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Abstract
BACKGROUND 
The pharmacokinetics and bioequivalence of esomeprazole in healthy Chinese 
subjects and the effects of food on the pharmacokinetics have not been well 
studied.

AIM 
To evaluate the pharmacokinetic characteristics of esomeprazole magnesium (Eso) 
enteric- coated capsule in the healthy subjects in China and the bioequivalence of 
the two formulations.

METHODS 
This study was conducted in the Phase I Clinical Trial Unit of the Affiliated 
Hospital of Changchun University of Chinese Medicine. A total of 64 healthy 
subjects were enrolled in the study. Thirty-two subjects fasted or fed, took the test 
or reference formulation Eso enteric-coated capsule by a four-cycle, two-sequence 
crossover of fasting/fed, self-controlled method. The liquid chromatography-
mass spectrometry was performed to determine the drug plasma concentration at 
16 different time points within 12 h after drug administration. The pha-
rmacokinetic parameters Cmax, area under the curve (AUC)0-t, and AUC0-inf were 
calculated to evaluate the bioequivalence.

RESULTS 
Pharmacokinetic parameters were evaluated after subjects took the test 
formulation and control formulation under fasting status. The ratio of geometric 
means of Cmax was 104.15%, with a confidence interval (CI) of 98.20-110.46%. The 
ratio of geometric means of AUC0-t was 105.26%, with a CI of 99.80-111.01%. The 
ratio of geometric means of AUC0-inf was 105.37%, with a CI of 99.97-111.06%. The 
pharmacokinetic parameters were also evaluated after subjects took the reference 
formulation of Eso enteric-coated capsule after eating. The upper limit of 95% CI 
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of the geometric mean ratio of pharmacokinetic parameters of Eso enteric-coated 
capsules in the postprandial state Cmax was -0.1689, and the point estimate was 
0.9509 (0.80-1.25). The upper limit of 95% CI of the geometric mean ratio of 
pharmacokinetic parameters of Eso enteric-coated capsules in the postprandial 
state AUC0-t was -0.1015 (≤ 0) , and the point estimate was 0.9003 (0.80-1.25). The 
upper limit of 95% CI of the geometric mean ratio of pharmacokinetic parameters 
of Eso enteric-coated capsules in the postprandial state AUC0-inf was -0.0593 (≤ 0), 
and the point estimate was 0.8453 (0.80-1.25). The results indicated that the two 
formulations were bioequivalent under both fasting and fed states.

CONCLUSION 
The two types of esomeprazole tablets were bioequivalent under both fasting and 
fed states, and both were generally well tolerated.

Key Words: Esomeprazole; Proton pump inhibitor; Bioequivalence; Pharmacodynamics; 
Gastroesophageal reflux disease

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The pharmacokinetic characteristics and bioequivalence of two types of 
single oral dose esomeprazole magnesium (Eso) enteric-coated capsules were assessed. 
The 90%CI of the ratios of geometric means of the primary pharmacokinetic 
parameters all fell within the acceptable limits of 80.00%-125.00%. Although meal 
was able to extend drug absorption, it had no impact on Cmax, AUC0-t, or AUC0-inf, of 
either of the two formulations under the same status. Furthermore, no significant 
differences in safety issues were observed between the two formulations. Therefore, 
the two formulations of Eso enteric-coated capsules are considered bioequivalence.

Citation: Liu ZZ, Ren Q, Zhou YN, Yang HM. Bioequivalence of two esomeprazole 
magnesium enteric-coated formulations in healthy Chinese subjects. World J Clin Cases 2020; 
8(22): 5518-5528
URL: https://www.wjgnet.com/2307-8960/full/v8/i22/5518.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i22.5518

INTRODUCTION
Gastroesophageal reflux disease (GERD) is the most common acid-related disease. The 
typical symptoms include heartburn and/or reflux[1]. GERD is the most commonly 
diagnosed disease in gastroenterology in the United States, affecting approximately 
7% adults every day. In East Asia, the prevalence is 2.5%-7.8%[2]. Without effective 
treatment, patients can develop serious complications, such as esophageal stricture, 
ulcer, or Barrett’s esophagus[3].

The goal of GERD treatment is to reduce associated symptoms[4]. The severity and 
frequency of these symptoms and the degree of esophageal acid exposure are 
significantly related to esophagus pH[5]. Thus, suppressing gastric acid can relieve 
symptoms. Proton pump inhibitors (PPI) have been extensively used in the treatment 
of GERD and are recommended as the first-line treatment for GERD patients[6,7]. As the 
first option for treatment[8-12], PPIs inhibit gastric acid secretion and increase gastric 
pH[13]. It has been reported that esomeprazole exhibits a stronger acid inhibiting effect 
than omeprazole and can effectively improve the gastric pH environment in a short 
term[14-18].

Esomeprazole, the S-isomer of omeprazole and the first single optical isomer in the 
PPI family, is a common drug for giant gastric ulcers and used extensively in clinical 
practice. The drug inhibits gastric acid secretion[19-22] by explicitly inhibiting the H+/K+-
ATPase in the gastric parietal cells, and is an alternative for PPIs[23]. Esomeprazole is a 
new generation of PPI with faster absorption and a stronger ability to inhibit gastric 
acid secretion.

The esomeprazole magnesium (Eso) enteric-coated tablets at 40 mg and 20 mg 
obtained marketing approval in China in 2003. The absolute bioavailability of a single 
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dose of 40 mg was 64%, while that of one more dose every day was 89%. The 
corresponding values of a dose of 20 mg were 50% and 68%, respectively. The plasma 
protein binding rate of esomeprazole was 97%, and the plasma concentration reached 
a peak in about 1-2 h after oral administration[24]. Esomeprazole is entirely metabolized 
by the cytochrome P450 (CYP) enzymes. The metabolism is mostly via the 
polymorphic CYP2C19, which produces hydroxyl and dimethyl metabolites of 
esomeprazole. The rest is metabolized by the specific isoform CYP3A4 to produce 
omeprazole sulfone, a primary metabolite in plasma[25]. In addition, food intake may 
affect the pharmacokinetics of esomeprazole due to changes in gastric emptying, 
stimulation by bile flow, changes in drug metabolism, and physical or chemical drug 
interactions[26-28]. Therefore, the characteristics of food may exert a significant impact on 
the pharmacokinetics of medicines, and it is essential to determine the optimal drug 
administration time relative to the meal[29].

At present, the pharmacokinetics and bioequivalence of esomeprazole in healthy 
Chinese subjects and the effects of food on the pharmacokinetics have not been well 
studied. In order to better observe the bioequivalence, tolerance, and safety of 
esomeprazole in healthy Chinese subjects, the dose of 40 mg was chosen for this 
research. A single-center, open-label, single-dose, randomized, repeated, four-period, 
crossover bioequivalence study was conducted in healthy subjects at fasting and fed 
states to evaluate the pharmacokinetics and safety of esomeprazole (40 mg) in these 
subjects in China. The bioequivalence of the two formulations of esomeprazole was 
determined by area under the curve (AUC) from time 0 to the last measurable plasma 
concentration (AUC0-t) and the AUC from time 0 to infinity (AUC0-inf).

MATERIALS AND METHODS
Study design and subjects
The design of this clinical study was based on “Technical Guidelines for Studies on 
Human Bioequivalence of Generic Drugs with Pharmacokinetic Endpoints”[30] issued 
by the China Food and Drug Administration in 2016 and “Guidance for Industry: 
Bioequivalence Studies with Pharmacokinetic Endpoints for Drugs Submitted Under 
an ANDA Draft Guidance”[31] issued by the Food and Drug Administration (FDA) in 
2013.

The study protocol was approved by the Ethics Committee of Changchun 
University of Chinese Medicine Affiliated Hospital. All subjects provided written 
informed consent prior to participating in the study. This was a single-center, open-
label, single-dose, randomized, repeated, four-period crossover bioequivalence study 
conducted in healthy subjects under fasting and fed states.

Two bioequivalence arms, fasting and fed states, were included in the study. Thirty-
two healthy subjects were enrolled in each arm. The subjects enrolled in the study 
should be aged between 18-50 years, weighed ≥ 50.0 kg for males and ≥ 45.0 kg for 
females, with a body mass index between 18.0-28.0 kg/m2 (including boundary 
values). Subjects were enrolled into the study only after no significant abnormalities 
were found in vital signs, physical examination, laboratory tests, electrocardiogram, or 
imaging examination. Subjects who had participated in other clinical studies were 
excluded. Other exclusion criteria were: Past history of drug allergy, cardiovascular 
disease, hepatobiliary, renal endocrine, hematological, and gastrointestinal diseases, 
use of liver enzyme inhibitors or inducers within 28 d before the trial, and use of 
prescription drugs or herbs within two weeks before the trial; use of any other 
investigational products within two mo before the trial; consumption of caffeine or 
chocolate within 48 h of the study; and other ineligibility to participate in the study 
determined by the researchers.

Treatment scheme and drug administration
The test formulation was Eso enteric-coated capsules, manufactured by Chia Tai 
Tianqing Pharmaceutical Co, Ltd, 40 mg/capsule, stored below 25°C, with an 
acceptable window at 15-30°C. The drugs of the same strength for subject use were all 
from the same lot.

The reference formulation was esomeprazole magnesium capsules (Nexium), 
manufactured by AstraZeneca, 40 mg/capsule, stored below 25°C, with an acceptable 
window 15-30°C. The drugs of the same strength for subject use were all from the 
same lot.

There were two independent arms, the fasting group and the fed group. After 
screening, in each arm, 32 eligible subjects were randomized using SAS software 
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(version 9.4) to receive either the test formulation or reference formulation following 
the randomization administration chart. Subjects in the fasting group took the test or 
reference formulation at 40 mg orally with 240 mL warm water in the morning. 
Subjects in the fed group were required to have a high-fat meal at 30 min before drug 
administration. The eating speed was monitored to ensure that all subjects finish the 
meal within 30 min. The high-fat meal provided 800-1000 calories, 50% of which was 
from fat (approximately 150 calories of protein, 250 calories of carbohydrates, and 500-
600 calories fat). The test or reference formulation was taken orally with 240 mL warm 
water at 30 min after meal. Subjects in both arms were required to have the standard 
dinner on the day before administration, fasting for at least 10 h before administration, 
and no water within 1 h before and 2 h after administration. Subjects were allowed to 
have lunch 4 h after drug administration and to have dinner 10 h after administration.

The subjects were hospitalized for a total of 8 days’ observation. The mean terminal 
half-life (mean ± standard deviation) of esomeprazole in plasma was 1.3 h. The 
washout period (dosing interval) between test cycles was set to 2 d, ten times longer 
than half-life. This ensured that the drug concentrations at the beginning of a cycle for 
all subjects are lower than the lower limit of quantification of bioanalysis to eliminate 
the effect of the treatment during the previous cycle on the treatment during the 
subsequent cycle (Figure 1).

Pharmacokinetics assessment and analysis
In each cycle of fasting or fed status, pharmacokinetics analysis was conducted on 
samples collected at 0 h (within 60 min) before drug administration, and 15 min, 30 
min, 45 min, 1 h, 1.5 h, 2 h, 2.5 h, 3 h, 3.5 h, 4 h, 5 h, 6 h, 8 h, 10 h and 12 h after drug 
administration. Whole blood samples were centrifuged at 2-8°C, 3500 rpm for 10 min. 
The plasma was obtained and stored under 70°C for pharmacokinetics analysis.

WinNonlin7.0 non-compartmental analysis was used for analyzing pha-
rmacokinetics (PK) parameters, including Cmax, AUC0-t, AUC0-inf, Tmax, λz, t1/2, CL/F, 
Vz/F, and %AUCex. For samples collected within the collection window, the PK 
parameters were calculated using the theoretical collection time. For samples collected 
outside the collection window, the PK parameters were calculated using the actual 
collection time.

SAS (version 9.4) was used for bioequivalence analysis on the PK parameters (Cmax, 
AUC0-t, and AUC0-inf) after natural logarithmic conversion.

Canagliflozin plasma concentrations were determined using a validated, specific, 
and sensitive liquid chromatography-tandem mass spectrometry (LC-MS/MS)[32]. 
After precipitated with a methanol solution, protein was analyzed by chro-
matography.

The column chromatography was performed using ACQUITY UPLC BEH C18 (1.7 
µm, 2.1 mm × 50 mm). The mobile phase consisted of mobile phase A of 5% 
acetonitrile containing 0.1% formic acid and mobile phase B of 95% acetonitrile with 
0.1% formic acid. The injection volume was 5 μL. The column temperature was 40°C. 
Mass spectrometry was performed using API-4000 (AB Sciex, Concord, ON, Canada). 
The effective quantitative range of esomeprazole was 3.00-3000 ng/mL.

Safety assessment
Safety assessment was based on post-dosing clinical and laboratory examinations to 
evaluate adverse events (AEs), including all subjective symptoms reported by subjects 
and objective signs observed by the researchers (numbers, severity, and relationship to 
the study drug).

Statistical analysis
SAS (version 9.4) was used to perform bioequivalence analysis on the PK parameters 
(Cmax, AUC0-t, and AUC0-inf) after natural logarithmic conversion. A mixed-effect model 
was used. The PK parameters of the reference formulation were used to determine the 
within-subject standard deviation Swr.

For the primary endpoint PK parameters (Cmax, AUC0-t, and AUC0-inf): (1) Swr < 0.294, 
two one-sided t test with α = 0.05 was used to test the statistical hypothesis, that is, 
whether the 90% CI of ratios of geometric means of the pharmacokinetic parameters 
(Cmax, AUC0-t, and AUC0-inf) of the test and reference formulations fell within the range 
of 80.00% to 125.00%[33] (including the boundary value); and (2) Swr ≥ 0.294, the 
reference-scale average bioequivalence was used for analysis. Test and reference 
formulations were considered bioequivalent when the pharmacokinetic parameters of 
both test and reference formulations met the following criteria: (a) The 95%CI of the 
test and reference Formula was less than or equal to 0, and (b) The ratios of geometric 
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Figure 1  Sequence A (n = 16) and sequence B (n = 16) in fasting status; sequence C (n = 16) and sequence D (n = 16) in fed status.

Formula 

means of the pharmacokinetic parameters (Cmax, AUC0-t, and AUC0-inf)  of the test and 
reference formulations were within the range of 80.00%-125.00%[33] (including the 
boundary value). Non-parametric text was used to calculate Tmax (Wilcoxon-Matched 
Pairs method).

RESULTS
Demographics
One hundred and eleven subjects were screened for the fasting arm. After informed 
consent was provided by the subjects, general information (age, height, and weight) 
and medical history were obtained, physical examinations (measurement of body 
temperature, vital signs , blood pressure, and alcohol exhalation), urine collection for 
routine body fluid examination, and drug screening were conducted. Blood samples 
were collected for biochemical examination. Thirty-two eligible subjects were enrolled 
following the strict inclusion/exclusion criteria, including 17 males (53.13%) and 15 
females (46.88%). The demographic information of the 32 healthy subjects as the 
intention-to-treat population was as follows (mean ± standard deviation): Age 38.0 ± 
6.68 years (range 26-49 years), weight 65.39 ± 8.288 kg (range 48.7-79.3 kg), height 
164.13 ± 8.768 cm (range 144.5-178.5 cm), and body mass index 24.26 ± 2.343 kg/m2 
(range 19.5-27.2 kg/m2). Using the same method, 32 subjects were  included for the fed 
arm, including 14 males (43.75%) and 18 females (56.25%). The demographic 
information of the 32 healthy subjects as intention-to-treat population was as follows 
(mean ± standard deviation): Age 38.4 ± 7.48 years (range 42-49 years), weight 62.44 ± 
10.011 kg (range 47.4-89.1 kg), height 162.28 ± 10.171 cm (range 144.5-181.0 cm), and 
body mass index 23.64 ± 2.370 kg/m2 (range 19.9-27.7 kg/m2).

Pharmacokinetics and bioequivalence
All subjects who completed the study were analyzed for PK data (n = 64). The subjects 
in both fasting and fed arms took a single oral dose of the test formulation and the 
reference formulation of 40 mg Eso enteric-coated capsules. The plasma drug 
concentration-time curves are shown in Figure 2 and 3.

The in vivo processes of esomeprazole test and reference formulations were 
consistent under both fasting and fed status. Tmax of esomeprazole in the fed arm was 
slightly extended compared with the fasting group. The rest PK parameters were 
basically consistent between the two arms (Table 1 and 2).

Bioequivalence assessment
In the fasting status, the within-subject standard deviation Swr of the primary PK 
parameters Cmax, AUC0-t, and AUC0-inf of esomeprazole magnesium enteric-coated 
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Table 1 Pharmacokinetics parameters of test and reference formulations of esomeprazole under fasting status (pharmacokinetics 
analysis set)

PK parameters (unit) mean ± SD (CV%), 1n = 32

2n Test formulation 2n Reference formulation

Cmax (ng/mL) 64 1709.563 ± 650.8205 (38.07%) 64 1635.875 ± 591.2969 (36.15%)

AUC0-t (hr*ng/mL) 64 4328.5196 ± 2109.6280 (48.74%) 64 4132.7124 ± 1991.9727 (48.20%)

AUC0-inf (hr*ng/mL) 64 4395.5223 ± 2173.2633 (49.44%) 64 4187.7795 ± 2046.3196 (48.86%)

Tmax (h) 64 2.000 (1.00, 4.00) 64 2.500 (1.00, 5.00)

%AUCex 64 1.135 ± 1.8793 (165.54%) 64 1.040 ± 1.1709 (112.60%)

λz (1/h) 64 0.5685 ± 0.1969 (34.64%) 64 0.5757 ± 0.1967 (34.16%)

t1/2 (h) 64 1.366 ± 0.4855 (35.53%) 64 1.329 ± 0.3972 (29.89%)

CL/F (L/h) 64 12.3599 ± 8.6012 (69.59%) 64 13.2105 ± 9.5635 (72.39%)

Vd/F (L) 64 20.3287 ± 6.4901 (31.93%) 64 21.3166 ± 8.6636 (40.64%)

Tmax is expressed as the median (min, max).
1n is the pharmacokinetics analysis set population.
2n is the statistical analysis population.
PK: Pharmacokinetics; SD: Standard deviation; AUC: Area under the curve.

Table 2 Pharmacokinetics parameters of test and reference formulations of esomeprazole under fed status (pharmacokinetics analysis 
set)

PK parameters (unit) mean ± SD (CV%), 1n = 32

2n Test formulation 2n Control formulation

Cmax (ng/mL) 64 360.373 ± 249.7500 (69.30%) 64 390.725 ± 257.6718 (65.95%)

AUC0-t (hr*ng/mL) 64 1285.9846 ± 965.7697 (75.10%) 64 1363.9129 ± 887.0435 (65.04%)

AUC0-inf (hr*ng/mL) 63 1366.4590 ± 1014.866 (74.27%) 58 1497.9755 ± 979.5204 (65.39%)

Tmax (h) 64 5.000 (2.00, 8.00) 64 5.000 (3.00, 10.00)

%AUCex 63 4.154 ± 6.7878 (163.39%) 58 4.191 ± 5.6377 (134.53%)

λz (1/h) 63 0.5766 ± 0.1851 (32.11%) 58 0.5529 ± 0.1602 (28.98%)

t1/2 (h) 63 1.454 ± 0.9882 (67.97%) 58 1.408 ± 0.5896 (41.89%)

CL/F (L/h) 63 54.4431 ± 60.2376 (110.64%) 58 47.2423 ± 47.5796 (100.71%)

Vd/F (L) 63 101.5421 ± 111.3586 (109.67%) 58 93.9881 ± 113.9048 (121.19%)

Tmax is expressed as the median (min, max).
1n is the pharmacokinetics analysis set population.
2n is the statistical analysis population.
PK: Pharmacokinetics; SD: Standard deviation; AUC: Area under the curve.

capsule reference formulation were 0.2067, 0.2199 and 0.2175, respectively, all of which 
were smaller than 0.294. Therefore, the average bioequivalence method was used to 
evaluate bioequivalence. Cmax was calculated to evaluate the bioequivalence of test and 
reference formulations. The ratio of geometric means of the Cmax was 104.15%, with 
90% CI of 98.20%-110.46%. AUC was calculated to evaluate the bioequivalence of test 
and reference formulations. The ratio of geometric means of AUC0-t was 105.26%, with 
90% CI of 99.80%-111.01%. The ratio of geometric means of AUC0-inf was 105.37%, with 
90% CI of 99.97%-111.06%.

In the fed status, the within-subject standard deviation Swr of the primary PK 
parameters Cmax, AUC0-t, and AUC0-inf of esomeprazole magnesium enteric-coated 
capsule reference formulation were 0.5690, 0.4776 and 0.4754, respectively, all larger 
than 0.294. Therefore, the reference-scale average bioequivalence method was used to 
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Figure 2 Plasma concentrations (mean ± standard deviation). Time curve of esomeprazole in fasting status (linear and semi-logarithmic).

Figure 3 Plasma concentrations (mean ± standard deviation). Time curve of esomeprazole in fed status (linear and semi-logarithmic).

evaluate the bioequivalence. Cmax was calculated to evaluate the bioequivalence of test 
and reference formulations. The upper limit of 95%CI of the cutoff value Formula was 
-0.1689 (≤ 0), and the point estimate was 0.9509 (within the range of 0.80-1.25). AUC0-t 
was calculated to evaluate the bioequivalence of test and reference formulations. The 
upper limit of 95%CI of the cutoff value Formula was 0.1015 (≤ 0), and the point 
estimate was 0.9003 (within the range of 0.80-1.25). AUC0-inf was calculated to evaluate 
the bioequivalence of test and reference formulations. The upper limit of 95%CI of the 
cutoff value Formula was 0.0593 (≤ 0), and the point estimate was 0.8453 (within the 
range of 0.80-1.25).

The healthy Chinese subjects received the test formulation and reference 
formulation of 40 mg esomeprazole magnesium enteric-coated capsule under either 
fasting or fed status. The 90% CI of ratios of geometric means of the primary PK 
parameters Cmax, AUC0-t, and AUC0-inf of plasma esomeprazole are shown in Table 3 and 
4. As shown in the tables, regardless of fasting or fed status, the 90% CI of ratios of 
geometric means of esomeprazole all fell within the acceptable equivalence range of 
80.00%-25.00%, meeting the criteria of bioequivalence.

Safety assessment
Out of the 32 subjects in the fasting arm, 4 subjects experienced AEs during the study. 
Four AEs were observed (3 AEs with the test formulation and 1 AE with reference 
formulation), including grade 1 atrioventricular block, toothache, sinus bradycardia, 
and sinus tachycardia. Out of the 32 subjects in the fed arm, 5 subjects experienced 
AEs during the study, and a total of 7 AEs were observed (1 AE with test formulation 
and 6 AEs with reference formulation): Diarrhea, abdominal pain, nausea, increased 
alanine aminotransferase levels and positive occult blood, which were all grade 1. All 
emergent AEs were recovered. All subjects in both fasting and fed arms were in good 
condition during the study, with stable vital signs and no severe AEs reported. The 
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Table 3 Bioequivalence analysis of esomeprazole (fasting arm)–primary endpoint pharmacokinetics parameters (bioequivalence 
analysis set)

Average bioequivalence Reference-scaled average bioequivalence Intra-subject 
variability (%)

Parameters n GLSmean 
T

GLSmean 
R

Ratio (%) 
(T vs R)

90%CI 
(%) S2wr Swr Point estimate 

(0.8, 1.25)
Criteria 
bound (≤ 0) CVwt CVwr

Cmax (ng/mL) 32 1591.275 1527.891 104.15 (98.20, 
110.46)

0.0427 0.2067 1.0415 -0.0193 15.04 20.89

AUC0-t 
(h*ng/mL)

32 3786.532 3597.451 105.26 (99.80, 
111.01)

0.0484 0.2199 1.0526 -0.0228 18.39 22.26

AUC0-inf 
(h*ng/mL)

32 3830.746 3635.508 105.37 (99.97, 
111.06)

0.0473 0.2175 1.0537 -0.0222 18.31 22.01

AUC: Area under the curve.

Table 4 Bioequivalence analysis of esomeprazole (fed arm) – primary endpoint pharmacokinetics parameters (bioequivalence analysis 
set)

Average bioequivalence Reference-scaled average bioequivalence Intra-subject 
variability (%)

Parameters n GLSmean 
T

GLSmean 
R

Ratio (%) 
(T vs R)

90%CI 
(%) S2wr Swr Point estimate 

(0.8, 1.25)
Criteria 
bound (≤ 0) CVwt CVwr

Cmax(ng/mL) 32 284.060 298.718 95.09 (80.92, 
111.75)

0.3238 0.5690 0.9509 -0.1689 53.05 61.84

AUC0-t 
(h*ng/mL)

32 958.8895 1065.110 90.03 (79.29, 
102.22)

0.2281 0.4776 0.9003 -0.1015 39.91 50.62

AUC0-inf 
(h*ng/mL)

26 1074.615 1271.273 84.53 (72.99, 
97.90)

0.2260 0.4754 0.8453 -0.0593 42.76 50.36

AUC: Area under the curve.

safety results of the test formulation were comparable to those of the reference 
formulation, and both formulations can be used within the ordinary doses.

DISCUSSION
The FDA guidance on esomeprazole recommends that the bioequivalence study 
should be performed in both fasting and fed states. However, the pharmacokinetics 
and bioequivalence of esomeprazole have not been studied in healthy Chinese subjects 
under either condition. Therefore, in order to compare the pharmacokinetics and 
safety of two formulations of esomeprazole in the healthy subjects in China, we 
designed a single-center, open-label, single-dose, randomized, repeated, four-cycle 
crossover bioequivalence study in healthy subjects under fasting and fed states. The 
healthy Chinese subjects took the test or reference formulation of 40 mg esomeprazole 
magnesium enteric coated capsules orally under either fasting or fed status. The 
results showed that the 90% CI of the ratios of geometric means of the primary PK 
parameters Cmax, AUC0-t, and AUC0-inf of esomeprazole in plasma all fell within the 
acceptable equivalence range of 80.00%-125.00%, which was within the bioequivalence 
criteria set by the FDA.

It is worth noting that food intake may affect some PK parameters and, in turn, 
change the absorption of oral drugs. Food may also change drug clearance through 
changing plasma protein binding and blood flow[34]. This food-drug interaction may 
affect the pharmacokinetics of the drug, thereby affecting efficacy and toxicity[34]. 
Therefore, in the research of pharmacokinetics of esomeprazole, the simultaneous 
administration of the drug with food is essential to determine the optimal 
administration time. In this study, Tmax was slightly different between fed and fasting 
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status, indicating that food may delay and reduce esomeprazole absorption.

CONCLUSION
In summary, the pharmacokinetic characteristic and bioequivalence of the two types of 
single oral dose esomeprazole magnesium enteric coated capsules were assessed. After 
oral administration, the 90% CI of the ratios of geometric means of the primary 
pharmacokinetic parameters, Cmax, AUC0-t, and AUC0-inf, all fell within the acceptable 
limits of 80.00%-125.00%. In addition, although the meal was able to extend drug 
absorption, it had no impact on Cmax, AUC0-t, or AUC0-inf, of either of the formulations 
under the same status. Furthermore, no significant differences in safety issues were 
observed between the  two formulations. Therefore, the two formulations of 
esomeprazole magnesium enteric coated capsules are considered bioequivalent.

ARTICLE HIGHLIGHTS
Research background
Gastroesophageal reflux disease is the most common acid-related disease and also the 
most commonly diagnosed acid-related disease in the United States. The typical 
symptoms include heartburn and/or reflux. Without effective treatment, patients can 
develop serious complications, such as esophageal stricture, ulcers, or Barrett’s 
esophagus.

Research motivation
Esomeprazole is a new generation of proton pump inhibitors with faster absorption 
and a more vital ability to inhibit gastric acid secretion. The drug inhibits gastric acid 
secretion by explicitly inhibiting the H+/K+-ATPase in the gastric parietal cells, and is 
an alternative for proton pump inhibitors. At present, the pharmacokinetics and 
bioequivalence of esomeprazole in healthy Chinese subjects and the effects of food on 
the pharmacokinetics have not been well studied.

Research objectives
To observe the bioequivalence, tolerability, and safety of esomeprazole in healthy 
Chinese people.

Research methods
Thirty-two healthy subjects in a fasting state and 32 in a fed state took the test or 
reference formulation Eso enteric-coated capsule by a four-cycle, two-sequence 
crossover of fasting/fed, self-controlled method. The liquid chromatography-mass 
spectrometry was used to determine the drug plasma concentration at 16 different 
time points within 12 h after drug administration. The pharmacokinetic parameters 
Cmax, area under the curve AUC0-t, and AUC0-inf were calculated to evaluate the 
bioequivalence.

Research results
Pharmacokinetic parameters were evaluated after the subjects took the test 
formulation and control formulation under the fasting status. The ratio of the 
geometric means of Cmax was 104.15%, with a CI of 98.20%-110.46%. The ratio of the 
geometric means of AUC0-t was 105.26%, with a CI of 99.80%-111.01%. The ratio of the 
geometric means of AUC0-inf was 105.37%, with a CI of 99.97%-111.06%. The 
pharmacokinetic parameters were also evaluated after the subjects took the reference 
formulation of the esomeprazole magnesium enteric-coated capsule after eating. The 
upper limit of the 95% confidence interval (CI) of the geometric mean ratio of the 
pharmacokinetic parameters of esomeprazole magnesium enteric-coated capsules in 
the postprandial state Cmax was -0.1689, and the point estimate was 0.9509 (0.80-1.25). 
The upper limit of the 95% confidence interval (CI) of the geometric mean ratio of the 
pharmacokinetic parameters of esomeprazole magnesium enteric-coated capsules in 
the postprandial state AUC0-t was -0.1015 (≤ 0), and the point estimate was 0.9003 (0.80-
1.25). The upper limit of the 95% confidence interval (CI) of the geometric mean ratio 
of the pharmacokinetic parameters of esomeprazole magnesium enteric-coated 
capsules in the postprandial state AUC0-inf was -0.0593 (≤ 0), and the point estimate was 
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0.8453 (0.80-1.25). The results indicated that the two formulations were bioequivalent 
under both fasting and fed states.

Research conclusions
The pharmacokinetic characteristics and bioequivalence of the two types of single-oral 
dose esomeprazole magnesium enteric-coated capsules were assessed. After oral 
administration, the 90% CI of the ratios of the geometric means of the primary 
pharmacokinetic parameters Cmax, AUC0-t, and AUC0-inf all fell within the acceptable 
limits of 80.00%-125.00%. In addition, although the meal extended the drug 
absorption, it had no impact on the Cmax, AUC0-t, or AUC0-inf of either of the 
formulations under the same status. Furthermore, no significant differences in safety 
issues were observed between treatment with the two formulations. Therefore, the two 
formulations of Eso enteric-coated capsules are considered bioequivalent.

Research perspectives
The test formulation of the Eso enteric-coated capsule is equivalent to the reference 
formulation under both the fasting and fed states. Furthermore, no significant 
differences in safety issues were observed between treatments with the two 
formulations.
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