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bstract

The aims of this study were to fast screen the compatibility of rabeprazole and excipients using a spectrocolorimeter and to examine the relationship
etween the color change value and drug contents/drug degradation products in solid dosage forms. The color change values of rabeprazole-excipient
ixtures were measured using a spectrocolorimeter, with six tablet formulations compressed using a single-punch instrumental tablet press. The

abeprazole and degradation products contents in the tablets were analyzed using an HPLC method, with the color change values of the tablets
easured using spectrocolorimetery for 4 weeks. These experiments indicated that the instrumental evaluation of color was a speedy, simple

nd useful tool in the determination of the interaction between the drug and excipients, as well as in the formulation of solid dosage forms.
he relationships of the % reduced drug contents versus the color change value, and those of the % drug degradation products versus the color

hange value were exponentially increased in formulations containing zinc stearate. On stress testing, the color change value of rabeprazole was
nconsistent with previous reports, as the degradation of rabeprazole can be greatly influenced by humidity as well as temperature. Consequently,
hese results highlight the potential of color formation in the application of pre-formulation and formulation of drugs.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Color is a basic visual feature of any solid pharmaceutical
osage form. The Food and Drug Administration Guidelines
or stability testing of solid-state pharmaceuticals include the
ppearance/color as an important characteristic of stability (USP,
006). Because visual observations and subjective assessments
ack precision and objectivity, the quantitation of the color
hange value in solid-state pharmaceuticals during stability test-
ng has received only limited attention. A way of overcoming
his deficit, at least for solid surfaces, is to evaluate the color and

olor differences using reflectance spectroscopy. Instrumental
olor evaluations as the stability test for drugs in the various for-
ulations have been described in the literature (Kitamura et al.,

∗ Corresponding author. Tel.: +82 31 290 7715; fax: +82 31 290 7729.
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989; Stark et al., 1996; Berberich et al., 2002). However, there
ave been few reports on the application of pre-formulation, such
s screening of drug-excipient interactions, using color change
alue evaluations or application of formulation, to reveal the
elationship between a drug degradation product and the color
hange value in solid dosage forms.

Rabeprazole is a potent gastric proton pump inhibitor, which
auses dose dependent acid secretion (Langtry and Markham,
999). It has a faster onset of action and lower potential
or drug interaction compared to omeprazole. Rabeprazole
s indicated in the treatment of erosive or ulcerative gastro
sophageal reflux disease, the healing of duodenal ulcers and
reatment of pathological hypersecretory conditions, includ-
ng Zollinger Ellison syndrome. Rabeprazole is an acid labile

rug, which is commercially available as enteric-coated tablets
Pariet®, 1998). Moreover, rabeprazole, which is similar to
meprazole, has been reported to be chemo- and thermo-labile,
nd rapidly degraded and discolored when exposed to acidic

mailto:espark@skku.ac.kr
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edia and warm temperatures (Aciphex®, 1999; Chan et al.,
001).

The aims of this study were to fast screen the compatibility
f rabeprazole and excipients using a spectrocolorimeter and to
xamine the relationships between the color change value and
rug contents/drug degradation products in solid dosage forms.
f particular concern is whether color formation is useful in the

pplication of pre-formulation and formulation of drugs.

. Materials and methods

.1. Materials

The following materials were used as received, without fur-
her purification: rabeprazole sodium was obtained from Lee
harma, Ltd. (Andhra Pradesh, India). HPLC grade methanol
as obtained from Fisher Scientific (Fair Lawn, NJ, USA). Phos-
horic acid, potassium phosphate monobasic, sodium phosphate
ibasic (Shinyo Pure Chemicals Co., Japan) and other excipients
ere of reagent grade. Water was purified using reverse osmosis

nd filtered in house.

.2. Color measurement

The CIELAB color system has been included in the general
hapter of the United States Pharmacopoeia since 1985. The
ristimulus transformation of the reflectance spectrophotometer
sed in this study is described in the USP. The CIELAB color
ystem gives an exact numerical specification of human color
ision. The system defines the conditions for perceiving color
y (a) specifying the relative spectral energy distributions of var-
ous illuminants, known as CIELAB Standard Illuminants, (b)
ictating that the modification of an illuminant by interaction
ith an object be measured with a reflectance spectrocolorimeter

onforming to the CIELAB recommendations and (c) quanti-
ying the nature of human color vision in terms of three color
atching functions; x̄, ȳ and z̄, whose numerical values are avail-

ble in published tables, and known collectively as a CIELAB
tandard Observer. Three functions are required as color vision
as been found to be trichromatic, i.e. a single perceived color
esults from the effect of three separate stimuli on the visual
ortex.

The tristimulus values are used to calculate the 1976 CIE L*,
* and b* (CIELAB) color space values, which enable colors
o be regarded as existing in an approximately uniform three
imensional space. Each particular color has a unique loca-
ion, as defined by its Cartesian coordinates with respect to a*
red–green axis), b* (yellow–blue axis) and L* (lightness axis)
or the brightness in the Cartesian coordinates system (Fig. 1).

The L* coordinate serves as the psychometric correlation of
erceived lightness, which covers a range from white (1 0 0)
o black (0) along a grey scale. The a* and b* coordinates

re related to Hering’s opponent color theory, and give the
ocations of the various hues on red versus green (a*) and
ellow versus blue (b*) scales. If both a* and b* are zero,
he color lies on the L* axis, and is termed achromatic. The

f
t
7
u

Fig. 1. CIELAB color space diagram.

olor difference (�E) is calculated using coordinate geometry,
s the length of the line joining the two color positions:�E =

(�L∗)2 + (�a∗)2 + (�b∗)2

A change or difference in color, corresponding to a value of
E > 1.5, can be perceived by the human eye (Stark et al., 1996).
A spectrocolorimeter, CR-241 (Minolta, Japan), using 0◦

llumination and 45◦ viewing geometry, with the spectral com-
onent excluded, was used in this study. The equipment was
alibrated daily using the same diaphragm, against the white
eference and darkness, prior to any measurements being con-
ucted. Usually, one sample is measured with 10 units. The mean
alues of L*, a* and b* of these 10 units are calculated, with the
olor change value (�E) calculated using these mean values.

.3. Screening of the rabeprazole-excipient compatibility

The color changes of rabeprazole-excipient mixtures were
easured (at initial and 3 days) using a spectrocolorimeter. Five

ram of rabeprazole was added to 5 g of each excipient, with the
owder then transferred to 30 mL vials and the mouths sealed
ith a cap. Each rabeprazole-excipient mixture was then placed
nder the accelerated condition in (1) at 40 ± 2 ◦C and 75% ± 5
H and the stress condition in (2) at 60 ± 2 ◦C in a stabil-

ty chamber (Labfine Instrument, Korea). Each vial was vortex
ixed for over 1 min prior to being placed over the viewing port

f the reflectance spectrocolorimeter.

.4. Formulations of rabeprazole tablets and chemical
tability

From the rabeprazole-excipient compatibility results, the
romising excipients were selected, and the stability of six tablet

ormulations containing 20 mg rabeprazole examined. The six
ablet formulations are described in Table 1. Normally convex,
mm tablets, with a target weight of 140 mg, were compressed
sing a single-punch instrumented tablet press (Caver press,
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Table 1
Compositions of the rabeprazole uncoated tablet formulations

Components A B C D E F

Drug Rabeprazole sodium (mg) 20 20 20 20 20 20

Stabilizer Aluminum stearate (mg) 60 60 60 – – –
Zinc stearate (mg) – – – 40 40 40

Disintegrant Crospovidone (mg) 40 40 40 40 40 40

Filler Lactose anhydrous (mg) 20 – – 40 – –
Al Mg silicate (mg) – 20 – – 40 –
Mannitol (mg) – – 20 – – 40
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Total (mg) 140

SA). Each formulation was placed in an open containers under
he accelerated condition in (1) at 40 ± 2 ◦C and 75% ± 5 RH
nd the stress condition in (2) at 60 ± 2 ◦C in a stability chamber
Labfine Instrument). During the stability test, the rabeprazole
nd degradation products contents in the tablets were obtained
fter the first, second, third and the fourth weeks, using a
tability-indicating HPLC method for rabeprazole. The rabepra-
ole contents are converted to the reduced drug contents (%). The
educed drug contents (%) after each week were calculated from
he initial drug content (%) minus the drug contents remaining

%) after each week. The color change values of the tablets were
lso measured after the first, second, third and the fourth weeks,
sing a spectrocolorimeter.

G
d
l

able 2
ccuracy and precision of HPLC method for rabeprazole analysis

tandard conc. (�g/mL) Interday

Recovered conc. (�g/mL) |% Deviation|
4.30a 13.92
5.52c 10.45
4.79b 4.19

0
9.51 4.90

10.45 4.48
9.58 4.22

0
19.70 1.49
19.53 2.35
19.51 2.45

0
51.03 2.05
49.87 0.27
51.42 2.85

00
101.33 1.33

99.19 0.81
99.98 0.02

00
199.13 0.44
200.44 0.22
199.72 0.14

ean 3.14

a Day 1: conc. = 65.2466 × peak area − 0.9385 (r = 0.99992).
b Day 3 (first analysis): conc. = 67.4472 × peak area − 0.4052 (r = 0.99995).
c Day 2: conc. = 73.5333 × peak area + 0.6009 (r = 0.99997).
d Second analysis: conc. = 77.8100 × peak area + 0.0608 (r = 0.99993).
e Third analysis: conc. = 72.3907 × peak area − 0.1595 (r = 0.99994).
140 140 140 140 140

.5. Analytical procedures and HPLC conditions

The rabeprazole and degradation products contents of the
ablets were analyzed using an HPLC method. The HPLC pro-
edures were fully validated prior to their routine use, with the
rea under the peak values used for the calculations. The valida-
ion tests included system suitability, accuracy, reproducibility,
inearity and ruggedness.

The HPLC system (Agilent 1100, USA) consisted of a
odel G1311A pump, a Model G1311A autosampler, a Model

1311A column oven and a Model G1311A diode array
etector, operated at 290 nm. The data station was an Agi-
ent Chemstation. The column used was a Luna C18 column

Intraday

% CV Recovered conc. (�g/mL) |% Deviation| % CV

4.79b 4.19
12.59 5.07d 1.31 2.79

4.93e 1.37

9.58 4.22
5.32 9.61 3.91 0.18

9.61 3.93

19.51 2.45
0.54 19.27 3.65 0.62

19.39 3.06

51.42 2.85
1.59 51.73 3.45 0.29

51.58 3.16

99.98 0.02
1.08 99.38 0.62 0.30

99.65 0.35

199.72 0.14
0.33 199.95 0.03 0.06

199.85 0.08

3.57 2.15 0.71



al of Pharmaceutics 350 (2008) 122–129 125

(
o
0
p
c
r
c

3

3

u
a

p
a
w

T
T

E

A
C
C
C
L
A
M
Z
H
M
C
H
C
P
E
A
C
S
S
L
C
N
S
A
P
N
C
M
G
N
K
D
A
E
K
K
C
P

Y.-S. Rhee et al. / International Journ

5 mm, 250 mm × 4.6 mm i.d.; 5 �m; Phenomenex, CA, USA)
perated 30 ◦C. The analytical mobile phase, consisting of
.05 mol/L phosphate buffer (pH adjusted to 7.0 with dilute
hosphoric acid) and methanol, in a 60:40 (v/v) ratio, was
ontinuously passed through the analytical column, at a flow
ate of 1.0 mL/min. A 10 �L sample was injected into the
olumn.

. Results

.1. Validation of rabeprazole analysis method using HPLC

A slight modification of a previous reported HPLC assay was
sed to determine the content of rabeprazole (Ramakrishna et
l., 2005).
Fig. 2 shows a typical chromatogram of rabeprazole. The
eak for rabeprazole was sharp and the retention time was
pproximately 6.3 min. The calibration curves for rabeprazole
ere linear at concentrations ranging from 5 to 200 �g/mL

(
u
t
r

able 3
he CIELAB color space values and �E for rabeprazole-excipient mixtures stored u

xcipients Initial After 3 days at

L* a* b* L* a*

l stearate 58.50 0.46 5.10 57.45 −0.
rospovidone 58.22 −0.27 5.85 60.85 −0.
a stearate 71.33 0.16 2.79 60.13 −0.
aSO4 54.40 0.52 5.55 24.50 0.
actose anhydrous 88.46 0.26 7.60 36.09 −0.
l Mg silicate 93.07 −0.23 4.98 64.15 −1.
annitol 87.62 0.71 9.55 43.92 1.

n stearate 66.86 0.13 2.93 56.12 −0.
ypromellose 91.34 0.13 7.51 61.11 0.
eglumine 59.15 0.45 7.01 40.13 −1.
yclodextrin 58.45 −0.64 4.36 14.08 −0.
ydroxypropyl cellulose 57.41 −0.54 5.15 36.32 1.
a silicate 64.40 0.09 3.25 44.02 −0.
ovidone 89.30 0.26 8.57 51.13 3.
udragit RLPO 58.21 −0.44 5.68 26.96 1.
rginine 56.99 0.59 5.48 14.18 0.
a carboxymethylcellulose 90.11 0.10 7.63 37.33 0.
ugar 57.29 −0.11 6.13 13.42 0.
odium starch glycolate 58.32 −0.44 5.68 31.24 1.
-HPC 58.62 −0.27 5.97 31.83 3.
aHPO4 55.06 0.60 5.55 20.80 1.
a2SO4 57.79 0.53 5.88 17.20 1.
odium lauryl sulfate 55.54 0.07 7.54 44.05 0.
lCl3 58.38 0.53 5.68 39.20 19.
olyvinyl alcohol 56.63 −0.08 6.15 23.08 1.
a carboxymethyl cellulose 58.34 0.39 5.18 23.67 1.
orn starch 58.46 0.53 5.68 29.65 1.
icrocrystalline cellulose 90.25 −0.07 7.39 74.60 1.
lyceryl behenate 56.77 0.13 7.54 41.09 0.
a2HPO4 58.34 0.39 5.33 7.83 0.
OH 58.46 0.54 4.66 44.87 1.
extran 59.43 0.69 6.43 37.60 1.
lK(SO4)2 58.31 0.68 5.56 21.86 1.
mcompress 90.80 0.04 6.13 40.20 0.

2CO3 58.79 0.46 5.10 32.78 3.
H2PO4 54.31 0.70 5.55 23.71 0.
aCl2 56.63 −0.08 6.15 16.45 −0.
oloxamer 407 59.43 0.69 5.65 33.44 1.
Fig. 2. Representative chromatogram of rabeprazole.
r > 0.9999). In order to validate the rabeprazole analysis method
sing HPLC, the accuracy and precision were determined as
he absolute % deviation and coefficient of variation (% CV),
espectively. Table 2 shows the interday mean accuracy of 3.14%

nder: (1) at 40 ◦C and 75% RH and (2) at 60 ◦C conditions for 3 days

40 ± 2 ◦C and 75% ± 5 RH After 3 days at 60 ± 2 ◦C

b* �E L* a* b* �E

24 3.56 2.01 53.78 0.56 7.84 5.46
23 15.05 9.58 58.35 −0.22 12.42 6.59
38 7.81 12.29 65.13 −0.56 7.42 7.77
02 6.91 29.93 58.65 −0.08 12.13 7.86
55 4.49 52.47 82.63 0.02 15.92 10.16
15 11.75 29.71 87.66 −0.86 13.66 10.24
06 15.66 44.13 82.86 0.46 19.15 10.72
25 6.50 11.32 55.72 −0.20 7.12 11.90
26 20.73 33.00 81.64 −0.04 14.57 12.00
56 31.01 30.69 53.32 −0.63 17.64 12.18
16 −0.37 44.62 52.48 0.32 15.59 12.78
39 15.95 23.78 51.32 0.81 16.38 12.85
04 6.21 20.59 52.51 0.42 11.24 14.33
70 24.28 41.42 78.38 0.33 17.98 14.42
94 14.80 32.64 51.35 1.49 18.92 15.06
35 5.19 42.81 50.91 1.56 21.53 17.33
96 9.12 52.81 75.18 0.22 17.44 17.87
70 3.80 43.94 46.42 2.06 20.62 18.24
73 14.05 28.43 43.56 1.66 16.70 18.54
07 11.41 27.54 42.54 4.36 15.37 19.19
45 5.49 34.27 35.12 2.73 9.53 20.45
49 10.16 40.83 40.18 1.68 17.06 20.89
47 13.02 12.74 37.47 5.10 17.45 21.22
17 32.48 37.86 58.61 3.12 27.74 22.25
98 12.37 34.18 40.23 4.26 21.43 22.87
87 12.25 35.41 38.92 2.51 18.28 23.52
02 8.86 28.99 36.63 4.60 16.68 24.80
63 16.33 43.61 66.76 1.13 16.55 25.24
48 14.05 16.99 29.72 2.52 7.89 27.15
39 0.48 50.74 32.57 1.88 15.90 27.89
09 11.98 15.45 30.46 5.24 13.16 29.64
85 15.95 23.86 29.29 3.71 12.74 30.96
93 9.56 36.69 24.86 3.65 12.24 34.24
06 2.88 50.70 52.46 1.72 8.36 38.44
12 16.95 28.71 20.06 4.35 14.16 39.96
25 −0.66 31.22 11.45 0.49 −0.10 43.23
09 2.98 40.30 12.40 0.31 −0.55 44.73
82 13.43 27.16 9.44 1.40 0.32 50.28
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anging from 0.02 to 13.92% and the intraday mean accuracy of
.15% ranging from 0.02 to 4.22%. The interday mean precision
f the HPLC method was 3.57% ranging from 0.33 to 12.59%
nd the intraday mean precision of the HPLC method was 0.71%
anging from 0.06 to 2.79%.

The analysis method was found to be precise, selective and
eproducible (Ramakrishna et al., 2005).

.2. Fast screening of the interaction between rabeprazole
nd excipients

Stability testing has emerged in the field of pharmaceuticals
s being very important to maintain the efficacy of a drug, as
t provides measurements of the storage capacity of a drug, as
ell as demonstrates the safety of the drug products. Also, sta-
ility testing is a requirement for the regulatory approval during
roduct marketing, and is a vital component of the overall quality
ontrol program. Rabeprazole is an acid labile drug, and has been

eported to be chemo- and thermo-labile, and rapidly degraded
nd discolored when exposed to acidic media and warm tem-
eratures. Therefore, in order to rapidly screen the interaction
etween rabeprazole and its excipients, the color change value

s
a
a
s

able 4
he CIELAB color space values and �E for the six rabeprazole formulation uncoated
weeks

ormulations Day At 40 ± 2 ◦C and 75% ± 5 RH

L* a* b* �Ea

0 94.95 −0.30 3.34
7 73.31 −0.30 5.52 21.7

14 71.13 −0.25 6.36 24.0
21 72.03 −0.10 8.02 23.3
28 73.84 0.28 8.30 21.7

0 95.07 −0.27 3.22
7 75.26 −0.21 6.32 20.0

14 71.98 −0.24 6.33 23.3
21 70.57 −0.29 7.04 24.8
28 72.99 0.40 8.31 22.6

0 94.78 −0.30 3.14
7 72.16 −0.30 5.63 22.7

14 70.98 −0.28 6.55 24.0
21 70.92 −0.08 8.29 24.4
28 72.99 0.27 8.58 22.4

0 94.11 −0.16 3.78
7 76.92 −0.31 7.59 17.6

14 73.56 0.31 6.76 20.7
21 71.69 −0.02 6.71 22.6
28 71.02 0.45 6.67 23.2

0 94.60 −0.22 3.07
7 79.32 0.03 6.76 15.7

14 75.78 0.38 5.99 19.0
21 73.38 0.02 5.93 21.4
28 72.71 0.45 6.06 22.1

0 93.67 −0.14 3.81
7 75.45 −0.02 7.42 18.5

14 72.67 0.34 6.43 21.1
21 70.94 −0.07 6.46 22.8
28 70.49 0.37 6.59 23.3

a N = 3, mean ± S.D.
Pharmaceutics 350 (2008) 122–129

f the drug-excipient mixture can be measured using a spectro-
olorimeter.

In the ICH stability guideline Q1A(R2) (2003), accelerated
torage condition for drug substances is suggested the following
ondition: at 40 ± 2 ◦C and 75% ± 5 RH. Moreover, stress test-
ng is likely to be carried out and it should include the effect of
emperatures (in 10 ◦C increments (e.g., 50, 60 ◦C, etc.) above
hat for accelerated testing). Therefore, many stress studies in
0 ◦C have been reported in the literature for bulk drugs (Rao et
l., 2005a,b,c; Singh et al., 2006; Breton et al., 2006; Rao et al.,
006) or finished products (Mohammadi et al., 2006; Sekiya et
l., 2007).

The CIELAB color space values and �E for drug-excipient
ixtures stored under: (1) at 40 ± 2 ◦C and 75% ± 5 RH and

2) at 60 ± 2 ◦C conditions are shown in Table 3. Of the 38
xcipients, aluminum stearate, crospovidone and zinc stearate
howed minimum color change values at 40 ± 2 ◦C and 75% ± 5
H. At 60 ± 2 ◦C, aluminum stearate, crospovidone and calcium
tearate showed minimum color changes; lactose anhydrous,
luminum magnesium silicate and mannitol, which act as fillers,
lso showed good compatibility with the drug. These results
how that the instrumental evaluation of the color of drug-

tablets stored under: (1) at 40 ◦C and 75% RH and (2) at 60 ◦C conditions for

At 60 ± 2 ◦C

L* a* b* �E

– 94.95 −0.30 3.34 –
5 ± 0.12 79.85 0.57 13.50 18.22 ± 0.01
2 ± 0.04 75.57 0.98 11.17 20.94 ± 0.01
9 ± 0.59 74.57 0.12 9.64 21.34 ± 0.19
0 ± 0.00 74.92 0.42 8.64 20.74 ± 0.00

– 95.07 −0.27 3.22 –
5 ± 0.09 81.19 0.50 14.01 17.60 ± 0.07
0 ± 0.03 77.25 1.61 12.88 20.35 ± 0.00
0 ± 0.48 76.09 0.85 10.61 20.40 ± 0.04
7 ± 0.01 75.94 0.87 9.56 20.18 ± 0.01

– 94.78 −0.30 3.14 –
5 ± 0.19 79.68 0.52 13.31 18.22 ± 0.11
4 ± 0.01 75.81 0.97 11.06 20.59 ± 0.00
0 ± 0.38 73.91 0.07 9.13 21.71 ± 0.19
6 ± 0.01 74.25 0.35 8.32 21.18 ± 0.01

– 94.11 −0.16 3.78 –
0 ± 0.02 86.61 0.14 13.01 11.89 ± 0.00
7 ± 0.09 80.44 2.00 13.07 16.67 ± 0.00
1 ± 0.34 76.56 1.80 10.89 19.03 ± 0.01
8 ± 0.01 74.97 1.82 9.58 20.10 ± 0.01

– 94.60 −0.22 3.07 –
2 ± 0.07 89.09 0.27 7.97 8.54 ± 2.37
5 ± 0.04 82.95 2.15 10.72 14.13 ± 0.02
1 ± 0.03 78.45 2.25 9.54 17.57 ± 0.03
0 ± 0.03 77.21 2.48 8.18 18.32 ± 0.03

– 93.67 −0.14 3.81 –
7 ± 0.08 86.30 0.22 12.76 11.60 ± 0.11
6 ± 0.03 80.50 1.94 12.89 16.13 ± 0.05
8 ± 0.28 75.73 1.78 10.71 19.31 ± 0.35
5 ± 0.04 74.61 1.87 9.73 20.05 ± 0.05
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Table 6
% Degradation products for the six rabeprazole formulation uncoated tablets
stored under: (1) at 40 ◦C and 75% RH and (2) at 60 ◦C conditions

Formulations Days At 40 ± 2 ◦C and 75% ± 5 RH At 60 ± 2 ◦C

A 0 0.84 ± 0.01a 0.84 ± 0.01
7 2.85 ± 0.02 7.77 ± 0.44

14 15.92 ± 0.70 30.85 ± 1.63

B 0 0.94 ± 0.01 0.94 ± 0.01
7 2.89 ± 0.02 7.45 ± 0.45

14 17.59 ± 0.62 28.23 ± 0.65

C 0 0.97 ± 0.01 0.97 ± 0.01
7 2.77 ± 0.15 7.63 ± 0.37

14 19.66 ± 0.94 30.59 ± 1.13

D 0 0.99 ± 0.05 0.99 ± 0.05
7 0.96 ± 0.06 2.01 ± 0.04

14 6.58 ± 0.46 10.07 ± 0.62
21 17.04 ± 0.17 22.36 ± 1.34
28 21.51 ± 1.11 25.57 ± 0.74

E 0 0.91 ± 0.08 0.91 ± 0.08
7 2.14 ± 0.02 4.75 ± 0.26

14 12.89 ± 0.95 20.05 ± 0.68
21 23.32 ± 0.79 32.51 ± 1.60
28 29.91 ± 0.60 34.57 ± 1.38

F 0 0.82 ± 0.00 0.82 ± 0.00
7 1.57 ± 0.08 2.77 ± 0.36
Y.-S. Rhee et al. / International Journ

xcipient mixtures is a fast and simple tool for the determination
f the interactions between a drug and its excipients.

.3. Color change values and chemical stability of
abeprazole uncoated tablet

The CIELAB color space and �E values for the six
abeprazole formulation uncoated tablets, stored under (1)
t 40 ± 2 ◦C and 75% ± 5 RH and (2) at 60 ± 2 ◦C condi-
ions, are shown in Table 4. Of the six formulations, those
ontaining zinc stearate showed less color change than formu-
ations containing aluminum stearate after 3 weeks, although
he �E of the formulations containing aluminum stearate
ecreased under conditions of at 40 ◦C/75% RH after 4
eeks.
In the formulations A, B and C, over a quarter of drug were

ecomposed after 2 weeks. Since one of the purposes for our
tudies was the rapid detection of drug degradation, we dis-
ontinued the HPLC analysis of formulations A, B and C.
herefore, we also discontinued the analysis of formulations
, E and F after 4 weeks. The results of the reduced drug con-

ents and degradation products for the six formulations stored
nder stress conditions are shown in Tables 5 and 6. As shown
n Tables 5 and 6, compared to the formulations containing

inc stearate, the drug contents and degradation products were
argely changed in formulations containing aluminum stearate,
hich was consistent with the �E results of the uncoated

ablets.

able 5
Reduced drug contents for the six rabeprazole formulation uncoated tablets

tored under: (1) at 40 ◦C and 75% RH and (2) at 60 ◦C conditions

ormulations Days At 40 ± 2 ◦C and 75% ± 5 RH At 60 ± 2 ◦C

0 0.00 ± 1.03a 0.00 ± 1.03
7 −3.38 ± 1.49 8.31 ± 3.30

14 26.62 ± 2.10 33.06 ± 0.50

0 0.00 ± 0.85 0.00 ± 0.85
7 8.12 ± 1.20 10.09 ± 1.60

14 27.74 ± 0.90 25.35 ± 1.40

0 0.00 ± 0.88 0.00 ± 0.88
7 5.95 ± 1.30 14.33 ± 2.00

14 30.31 ± 0.80 34.44 ± 0.90

0 0.00 ± 1.13 0.00 ± 1.13
7 0.78 ± 0.90 −0.31 ± 1.00

14 13.16 ± 1.60 7.11 ± 2.80
21 21.29 ± 2.31 23.21 ± 3.49
28 32.90 ± 1.9 25.20 ± 0.80

0 0.00 ± 0.94 0.00 ± 0.94
7 2.91 ± 1.40 0.84 ± 2.60

14 21.35 ± 2.50 11.61 ± 1.70
21 45.38 ± 1.01 32.94 ± 1.76
28 48.97 ± 1.05 37.37 ± 1.02

0 0.00 ± 1.01 0.00 ± 1.01
7 6.29 ± 2.80 4.21 ± 2.70

14 18.57 ± 3.50 13.65 ± 2.00
21 45.11 ± 0.53 29.90 ± 1.40
28 48.53 ± 1.17 34.82 ± 0.57

a N = 3, mean ± S.D.

14 12.48 ± 0.56 14.32 ± 1.26

c
m

4

r
a
r
f
r
r
s
c
s
d
c
i
d
s
t
h
c
c
s
s
i

21 23.90 ± 0.99 26.00 ± 1.67
28 29.37 ± 0.55 31.27 ± 0.73

a N = 3, mean ± S.D.

These results showed that the instrumental evaluation of the
olor of uncoated tablet is a speedy and useful tool in the for-
ulation of solid dosage forms.

. Discussion

Color testing for screening of the interactions between
abeprazole and its excipients was shown to give fast, simple
nd reliable results for the pre-formulation of rabeprazole. The
elationship between the reduced drug content and �E value of
ormulations containing zinc stearate is shown in Fig. 3, with the
esults showing exponential relationships between increasing
educed drug contents and increasing �E values. The relation-
hip between the degradation products and �E of formulations
ontaining zinc stearate is shown in Fig. 4, with the results also
howing exponential relationships between increasing degra-
ation products and increasing �E values. The correlation
oefficients in all case were >0.97 (Table 7). When we exam-
ned the relationship between the color change value and drug
egradation products, the color value changed abruptly (great
cale) in spite of a little amount of drug degradation in the ini-
ial stage. As time passed, drug degradation increased greatly,
owever, the color value changed a little amount. These results
orrelated with the exponential relationship between the color

hange value and drug degradation products. Therefore, we can
uggest that the instrumental evaluation of the color is a useful
kill to detect the drug stability because color change is sensitive
ndication when the drug starts to decompose.
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ig. 3. Correlation of color change value (�E) and % reduce rabeprazole con-
ents for the rabeprazole formulation uncoated tablets containing zinc stearate
tored under: (a) at 40 ◦C and 75% RH and (b) at 60 ◦C conditions (N = 3,
ean ± S.D.). Key: formulation D (�); formulation E (�); formulation F (�).

The exponential relationship between the color change value
nd drug degradation products differs from those reported by

tark et al. (1996), which showed linear relationships between

he �E values and drug contents for three formulations. More-
ver, Kitamura et al. (1989), Stark et al. (1996) and Berberich et
l. (2002) reported that although the rate of color formation was

o
o
R
v

able 7
orrelation coefficients and parameters between color change values and % reduced

abeprazole uncoated tablets

ormulations At 40 ◦C and 75% RH

% Reduced drug contents % Degradation products

ra ab b r a b

0.9889 0.0012 0.4368 0.9965 0.0004 0.4
0.9904 0.0521 0.3123 0.9947 0.0268 0.3
0.9951 0.0023 0.4286 0.9953 0.0009 0.4

a Correlation coefficient.
b y = a × ebx.
ig. 4. Correlation of color change value (�E) and % degradation products
or the rabeprazole formulation uncoated tablets containing zinc stearate stored
nder: (a) at 40 ◦C and 75% RH and (b) at 60 ◦C conditions (N = 3, mean ± S.D.).
ey: formulation D (�); formulation E (�); formulation F (�).

ifferent for each product, and does not always reflect the decom-
osition of the active drug, it appears that the color change value

beys the Arrhenius Law on stress testing. However, in the case
f rabeprazole, the �E values under conditions of at 40 ◦C/75%
H are greater than at 60 ◦C, which is inconsistent with the pre-
ious reports of Kitamura et al. (1989), Stark et al. (1996) and

drug contents and between color change values and % degradation products of

At 60 ◦C

% Reduced drug contents % Degradation products

r a b r a b

677 0.9771 0.0353 0.3311 0.9918 0.1251 0.2671
173 0.9971 0.2075 0.2853 0.9931 1.6984 0.1665
477 0.9997 0.2720 0.2425 0.9960 0.3298 0.2270
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Stark, G., Fawcett, J.P., Tucker, I.G., Weatherall, I.L., 1996. Instrumental eval-
Y.-S. Rhee et al. / International Journ

erberich et al. (2002), as the degradation of rabeprazole can be
reatly influenced by humidity as well as temperature.

The color change value of rabeprazole can arise due to tem-
erature, humidity or the interaction between the drug and its
xcipients. Whatever the source of the color change value during
he screening of excipients and the short term stability test-
ng of solid dosage forms, the fact it can be quantified using
IELAB color values suggests that color may be a useful tool in

he pre-formulation and formulation of the drug. The methods
sing instrumental measurement of color change are already
idely used in the field of food and dye industries. However,

here have been few reports on application of instrumental eval-
ation of color for pre-formulation or formulation. Therefore,
ore researches are demanded to other drugs and other phar-
aceutical application. Prior to attempting the first formulation
ith a new drug, most research groups carry out compatibility

esting. The principle is to make up reasonably rationed mix-
ures of drug and excipient, to ascertain which excipients may
e reasonably used with the drug. The methods used nowadays
ave followed in step with analytical developments and are (a)
hemical assay, (b) thin layer chromatography, (c) HPLC, (d)
ifferential scanning calorimetric method and (e) microcalori-
etric methods (Carstensen and Rhodes, 2000). However, in

rder to use these methods, costs for instruments are relatively
xpensive and sample preparations are complicated to treat a
arge amount of samples. The instrumental color measurement

ethod is cheaper and speedier than other methods. It has advan-
ages over the other methods to screen a large amount of samples
uicker, easier and more convenient. Consequently, these results
ighlight the potential of the color formation in the application
f pre-formulation and formulation of drugs. However, compar-
tive absolute L*, a* and b* values depend on the instrument
eing used. Therefore, the CIELAB and�E values are only com-
arable when all measurements are performed with comparable
r correlated instruments (Berberich et al., 2002).
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determine discoloration kinetics of uncoated white tablets occurring during

U

Pharmaceutics 350 (2008) 122–129 129

stability testing an application of instrumental color measurement in the
development pharmaceutics. Int. J. Pharm. 234, 55–66.

reton, D., Buret, D., Mendes-Oustric, A.C., Chaimbault, P., Lafosse, M., Clair,
P., 2006. LC/UV and LC/MS evaluation of stress degradation behaviour of
avizafone. J. Pharm. Biomed. Anal. 41, 1274–1279.

arstensen, J.T., Rhodes, C.T., 2000. Drug stability, third ed. Dekker, New York,
pp. 252–256.

han, L.W., Chan, W.Y., Heng, P.W., 2001. An improved method for the mea-
surement of colour uniformity in pellet coating. Int. J. Pharm. 213, 63–
74.

CH harmonised tripartite guideline, 2003. Stability testing of new drug
substances and products Q1A(R2). In: Proceedings of the International
Conference on Harmonisation, EMEA, London.

itamura, S., Miyamae, A., Koda, S., Morimoto, Y., 1989. Effect of grinding
on the solid-state stability of cefixime trihydrate. Int. J. Pharm. 56, 125–
134.

angtry, H.D., Markham, A., 1999. Rabeprazole: a review of its use in acid-
related gastrointestinal disorders. Drugs 58, 725–742.

ohammadi, A., Haririan, I., Rezanour, N., Ghiasi, L., Walker, R.B., 2006.
A stability-indicating high performance liquid chromatographic assay for
the determination of orlistat in capsules. J. Chromatogr. A 1116, 153–
157.

ariet®, Product monograph, Janssen-CILAGTM, 1998.
amakrishna, N.V.S., Vishwottam, K.N., Wishu, S., Koteshwara, M., Kumar,

S.S., 2005. High-performance liquid chromatography method for the quan-
tification of rabeprazole in human plasma using solid-phase extraction. J.
Chromatogr. B 816, 209–214.

ao, B.M., Srinivasu, M.K., Kumar, K.P., Bhradwaj, N., Ravi, R., Mohakhud,
P.K., Reddy, G.O., Kumar, P.R., 2005a. A stability indicating LC method for
Rivastigmine hydrogen tartrate. J. Pharm. Biomed. Anal. 37, 57–63.

ao, B.M., Srinivasu, M.K., Sridhar, G., Kumar, P.R., Chandrasekhar, K.B.,
Islam, A., 2005b. A stability indicating LC method for zolmitriptan. J. Pharm.
Biomed. Anal. 39, 503–509.

ao, B.M., Srinivasu, M.K., Rani, Ch.P., Kumar, S.S., Kumar, P.R., Chan-
drasekhar, K.B., Veerender, M., 2005c. A validated stability indicating
ion-pair RP-LC method for zoledronic acid. J. Pharm. Biomed. Anal. 39,
781–790.

ao, B.M., Sangaraju, S., Srinivasu, M.K., Madhavan, P., Devi, M.L., Kumar,
P.R., Chandrasekhar, K.B., Arpitha, Ch., Balaji, T.S., 2006. Development
and validation of a specific stability indicating high performance liquid chro-
matographic method for rizatriptan benzoate. J. Pharm. Biomed. Anal. 41,
1146–1151.

ekiya, N., Abe, N., Yamamoto, M., Takeda, K., 2007. Improved stability of
OPALMON® tablets under humid conditions. III: Application of the rotary
vacuum drying method to dry opalmon tablets. Chem. Pharm. Bull. 55,
546–550.

ingh, S., Singh, B., Bahuguna, R., Wadhwa, L., Saxena, R., 2006. Stress
degradation studies on ezetimibe and development of a validated stability-
indicating HPLC assay. J. Pharm. Biomed. Anal. 41, 1037–1040.
uation of color of solid dosage forms during stability testing. Int. J. Pharm.
143, 93–100.

S Pharmacopeia 29, 2006. US Pharmacopeial Convention, Rockville, MD,
Monograph 1061: Color-Instrumental Measurement.


	Application of instrumental evaluation of color for the pre-formulation and formulation of rabeprazole
	Introduction
	Materials and methods
	Materials
	Color measurement
	Screening of the rabeprazole-excipient compatibility
	Formulations of rabeprazole tablets and chemical stability
	Analytical procedures and HPLC conditions

	Results
	Validation of rabeprazole analysis method using HPLC
	Fast screening of the interaction between rabeprazole and excipients
	Color change values and chemical stability of rabeprazole uncoated tablet

	Discussion
	Acknowledgement
	References


