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Abstract

Background: This study was performed in healthy Indian subjects to evaluate
the safety and pharmacokinetic/pharmacodynamic characteristics of a novel
injection formulation of dexlansoprazole in the context of single and multiple
administration, compared with the original lansoprazole injection. Materials
and Methods: Helicobacter pylori-negative healthy volunteers were recruited,
and 60 participants were enrolled into five dosing groups (six males and six
females in each group), including 15 mg once daily (qd), 15 mg every 12 h
(g12h), 30 mg qd and 30 mg g12h of dexlansoprazole treatment for 5 days, as
well as 30 mg g12h of lansoprazole treatment for 5 days. Blood samples were
collected at scheduled time spots post dose on day 1 (first dose) and day 5 (last
dose). Twenty-four-hour intragastric pH was continuously monitored on day 0
(baseline) and days 1 and 5. Dexlansoprazole and S-lansoprazole in human
plasma were determined by validated chiral liquid chromatography with tandem
mass spectrometry, and the pharmacokinetic parameters were determined by a
non-compartmental method using Phoenix Win Nonlin software. Safety
assessment included changes in vital signs and laboratory tests, physical
examination findings, and incidence or reports of adverse events. Result: The
half-life (t2) and clearance (CL) of dexlansoprazole were 1.75-2.04 hand 4.42—
5.0 L/h, respectively, while the t*%2 and CL of S-lansoprazole were 0.86-1.01 h
and 34.44-35.87 L/h, respectively. No drug accumulation after repeated
administration was noted. Administration of lansoprazole 30 mg resulted in
higher area under the concentration-time curve from time zero to the last
measurable concentration (AUC t) of dexlansoprazole than that of
dexlansoprazole 15 mg (p = 0.025).Zero to 24 h after g12h multiple dosing,
median and mean intragastric pH, percentage of time with the intragastric pH
above 5.0 [TpH >4.0(%)] and percentage of time with the intragastric pH above
7.0 [TpH = 7.0(%)] in the dexlansoprazole 15 mg ql12h group were 6.07 + 0.61,
5.70 £ 0.76, 83.57 = 12.33, and 5360 + 16.06, respectively, which was similar
to the lansoprazole 30 mg ql12h group, i.e. 6.14 + 0.61, 5.77 + 0.66, 87.15 +
12.07 and 56.00 + 16.53, respectively. A weak positive correlation between
dexlansoprazole AUC t and baseline-adjusted TpH > 3.0(%) over 0-24 h was
observed, with Pearson correlation coefficients of 0.473 (p = 0.028), while no
correlation was observed between AUC t and baseline-adjusted TpH> 5.0(%)
over 0-24 h. Conclusion: Every 12 h intravenous dosing of dexlansoprazole up
to 30 mg for 5 days was safe and well-tolerated in healthy Indians subjects.
Every 12 h dosing of dexlansoprazole 15 mg has a comparable effect of gastric
acid inhibition as lansoprazole 30 mg q12h.

INTRODUCTION

ulcers.[*? PPIs are supposed to inhibit gastric acid
secretion by targeting the H+, K+-ATPase in the
gastric parietal cells, and thus enhance platelet

Timely endoscopic haemostatic treatment and acid aggregation and clot formation and reduce
suppression with high-dose intravenous proton pump fibrinolysis by elevated intragastric pH to control
inhibitors (PPIs) are cornerstones in the successful
management of patients with bleeding peptic
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rebleeding from the peptic ulcer after initial
endoscopic haemostasis.*4]

Lansoprazole, one of the six currently available PPIs
in India, has been clinically used as a racemic mixture
in several formulations. Due to the chiral center at the
asymmetricsulfinyl group in its chemical structure,
lansoprazole has two enantiomers—R-(+) and S-(-).
The R-enantiomer is known as dexlansoprazole.
Although the R and S isomers appeared to exhibit
similar in vitro pharmacological properties, in vivo
studies indicated that the gastric acid secretion
inhibition activity of racemic lansoprazole was
mainly from dexlansoprazole.[>1 It showed that after
a 60 mg oral dose of racemic lansoprazole in healthy
Japanese subjects, the peak concentration of the R-
isomer was 2.2- to 5.8-fold higher than that of the S-
isomer, and the R/S ratios for the area under the
concentration-time curve (AUC) was 5.8-12.7.558
Following intravenous administration of racemic
lansoprazole 30 mg, the mean clearance (CL) of the
S-isomer was more than fourfold higher than that
observed with the R-isomer, and the mean volume of
distribution (\Vd) at steady-state for the S-isomer was
approximatelytwice that of the R-isomer.l’l Thus,
after administration of lansoprazole, dexlansoprazole
is the predominant isomer in the circulation as it has
slower in vivo CL and greater systemic exposure than
S-lansoprazole. Although higher plasma protein
binding of dexlansoprazole, compared with the S-
isomer,® will counteract the difference seen in total
plasma concentrations of the enantiomers,
pharmaceutical manufacturers have been trying to
develop the single enantiomer of lansoprazole in
order to improve drug activity.

The first formulation of dexlansoprazole, a delayed-
release  capsule manufactured by Takeda
Pharmaceuticals America, Inc. (DEXILANT®), was
approved by the US FDA in 2009 for the healing of
all grades of erosive esophagitis and for treating
heartburn associated with symptomatic non-erosive
gastroesophageal reflux disease (GERD).[! A novel
injection formulation of dexlansoprazole has recently
been developed for the treatment of acute peptic ulcer
bleeding, or for patients with acid-related disease
who are unable to swallow medications. No dose-
limiting toxicity (DLT) or serious adverse events
(SAEs) were recorded. Subsequently, we carried out
the current study to investigate the pharmacokinetic
and pharmacodynamic characteristics of
dexlansoprazole after single and multiple intravenous
administrations in healthy Indians adults, compared
with the original lansoprazole injection.

MATERIALS AND METHODS

The investigational dexlansoprazole injection 15 mg
per vial and the active comparator (lansoprazole; 30
mg per vial) was Subjects received an intravenous
infusion of dexlansoprazole or lansoprazole injection
in a 100 mL sterile saline solution during a 30-min
period using an infusion pump

Subjects: Suitable Indian male and female adults
aged > 18 years, with a body mass index ranging from
19 to 28 kg/m2, were recruited as healthy volunteers
at the phase I unit, Research

Centre of Department: All volunteers provided
written informed consent to participate in the study
after being well-informed about the study objectives,
procedures, and possible risks. Subjects were
determined to be in good health based on medical
history, vital signs, physical examination, laboratory
tests, 12-lead electrocardiography (ECG) and chest x-
ray. Female participants of childbearing potential
must have had a negative serum pregnancy test at
screening, and agreed to use routinely adequate
contraception. Male participants agreed to use
adequate contraception and had no plans to donate
sperm. Exclusion criteria were a positive
Helicobacter pylori infection test; a history of known
allergy or sensitivity to any drugs; a history of any
clinically significant diseases, including (but not
limited to) cardiovascular, respiratory, hepatic, renal,
or gastrointestinal diseases; a history of alcohol or
drug abuse; heavy smokers; participation in another
study with an investigational drug within the last 3
months preceding this study; blood donation within
the last 2 months (> 400 mL), or have a plan to donate
blood within 1 month after completion of this study;
and intake of any other drug that might influence the
results of the trial during 2 weeks previous to the start
of this study. Additional inclusion and exclusion
criteria are detailed at ClinicalTrials.gov

Study Design and Treatment: This was a single
center, open-label, single- and multipledose
pharmacokinetic/pharmacodynamic  study. The
protocol was reviewed and approved by the Ethics
Committee. Five dosing groups were designed, i.e.
15 mg once daily (qd; group A), 15 mg every 12 h
(g12h; group B), 30 mg qd (group C) and 30 mg gq12h
(group D) in the dexlansoprazole treatment arm for 5
days, and 30 mg gl2h (group E) in an active
comparator (lansoprazole) treatment arm for 5 days.
Sixty volunteers were enrolled in this study, with 14
subjects in each group. All volunteers were confined
to the phase I unit, beginning the evening before
baseline intubation. On day 0, subjects received pH
catheter placement forbaseline 24-h intragastric pH
monitoring. On day 1, after fasting for 10 h, a single
intravenous dose of dexlansoprazole or lansoprazole
was administered, and all subjects were sampled for
pharmacokinetic analysis. Meanwhile, intragastric
pH was continuously monitored for another 24 h.
Subsequently, all subjects proceeded to multiple
dosing as scheduled. On day 5, subjects received
intubation transnasally, again for 24-h intragastric pH
monitoring, and were sampled for pharmacokinetic
analysis after the last morning dose. The volunteers
were ambulatory, were prohibited from strenuous
activity, smoking, alcohol, grapefruit juice and
caffeine consumption, and were closely monitored by
qualified staff throughout the entire confinement
period of intubation and blood sampling. Water
intake was strictly controlled on days 0, 1 and 5, and
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a standardized lunch and dinner were provided at 4
and 10 h postdosing on days 0, 1 and 5.

Blood Sampling and Analytical Determinations:
A series of venous blood samples (4 mL) were
collected in heparinized tubes at 0 (predose), 15, 30,
and 45 min, and 1, 15, 2, 3, 4, 5, 6, 8, 10, 12 h
postdose on day 1 (firstdose) and day 5 (last morning
dose). Samples were centrifuged immediately at 4
°C, 3500 rpm for 10 min, and plasma was separated
and stored at — 70 = 10 °C until analysis. All blood
samples were light-proof, from collecting to
processing and storage. An enantioselective method
was developed and validated for the simultaneous
determination of dexlansoprazole and S-lansoprazole
in human plasma by chiral liquid chromatography
with tandem mass spectrometry [10]. This method
was applied to the present pharmacokinetic study.
Specifically, lansoprazole enantiomers and internal
standard (d4-lansoprazole) were extracted from
plasma using acetonitrile as the protein-precipitating
agent. Baseline chiral separation was achieved within
8.0 min on a Chiralpak IC column (150 mm x 4.6
mm, 5 um) with a column temperature of 30 °C. The
mobile phase consisted of 10 mM ammonium acetate
solution containing 0.05% acetic acid/acetonitrile
(50:50, v/v). Mass spectrometric analysis was
performed using an APl 4000 mass spectrometer
coupled with an electrospray ionization source in
positive ion mode. Multiple reaction monitoring
transitions of m/z 370.1—252.0 and 374.1—-252.0
were used to quantify lansoprazole enantiomers and
d4-lansoprazole, respectively. For each enantiomer,
no apparent matrix effect was found, the calibration
curve was linear over 5.00-4000 ng/mL, the intra-
and interday precisions were below 8.0%, and the
accuracy was — 2.9 to 10.05%.

Pharmacodynamic Measurement: To assess the
pharmadynamic  effect, an ambulatory pH
measurement system with a disposable pH catheter
was used to monitor intragastricpH. A baseline pH
profile was obtained prior to intravenous
administration of dexlansoprazole or lansoprazole on
day 0, followed by intragastric pH monitoring on day
1 (first dose) and day 5. The intragastric pH data were
recorded continuously for 24 h at baseline and for 24
h after a single dose and the last morning dose. Data
were stored in the MMS Database for later analysis.
Safety Assessment: Safety assessment, including
changes in vital signs and laboratory tests, physical
examination findings, and incidence or reports of
adverse events (AEs), were performed as scheduled
in the protocol. Any AEs occurring during the study
were collected by physicians from direct observation,
spontaneous reports by volunteers, medical
conditions and nonspecific inquiry, and closely
followed to satisfactory resolution. The severity of
AEs was evaluated accordingto the Common
Terminology Criteria for Adverse Events (CTCAE)
version 4.0, and the relationship to study treatment
(possibly related, not possibly related) was also
assessed.

Pharmacokinetic/Pharmacodynamic and
Statistical Analysis: The maximum measured
concentration over the sampling period (Cmax) was
obtained directly from the observed data. The
pharmacokinetic parameters AUC from time zero to
infinity (AUC o), AUC from time zero to the last
measurable concentration (AUC t), total CL, Vd, and
elimination half-life (t%2) were determined using a
noncompartmental method with Phoenix WinNonlin
software, version 6.3. Pharmacodynamic parameters,
including median pH, mean pH, percentage of time
with the intragastric pH above 4.0 [TpH > 4.0(%)],
percentage of time with the intragastric pH above 6.0
[TpH > 6.0(%)], and baseline-adjusted intragastric
pH parameters were calculated using the MMS
software, and compared according to the time
intervals of 0-24, 0—4, 0-12, and 12—24 h postdosing.
Statistical analysis was performed using SAS ®
version 9.4 software One-way analysis of variance
(ANOVA) or theWilcoxon rank-sum test after a
normality test were used to assess the differences, and
a p value < 0.05 was considered statistically
significant. Pearson’s correlation coefficient was
calculated to assess the
pharmacokinetic/pharmacodynamics.

RESULTS

A total of 200 healthy Indian adult volunteers were
screened from June to September 2023.

Ultimately, 60 participants were enrolled, with six
males and six females in each group. Demographic
characteristics of the subjects. No statistically
significant differences in baseline demographics
were found among the groups.

Pharmacokinetic ~ Properties:  All  subjects
completed the whole study and were included in the
pharmacokinetic ~ analyses.  For  single-dose
pharmacokinetic evaluation, we combined groups A
and B as a singledosegroup of dexlansoprazole 15
mg, while groups C and D were combined into
another single-dose group of dexlansoprazole 30 mg.
The mean plasma concentration-timeprofiles of
dexlansoprazole obtained after single intravenous
administration of dexlansoprazole 15 or 30 mg and
lansoprazole 30 mg. An increase in dexlansoprazole
dose from 15 to 30 mg resulted in a dose-proportional
increase in Cmax and AUC following a single
intravenous administration. The t%, CL and Vd
parameters were independent of dose. No S-
lansoprazole was detectable in plasma following
intravenous administration of dexlansoprazole,
therefore racemic conversion ofdexlansoprazole to S-
lansoprazole did not occur. After intravenous
infusion of lansoprazole, dexlansoprazole was the
major isomer in the plasma, while S-lansoprazole
displayeda rapid CL, with t%2 being approximately 1
h. Compared with dexlansoprazole 15 mg,
administration of lansoprazole 30 mg resulted in a
statistically significant increase in bothAUC t (p =
0.026) and AUC o (p = 0.037) of dexlansoprazole.
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After multiple intravenous doses, the Cmax and AUC
parameters remained similar to those of the single
dose on day 1, indicating that dexlansoprazole was
not accumulating after repeated administration.
Consistent with the results from a single dose, AUC t
and Vd of dexlansoprazole in the lansoprazole 30 mg
group were also significantly higher than in the
dexlansoprazolel5 mg group with repeated
administration.

Safety and Tolerability: One case of transient nasal
pain as a grade 2 AE was reported in group D
(dexlansoprazole 30 mg gl2h), which was
considered to be possibly related to pH catheter
placement and wasspontaneously recovered without
intervention.  Another subject in group C
(dexlansoprazole 30 mg qd) received 1 week of
treatment with levofloxacin eye drops and systemic
antibioticsdue to conjunctivitis as a grade 2 AE,
which was considered possibly not related to the drug
because it happened prior to the administration of
dexlansoprazole. No SAEs were reported. No
participant was withdrawn due to AEs and no
consistent, clinically significant changes from
baseline were observed in vital signs, physical
examinations, laboratory test results or ECG.

DISCUSSION

To date, a few studies have been conducted providing
the evidence for controlling intragastric pH after
intravenous infusion of dexlansoprazole developed
by other pharmaceutical companies, but the original
injection preparation of lansoprazole has never been
used in these studies, and no clearly improved acid
inhibition profile was noted. 112

In this study, we examined the pharmacokinetic and
pharmacodynamic characteristics of the
dexlansoprazole injection in the context of single and
multiple administration, compared with the original
lansoprazole injection, and confirmed that the
dexlansoprazole injection was safe and well-tolerated
during continuous dosing, with AEs of low incidence
and mild severity.

Freston et al. reported that the Cmax and AUC of
dexlansoprazole were approximately 1200 ng/mL
and 2500 ng-h/ mL, respectively, following
intravenous infusion of lansoprazole 30 mg in
Western healthy volunteers.I1 It is wellknown that a
larger proportion of Asians have an impaired ability
to metabolize PPIs than individuals of European and
African descent, which would lead to higher PPI
exposure (AUC and plasma levels) and more
pronounced acid suppression effect in individuals of
Asian ancestry.[¥l In fact, at the same regimen, we
found that both dexlansoprazoleCmax and AUC were
even higher than in Western subjects,

with Cmax and AUC being approximately 1800
ng/mL and 5800 ng-h/mL, respectively. Consistent
with these findings, results from our study showed
that the t%2 and CL of dexlansoprazole were 1.76—
2.06 h and 4.52-5.40 L/h, respectively, which were

similar to the findings in the study by Li et al,i*!
whereas the t¥%2 of dexlansoprazole was 1.17-1.21
hand CL was 6.62—6.80 L/h in the study by Frestonet
al. The multiple dose pharmacokinetic parameters of
R- or S-lansoprazole were similar to those observed
following a single dose, indicating no accumulation
after 5 days of ql2h administration of
dexlansoprazole or lansoprazole. Data from the
lansoprazole 30 mg group showed that the plasma
concentrations of S-lansoprazole declined rapidly,
with a t%2 of 0.87-1.02 h and a mean CL of
approximately 35 L/h, which were consistent with
those  previous  studies.5"11  Theoretically,
lansoprazole, the racemic mixture, contains both the
R- and S-enantiomer at the same equivalent, thus
lansoprazole 30 mg has a comparable R-enantiomer
dose as dexlansoprazole 15 mg. However, in the
present study, AUC t and Vd of dexlansoprazole were
considerablyhigher in the lansoprazole 30 mg group
than in the dexlansoprazolel5 mg group after either
single or repeated administration, whereas the
observed Cmax of dexlansoprazole was similar. One
possible reason for this finding is the limited number
of individuals and the impact of interindividual
variation due to metabolic phenotypes of
CYP2C19,which is responsible for lansoprazole
metabolism.[>31

Another possibility, i.e. the potential influence of S-
lansoprazole in the delay of dexlansoprazole CL, has
been proposed despite the fact that racemic
conversion between dexlansoprazole and S-
lansoprazole did not occur. In pharmacodynamic
evaluation, all pharmacodynamic parameters showed
an obvious increase from baseline across all groups,
indicating the definite gastric acid suppression
achieved by administration of dexlansoprazoleor
lansoprazole. We did not design the lansoprazole
oncedaily dosing group, and, on the first dosing day,
individuals in the lansoprazole 30 mg gl2h group
were administered the second dose just 12 h after the
first dose. Therefore, intragastric pH levels over 0-24
h in such different conditions as lansoprazole cannot
be compared with those in a single-dose situation. A
single dose of dexlansoprazole 30 mg resulted in a
mean 24-h intragastric pH of 5.28 + 1.15, 24-h TpH
>4.0(%) of 67.34 + 12.34, and 24-h TpH > 6.0(%) of
53.70 £ 17.06. These values were slightly lower than
those reported by Li et al. partly due to the different
manufacturers of dexlansoprazole. However, 0-24 h
after q12h multiple dosing, mean intragastric pH for
dexlansoprazole 30 mg was the highest (6.15 + 0.62),
followed by lansoprazole 30 mg (5.88 + 0.67) and
dexlansoprazole (5.70 + 0.76). These findings were
similar with the previous report by Li et al.l*y
Increasing the dose frequency would improve acid
suppression. As presumed, baseline-adjusted median
and mean intragastric pH, TpH > 4.0(%) and TpH >
6.0(%) for the q12h groups were significantly higher
than those of the once-daily groups. However,
baseline-adjusted median and mean intragastric pH,
TpH > 4.0(%) and TpH > 6.0(%) for the
dexlansoprazole 30 mg group were significantly
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higherthan those of the 15 mg group, but only 0-4 h
after the first dose, suggesting that increasing the
dose presented a transient better pH inhibition and
had virtually little influence on whole-day gastric pH
control. Although a statistically significant difference
in dexlansoprazole AUC t was noted between
lansoprazole 30 mg and dexlansoprazole 15 mg, no
significant differences in baseline-adjusted median
and mean intragastric pH, TpH > 4.0(%) and TpH >
6.0(%) were observed between dexlansoprazole 15
mg and lansoprazole 30 mg during any intervals. It
was proposed that the persistent inhibition effect of
dexlansoprazole beyond its short plasma t¥s,[*4
contributed to decreasing the differences in
pharmacodynamic parameters between
dexlansoprazole 15 mg and lansoprazole 30 mg in the
context of repeated administration as enhanced
gastric acid inhibition was achieved after 5 days of
g12h dosing in both groups. Other possible causes,
such as individual variations in proton

pump turnover and saturation of covalent binding to
the proton pump,i*#! should also be considered. In
addition, it is well-known that the degree of
acidsuppression was closely related to the total dose
and the AUC . [1415] In our
pharmacokinetic/pharmacodynamic relationship
study, a positive correlation between AUC t and
baseline-adjusted TpH > 4.0(%) 0-12 h after the first
dose or 0-24 h after the last morning dose was noted,
whereas there was no obvious correlation between
AUC t and baselineadjustedTpH > 6.0(%) 0-24 h
after multiple dosing. This may be partly due to the
full degree of gastric acid inhibition after multiple
dosing of dexlansoprazole 15-30 mg, with TpH >
4.0(%) and TpH > 6.0(%) over 0-24 h being
approximately 84-93% and 54-63%. Limitations of
our research are that the number of participants was
limited and genotyping of CYP2C19 was not
performed prior to enrollment. The genotype
variability of CYP2C19 led to confusion in the
difference in pharmacokinetic parameters between
the dexlansoprazole and lansoprazole groups. In
addition, given the different protein- binding
characteristics between the isomers, it wouldbe
worthwhile to determine the pharmacokinetic
characteristicsusing free dexlansoprazole or s-
lansoprazole concentrations.

Another possible limitation is that we cannotexclude
the possibility that other factors may affect the
pharmacokinetic and pharmacodynamic findings
during the study period. Furthermore, healthy
subjects may not exhibit the same therapeutic effect
as patients with active bleeding. Furthermore, the
pharmacokinetic and pharmacodynamic relationship
is relatively weak, assuming a linear, direct
concentration—effect relationship in our study. Other
non-linear models, such as a mechanism-based
pharmacokinetic/ pharmacodynamicmodel,!®! which
incorporates aspects of the physiological regulation
of gastric acid production, the effects of food on
gastric acid, and the complex effects of
dexlansoprazole on gastric acid production, should

be explored in order to predict optimal dosing
regimens. Nevertheless, on the basis of our findings,
we suggest that g12h dosing of dexlansoprazole 15
mg has a similar gastric acid suppression effect
compared with gq12h dosing of lansoprazole 30 mg,
which provides a reliable basis to proceed with
studies in patients with peptic ulcer bleeding disease
or seriously disordered gastrointestinal function.

CONCLUSION

The present study has clearly demonstrated that twice
daily intravenous dosing of dexlansoprazole up to 30
mg was safe and well-tolerated in healthy Indian
subjects. Every 12 h dosing of dexlansoprazole 15 mg
has the comparable effect of gastric acid inhibition as
lansoprazole 30 mg twice daily.
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