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ABSTRACT — Rabeprazole sodium (RPN) is known to be very unstable at acidic condition or some acidic pharmaceutical
excipients such as acrylic acid polymer (carbomer 934) with carboxylic acids. Thus, degradation mechanism of binary
blends of rabeprazole with pharmaceutical excipients in a solid state without using solvents at three different ratios (3:1, 1:1
and 1:3) was investigated using Fourier transform infrad (FTIR) spectroscopy. Alkalizer (MgO), neutral hydroxypro-
pymethylcellulose (HPMC 4000) were also tested for comparison. The binary blends were stored under accelerated con-
ditions (40°C/75% relative humidity) for two weeks. The concentration of thioether rabeprazole from the binary blends with
acidic carbomer 934 increased as the rabeprazole concentration decreased. In addition, the degradation half-life of rabepra-
zole as well as the relative peak area ratios obtained from FTIR spectra of S=O stretching at 1094.1 cm™ decreased con-
sistently as the fraction of carbomer 934 increased due to its sensitivity between the basic benzimidazole nitrogen and
carboxylic acid group of carbomer 934. The physical appearance also turned into strong brown color in the presence of car-
bomer 934. In contrast, there were no significant changes in the degradation kinetics of rabeprazole with MgO and HPMC
4000 in a solid state. This present study demonstrated that the solid-state compatibility test with the aid of HPLC chro-
matographic and FTIR spectral analyses could offer a valuable methodology to select suitable pharmaceutical excipients and
to elucidate the degradation mechanism of RPN for drug formulations at the early formulation stages.
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In the preparation of solid dosage formulations, it is essential
to combine drugs with pharmaceutical excipients as adjuvants.
Pharmaceutical excipients are known to be key components in
pharmaceutical dosage forms having a great impact on in vitro
release and in vivo bioavailability of drugs (Serajuddin et al.,
1999; By et al., 2001; Bruni et al., 2004; Cornaire et al.,
2004; Wang et al., 2004). Most of all, pharmaceutical excip-
ients can affect the physicochemical stability of drugs in dos-
age forms since they may function as stability enhancers or as
promoters of the degradation of drugs (Loukas et al., 1998;
Huang and Tong, 2004; Waterman and Adami, 2005;
Urbanetz, 2006). Thus, rapid selection of pharmaceutical
excipients for the evaluation of drug-excipient compatibility is
essential at the early formulation approaches.

Rabeprazole sodium, a benzimidazole class of proton-pump
inhibitors (PPIs) has been used recently worldwide for healing,
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symptom relief and also for the prevention of relapse of acid-
peptic diseases such as duodenal, gastric and esophageal ulcer-
ation (Carswell and Goa, 2001). Rabeprazole is labile to acids
and moisture but relatively stable under alkaline conditions
(El-Gindy et al., 2002). At acidic or neutral pH, rabeprazole is
converted non-enzymatically primarily to thioether rabepra-
zole, resulting in the discoloration of drugs in solution as well
as in solid-state (Richardson et al., 1998; Desta et al., 2002;
Uno et al., 2005; Ren et al., 2008).

Due to the pH sensitivity of drug in solution and solid-state,
the selection of optimal pharmaceutical excipients with dif-
ferent functional groups is crucial to maximize drug stability in
the development of a stable dosage form of rabeprazole.
Although the low stability of rabeprazole is reported under the
acidic conditions, no detailed information on degradation
behaviors of rabeprazole with pH dependent pharmaceutical
excipients in a solid state is discussed yet.

The purpose of this work was to compare chemical stability
of RPN in a solid state binary blend with pharmaceutical
excipients during the storage under accelerated conditions
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(40°C/75% relative humidity) for two weeks. Based on the
acidity and alkalinity, three different excipients such as car-
bamer, MgO and HPMC were chosen. Acrylic acid polymer
(carbomer 934) with carboxylic acids containing 56-68% car-
boxylic acid (COOH) groups in structures on the dry basis was
chosen (Rowe et al., 2003). Alkaline MgO and neutral HPMC
4000 were also chosen for the comparison. Then, physico-
chemical properties of RPN such as drug content, physical
appearance and FTIR spectra of drug in a solid state binary
blend were characterized.

Materials and methods

Materials

Rabeprazole sodium was purchased from Satya Sai Res-
idency (Hyderabad, India). Hypromellose (Metolose®, HPMC
4000) was obtained from Shin-Etsu Chemical Co., Ltd. (Tokyo,
Japan). MgO and diethylamine were purchased from Junsei
Chemical Co., Ltd. (Tokyo, Japan). Carbomer 934 was
obtained from Wonpoong Chemical Co. (Seoul, Korea). HPLC-
grade methanol and acetonitrile were purchased from Fisher
Scientific Korea Ltd. (Seoul, Korea). All other chemicals were
of reagent grade and were used without further purification.

Stability of binary blends

Binary blends of rabeprazole with different pharmaceutical
excipients were weighed directly in 2 mL vials and mixed on
a micro-mixer (Taitec, Japan) for 30 min. Each vial was sealed
in a plastic bottle and stored at 40°C and 75% relative humidity
(RH). Samples were collected and analyzed after storing for a
designated time interval.

HPLC analysis of rabeprazole and its main degra-
dation product

For the preparation of HPLC samples, 1 mL methanolic
diethylamine (0.1%) was immediately added to each vial to
dissolve the contents and to prevent further degradation of
rabeprazole. Subsequently the solution was transferred into a
100 mL volumetric flask and 0.1% methanolic diethylamine
was added so that the final volume 100 mL.

A reverse phase HPLC system was employed for quan-
tification of rabeprazole and its corresponding degradation
products. The HPLC system (Waters, USA) consisted of a
pump (Waters™ 600 Controller), an autosampler (Waters™
717 plus Autosampler), a degasser (Waters™ In-line Degas-
ser), an analytical column (Luna 5 p, Cyg, 4.6 X 150 mm) pro-
tected by a guard column (Gemini C;g, 4 X 3.0 mm ID) and a
UV-VIS spectrophotometric detector (Waters™ 486 Tunable
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Absorbance Detector) set at 284 nm. The mobile phase was
phosphate buffer (pH 7.2), methanol, and acetonitrile at a ratio
of 50:25:25 at a flow rate of 1.2 mL/ min. The HPLC data pro-
cessing was performed using Borwin® 1.20 software.

FTIR analysis

ATR/FTIR spectra (Bio-Rad, Series UMA-500, USA) were
recorded with the wavenumber range of 4000-400 cm™ using
a FTS 3000 MX Excalibur (USA) FTIR spectrometer. Com-
plete microimplants could be investigated in a non-destructive
manner using an attenuated total reflection (ATR) unit. Each
spectrum was the average of 100 scans using a spectral res-
olution of 4 cm™. FTIR spectra were recorded and stored using
spectroscopic software (Merlin, Verl.3).

LC/MS identification of rabeprazole and its main
degradation product

The HPLC peak fraction of degradation product with
12.36 min retention time was applied into the LC/MS to iden-
tify the main degradation product of rabeprazole. The mass
spectra were acquired using a Finnigan TSQ Quantum Ultra
AM triple stage quadrupole mass spectrometer (Thermo, San
Jose, CA, USA) equipped with an electrospray ionization
(ESI) interface. The vaporizer temperature was set to 100°C
and nitrogen was applied as the sheath gas. The heated cap-
illary was maintained at 350°C. Mass analysis was performed
in the positive ion mode with the source current set at 5 mA,
and the potential of the tube lens was set at 82 volts. The m/
z scanning ranged from 100 to 500. The type of column and
composition of mobile phase were the same as described
above for the HPLC analysis.

SEM analysis

The morphologies of the pure substance and binary blends
were observed using a SEM (S-4300, Hitachi, Japan) at an
acceleration voltage ranging from 10 to 15 kV during scan-
ning. Samples were prepared by dropping the microparticle
suspension on a quartz wafer, air-drying overnight, and then
sputtering with gold. Analyses of all samples were recorded at
room temperature.

Data processing

The best-fit straight line was determined by the linear regres-
sion based on least squares method. The correlation of the
curves was calculated. Data obtained from the experiments
were subjected to an ANOVA test for statistical analysis. The
p value <0.05 was considered statistically significant.
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Results and Discussion

Effect of the types of pharmaceutical excipients

The physicochemical nature of pharmaceutical excipients
incorporated into drug-excipient blends can have a great
impact on the stability of drugs (Serajuddin et al., 1999). Three
different types of pharmaceutical excipients were chosen in
this study in view of the pH related instability of rabeprazole.

Surface morphologies of rabeprazole and its binary blends
with pharmaceutical excipients at a drug-excipient ratio of 1:3
examined by SEM are shown in Figure 1. Rabeprazole alone
formed rectangular or irregular crystals while wrinkled sur-
faces of HPMC 4000 and spherical shells of MgO or carbomer
934 with clusters were observed. There were no significant
changes of surface morphologies found during storage con-
ditions.

The color change of each sample was observed after two
weeks of storage under accelerated condition (40°C/75% RH).
A slight yellow coloration in rabeprazole alone, a strong brown
coloration in binary blends containing carbomer 934 and no
visible coloration in other binary blends with HPMC and MgO
were observed after two weeks of storage, indicating instability
of rabeprazole in the binary blends with carbomer 934.

To understand the detailed information on chemical stability
of rabeprazole, changes in the amount of rabeprazole in the
absence and presence of pharmaceutical excipients at a drug-
excipient ratio of 3:1 as a function of storage time were exam-

Figure 1. Surface morphologies by SEM of (A) rabeprazole alone
and its binary blends with (B) HPMC 4000, (C) MgO and (D) car-
bomer 934 at a drug-excipient ratio of 1:3 after two week storage at
40°C and 75% RH.

ined (Figure 2). Thioether rabeprazole was successfully sep-
arated as the main degradation product and identified by liquid
chromatography mass spectroscopy (LC/MS) as described
before (Ren et al., 2008). A statistically significant (p <0.05)
decrease in the amount of rabeprazole remaining was observed
with carbomer 934 after one week (82.1%) and two weeks
(56.8%) whereas no statistically significant change was found
in other samples.

ATR/FTIR can be used as a method of choice to investigate
the chemical stability of rabeprazole on a molecular level. Fig-
ure 3 gives FTIR spectra of rabeprazole alone and its binary
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Figure 2. Changes in the amount of rabeprazole in the absence and
presence of pharmaceutical excipients at a drug-excipient ratio of
3:1 as a function of storage time. *p < 0.05, significantly different
from the amount at time zero (initial time).
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Figure 3. FTIR spectra of rabeprazole alone and its binary blends
with HPMC 4000, MgO and carbomer 934 at a drug-excipient ratio
of 3:1 at before and after two week storage.
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Table I. Changes of Drug Contents and Peak Area Ratios
Obtained from S=0 Stretching at 1094.1 cm™ of Rabeprazole
in Binary Blends with Pharmaceutical Excipients (3:1 w/w/
ratio) after Two Weeks of Storage Period

Component  Acidity/alkalinity Content (%) Area ratio (%)*
Rabeprazole - 97.01+1.44 91.04
HPMC 4000 5.5-8.0 101.33 £ 0.64 101.74
MgO 10.3 101.97 £ 2.16 102.47
Carbomer 934 23-3.0 56.75 £2.00 60.47

*Area ratio (%)was calculated by dividing the FTIR S=O band area at
1094 cm™! after two week storage relative to initial time.

blends with pharmaceutical excipients at a drug-excipient ratio
of 3:1 before and after two weeks of storage. A band due to
S=0 stretching can be observed at 1094.1 cm™ in the FTIR
spectrum of rabeprazole and this could be a stability indicator
since its intensity decreases with the formation of thioether
rabeprazole. It indicated the differences in S=O stretching at
1094.1 cm™ between drug and its binary blends before and
after storage conditions. The corresponding S=O peak area
was also computed for comparison.

Table 1 shows the changes of drug contents and ratio of
FTIR band areas of rabeprazole in binary blends with phar-
maceutical excipients after two weeks of storage period. Drug
contents significantly decreased in the presence of carbomer
934. The contents of rabeprazole alone also decreased during
storage. In contrast, drug contents were almost unchanged in
the presence of HPMC 4000 and MgO, indicating these excip-
ients might act as stabilizers of rabeprazole. The relative S=O
peak area ratios also suggested that major rabeprazole decom-
position occurred in the sample containing carbomer 934.

Effect of the drug-excipient ratios

Solid-state reactions are generally heterogeneous reactions,
which only occur at points of contact between drug and phar-
maceutical excipients, and thus the drug-excipient ratios play
an important role in a compatibility study (Serajuddin et al.,
1999). Figure 4 illustrates the percentage of rabeprazole
remaining in the presence of pharmaceutical excipients as a
function of drug-excipient ratio after two weeks storage at
40°C/75% RH. Rabeprazole appeared to be very stable with
HPMC 4000 and MgO (alkalizer) at drug-excipient ratios.
However, the stability of rabeprazole significantly decreased
with the lowering ratio of drug-carbomer 934 from 3:1 to 1:3
in a dose dependent manner. The detailed information on deg-
radation behaviors of rabeprazole and the formation of thio-
ether rabeprazole in binary blends with carbomer 934 as a
function of storage time at 40°C and 75% RH are given in Fig-
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Figure 4. Percentage of rabeprazole remaining in the presence of
pharmaceutical excipients as a function of drug-excipient ratio after
two weeks of storage at 40°C and 75% RH. *p<0.05, significantly
different from HPLC 4000 or MgO.
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Figure 5. Degradation behaviors of rabeprazole and the formation
of thioether rabeprazole in binary blends with carbomer 934 as a
function of storage time at 40°C and 75% RH.

ure 5. Rabeprazole in binary blends with carbomer 934 was
degraded more rapidly as a function of time. This kinetic deg-
radation was more pronounced as the amount of carbomer 934
increased in a dose dependent manner. Table II summarizes the
degradation kinetic parameters and peak area ratios obtained
from S=0 stretching at 1094.1 cm™ of rabeprazole in binary
blends with carbomer 934 as a function of drug-excipient ratio.
The kinetic parameters were generated by plotting the log-
arithm of percentage of rabeprazole remaining versus time by
linear regression, assuming first-order kinetics of degradation.
As the fraction of carbomer 934 in binary blend increased, the
drug contents decreased, resulting in a shorter half-life. Fur-
thermore, the relative peak area ratios obtained from S=O
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Table I1. Degradation Kinetic Parameters and Peak Area Ratios Obtained from S=0 Stretching at 1094.1 cmv’! of Rabeprazole in
Binary Blends with Carbomer 934 as a Function of Drug-excipient Ratio

Drug:carbomer 934 k (day™) t» (day) Content (%) Area ratio (%)*
3:1 0.042 £ 0.003 16.44 +£1.20 56.75+2.00 60.47
1:1 0.118 £ 0.002 5.87+£0.10 20.23 +£0.98 36.53
1:3 0.140 + 0.002 4.96 +£0.06 15.48 £0.54 trace

*Area ratio % (1094 cm™) can be calculated by dividing the FTIR S=O band area at 1094 cm' after two week storage relative to initial time before the

storage and multiplying by 100.

stretching at 1094.1 cm™ consistently decreased as discussed
previously.

Overall, rabeprazole is more compatible with neutral and
alkaline pharmaceutical excipients like HPMC 4000 and MgO,
but is completely incompatible with pharmaceutical excipients
possessing acidic functional groups like carbomer 934. This
can be explained by the sensitivity of the basic benzimidazole
nitrogen in the structure of rabeprazole (Tutunji et al., 2006).

Proposed degradation mechanism with carbomer

Preclinical studies have demonstrated that rabeprazole is a
protonable weak base with a highest ionization constant
(approximately pKa=5.0) and hence undergoes the most rapid
degradation in acidic and neutral environments among all PPIs
(Wong and Sung, 2006). Carbomer is an acrylic acid polymer
(approximately pH=2.5-3.0) and contains 56-68% carboxylic
acid (COOH) groups in structures on the dry basis (Rowe et
al., 2003). It is also hydroscopic and its typical equilibrium
moisture content at 25°C/50% RH is 8-10%. At low pH, the
carboxylic acid groups of carbomer molecules are uncharged
but it forms negatively charged carboxylates in near neutal or
alkaline media (Bommareddy et al., 2006). Since the major
degradation pathway for rabeprazole is acid-catalyzed, the
drug decomposition in the binary blends can be attributed to
the ionized carboxylic acid groups of carbomer 934, which can
interact with basic benzimidazole nitrogen of rabeprazole
(Tutunji et al., 2006). In contrast, MgO is basic oxide
(pKa=10.3) in aqueous solution. However, it forms Mg(OH),
due to its hygroscopicity in the air and as such can be expected
to stabilize drug by producing a stable microenvironmental
condition in the solid-state binary blends. Additionally, HPMC
4000 is a stable nonionic material. It has no reactive functional
group to degrade the drug S=O structure (see Figure 3), giving
good compatibility between drug and HPMC 4000 in a solid
state during storage conditions.

Conclusions

RPN was very compatible with neutral and alkaline phar-

maceutical excipients like HPMC 4000 and MgO (alkalizer),
but was completely incompatible with carbomer 934 pos-
sessing acidic functional groups due to its sensitivity of the
basic benzimidazole nitrogen moiety of rabeprazole. A sen-
sitive and reliable chromatographic analysis combined with
other instrumental analyses like FTIR could be readily appli-
cable to the quick evaluation of the solid-state compatibility
and degradation mechanism of rabeprazole with various phar-
maceutical excipients.
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