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ABSTRACT

This study describes the development and validation of a simple, specific, accurate, and precise method for
quantitative determination of Esomeprazole in human serum using Pantoprazole as internal standard (IS).
After the addition of internal standard, Esomeprazole from serum samples was extracted simply by protein
precipitation method followed by centrifugation and the supernatants were directly injected into the high
performance liquid chromatography (HPLC). The chromatographic separation of the compounds was
obtained on Hitachi Lachrom C8 column (5 mm, 2503 4.6 mm) with a mobile phase consisting of 5 mM
potassium dihydrogen phosphate pH 7.4 and acetonitrile in a ratio of 70:30 with UV detection at 302 nm
with a flow rate of 1 mL/min. The method was sensitive and specific, and validated over a concentration
range of 0.06–6.0 mg/mL. The limit of detection (LOD) and lower limit of quantification (LOQ) was 0.03
mg/mL and 0.06 mg/mL, respectively. The precision and accuracy expressed as relative standard deviation
were less than 15%. The average recovery of Esomeprazole from serum was 97.08%.
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INTRODUCTION

Esomeprazole, the S-isomer of Omeprazole (Fig. 1) belongs to the class of medications
known as proton pump inhibitor (PPI) which suppresses the secretion of hydrochloric acid
from gastric parietal cells via inhibition of the Hþ/Kþ ATPase (adenosine triphosphatase)
enzyme [1, 2].

Studies have shown that a decrease in the amount of gastric acid produced was beneficial
for patients with erosive esophagitis, symptomatic gastro esophageal reflux disease (GERD),
NSAID-associated gastric ulcers, Helicobacter pylori (H. pylori) infections, and Zollinger-
Ellison syndrome. Proton pump inhibitors (PPIs) have been shown to relieve patients with
GERD symptoms. Among all proton pump inhibitors available, Esomeprazole is the first to
demonstrate significantly greater healing rates than Omeprazole in the treatment of patients
with erosive esophagitis [3, 4]. Esomeprazole is eliminated less rapidly than R-omeprazole,
which theoretically provided a therapeutic advantage because of the increased half-life [5].

Esomeprazole is absorbed rapidly after oral administration. In two studies, with a total of
32 healthy volunteers, the peak serum concentration of Esomeprazole (Cmax) was found to be
within 0.5 h of ingestion of an oral solution containing 20 mg and within 1–3.5 h for
encapsulated enteric-coated granules (40 mg) [6]. The Cmax increases proportionally when
the dose is increased and higher Cmax was also observed after repeated dosing of Esome-
prazole. It was reflected by a 43% increase of Cmax (1.90 mmol/L versus 2.6 mmol/L) and a 90%

Acta Chromatographica

DOI:
10.1556/1326.2020.00769
© 2020 The Author(s)

ORIGINAL RESEARCH
PAPER

*Corresponding author. Tel.: þ88
01720121525; fax: þ88 02
58617924.
E-mail: mhsohrab@bcsir.gov.bd

Unauthenticated | Downloaded 05/27/20 12:32 PM UTC

https://orcid.org/0000-0002-8314-2594
http://dx.doi.org/10.1556/1326.2020.00769
mailto:mhsohrab@bcsir.gov.bd


increase of AUC (1.34 mmol 3 h/L versus 2.55 mmol 3 h/L)
after repeated dosing of 20 mg Esomeprazole (once daily) for
five days after a single dose. Absolute bioavailability was found
to be 50% on day 1 and 68% on day 5. Similarly, after 40 mg
oral administration, peak plasma concentration was increased
by 95% (2.38 mmol/L versus 4.64 mmol/L) and the AUC by
159% (4.32 mmol 3 h/L versus 11.21 mmol 3 h/L) after
repeated dosing (on day 5) compared with single dose (on day
1); while absolute bioavailability was found to be 64% on day 1
and 89% on day 5 [1]. Increase in systemic exposure, after single
oral administration of Esomeprazole, is dose-related and has
shown a nonlinear increasing fashion [6].

New drug development is a series of activities including
lead optimization/selection, confirmation and testing process,
pharmacokinetic study, etc., which demand development of
different bioanalytical methods to provide information for
effective decision making. A synergistic relationship exists
between the development of bioanalytical technology and the
application to pharmacokinetic (pk) study that plays a vital
role in new and generic drug development.

According to Food and Drug Administration (FDA), the
bioanalytical methods should be developed following stan-
dard regulatory guidelines and the measurement method of
analyte in the biological matrix using a sophisticated in-
strument need to be validated to give reliable and repro-
ducible data [7].

High performance liquid chromatography (HPLC) and
HPLC-MS/MS are the widely used methods to quantify Eso-
meprazole in biological fluids [8–11]. As development of
analytical method is evolving through technological platform, it
is a never ending process. As an effort to develop a simple
method, our laboratory is continually investigating the appli-
cations of HPLC and LC-MS/MS in biological analysis. The
main aim of the present study was to develop a simple, accu-
rate, and precise method for determination of Esomeprazole in
human serum using HPLC suitable for Pharmacokinetic study,
Bioavailability, and Bioequivalence study.

EXPERIMENTAL

Chemicals

Esomeprazole and Pantoprazole (Internal standard, IS)
were kindly provided by Beximco Pharmaceuticals Ltd.,
Bangladesh. Acetonitrile was HPLC grade and purchased
from Active fine Chemicals, Bangladesh. Potassium

dihydrogen phosphate and potassium hydroxide were pur-
chased from Merck, Germany. Other chemicals were all of
analytical grade. A MILI-Q® (Milipore, France) water pu-
rification system was used to obtain the purified water for
analysis.

Instrumentation and chromatographic system

The separation was performed on the HPLC system (Hitachi
Chromaster) consisted of an LC pump (Chromaster 5110
pump), a column oven (Chromaster 5310 Column Oven), a
photo diode array detector (Chromaster 5430 Diode Array
Detector), an autosampler (Chromaster 5210 autosampler
with thermostat) coupled to a personal computer running
the software Open Lab for data acquisition.

The mobile phase used here is an optimized mobile
phase [2] consists of potassium dihydrogen phosphate, 5
mM (pH 7.4) and acetonitile in the ratio of 70:30. The pH of
phosphate buffer was adjusted with 30% potassium hy-
droxide solution.

The separation was achieved at ambient temperature
(25 8C) using a Hitachi Lachrom C8 column (5 mm, 250 3
4.6 mm) fitted with a Hitachi guard C8 column (5 mm, 23 3
4 mm). The flow rate was set at 1 mL/min and the detector
was configured with a discrete channel at 302 nm. Sample
was injected using an autosampler, and the injection volume
was 20 mL.

System suitability test is a critical component of bio-
analysis that monitors the instrument performance
throughout the run while using liquid chromatography.
After obtaining the optimum conditions for analysis of
Esomeprazole, the solution of Esomeprazole was injected
along with internal standard with six replicate injections.
System suitability data was measured in terms of CV (co-
efficient of variation), peak asymmetry, peak purity, and
theoretical plate number.

Preparation of primary stock solution

To prepare standards and quality control (QC) solutions, a
stock solution of Esomeprazole at the concentration of 100
mg/mL was prepared in mobile phase with accurate weigh-
ing. The stock solutions were prepared in mobile phase in
amber colored volumetric flask because Esomeprazole is
light sensitive. The stock solution of IS was prepared by
dissolving 10.0 mg of Pantoprazole in 100 mL of mobile
phase and further diluted to make the final concentration of
3 mg/mL. Working solutions of Esomeprazole and Pan-
toprazole were stored in 4 8C. These solutions were stable for
10 days.

Preparation of serum sample for calibration curve and
quality control solutions

Human serum was obtained from healthy volunteers after
obtaining approval from National Research Ethics Com-
mittee. After collection of blood sample it was allowed to
stand for 30 min and centrifuged to obtain serum sample.
The serum was stored in freezer at �20 8C for further use.

Fig. 1. Chemical structure of Esomeprazole
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To prepare a calibration curve, a series of standard so-
lutions of Esomeprazole were prepared by serial dilution of
primary stock solution in mobile phase to achieve the final
concentration of 0.6, 1.50, 3.00, 15.00, 30.00, and 60.00 mg/
mL. Calibration standards were prepared by spiking 50 mL of
Esomeoprazole from each dilution to 450 mL of blank serum
to produce a calibration curve point equivalent to 0.06, 0.15,
0.30, 1.5, 3.0, and 6.0 mg/mL. 25 mL of Pantoprazole (In-
ternal Standard) was added to the serum before extraction.

A blank sample (a serum sample processed without IS
and Esomeprazole), a zero sample (a serum processed with
IS) and six non-zero samples covering the range 0.06–6.0
mg/mL was run to construct calibration curve. Ratio of peak
area of Esomeprazole to Pantoprazole as a function of
concentration of Esomeprazole was plotted to construct
calibration curve. Quality control (QC) samples were pre-
pared at four different levels, like lower limit of quantifica-
tion (LLOQ) (0.06 mg/mL), low (0.24 mg/mL), medium (2.4
mg/mL), and high (4.8 mg/mL). Following the same process
mentioned above the QC samples were prepared using a
different stock solution of Esomeprazole to obtain serum
concentration of 0.06, 0.24, 2.4, and 4.80 mg/mL. All the
samples were stored at �20 8C.

Extraction procedure

All of QC, calibration curve samples were extracted
employing a protein precipitation extraction technique.
Samples of spiked serum with Esomeprazole (500 mL) were
transferred to 2 mL Eppendorff tubes and added 25 mL of
Pantoprazole and the protein was precipitated with 0.975
mL of Acetonitrile. The Eppendorff tubes were vortexed and
then centrifuged for 12 min at 12,000 rpm. The supernatant
was collected, transferred to autosampler vials and directly
injected into HPLC.

Method validation

The rationale of analytical method development is to pro-
vide consistent, reliable, and accurate data. For this reason,
the performances and the limitations of the method, as well
as the external influences which may modify these features,
must be determined prior to its use. Validation plays a major
role in achieving this goal.

The method validation assays were carried out according
to the US Food and Drug Administration (FDA) bio-
analytical method validation guidance [7]. The following
parameters were considered:

Specificity. Specificity studies were performed to evaluate
the degree of interference during HPLC injection. It is also
known as selectivity. The method's specificity was tested by
screening six different batches of healthy human blank
serum. Each blank sample was tested for interference using
the proposed extraction procedure and chromatographic/
spectroscopic conditions, and compared with those obtained
with a serum spiked solution of the analytes at a concen-
tration to the lower limit of quantification. Selectivity is the
ability of the bioanalytical method to measure unequivocally

and to differentiate the analyte(s) in the presence of com-
ponents which may be expected to be present. Typically,
these might include metabolites, impurities, degradants,
matrix components, etc.

Sensitivity. Sensitivity of the method was determined in
terms of LLOQ. The LLOQ is the lowest amount of analyte
in a sample that can be quantitatively determined with
suitable accuracy (percent error <20%) and precision (co-
efficient of variation <20%). The analyte response at the
LLOQ level should be at least five times greater than the
analyte response of the zero calibrator. The lower limit of
detection (LOD) was the minimum concentration that can
be detected by detector response with analyte response
should be equal to or greater than three times of the analyte
response of the zero calibrator. LLOQ was measured by five
replicate analyses of the analyte.

Recovery and matrix effect. The extraction yield was
determined by comparing the Esomeprazole/IS peak area
ratios of directly injected standard in the mobile phase and
those from drug-free serum spiked with standards and
submitted to the sample preparation and extraction pro-
cedures. This procedure was repeated for the four different
concentrations of Esomeprazole added such as 0.06, 0.24,
2.4, and 4.8 mg/mL of serum concentration with five repli-
cate analyses of every concentration.

Linearity. The relationship of the sample concentration
with corresponding detector response (peak area and height,
here ratio of peak area of Esomeprazole to Pantoprazole)
was used for the linearity study [12]. Linearity was tested for
the range of concentrations of 0.06–6.0 mg/mL. For the
determination of linearity, standard calibration curves of at
six points (non-zero standards) were used. In addition, a
blank serum sample was also analyzed to confirm the
absence of interferences; this sample was not used to
construct the calibration function. The acceptance criterion
for correlation coefficient was 0.99 or more, otherwise the
calibration curve would be rejected. Three replicate analyses
were done for each concentration.

Precision and accuracy. Accuracy together with precision is
a vital parameter to determine the error associated with an
analytical method for the evaluation of the suitability of an
analytical method for intended use [13]. To determine the
precision of the assay, the QC serum samples by replicate
analysis of four concentration levels of Esomeprazole were
used (0.06, 0.24, 2.40, and 4.80 mg/mL). Intra-day precision
and accuracy were determined by repeated analysis of the
group of standards on one day (n 5 5). Inter-day precision
and accuracy were determined by repeated analysis on three
consecutive days (n 5 5 per day). The concentration of each
sample was determined using a standard curve prepared and
analyzed on the same day.

Stability studies. Ensuring analyte stability in biological
sample is a crucial part in the application of any quantitative
bioanalytical method. Stability study should be conducted in
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the actual matrix though suitable surrogate matrices can be
used in case of rare matrices. Four QC samples were
analyzed for stability study and five replicate analyses were
done for each concentration of analyte.

Short-term temperature stability. Serum samples were
stored for 48 h at �20 8C to study the short-term stability.
Samples were analyzed after extraction with acetonitrile
following the method mentioned previously. Four QC
samples were analyzed for short-term stability.

Long-term temperature stability. Long-term stability of
Esomeprazole in human serum was studied after storage of
serum sample for a period of 15 days employing at four
different concentration levels of QC samples. If the analyte
was found to be unstable at �20 8C, after the stability study,
then it would be stored at �70 8C.

Freeze and thaw stability. QC serum samples containing
Esomeprazole were tested after three freeze (�20 8C) and
thaw (room temperature) cycles.

Post-preparative stability. The post-preparative/autosam-
pler stability should be monitored to ensure the sample
stability during HPLC run. Post-preparative stability was
conducted by reanalyzing the extracted QC samples kept
under autosampler conditions (25 8C) for 24 h.

RESULT AND DISCUSSION

Sample preparation

Protein precipitation method is a faster and easier process
for plasma/serum sample preparation than other extraction
processes like liquid–liquid extraction, solid-phase extrac-
tion technique. etc., though direct injection of plasma
samples after precipitation of protein is reported to have
disadvantages such as low recovery due to drug co-pre-
cipitation, unavoidable dilution of the sample as well as
increased column back pressure [14]. Acetonitrile, tri-
chloroacetic acid (TCA) and zinc sulfate were reported to
be better than other protein precipitating agents for
removing protein from plasma about 96, 92, and 91%,
respectively, at 2:1 ratio of precipitant to plasma [15]. In

Fig. 2. A representative chromatogram for selectivity test (A) blank serum, (B) serum spiked with Esomeprazole at LLOQ and (C) serum
spiked with Esomeprazole at LLOQ and Pantoprazole (IS)

4 Acta Chromatographica

Unauthenticated | Downloaded 05/27/20 12:32 PM UTC



our study, acetonitrile was used for protein precipitation at
a ratio of 1:2 (serum:acetonitrile). It was found that
centrifugation rate is a key parameter to be controlled, with
lower centrifugation rate less than 4,000 rpm resulted a
peak tailing only after 25–30 injections due to incomplete
precipitation of the protein into the pellet at the bottom of
the Eppendorff tube [14]. Centrifugation rate greater than
10,000 rpm for at least 10 min had helped a lot to solve the
problem.

Method validation

Selectivity and chromatography. The selectivity of the
method was investigated by comparing the chromatograms
of a blank serum, volunteer's serum sample spiked with
internal standard and Esomeprazole. The method was
found to be specific and selective. The retention times were
12–13 min and 15–16 min for Esomeprazole and Pan-
toprazole, respectively. As shown in Fig. 2, there were no
interfering peaks from endogenous substances at the
elution time of Esomeprazole and Pantoprazole. Selectivity
was further verified by performing peak purity analysis
which was found to be 0.9654 and 0.9065 for Esomeprazole
and Pantoprazole, respectively. To ensure the instrument
performance, other system suitability parameters such as
peak asymmetry, theoretical plate number were also
monitored and found to be 1.11 and 1.10; 17,580, and
16,447 for Esomeprazole and Pantoprazole, respectively.
After replicate injection of analyte %RSD was found to be
less than 2%.

Sensitivity. The LLOQ was found to be 0.06 mg/mL with
accepted accuracy (percent error <20%) and precision (co-
efficient of variation <20%). Fig. 2 shows the chromatogram
that contained 0.06 mg/mL (LLOQ) of Esomeprazole. The
analyte response at the LLOQ was 317 mV and the response
of the zero calibrator/blank was 29 mV. So the ratio of

analyte response to zero calibrator was 10.93, which was
within acceptable limit. The LOD was found to be 0.03 mg/
mL with analyte response to zero calibrator ratio greater
than 3.

Recovery and matrix effect. The extraction recoveries of
Esomeprazole were determined at four different concentra-
tions (0.08, 0.24, 2.40, and 4.80 mg/mL). The method showed
good efficiency in terms of recovery as the average recovery
for Esomeprazoe ranges from 95.20 to 99.50% (Table 1). The
recovery of Pantoprazole was consistent and precise.
Extraction method was simple and faster as there is no
drying step present in sample preparation process.

Linearity, accuracy and precision. The method shows
linearity over the concentration range of 0.06–6.0 mg/mL
(Fig. 3), with a coefficient of correlation (R2) 5 0.9986. The
intra-day precision (expressed as the %CV for QC samples
of 0.08, 0.24, 2.40, and 4.80 mg/mL) was in the range of
3.80–7.16% and inter-day precision was 0.25–5.66%. The
accuracy was in the range of 88.33–101.25% (Table 2).

Stability. Most of the cases analysed are not carried
out directly after collection of the biological samples;
samples are usually processed and stored, so it is essential
to maintain the relevant storage conditions in order to
ensure that the obtained concentration results adequately
reflect those directly after sampling [16]. The stability of

Table 1. Recovery of Esomeprazole from serum (n 5 5)

Added concentration
(mg/mL)

% Recovery
(mean ± SD)

RSD
(%)

0.06 95.20 ± 9.50 9.98
0.24 97.23 ± 3.73 3.81
2.40 96.30 ± 5.54 5.71
4.80 99.57 ± 5.93 5.93

Fig. 3. Linearity curve of Esomeprazole using Pantoprazole as internal standard
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Esomeprazole at �20 8C for 24 h, after three freeze
thaw cycles, stability of Esomeprazole at �20 8C for 15
days, and the stability of extracted plasma sample after
preparation/autosampler stability are summarized in
Table 3. It is clear that Esomeprazol was stable at both
low and high concentrations under all tested conditions
and time and no stability-related problems would be
expected during routine analysis of the samples for
pharmacokinetic, bioavailability, and bioequivalence
study.

CONCLUSION

The method shows good and consistent recovery with
accepted accuracy and precision as well as adequate sensi-
tivity and selectivity. The main advantage of the method
described here is its simplicity. To assure the quality of
chromatogram and consequently the results, the critical
points must be evaluated during the validation of bio-
analytical methods. The method is suitable for plasma level
monitoring of Esomeprazole in Bioequivalence study as well
as in clinical laboratory.
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