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Abstract

Effect of particle size on the photostability of dimethyl 1,4-dihydro-2,6-dimethyl-4-(2-nitro-phenyl)-3,5-pyridinedi-
carboxylate (nifedipine) powder and its tablet was investigated using high-pressure liquid chromatography (HPLC)
method and Fourier-transformed infrared reflection-absorption spectroscopy (FT-IR-RAS) under the non-destructive
condition. The nifedipine content on the surface of the tablet was determined based on the absorbance at 1682 cm−1

attributable to the C�O stretch vibration in FT-IR-RAS spectra before and after irradiation by fluorescent lamp. The
photodegradation followed apparently the first-order kinetics for any sample. The apparent photodegradation rate
constant of nifedipine powder increased with decrease of the particle size, while that of its tablet was approximately
constant irrespective of particle size. Semilogarithmic plots of the apparent degradation rate constant for nifedipine
tablet against the reciprocal of illuminance demonstrated a linear relationship similar to that of the Arrhenius-type
behavior. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Dimethyl 1,4-dihydro-2,6-dimethyl-4-(2-nitro-
phenyl)-3,5-pyridinedicarboxylate (nifedipine) is
an effective calcium antagonist and has been
widely used for the treatment of coronary heart

disease. Because of its instability to light, the drug
should be stored carefully.

Preformulation study of new drug is important
in development process of drug and in quality
assurance after manufacture. Chemical and physi-
cal stability testings of pharmaceutical substances
are investigated under various temperature, hu-
midity and light conditions. There are many re-
ports concerning photostability of organic* Corresponding author.
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compounds in solution (Matsumoto et al., 1981;
Akimoto et al., 1989; Tammilehto and Tornianen,
1989; Matsuura et al., 1990; Teraoka and Mat-
suda, 1993). However, there are fewer reports con-
cerning the photostability of solid dosage forms
(Akimoto et al., 1985; Matsuda et al., 1989) be-
cause stability data are not fully reproducible due
to the ununiformity of reaction in the solid state.

Fourier-transformed infrared reflection-absorp-
tion spectroscopy (FT-IR-RAS) allows pure mate-
rials to be analyzed without addition of KBr
(Golden, 1985). Although the appearance change
of solid pharmaceutics is important from the
point of view of the qualitative evaluation, colori-
metric measurement relates only to physicochemi-
cal properties and does not offer any chemical
information. On the other hand, the FT-IR-RAS
can offer chemical information as well as physico-
chemical properties. Recently, photostability of
carbamazepine polymorphs was investigated by
using FT-IR-RAS (Matsuda et al., 1994). The
photodegradation of pharmaceuticals is a

topochemical reaction, therefore, it is not appro-
priate to evaluate the decomposition ratio by
conventional analytical methods such as high-
pressure liquid chromatography (HPLC), ultravi-
olet (UV), and infrared (IR) spectroscopy.
Therefore, FT-IR-RAS is used to measure pure
materials using its tablets.

In this study, a simple and fast FT-IR-RAS
method is described for quantitative determina-
tion of nifedipine in order to improve the repro-
ducibility of the data on the photostability test,
and then the results were compared with the data
obtained from the photostability test using pow-
der samples.

2. Materials and methods

2.1. Materials

Bulk nifedipine powder was obtained from
Kanebo, Japan, and was sieved. The average

Fig. 1. Nifedipine and its main photodegradation products.
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Fig. 2. High-pressure liquid chromatography (HPLC) chro-
matograms of nifedipine and its photoproducts. (a) Ethyl
p-aminobenzoate(internal standard); (b) nifedipine; (c) ni-
troso-derivative; (d) nitro-derivative.

LT-120, Nagano Science Equipment MFG,
Takatsuki, Japan) equipped with source is a white
fluorescent lamp (rapid-start type 20 W). The
illuminance was set at 3500 lx. The irradiation
tests were carried out at 25°C.

2.4. X-ray powder diffraction analysis

Diffractograms were taken at room tempera-
ture with an X-ray diffractometer (XD-3A, Shi-
madzu, Kyoto, Japan). The operating conditions
were as follows: Target, Cu; filter, Ni; voltage, 30
kV; current, 15 mA; receiving slit, 0.1 mm; time
constant, 1 s; scanning speed 2u 4° min−1. The
X-ray diffraction profiles of the five powders were
not significantly different in diffraction patterns,
indicating that all kinds of the powders had the
same crystalline structure.

2.5. FT-IR measurement

The sample powder was dispersed in KBr pow-
der (sample concentration 5%) and analyzed. FT-
IR spectra were obtained by powder-diffused
reflectance on an FT-IR spectrophotometer
(model FT-IR 1600, Perkin Elmer, Yokohama,
Japan) and corrected using the Kubelka–Munk
equation.

2.6. FT-IR-RAS measurement

FT-IR spectra of the sample pellets were ob-
tained by FT-IR-RAS on an FT-IR spectrometer
and modified by using the Kramer–Krönig
equation.

2.7. Colorimetric measurement

The surface color of the compressed sample
pellet was measured with an integrating sphere-
type color difference meter (model ND-300A,
Nippon Denshoku, Tokyo, Japan) after the desig-
nated irradiation times. The color difference (DE)
(Matsuda et al., 1989) before and after irradiation
was calculated to evaluate the degree of discol-
oration. All values were the averages of two
measurements.

value of the upper and lower sieve openings was
used as the mean particle size and five types of the
powders were prepared in the range of 127–
324mm. The commercial solvents for HPLC analy-
sis and p-aminobenzoic acid ethyl ester were used
without further purification.

2.2. Preparation of sample pellets

The sieved nifedipine powder (500 mg) were
compressed using an accurate compression/ten-
sion testing machine (Autograph model IS-5000,
Shimadzu, Kyoto, Japan) equipped with flat-faced
punches and a cylindrical die (20 mm i.d.) set at a
compression speed of 15 mm min−1 at 1000 kg
cm−2.

2.3. Irradiation test

Sample pellet or sieved powder (5 mg) were
stored in a light-irradiation tester (LIGHTTRON
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2.8. HPLC analysis

The HPLC system consisted of Waters LC
pump (model 510) and autosampler (Waters,
model 717), a 15 cm×4.6 mm YMC-Pack
ODS-AQ (5 mm) column (YMC, Japan), an UV
detector (model SPD-2A; Shimadzu, Kyoto,
Japan) with the detection wavelength of 234 nm
and a Maxima 820 Chromatography Worksta-
tion (Waters, USA). The mobile phase consisted

of methanol–water (55:45) with flow rate of 1.3
ml min−1. p-Aminobenzoic acid ethyl ester solu-
tion (2.5 g/l) was used as an internal standard.
After irradiation, sample powder was dissolved
in 5 ml of the internal standard solution. Prior
to injection into HPLC columns, 0.5 ml of the
solution was diluted with 5 ml of methanol, and
the remaining nifedipine was calculated from
the nifedipine/internal standard peak height
ratio.

Fig. 3. The diffuse reflectance Fourier-transformed infrared (FT-IR) spectra of nifedipine and its photoproducts. (a) Nifedipine; (b)
nitroso-derivative; (c) nitro-derivative



R. Teraoka et al. / International Journal of Pharmaceutics 184 (1999) 35–43 39

3. Results and discussion

3.1. Photodegradation of nifedipine powder
in6estigated by HPLC

There have been many reports on the
photodegradation of nifedipine under the UV or
visible light (Kudo et al., 1972; Ebel et al., 1978;
Jakobsen et al., 1979; Binda and Dondi, 1981;
Terui et al., 1984; Inoue et al., 1985; Majeed et al.,
1987; Sadana and Ghogare, 1991).

Matsuda et al. (1989) reported that irradiation
of the solid-state nifedipine using a mercury vapor
lamp or fluorescent lamp mainly produced 4-(2-
nitrosophenyl) - 2,6 - dimethyl - 3,5 - dimethoxycar -
bonyl-pyridine (nitroso-derivative) (II) and 4-(ni-
trophenyl)-2,6-dimethyl-3,5-dimethoxycarbonyl-
pyridine corresponding to the dehydrogenated
form (nitro-derivative) (III) (Fig. 1).

Fig. 2 shows typical chromatograms of the
sieved nifedipine powder irradiated by a white
fluorescent lamp for 24 h. It exhibited that two
peaks were attributable to photoproducts other
than (b) of the intact nifedipine. The retention
times for products (c) and (ed) agreed exactly with
those for the authentic samples of the nitroso-
derivative and nitro-derivative, respectively. The
nitroso-derivative was formed predominantly un-
der the irradiation of fluorescent lamp.

3.2. E6aluation of photodegradation on the
surface of nifedipine tablets

Fig. 3 shows the FT-IR spectra of nifedipine,
the nitroso-derivative (II) and nitro-derivative
(III) obtained by FT-IR diffuse-reflectance
method. The bands attributable to the carbonyl
group of nifedipine, the nitroso-derivative, and
nitro-derivative were 1684, 1729, and 1728 cm−1,
respectively. The strong absorption band due to
the C�O stretching mode could be distinguished
clearly between the intact nifedipine and the two
photoproducts.

Fig. 4 shows the FT-IR-RAS spectra of nifedip-
ine tablet before and after irradiation for 40 min
under the fluorescent lamp. The absorption peak
at 1682 cm−1 attributable to the C�O stretch
vibration of (I) decreased significantly after irradi-
ation and a new band at 1731 cm−1 appeared.

This suggested that the residual nifedipine on the
tablet surface decreased by photodegradation and
the nitroso-derivative (II) or nitro-derivative (III)
formed.

Matsuda et al. (1994) have reported that the
calibration curve for carbamazepine on the sur-
face of pellet established good linearity and that
the reproducibility of the data was good.

FT-IR-RAS method also allowed the separa-
tion of the intact nifedipine from photoproducts.
Therefore, the absorbance of the C�O stretch
band was used to measure the residual amount of
nifedipine and the absorbance ratio of C�O group
at 1682 cm−1 before and after irradiation was
calculated as the residual nifedipine.

3.3. Effect of particle size on the photostability of
nifedipine powder and tablet

Fig. 5(a) shows the time-courses of the
photodegradation of nifedipine powder with vari-
ous particle sizes under the irradiation by fluores-
cent lamp. The degradation of nifedipine powder
was found to follow apparently the first order
kinetics. The percent remaining after 24 h-expo-
sure for the127- and 324-mm samples were 16.0
and 44.3, respectively. These results indicate a
rapid increase in percent remaining occurred with
increasing particle size. Fig. 5(b) shows the time-
courses of the photodegradation of nifedipine
tablet prepared with the same powder in Fig. 5(a)
under the irradiation by a fluorescent lamp.
Straight lines were also obtained on the semiloga-
rithmic scale for all tablets, indicating that
photodegradation of the drug on the tablet sur-
face followed apparently the first-order kinetics.
The degradation rate constants for each powder
and tablet were estimated from the linear part of
the lines by the least-squares method.

The effect of particle size on the photodegrada-
tion rate constant of nifedipine powder and its
tablet is illustrated in Fig. 6. The photodegrada-
tion rate constant for nifedipine powder depended
on the particle size and decreased with an increase
in the particle size.

De Villers et al. (1993) reported on the effect of
cohesiveness of small particles on the solid-state
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Fig. 4. Changes in Fourier-transformed infrared reflection-absorption spectroscopy (FT-IR-RAS) spectra of nifedipine before and
after irradiation. (a) Before irradiation; (b) after irradiation.

Fig. 5. Effect of particle size on the photostability of nifedipine powder and its tablet. (a) Powder; (b) tablet. Particle size: �, 127
mm; �, 180 mm; �, 230 mm; �, 274 mm; , 324 mm.

photochemical degradation of furosemide. They
stored agglomerated furosemide and its dispersed
particles after recrystallization (separate lot) un-
der the irradiation by direct sunlight for up to 240
h. The separated particles degraded more rapidly
than the agglomerated particles. Although the real

mean particle size of primary particles (2.5 mm) of
the agglomerates was significantly smaller than
that of the dispersed particles (22 mm), the mean
particle sizes of the agglomerates (200–250 mm)
were inversely by far larger than that of the
dispersed particles.
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Fig. 6. Effect of particle size on the photodegradation rate constant of nifedipine powder and its tablet. (a) Powder; (b) tablet.
Particle size: �, 127 mm; �, 180 mm; �, 230 mm; �, 274 mm; , 324 mm.

It seemed that the amount of degradation in
powder depended on the surface area exposed to
sun light.

On the other hand, the photodegradation rate
constants for nifedipine tablets were almost con-
stant irrespective of the particle size. The
photodegradation rate constant in the solid state
varies widely by various factors such as crystal
form, particle size, and irradiation area. There-
fore, the data for the stability test was qualitative
and it is difficult to compare degradation rate
constants quantitatively. The FT-IR-RAS method
using the tablet was superior to the HPLC
method using drug powder because the particle
size had apparently no effect on the photodegra-
dation. The results suggested that FT-IR-RAS
would be an excellent estimation method for pho-
tostability test.

3.4. Effect of particle size on the appearance
change of nifedipine tablet

As has already been reported on the kinetics of
discoloration of the nifedipine tablet (Matsuda et
al., 1989), it is possible to calculate the apparent
order of reaction (n) and discoloration rate con-
stant (k) using Eqs. (1) and (2).

dDE
dt

=k(DE)n (1)

log DE=
1

1−n
log t+

1
1−n

log[(1−n)k ] (2)

where DE, t and k are color difference, irradiation
time and the color darkening rate constant, re-
spectively, and n is constant.

Fig. 7 shows the double-logarithmic plots of
color darkening processes of tablet prepared with
various particle sizes under the irradiation by the
fluorescent lamp. The plots gave excellent straight
lines over the whole range of irradiation time

Fig. 7. The double-logarithmic plots for the color change
process of nifedipine tablet prepared with powder of various
particle sizes under fluorescent lamp. Particle size: �, 127 mm;
�, 180 mm; �, 230 mm; �, 274 mm; , 324 mm.
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Fig. 8. Relationship between color difference (DE) and percent
decomposed. Particle size: �, 127 mm; �, 180 mm; �, 230 mm;
�, 274 mm; , 324 mm.

composition could be estimated by using the DE
value obtained by colorimetric measurement.

3.5. Effect of illuminance on the photodegradation
of nifedipine tablets

The effect of illuminance on the photostability
of nifedipine tablets was studied. Fig. 9 shows
semilogarithmic plots of the percent remaining of
nifedipine measured by the FT-IR-RAS method
against time at different illuminances under the
irradiation by the fluorescent lamp. The plots
showed good linearity over the wide rage of illu-
minances investigated. Nifedipine on the surface
of the tablet degraded rapidly with increasing
illuminance. Thus the effect of illuminance on the
degradation rate constant is illustrated in Fig. 10.
Semilogarithmic plots of the apparent degrada-
tion rate constant against the reciprocal of illumi-
nance conformed closely to a linear relationship,
as well as the results obtained by Teraoka and
Matsuda (1993), Mendenhall (1984) and Toku-
naga et al. (1985) similar to that of the Arrhenius-
type behavior. This result suggests that the
photostability under an ordinary illumination
condition can readily be predicted from the data
obtained under the accelerated condition of illu-
mination. T90 (time required for 10% degradation)
calculated from the regression line was 22 h at 500
lx which is recommended as the standard illumi-
nance in hospital pharmacy. The results indicate

Fig. 9. Effect of illuminance on the photodegradation of
nifedipine tablet. Illuminance (lx): �, 1300; �, 1600; �, 2000;
�, 2500; , 7500.

Fig. 10. Semilogarithmic plots of apparent degradation rate
constant against the reciprocal of illuminance.

investigated and the slopes calculated from the
regression lines was almost the same. This result
was similar to that obtained in Fig. 5, indicating
that the difference in color change is dependent
on the chemical degradation.

Fig. 8 shows the relation between DE and de-
composition of nifedipine tablets. Good correla-
tions were observed between the apparent percent
decomposed and DE for all tablets, and the slopes
calculated from regression lines were almost the
same. The results suggested that the surface de-
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that nifedipine is unstable extremely and care
must be taken in hand.

In conclusion, FT-IR-RAS is a simple and use-
ful method for quantification of topochemical re-
actions such as solid-state photodegradation.
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