presented in Fig. 4,
and so the relative crystallinity of these samples was calcu-
lated. The results revealed that the relative crystallinity of the
drug substance compressed with pressures of 20, 50 and
200 MPa was about 68, 46 and 32% respectively and that of
the drug substance ground in a centrifugal ball mill for 1, 3
and 60 min was about 62, 40 and 21% respectively as listed
in Table 2. From these results, we surmised that the crys-
tallinity of the drug substance decreased markedly and that
about 32 to 79% of crystals in the intact drug substance be-
came noncrystalline by mechanical treatments.

Thermal Analysis of the Intact and Mechanically-
Treated SX-3228 Drug Substance The DSC curves of the
intact, compressed and ground SX-3228 drug substance are
presented in Fig. 5. The exothermic peak was observed at
around 179 °C in the intact drug substance (Table 2) and its
appearance changed from light yellowish-white powder to
black semisolid state at this temperature. Retention time of
the semisolid material was around 9.1 min and the material
was identified as a methyl-rearranged product of the drug

substance based on the retention time of the standard mate-
rial of the methyl-rearranged product by HPLC analysis. 
Figure 1B shows the chemical structure of the methyl-
rearranged product. The product was considered to be pro-
duced through a Chapman-like thermal rearrangement of the
methyl group from the chemical structure of SX-3228 and
the reaction product (Figs. 1A, B).14—16)
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Fig. 3. SEM Photographs of the Intact and Mechanically-Treated SX-
3228 Drug Substance

(A) Intact, (B) compressed at 200 MPa, (C) ground for 60 min.

Fig. 4. Change in X-Ray Diffraction Profiles of SX-3228 Drug Substance
by Various Mechanical Treatments (SX-3228 : LiF�4 : 1)

1, intact; 2, compressed at 20 MPa; 3, compressed at 50 MPa; 4, compressed at
200 MPa; 5, ground for 1 min; 6, ground for 3 min; 7, ground for 60 min.

Table 2. Change in Relative Crystallinity and Exothermic Peak Tempera-
ture in DSC (Degradation Temperature) of SX-3228 Drug Substance by Var-
ious Mechanical Treatments

Exothermic peak 

Sample
Relative crystallinity temperature in DSC

(%) (degradation temperature) 
(°C)

Intact 100.0�6.9 179.09�0.92
Compressed at 20 MPa 68.1�5.7 175.99�0.30
Compressed at 50 MPa 45.6�1.4 173.92�0.47
Compressed at 200 MPa 32.4�0.7 171.03�0.01
Ground for 1 min 61.7�0.5 176.62�0.10
Ground for 3 min 40.0�1.6 172.59�0.38
Ground for 60 min 21.2�0.4 160.44�0.56

The data are expressed as means�standard deviations, n�3.

Fig. 5. Change in DSC Curves of SX-3228 Drug Substance by Various
Mechanical Treatments

1, intact; 2, compressed at 20 MPa; 3, ground for 1 min; 4, compressed at 200 MPa;
5, ground for 60 min.



The exothermic peak temperature of the drug substance
compressed with pressures of 20, 50 and 200 MPa was about
176, 174 and 171 °C respectively and that of the drug sub-
stance ground in a centrifugal ball mill for 1, 3 and 60 min
was around 177, 173 and 160 °C respectively as shown in
Table 2. These results showed the peak shifted toward lower
temperatures and was clearly broadened by the mechanical
treatments.

Relationship between Relative Crystallinity and Degra-
dation Temperature of SX-3228 Drug Substance Figure
6A shows the relationship between relative crystallinity and
degradation temperature (the exothermic peak temperature in
DSC) of the intact and mechanically-treated SX-3228 drug
substance. With various degrees of treatments of compres-
sion at 50 and 200 MPa and grinding for 3 to 60 min, the rel-
ative crystallinity decreased from 100% to between 58 and
25% and the degradation temperature was lowered from
180 °C to between 175 and 158 °C. The degradation tempera-
ture decreased with crystallinity, and the lower the crys-
tallinity, the larger the decrease in the degradation tempera-
ture. These results suggest that the drug substance became
chemically unstable with decreasing relative crystallinity.

Relationship between Relative Crystallinity and Chem-
ical Stability of SX-3228 Drug Substance Figure 6B
summarizes the relationship between relative crystallinity
and the total amount of degradation products after storage at
70 °C and 50 °C/75% RH of the intact and mechanically-
treated SX-3228 drug substance. Shortly after compression
and grinding, the total amount of degradation products was

nearly 0% in all samples that possessed relative crystallinity
between 100 and 25% due to varying levels of compression
and grinding (initial data in Fig. 6B). However the amount of
degradation products increased during the 14 d storage under
both conditions and inversely correlated with the crystallinity
when relative crystallinity was lower than 60%. At a relative
crystallinity of around 25%, the total amount of degradation
products increased to approximately 9 and 24% after storage
at 70 °C and 50 °C/75% RH, respectively. With a relative
crystallinity of higher than 60%, just a slight increase was
observed in the amount of degradation products after storage.
The main degradation product was the methyl-rearranged
product presented in Fig. 1B. The increase in the amount of
degradation products of the compressed and ground drug
substance was much larger under the high-humidity condi-
tion than just the high-temperature condition in agreement
with the results shown in Table 1. These results demonstrated
that the drug substance became chemically unstable with de-
creasing crystallinity and that chemical instability of the drug
substance in the tablet preparation indicated in Table 1 was
due to a decrease in crystallinity caused by compression.

Conclusion
It was found that the SX-3228 drug substance was remark-

ably chemically unstable in tablet preparation compared to
the powder mixture for tableting. Chemical destabilization
caused by compression also occurred in the drug substance
alone. After investigating the cause of the destabilization, it
became evident that the crystallinity of the drug substance
decreased depending on the extent of mechanical treatments
such as compression and grinding. It was then revealed by
thermal analysis that the degradation temperature was low-
ered and the amount of degradation products after storage in-
creased with decreasing crystallinity. These results demon-
strated that the drug substance became chemically unstable
with decreasing crystallinity. It was proved that chemical in-
stability of the drug substance in the tablet preparation was
due to decrease in crystallinity by compression. It would
therefore be difficult to produce chemically stable tablets
containing this compound using a conventional manufactur-
ing process. Tablets for this compound should be prepared
without mechanical treatments such as compression and
grinding.
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