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Purpose: The aim of this study was to assess and compare the pharmacokinetic (PK) 
properties and bioequivalence of montelukast sodium chewable tablets prepared by two 
different manufacturers in healthy Chinese volunteers to obtain adequate PK evidence for 
the registration approval of the test formulation.
Patients and Methods: A randomized-sequence, single-dose, open-label, 2-period cross
over study was conducted in fasted and fed healthy Chinese volunteers (Chinese Clinical 
Trials Registry identifier: CTR20182362). Eighteen subjects each were selected for a fasted 
study and a fed study. Eligible participants were randomly assigned in a 1:1 ratio to receive 
a single dose of the reference formulation or the test formulation, followed by a 5-day 
washout period and the administration of the alternate formulation. Plasma samples were 
collected over a 24-hour period following tablet administration and analyzed for montelukast 
contents by high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS 
/MS). The PK parameters, such as maximum serum concentration (Cmax), area under the 
curve (AUC) from t = 0 to the last quantifiable concentration (AUC0–t), AUC from t = 0 to 
infinity (AUC0–∞), half-life (t1⁄2), time to Cmax (Tmax), and terminal elimination rate constant 
(λz), were evaluated. The safety assessment included changes in vital signs (blood pressure, 
pulse, and temperature) or laboratory tests (hematology, blood biochemistry, hepatic func
tion, and urinalysis) and the incidence of adverse events (AEs).
Results: The geometric mean ratios (GMRs) between the two formulations for the primary 
pharmacokinetic parameters (Cmax, AUC0–24, and AUC 0–∞) and the corresponding 90% 
confidence intervals (Cis) were all within the range of 80.00–125.00% for both the fasting 
and fed states. The safety profiles for both treatments were comparable.
Conclusion: The PK analysis revealed that the test and reference formulations of montelu
kast sodium chewable tablets were bioequivalent and well-tolerated by healthy Chinese 
subjects.
Keywords: montelukast sodium, bioequivalence, pharmacokinetic profile, HPLC-MS/MS, 
adverse events

Introduction
Montelukast sodium is a highly selective, type I, cysteinyl leukotriene receptor 
antagonist. Montelukast sodium has been shown to significantly improve the 
clinical symptoms of children with bronchial asthma by inhibiting the combination 
of cysteinyl leukotriene and its receptor, improving the inflammatory index of 
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asthma and alleviating leukotriene-mediated bronchocon
striction, increased vascular permeability, and mucus 
secretion.1,2

The combination of montelukast sodium and inhaled 
glucocorticoid has demonstrated synergistic and substitutive 
effects: the dosage of inhaled glucocorticoid can gradually 
be reduced through the continued use of the combination, 
allowing for the avoidance and reduction of local and sys
temic side effects associated with glucocorticoid use.3–5

The montelukast sodium chewable tablet has been indi
cated as an effective drug for the prevention and long-term 
treatment of asthma in children aged 2–14 years. In 
February 1998, a montelukast sodium chewable tablet devel
oped by Merck Sharp & Dohme Ltd. was first approved by 
the United States Food and Drug Administration (US FDA) 
under the trade name Singulair. Currently, this drug is listed 
in Japan, the United Kingdom, France, Italy, and other coun
tries around the world as a first-line asthma control drug.6

The oral absorption of montelukast has been shown to 
be rapid and complete, with a time to maximum serum 
concentration (Tmax) of approximately 2 hours and an 
average bioavailability of 73%. More than 99% of mon
telukast sodium binds to plasma protein. The average 
apparent volume of distribution (Vd) of montelukast was 
reported as 8–11 L. Montelukast and its metabolites are 
almost completely excreted through bile.7–9 In vitro 
experiments have demonstrated that montelukast acts as 
an inhibitor of cytochrome P450 (CYP) 2C8 and as 
a substrate of CYP 2C8, 2C9, and 3A4.10–12

The montelukast sodium chewable tablet has been widely 
prescribed for nearly 20 years, and previous studies have been 
conducted to evaluate the pharmacokinetic (PK) parameters 
and tolerability of this drug.7,13–15 However, no studies have 
compared the bioequivalence of 5 mg montelukast sodium 
chewable tablets produced by two different manufactures 
under fasted and fed conditions in healthy Chinese volunteers. 
Thus, the present study was designed to assess the relative 
bioavailability of two 5 mg montelukast sodium chewable 
tablets (test and reference) under fasting and fed conditions 
in healthy Chinese adult volunteers to lay a foundation for the 
marketing of this drug formulation in China (Chinese Clinical 
Trials Registry identifier: CTR20182362).

Patients and Methods
Formulations and Subject Selection
Montelukast sodium chewable tablets (5 mg/tablet; lot no.: 
21,808,104; expiration date: July 2020), manufactured and 

provided by Beijing Fuyuan Pharmaceutical Co., Ltd. (for
merly Beijing Wansheng Pharmaceutical Co., Ltd., 
Beijing, China) and montelukast sodium chewable tablets 
(5 mg/tablet; lot no.: R005764; expiration date: 
3 October 2019) marketed under the brand name 
SINGULAIR®, manufactured by Merck Sharp & Dohme 
Ltd., were used as the test and reference formulations, 
respectively, for the assessment of bioequivalence.

Healthy Chinese male and female adults, aged 18 years 
and older and weighing at least 45 kg (female) or 50 kg 
(male), were eligible for inclusion in this study. Volunteers 
were assessed by a comprehensive medical examination to 
assess their health status, including a routine physical 
examination, measurement of vital signs (axillary tempera
ture, blood pressure while seated at rest, heart rate, and 
pulse), medical history, laboratory tests (hematology, 
blood biochemistry, coagulation function, urinalysis, drug 
screening, hepatitis and human immunodeficiency virus 
[HIV] testing, syphilis specificity antibody, human chor
ionic gonadotropin [HCG] test, and alcohol breathalyzer 
test), 12-lead electrocardiography, and chest X-ray. 
Subjects with any history or evidence of the following 
were excluded: clinically relevant disease; acute or chronic 
disease; drug abuse in the past 2 years; smoking or alcohol 
abuse; allergic constitution; allergy to any ingredient in the 
montelukast sodium chewable tablets; and history of react
ing to needle sticks or blood draws needle or blood sick
ness. Subjects who took any medications within 14 days 
before the first dosing, participated in any clinical studies 
within the past 3 months, experienced blood loss or blood 
donation of 200 mL or more, and female subjects who 
were pregnant, breastfeeding, or likely to become pregnant 
were also excluded.

All subjects were informed of the objectives, proce
dures, and risk-benefit analysis of the study by the clinical 
investigators, and each provided written informed consent, 
which was collected prior to study participation. Subjects 
were free to withdraw at any time.

Study Design and Treatment
This study was conducted at the Phase I Clinical Research 
Center of the Cangzhou Central Hospital between 
January 2019 and April 2019. The protocol was approved 
by the ethics committee of the Cangzhou Central Hospital 
(approval No. 2018-038-01, 2018-038-02). The study was 
performed in accordance with the Declaration of Helsinki,16 

the International Conference on Harmonization Good 
Clinical Practice Guideline,17 and the Guideline for Good 
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Clinical Practice recommended by the National Medical 
Products Administration (NMPA).18

This study was an open-label, single-dose, randomized, 
2-formulation, 2-period crossover bioequivalence study, 
with a 5-day washout period between each administration. 
This study was comprised of two independent trials: 
a fasted trial and a fed trial. The subjects in each trial 
were assigned into Test/Reference (T/R) or Reference/Test 
(R/T) groups at a 1:1 ratio, according to a random number 
table generated by SAS statistical software, v9. 3.

Each subject received a single dose of the test or 
reference tablet (one 5 mg montelukast sodium chewable 
tablet), administered orally with 240 mL warm water 
under light-proof conditions. The subjects in the fasted 
trial performed an overnight fast of at least 10 hours, 
whereas the subjects in the fed trial received a standard, 
high-fat, and high-calorie (800–1000 kcal) breakfast 
(30.2% carbohydrate, 17.7% protein, and 52.1% fat) 30 
minutes before drug administration. Additional water 
intake was withheld for 2 hours after treatment. 
A standardized meal was provided 4 hours and 10 hours 
after treatment. Alcoholic beverages, strenuous activity, 
and smoking were prohibited during the study.

Blood Sampling
For the fasted trial, blood samples (4 mL) were collected 
into coded, K2-EDTA anticoagulation tubes pre-dose 
(0 hour, baseline) and 0.25, 0.5, 1, 1.5, 2, 2.5, 3,3.5, 4, 
4.5, 5, 6, 8, 10, 15, and 24 hours post-dose, followed by 
centrifugation at 2000 × g at 4°C for 10 min, within 1 hour 
of collection. The supernatant (plasma samples) was col
lected and stored at −70 ± 10°C within 2 hours of collec
tion until used for analysis.

For the fed trial, blood samples (4 mL) were collected 
into coded, K2-EDTA anticoagulation tubes pre-dose (0 
hours, baseline) and 0.5, 1, 2, 2.5, 3.3.5, 4, 4.5, 5, 5.5, 6, 
7, 8, 10, 15, and 24 hours post-dose, followed by centri
fugation at 2000 × g at 4°C for 10 min within 1 hour of 
collection. The supernatant (plasma samples) was col
lected and stored at −70 ± 10°C within 2 hours of collec
tion until used for analysis.

All blood samples were light-proof during collection, 
processing, and storage.

Analytical Determinations
A high-performance liquid chromatography-tandem mass 
spectrometry (HPLC-MS/MS) method was used to detect 
the plasma concentrations of montelukast using an API 

4000 LC/MS/MS System. The method involved repeated 
solid-phase extraction steps and the quantitation of the 
target compounds, which was performed using a positive- 
ion mode and multiple reaction monitoring (MRM). The 
analytes were chromatographed using a Shimadzu LC- 
30AD and a Thermo Scientific Hypersil GOLD AQ col
umn (30 × 2.1 mm; 3 µm). The mobile phase consisted of 
0.1% formic acid in acetonitrile at a flow rate of 0.8 mL/ 
min. The MS/MS API 4000 was used to analyze the mass. 
Analyst 1.6.3 was used for data acquisition and analysis.

The average deviation in accuracy for each sample 
concentration ranged from 96.5% to 97.7%, and the 
average coefficient of variation (CV%) was ≤3.2%. 
After 24 hours of treatment, at room temperature, under 
light-exposed or light-proof conditions, following four 
freeze-thaw cycles of drug-containing plasma, from −80 
to −60°C, and 69 days of long-term storage at either −30 
to −10°C or −80 to −60° C, the stability of montelukast 
was acceptable The linear range of montelukast was from 
1 ng/mL to 500 ng/mL. The deviation accuracy of the 
standard curve, as determined by the lower limit of 
quantification (LLOQ), was −14.9% to 0.8%, and the 
deviation accuracy for samples with concentrations out
side of the LLOQ was −4.4% to 2.6%.

Safety Assessment
The safety assessment included monitoring changes in 
vital signs and laboratory test results, physical examination 
findings, and the incidence of adverse events (AEs). Vital 
signs, including temperature, blood pressure, and pulse, 
were measured at −1 d, 1 hour before administration, and 
3 and 24 hours after each administration. Laboratory tests, 
including a routine blood test, urinalysis, liver function, 
renal function, blood glucose, and female β-HCG test, in 
addition to physical examination and 12-lead electrocar
diogram, were performed at baseline and 24 hours after 
the second administration. Any AEs that occurred during 
the study were collected through medical observations and 
spontaneous reports by the subjects (both while in the 
hospital and at discharge).

The Medical Dictionary for Regulatory Activities, 
v20.0, was used to code all AEs to the preferred term 
and systemic organ class.

Pharmacokinetic and Statistical Analysis
All subjects who completed both Period 1 and Period 2 
without any major protocol deviations were included in the 
PK analysis set. The primary endpoints were area under 
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the curve, from t = 0 to infinity (AUC0-∞); AUC from t = 0 
to the last quantifiable concentration (AUC0-t); and max
imum serum concentration (Cmax). The secondary end
points were time to Cmax (Tmax), half-life (t1/2), and 
terminal elimination rate constant (λz).

The PK parameters were calculated by Phoenix 
WinNonlin Software, v7.0, using the non-compartmental 
method, and individual plasma concentration–time curves 
were constructed. Cmax and Tmax were obtained from the 
acquired data. The linear trapezoidal rule was used to calcu
late AUC0-t. AUC0–∞ was calculated as the sum of AUC0–t 

and the extrapolated area, which was determined by dividing 
the last quantifiable concentration (Ct) by the slope of the 
terminal log-linear phase (Ke). The t1/2 value was calculated 
from the slope of the terminal log-linear phase, as 0.693/Ke. 
The relative bioavailability (F) of the tested formulation was 
calculated as follows: F = AUC0-t (test)/AUC0-t (reference) × 
100%. According to the NMPA regulatory guidelines, a one- 
way analysis of variance (ANOVA) was used to analyze the 
logarithm (ln)-transformed PK parameters (AUC0–∞, 
AUC0-t, and Cmax) to assess the effects of treatment, 
sequence, period, and subjects nested in sequence. The 
Wilcoxon signed-rank test was used to compare Tmax values 
between groups. Statistical analysis was performed using the 
statistical software package SAS, V9.3 (SAS Institute Inc, 
Cary, North Carolina, license number 000063317058), using 

the General Linear Model (GLM) procedure. The two for
mulations were considered bioequivalent if the differences 
between the compared parameters were found to be insig
nificant (P>0.05) and if the 90% confidence interval (CI) for 
the geometric mean ratio (GMR) of AUC0-∞, AUC0-t, and 
Cmax fell within 80% and 125%.

Parametric 90% CIs for the GMR ratio between the 
two formulations (test–reference) were determined using 
the Schuirmann method.

Results
Subjects
A total of 156 healthy Chinese subjects were screened (see 
Figure 1). The fasting trial and the fed trial each enrolled 18 
subjects (12 male/6 female and 11 male/7 female, respec
tively). No included subjects were excluded. Table 1 shows 
the demographic characteristics of all included subjects.

Pharmacokinetic Properties
All 18 subjects in both the fasted and fed trials completed 
both periods and were included in the pharmacokinetic 
analysis.

The mean plasma concentration-time profiles for mon
telukast obtained following a single oral dose of the test 
and reference montelukast formulations under fasted and 

Figure 1 Study design and disposition of subjects.
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fed states are shown in Figures 2 and 3. The PK para
meters for montelukast are shown in Table 2.

In the fasted trial, the comparison of primary PK para
meters between the test and reference products for the 
bioequivalence evaluation showed that the GMR (90% 
CI) values for Cmax, AUC0–t, and AUC 0–∞ were 
103.12% (96.88% to 109.76%), 102.24% (96.42% to 
108.42%), and 102.16% (96.22% to 108.48%), respec
tively. All of the calculated 90% CIs were within the pre- 

defined equivalence margin of 80.00% to 125.00%. In the 
fed trial, the comparison of primary PK parameters 
between the test and the reference formulations showed 
that the GMR (90% CI) values for Cmax, AUC0–t, and 
AUC 0–∞ were 97.36% (91.13% to 104.00%), 100.48% 
(95.81% to 105.39%), and 100.56% (95.41% to 105.99%), 
respectively. Similar to the fast trial, the corresponding 
90% CIs for the fed trial were within the pre-defined 
equivalence margin of 80.00% to 125.00%. Tables 3 and 

Table 1 Demographic Characteristics of Subjects in the Fasted Trial (n=18) and Fed Trial (n=18)

Variable The Fasted Trial The Fed Trial

Age (y), mean ± SD (range) 39 ± 12 (20–63) 32 ± 11 (18–52)

Weight(kg), mean±SD (range) 73.3 ± 14.6 (53.1–101.0) 67.2 ± 9.8 (50.3–86.9)

Height(cm), mean±SD (range) 166.5 ± 9.3 (149.0–181.0) 167.4 ± 9.6 (152.0–187.0)

BMI (kg/m2), mean ± SD (range) 26.2 ± 3.3 (20.1–31.7) 24.0 ± 3.1 (19.1–31.7)

Gender, n (%)
Male 12 (66.7%) 11 (61.1%)

Female 6 (33.3%) 7 (38.9%)

Note: BMI=weight (kg)/[height (m)]2. 
Abbreviation: BMI, body mass index.

Figure 2 Mean plasma concentration-time profiles of test (n=18) and reference (n=18) formulations under fasted condition. 
Note: Data represent the mean value, and error bars represent the SD.
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4 show the results of the variance analyses for Cmax, 
AUC0–t, and AUC0–∞ after logarithmic transformation 
and the average bioequivalence evaluations for the plasma 
PK parameters for montelukast administration under fasted 
or fed conditions.

Safety Assessment
In the fasted trial, the incidence of AEs was 38.9%, with 
a total of 13 AEs recorded in 7 subjects. All of these 
AEs (100%) were identified through laboratory investi
gations and were considered mild, without requiring 
treatment. The incidence of AEs in the fasted trial is 
summarized in Table 5.

In the fed trial, no AEs were recorded. No serious AEs 
were reported in either trial.

Discussion
This study examined the PK properties and evaluated the 
bioequivalence between a test montelukast sodium chew
able tablet and a reference montelukast sodium chewable 
tablet in healthy Chinese adult volunteers under fasted and 
fed conditions. For both the fasted and fed trials, all 
enrolled subjects completed the study, and no subjects 
dropped out or were excluded. All subjects were included 
in the pharmacokinetic analysis set and bioequivalence 
analysis set.

Figure 3 Mean plasma concentration-time profiles of test (n=18) and reference (n=18) formulations under fed condition. 
Note: Data represent the mean value, and error bars represent the SD.

Table 2 PK Parameters of Montelukast After Administration of Test and Reference Formulations in Fasted or Fed State

Parameter Fasted Trial Fed Trial

Test (N=18) Reference (N=18) Test (N=18) Reference (N=18)

Tmax(h)* 2.25(1.50–5.00) 2.50(2.00–4.50) 4.50 (2.00–5.50) 3.50 (2.00–5.50)

Cmax, ng/mL 272.47(55.30) 267.19(69.40) 274.47 (49.37) 283.02 (56.56)

AUC0-t(h·ng/mL) 1896.11(457.99) 1856.69(466.49) 2123.55(467.66) 2101.02 (394.91)

AUC0-∞(h·ng/mL) 1978.06(507.46) 1937.32(509.16) 2237.70(517.81) 2212.11 (444.89)

λz (1/h) 0.1440(0.0186) 0.1422(0.0169) 0.1414 (0.0162) 0.1410 (0.0153)

t1/2 (h) 4.89(0.63) 4.94(0.61) 4.96 (0.57) 4.98 (0.60)

Notes: *Data are presented as median [minimum–maximum]. Other data are presented as geometric mean ± SD.
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The analysis, which was based on Cmax, AUC0-t, and 
AUC0-∞, revealed that the 2 formulations of montelukast 
were similar in terms of PK properties in healthy Chinese 
subjects. The 90% CIs for the GMR values of Cmax, 
AUC0–t, and AUC0-∞ were all within the 80.00% to 
125.00% range, which represents the standard bioequiva
lence acceptance range according to NMPA guidelines.19

In the fasted trial, subject FA-15 (FA-S069) presented 
with nitrite-positive during the routine urinalysis during 
the screening period, which was abnormal, had clinical 
significance, did not meet the inclusion criteria, and was 
not detected in time to exclude the volunteer from the 
study. Therefore, the subject was included and allowed to 
complete the trial. Because this was a minor protocol 
violation, we conducted a sensitivity analysis in which 
we excluded this subject. The analysis results are shown 
in Table 6 and indicated that after excluding subject FA-15 
(FA-S069) to perform the sensitivity analysis, the 90% CIs 
for the GMR values of Cmax, AUC0–t, and AUC0-∞ 

remained between 80.00% and 125.00%. These results 
are consistent with those (shown in Table 7) using the 
same reference formulation previously reported.15

Moreover, the Wilcoxon test comparing Tmax values 
between groups indicated no significant difference 
between the test and reference montelukast formulations, 
regardless of whether they were administered under fast
ing or fed conditions, as shown in Table 8.

Additionally, we compared the PK data between the 
fasting and fed trial and found that food influenced the 
AUC0-t, AUC0-∞, and Tmax values for both the test and 
reference montelukast formulations. When montelukast 
was administered after a standard high-fat, high-calorie 

Table 4 The Results of Bioequivalence Evaluation for Plasma Pharmacokinetic Parameters of Montelukast Under Fasted or Fed 
Condition

Parameter Fasted Trial (N=18) Fed Trial (N=18)

GM 

(T)

GM 

(R)

GMR 

(T/R)

90% CI CVw 

(%)

Power GM 

(T)

GM 

(R)

GMR 

(T/R)

90% CI CVw 

(%)

Power

Cmax (ng/mL) 267.43 259.34 103.12 (96.88, 109.76) 10.76 99.98 270.38 277.73 97.36 (91.13, 104.00) 11.39 99.95

AUC0-t (h.ng/mL) 1849.43 1808.88 102.24 (96.42, 108.42) 10.10 100.00 2076.70 2066.71 100.48 (95.81, 105.39) 8.20 100.00

AUC0-∞ (h.ng/ 

mL)

1923.77 1883.04 102.16 (96.22, 108.48) 10.33 100.00 2183.30 2171.18 100.56 (95.41, 105.99) 9.05 100.00

Abbreviations: T, the test preparation; R, the reference preparation; GM, geometric mean; CV, coefficient of variation in vivo; Power, power of test.

Table 3 The Results of Variance Analysis of Cmax, AUC0–t, and AUC 0–∞ After Logarithmic Transformation

Effect Fasted Trial(P) Fed Trial(P)

LnCmax LnAUC0-t LnAUC0-∞ LnCmax LnAUC0-t LnAUC0-∞

Sequence 0.8346 0.6187 0.6023 0.9770 0.6240 0.6762

Period 0.0296 0.5589 0.5796 0.0679 0.2969 0.2525

Formulation 0.4029 0.5188 0.5421 0.4889 0.8620 0.8556

Table 5 AEs Profile in the Fasted Trial

Parameter The Fasted Trial (N=18)

Total number of AEs 13

Adverse event may relate to drug 0

Adverse event may not relate to drug

Uric leukocytes increased 1 (7.7%)
Uric acid increased 2 (15.4%)

Leukopenia 2 (15.4%)

Prolonged QRS duration of 12-lead 1 (7.7%)

ECG

Neutrophil count decreased 2 (15.4%)
Blood glucose increased 1 (7.7%)

Serum potassium increased 1 (7.7%)

Urine pH increased 1 (7.7%)
Serum creatinine increased 1 (7.7%)

Blood urea decreased 1 (7.7%)
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breakfast, approximately 13% increases in the AUC0-t and 
AUC0-∞ values were observed for both the test and refer
ence montelukast formulations, with approximately 100% 
and 40% increases in Tmax observed for the test and 
reference formulations, respectively. Thus, food appeared 
to slow the rate of absorption and increase the absorption 
extent of montelukast.

In this study, no serious AEs were observed, and all 
observed AEs were mild. Thus, both the test and the 
reference formulations were well-tolerated among our 
study population.

Conclusion
After the oral administration of 5 mg of either the test or 
reference preparation under both fasted and fed conditions, 
no subjects withdrew from the study due to AEs, and no 
serious AEs occurred, which indicated that both formulations 

were well-tolerated and their safety profiles were acceptable 
The PK analysis showed that the primary PK parameters 
(Cmax, AUC0–t, and AUC0–∞) were within the pre-defined 
equivalence margin of 80.00% to 125.00% and met the 
regulatory criteria established by the People’s Republic of 
China, regardless of whether it was administered under 
fasted or fed conditions. Therefore, the test and reference 
products were determined to be bioequivalent.

Thus, the 5 mg montelukast sodium chewable tablets 
manufactured by Beijing Fuyuan Pharmaceutical Co., Ltd. 
(formerly Beijing Wansheng Pharmaceutical Co., Ltd.) 
would represent an affordable, acceptable, and beneficial 
alternative for use in Chinese patients to the currently 
available reference formulation.
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All available data have been included in this manuscript. 
No other study-related documents will be made available.
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