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ABSTRACT: Rabeprazole is among the most potent proton pump inhibitors (PPI) identified to date
and it has been demonstrated that it is effective in such diseases as gastroesophageal reflux disease
(GERD), duodenal ulcer and gastric ulcer. There is currently interest in developing a new
formulation: rabeprazole sterile powder for injection (RSPI). This investigation was conducted to
evaluate the preclinical pharmacokinetics of RSPI in rats and at the same time a comparative study
was carried out in dogs between RSPI and Pariet1 tablets using liquid chromatographic–mass
spectrometry analysis.

The liquid chromatographic–mass spectrometry method was first conducted and validated as
being specific, and having accuracy, precision, sensitivity and a satisfactory recovery. After
intravenous administration of RSPI (i.v.: 2, 6 and 18 mg/kg) to rats, no significant dose-dependency
was found in the CL (4.20–5.72 l/h/kg), Varea

d (0.94–1.32 l/kg), dose-normalized AUC (197.20–
245.82mg/l*h based on 1 mg/kg) and t1/2 ðp > 0:05Þ. In the dog, a randomized, open-label, crossover
experiment was carried out to show that the mean area under the plasma concentration-time curve
(AUC0–1) after i.v. administration of RSPI was at least four times larger than that following oral
administration of Pariet1 tablet at an equivalent dose but the elimination half-life of these two
formulation was similar ðp > 0:05Þ. The results showed that the pharmacokinetics of RSPI was linear
ðr2 ¼ 0:98Þ in the dose range 2–18 mg/kg and the RSPI had a much higher AUC0–1 and similar t1/2

values compared with the enteric-coated tablet. Copyright # 2007 John Wiley & Sons, Ltd.

Key words: rabeprazole; pharmacokinetics; sterile powder; tissue distribution; enteric-coated
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Introduction

Rabeprazole [1–4], a new PPI (proton pump
inhibitor), is a substituted benzimidazole with
both antisecretory and gastroprotective proper-
ties. Rabeprazole is a protonatable weak base
with a pKa (negative logarithm of the acid-
ionization) value of 5 [5–6], so it accumulates

selectively in acidic spaces at pH55, which are
found primarily in the secretory canaliculus of
the gastric parietal cell. In an acidic environment,
protonation of the pyridine and benzimidazole
nitrogens results in the formation of a tetracyclic
sulfonamide, which represents the active form of
the drug. Because of the higher pKa than other
PPIs with values of �4, rabeprazole has a faster
onset of inhibitory action on Hþ=Kþ-ATPase and
acid secretion in comparison with other PPIs
such as omeprazole, lansoprazole or pantopra-
zole [7]. It has a two-fold to ten-fold greater
antisecretory activity in vitro than the progenitor
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PPI, omeprazole [8]. The results of clinical trials
have demonstrated that rabeprazole is as effec-
tive as omeprazole in promoting ulcer healing
and in alleviating gastroesophageal reflux dis-
ease (GERD) symptoms [9–10] and that it may
provide superior pain relief [11].

Rabeprazole has little interaction with other
drugs compared with omeprazole, lansoprazole
and pantoprazole [12–15]. Rabeprazole enteric-
coated tablets have been used successfully to
treat many acid-related diseases such as GERD,
duodenal ulcer and gastric ulcer. Rabeprazole is
acid-labile, and is therefore administered orally
as an enteric-coated (gastro-resistant) tablet for-
mulation. However, it is difficult for infants and
severely ill patients to swallow tablets, and
injections are an effective administration route
and not subject to the influence of food and
secretion from the gastrointestinal tract, besides
its rapid effect and absorption. Thus rabeprazole
sterile powder for injection (RSPI) was devel-
oped. Rabeprazole tablets [16–18] exhibited first-
pass metabolism following oral administration
and PPIs exhibit polymorphism in metabolism
and there were great differences between indivi-
duals. RSPI was dissolved in 0.9% saline solution
for injection and directly injected to blood
circulation, escaped first-pass metabolism and
rapidly reached higher plasma concentrations,
which was beneficial for binding the proton
pump and so inhibiting acid secretion.

RSPI is a different dosage form and administra-
tion route compared with Pariet1 tablets, which
have been successfully used in the clinic for many
years. It was necessary to study the pharmacoki-
netics of rabeprazole in RSPI in animals in order to
establish its safety in humans. Thus the pharma-
cokinetic profile of rabeprazole in RSPI was
systematically investigated and a randomized,
open-label, crossover experiment was carried out
in dogs in order to compare the tested (RSPI) and
the control (Pariet1 tablets) preparation.

Materials and Methods

Materials and equipment

Rabeprazole ðMW ¼ 359Þ and omeprazole (inter-
nal standard, IS., MW ¼ 345) were purchased

from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing,
China). Rabeprazole sterile powder for injection
was provided by Xi’an Xintong Drug Research &
Development Ltd. Pariet1 10 mg tablets were
bought from Janssen Pharmaceutical (Pty) Ltd.
HPLC grade methanol was obtained from Fisher
Scientific (Toronto, Canada). Deionized water
was purified using a Milli-Q system (Millipore,
Milford, MA, USA). Ammonia water and other
chemicals and solvents used were analytical
grade.

A Shimadzu 2010A liquid chromatographic–
mass spectrometry system (Qarray-Octapole-
Quadrupole mass analyser) with ESI interface,
and Shimadzu LCMS solution workstation soft-
ware (Ver 2.02) for data processing were utilized
to perform all analytical procedures.

Animals

Male and female Sprague-Dawley rats (body
weight, 210–240 g) and six beagle dogs (body
weight, approximately 10 kg) were obtained from
the Laboratory Animal Center of China Pharma-
ceutical University. The animals were maintained
on a 12 h light/dark cycle (light at 8:00) at
ambient temperature (22–248C) and relative
humidity of 50� 10%. All animals in this
experiment were acclimated for 1 week prior to
experiment. The animals utilized in the fasting
experiment were fasted overnight (approxi-
mately 16 h) prior to and 4 h following dosing.
Drinking water from the local water supply was
readily available ad libitum. Each group com-
prised six animals. The experimental protocol
was approved by the Animal Care Committee of
China Pharmaceutical University.

Experiments and sample preparation

Rabeprazole solutions for intravenous adminis-
tration were prepared by dissolving RSPI in 0.9%
saline solution for injection. Intravenous doses
were administered via the forelimb vein in dogs
or the caudal vein in rats. Rabeprazole tablets
(Pariet1) were administered manually.

Pharmacokinetic studies. Sprague-Dawley rats
were divided into three groups: high, middle
and low dosage groups. There were six rats
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(three males and three females) per group. Each
rat was administered rabeprazole solution as an
intravenous dose of 2, 6, 18 mg/kg. The total
injection volume was 1.0 ml/kg. Blood samples
(0.2 ml) were collected via the femoral vein into a
polyethylene cannula at 0 (to serve as a control),
2, 4, 8, 12, 20, 30, 45, 60, 90, 120 and 150 min after
intravenous administration. The blood volume
was replaced with an equal volume of 0.9%
saline solution. The blood was collected into a
heparinized tube and immediately centrifuged at
8000 rpm for 10 min at 48C. A 100 ml volume of
plasma was finally obtained, and stored at �208C
until analysis.

During the experimental period each dog was
placed in the upright position in the stand. A
10 mg dose sterile powder of rabeprazole was
given intravenously or 20 mg dose tablet (2
tablets) was given orally in a randomized,
open-label, crossover study with a week washout
period between doses. The legs were shaven and
an opposite forelimb vein was cannulated using
an 18-gauge cannula. Blood (0.2 ml) was collected
via the cannula. The times of blood sampling
were at 0 (to serve as a control) 0.03, 0.08, 0.17,
0.33, 0.5, 0.67, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0 h and
1.0, 1.5, 2, 2.17, 2.50, 3.00, 3.50, 4.00, 4.50, 5.00,
6.00 h for RSPI and control (Pariet1 tablet)
preparation, respectively. The blood was placed
in heparinized tube and immediately centrifuged
at 8000 rpm for 10 min at 48C. A 100 ml volume of
plasma was finally obtained, and frozen at �208C
until analysis.

Tissue distribution. Twenty four rats were divided
into four groups (six rats per group) and killed by
exsanguination from the abdominal aorta under
isoflurane anaesthesia at 0, 4, 20 and 60 min after
i.v. administration of RSPI at a dose of 6 mg/kg
weight. Selected tissues and plasma were re-
moved, rinsed with ice-cold phosphate-buffered
saline (PBS), blotted and then stored in poly-
propylene tubes at �208C until analysis.

Sample preparation. The rabeprazole concentra-
tions in plasma and tissue were determined by
liquid chromatographic–mass spectrometry. The
tissue was weighed, cut with scissors and
homogenized in 1 ml phosphate-buffered saline
(PBS, pH 7.4). Plasma or tissue homogenate

(0.1 ml) and the internal standard solution 10 ml
(1 mg/ml) were added to a test tube and mixed.
Rabeprazole and omeprazole were extracted
with 1 ml of a mixture of ethyl acetate-isopropa-
nol (99:1, v/v). The samples were vortex-mixed
for 3 min, and centrifuged at 8000 rpm for 5 min.
The organic layer (0.8 ml) was transferred to
another tube and evaporated to dryness in a
Speed Vac System (Thermo Savant SPD 2010,
Thermo Electron Corporation, USA). The residue
was reconstituted in 0.1 ml of methanol, and
centrifuged at 20000 rpm and 48C for 10 min. The
supernatant (10 ml) was injected into the liquid
chromatographic–mass spectrometry system
using an autosampler.

Liquid chromatographic–mass spectrometry
analysis

The chromatographic separation was carried out
on a Zorbax Extend-C18 analytical column
(2 mm� 50 mm i.d, 5 mm, Agilent Technologies,
USA). The mobile phase consisted of methanol
(B) and water containing 0.1% ammonia water
(A) under a gradient elution program. The
operating conditions were programmed with a
3.8 min gradient from 35% B to 80% B followed
by reducing to 35% in 4.2 min and maintaining at
35% for 3 min; the mobile phase was delivered at
0.2 ml/min directly into the ESI source; the
column was maintained at 408C. The optimized
MS parameters were selected as followed: the
curve dissolution line (CDL) temperature of
2508C and block temperature of 2008C, detector
voltage of 1.65 kV and a probe voltage of 4.5 kV.
Liquid nitrogen (99.995%, from Gas Supplier
Center of Nanjing University, China) was used
as the nebulizer gas and curtain gas source at
1.5 l/min and 2.0 l/min, respectively. Mass spec-
tra were obtained at a dwell time of 0.2 s in SIM
mode and 1 s in scan mode. The analytes were
assayed by quantifying the ½MþH�þ ion of
rabeprazole at m/z 360, and IS at m/z 346.

Method validation

Specificity was ascertained by analysing drug-
free plasma or tissue homogenates without
adding internal standard to determine the inter-
ference with the quantification of analytes. Five
sets of calibration curves ranging from 1 to
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2000 ng/ml or 5 to 250 ng/ml for rabeprazole
were constructed by plotting the peak-area ratios
of target/internal standard versus concentrations
in different matrices (plasma and tissues), re-
spectively, on a single day. The assay precision
was determined by intra-day and inter-day
relative standard deviation (RSD) at three con-
centrations (2.0, 500.0, 1000.0 ng/ml). The accu-
racy was determined by comparing the
calculated concentration (obtained from the
calibration curve) to the theoretical concentration
of each sample and expressed as the percent of
the nominal value. The extraction recovery of the
rabeprazole and IS was determined by compar-
ing the peak areas of the spiked plasma samples
to the peak areas of the standard solution at the
same concentration not carried through the
extraction procedure.

The stability was assessed at three concentra-
tion levels (2.0, 500.0, 1000.0 ng/ml). The freeze
and thaw stability study samples at three con-
centrations were stored at �208C and subjected
to three freeze-thaw (378C) cycles. The short-term
stability of rabeprazole during storage in the
autosampler at 48C, was performed by repeated
injection every 4 h for a period of 24 h. The long-
term stability of rabeprazole in plasma was
assessed at three concentration levels after
storage at �208C for 4 weeks.

Pharmacokinetic analyses

Pharmacokinetic parameters were calculated by
noncompartmental analyses [19]. The estimation
of the elimination rate constant (kel) was obtained
by the log-linear least-squares regression meth-
od, using the terminal portion of the plasma
concentration-time curve. The corresponding
half-life (t1/2) was calculated as ln 2/kel. The area
under the concentration-time curves from time
zero to infinity (AUC0–1) was calculated by the
linear trapezoidal method with extrapolation to
infinity. The maximum concentration of drug in
plasma (Cmax) and the time to reach Cmax (Tmax)
were determined directly from the observed
plasma concentration vs time curves. The sys-
temic clearance (CL) was obtained as the ratio of
intravenous dose/AUC0–1, and the volume of
distribution (Vd) was estimated as CL/kel. The

results are expressed as the mean and the
standard deviation.

Statistical analysis

The AUC, t1/2 and CL derived from plasma
concentrations of rabeprazole were assessed in
rats and dogs. Pharmacokinetic variables in dogs
were compared between the powder SPI and
enteric-coated tablet using analysis of variance;
the statistical comparison for the elimination
variable was based on t1/2, AUC and CL.
Statistical analyses of the experimental data were
performed using Student’s t-test and one-way
ANOVA (Statistical Product and Service Solu-
tion, SPSS 11.5).

Results

Method validation

Using the acquisition of negative SIM (selective-
ion monitoring) mode, blank rat and dog plasma
and tissues all yielded good resolution chroma-
tograms without co-eluting interference peaks at
the retention time of rabeprazole and IS. Typical
chromatograms of the blank and spiked plasma
are given in Figure 1 (chromatograms of rabe-
prazole in tissues are not shown). The represen-
tative peaks had the same m/z values as the
standard samples. The retention times of rabe-
prazole and IS were about 3.7 and 3.3 min,
respectively. Five sets of calibration curves were
constructed in the range 1–2000 ng/ml for rabe-
prazole in different plasma and tissues, respec-
tively. Non-weighted least-squares linear
regression analysis was used. The mean regres-
sion equations and their correlation coefficients
(r2) for the curves were y ¼ 0:00537xþ 0:0047
(r2 ¼ 0:9990) for rat plasma; y ¼ 0:00531x� 0:007
5 (r2 ¼ 0:9992) for dog plasma; and for the tissues
which were shown in Table 1. The lower limit of
quantitation was 1 ng/ml ðRSD520%Þ for rabe-
prazole and is sufficient to support the pharma-
cokinetic studies. Recovery, precision and
accuracy data are shown in Table 2. Intra-day
precision (RSD) ranged from 5.8% to 10.5%, and
intra-day accuracy values ranged from 95.0% and
105.1%. The method showed reproducibility with
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inter-day precision ranging from 6.0% to 10.0%.
The inter-day accuracy ranged from 99.1% to
105.0%. These results indicated that the present
method has a satisfactory accuracy, precision and
reproducibility. The extraction recovery was
more than 70%, indicating a satisfactory extrac-
tion efficiency had been achieved by using a
mixture of ethyl acetate-isopropanol as the
extraction solvent.

Table 3 displays the stability of rabeprazole
under the following conditions: (1) stability of
rabeprazole in rat and dog plasma through at
least three freeze–thaw cycles, (2) stability of
rabeprazole in rat and dog plasma for at least
24 h at 48C in the autosampler, (3) stability of
rabeprazole stored at �208C for at least 4 weeks.
As a result, rabeprazole showed a very good
stability under the three conditions.

Pharmacokinetic phase

The plasma concentration-time profiles of rabe-
prazole following intravenous administration to
rats and dogs are illustrated in Figures 2 and 3,
respectively. A significant difference ðp50:05Þ in
elimination rates between the two animal species
was shown following intravenous administra-
tion, with a mean terminal phase t1/2 s of
0.21� 0.11, 0.21� 0.02, 0.20� 0.01 h , respec-
tively, at 2, 6, 18 mg/kg dosages in rats, and
0.51� 0.01 h in dogs (Table 4). The CL values in
dogs were 4.97� 0.51 l/h/kg and the CL values
in rats, were 5.52� 1.62, 4.20� 0.70, and
5.72� 1.31 l/h/kg at doses of 2, 6, 18 mg/kg,
respectively. The CL values in dogs and rats were
similar ðp > 0:05Þ, but it was also shown that the
rate of rabeprazole elimination was slower in

Figure 1. Representative SIM chromatograms of rabeprazole and omeprazole (internal standard, IS). (A) Rabeprazole (1000 ng/
ml) and IS in methanol sample; (B) Rat plasma sample; (C) Dog plasma. 1: Blank plasma; 2: Plasma spiked with RA (500 ng/ml)
and IS; 3: Plasma obtained from a rat or dog after i.v. injection of rabeprazole. I: sign of peak of rabeprazole (m/z 360); II: sign of
peak of omeprazole (m/z 346). The numbers in the parentheses represent ratio of the displayed peak to the original peak
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dogs than in rats because there is about 7 l tissue
fluid in a dog, much more than 0.1 l in a rat.

After oral dosing of two 10 mg rabeprazole
tablets to dogs, plasma rabeprazole concentra-
tions reached a maximum at 2.42� 0.51 h, with a
mean Cmax of 909.2� 521.3 ng/ml, an MRT of
2.52� 0.50 h, and t1/2 of 0.51� 0.11 h, similar to
the t1/2 of 0.51� 0.01 h following intravenous
administration of 10 mg/dog ðp > 0:05Þ. Compar-
ison of the mean AUC0–1/dose after intravenous
dosing with that following oral administration
indicated that the AUC0–1/dose value after

intravenous administration was at least four
times larger than that after oral administration.

The mean pharmacokinetic parameters ob-
served in male and female rats following
intravenous administration of rabeprazole at
three different dosages were not significantly
different ðp > 0:05Þ between the sexes (Table 4).
Similarly, the profiles of the mean concentration
of drug in plasma following intravenous admin-
istration of rabeprazole were not significantly
different ðp > 0:05Þ between male and female
dogs.

Table 3. Stability of rabeprazole in different matrices under different stored conditions, n=5

Matrix Spiked
concentration
(ng/ml)

At 48C 24 h At �208C 4 weeks Freeze–thaw

Concentration
found
(mean� SD
ng/ml)

Remaining
percentagea

(%)

Concentration
found
(mean� SD
ng/ml)

Remaining
percentagea

(%)

Concentration
found
(mean� SD
ng/ml)

Remaining
percentagea

(%)

Rat plasma 2 1.8� 0.2 90.0 2.2� 0.2 110.0 2.1� 0.10 105.0
500 485.9� 20.5 97.4 535.3� 24.7 107.1 523.6� 28.9 104.7

1000 1050.5� 53.9 105.1 998.6� 70.6 99.9 985.5� 60.1 98.6
Dog plasma 2 2.1� 0.3 105.0 1.9� 0.3 95.0 2.0� 0.2 100.0

500 499.9� 24.5 100.0 485.7� 34.7 97.1 497.8� 39.8 99.6
1000 1005.5� 58.9 100.6 984.6� 65.8 98.5 1028.5� 68.5 102.9

aRemaining percentage ð%Þ ¼ Con. found/Con. added� 100. n ¼ 5.

Figure 2. Mean plasma concentration–time profiles for
rabeprazole as RSPI formulation in the rat after intravenous
administration of 2 mg/kg, 6 mg/kg and 18 mg/kg (data are
shown as mean� SD)

Figure 3. Mean plasma concentration–time profiles for
rabeprazole as RSPI formulation and enteric-coated tablet
formulation after administration to 6 beagle dogs (data are
shown as mean� SD)
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Tissue distribution

The results are summarized in Table 5. Following
a single i.v. dose of 6 mg/kg of RSPI to male and
female rats, rabeprazole was rapidly distributed
to the major tissues except the liver. Whereas
rabeprazole concentrations in these tissues were
far lower than that in plasma, the highest
concentration in the testis was about 36 times
lower than the corresponding plasma concentra-
tion. Rabeprazole was rapidly eliminated in
tissues; it was not detected in most tissues at
60 min post-dose.

Discussion

A reliable, accurate and precise analytical meth-
od should first be established for a pharmacoki-
netic investigation. The liquid chromatographic–
mass spectrometry method for determining the
rabeprazole in different matrices (rat and dog
plasma, tissues) has been developed and vali-
dated as robust and sensitive to satisfy the need
of pharmacokinetics in rats and dogs.

The pharmacokinetic phase investigation de-
monstrated that plasma concentrations of rabe-
prazole decreased rapidly with a short half-time,
i.e. about 0.2 h for rats and 0.5 h for dogs following
i.v. administration of rabeprazole sterile powder.
In rats and dogs, similar pharmacokinetic para-
meters were obtained in male and female animals
following both intravenous and oral administra-
tions, suggesting no gender difference in pharma-
cokinetics for rabeprazole both as RSPI
formulation and enteric-coated tablet formulation
in the two species (Table 4). After a bolus
intravenous administration of RSPI to the rat:
the AUC of rabeprazole increased with increasing
doses ðr2 ¼ 0:98Þ, indicating linear pharmacoki-
netics from 2 to 18 mg/kg; The noncompartmental
parameters of half-time, clearance and MRT, as
noted in Table 4, were similar ðp > 0:05Þ and
showed dose independence.

The randomized, open-label, crossover study
in dogs demonstrated that there was no signifi-
cantly difference in t1/2 ðp > 0:05Þ between the test
(RSPI) and the control (Pariet1 tablets) prepara-
tion. The mean area under the plasma concentra-
tion-time (AUC0–1) after i.v. administration of
rabeprazole was at least four times larger than

that following oral tablets under equivalent dose,
which ensured that rabeprazole after i.v. admin-
istration could bind much faster with the proton
pump (H,K-ATP) and disturb the function of the
proton pump, thereby resulting in a potent acid
inhibition.

The tissue distribution experiment showed
that there was a lower concentration of rabepra-
zole in tissues, which may be due to the 96% of
plasma protein binding [20]. Rabeprazole was
rapidly eliminated and could not be detected at
60 min post-dose in tissues except the spleen,
which may be because the spleen is an important
organ serving to store blood. It was interesting to
find that rabeprazole was not detected in the
liver. It was speculated that rabeprazole entering
the liver was rapidly metabolized by the abun-
dant metabolism enzymes because we had ever
detected some perhaps metabolites of rabepra-
zole during sample liquid chromatographic-
mass spectometry analysis. In addition, excretion
experiments for RSPI were carried out, but
rabeprazole was not detected in the urine, feces
or bile (data not shown).

The safety of RSPI was always given consid-
eration in clinics. In comparison with the
rabeprazole enteric-coated tablets, there was a
similar terminal elimination half-time for the
sterile powder, which showed that there was no
significant difference in the elimination proper-
ties of the two rabeprazole formulations}the
sterile powder and enteric-coated tablet}in the
disposition of rabeprazole in dog.

In conclusion, there was a linear relation in rats
at three different dosages. In the dog pharmaco-
kinetic study, there was a similar elimination
property, but the AUC was over four-fold after i.v
administration of RSPI than that following oral
tablets after an equivalent dose. Therefore a dose
adjustment should be considered in the clinical
study of RSPI.
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