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Abstract

Objective Our objective was to evaluate the pharmacokinetics and bioequivalence of test and reference (JANUMET®) for-
mulations of sitagliptin phosphate/metformin hydrochloride tablets at a single dose of 50 mg/850 mg.

Methods The study was a randomized, open-label, two-period, double-crossover trial. Volunteers under fasting (n = 24) and
fed (n = 24) conditions were given a single oral dose of test or reference formulations of sitagliptin phosphate/metformin
hydrochloride tablets 50 mg/850 mg. We used the liquid chromatography tandem mass spectrometry method to determine
the concentrations of sitagliptin and metformin in the plasma of subjects. Pharmacokinetic metrics were calculated using
the WinNonlin 7.0 program, and bioequivalence was evaluated using SAS 9.4.

Results Under the fasting condition, the 90% confidence intervals (CIs) of geometric mean ratio for maximum plasma drug
concentration (C,,,,), area under the plasma concentration—time curve from time zero to time t (AUC,_,), and AUC from time
zero to infinity (AUC,_,) of sitagliptin between the test and reference groups were 101.70-120.62%, 99.81-105.61%, and
100.27-106.12%, respectively; for metformin, they were 90.39-111.48%, 94.76-109.12%, and 95.76-110.38%, respectively.
Under the fed condition, they were 102.12-117.31%, 100.80-107.81%, and 100.82—-107.78%, respectively, for sitagliptin
and 95.53-105.22%, 92.76-103.07%, and 93.40-104.14%, respectively, for metformin. Both were generally well-tolerated.
Conclusion The two formulations of sitagliptin phosphate/metformin hydrochloride tablets were bioequivalent under fasting
and fed conditions in healthy Chinese subjects.

1 Introduction
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Fig. 1 Schematic representation of the study design

Cardiovascular morbidity is two to four times higher in
people with T2DM than in people without diabetes [3].

Almost all guidelines for the initial treatment of T2DM
recommend metformin, which is widely used in clinic [4].
However, metformin alone often fails to meet the basic
requirements for glycemic control [5]. Therefore, oral
hypoglycemic drugs are used in combination to effectively
manage the blood glucose of patients with diabetes. Hypo-
glycemic drugs commonly used in combination include
sulfonylureas, acarbose, dipeptidyl peptidase-4 inhibi-
tors (DPP-4i), glucagon-like peptide-1 receptor agonists
(GLP-1 RAs), and sodium-glucose co-transporter-2 inhibi-
tors (SGLT-2).

Sitagliptin has shown strong and highly selective inhibi-
tion of DPP-4 [6]. DPP-4i have a wide range of therapeu-
tic applications. The risk of hypoglycemia is low when
used alone or in combination with other drugs that do not
cause hypoglycemia. DPP-4 did not cause weight gain
[4]. Sitagliptin improves glycemic control by inhibiting
DPP-4 inactivation of GLP-1 and glucose-dependent insu-
linotropic ploypeptide. Inhibition of DPP-4 increases and
prolongs the activity level of incretin, leading to a glucose-
dependent increase in insulin release and a decrease in
glucagon [7].

The combination of sitagliptin and metformin has been
shown to have a significant effect on blood glucose control
in patients with T2DM and is well-tolerated with a low
risk of hypoglycemia [8]. Sitagliptin phosphate/metformin
hydrochloride tablets are more effective than any single
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ingredient for the control of blood glucose in patients with
T2DM [9]. Sitagliptin phosphate/metformin hydrochloride
tablets JANUMET®) have been approved for the treat-
ment of T2DM. The purpose of this study was to study
the pharmacokinetics and bioequivalence of the test and
reference formulations of sitagliptin and metformin 50
mg/850 mg tablets.

2 Methods
2.1 Compliance with Ethics Guidelines

This clinical study protocol was approved by the Medical
Ethics Committee at the Affiliated Hospital of Qingdao
University, Shandong, China, and the trial was registered
with the Clinical Trial Registry (ID: NCT04877106). All
procedures were performed in compliance with the Decla-
ration of Helsinki [10] and the International Conference on
Harmonization Guidelines for Good Clinical Practice [11].
All subjects provided written informed consent before
being screened for eligibility.

2.2 Study Population

Eligible study participants included healthy male and female
subjects aged 18—45 years with a body mass index (BMI) of
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Fig.2 Plasma concentration—time curve of sitagliptin and metformin
following a single dose of test or reference formulations in the fasting
group

18-28 kg/m?. Both male and female subjects were willing to
have no family planning and to voluntarily use effective con-
traceptive measures for the next 6 months. Subjects signed
the informed consent before the trial and were provided with
full information about the content, process, and possible
adverse reactions. The exclusion criteria included allergy to
study medications, smoking, alcohol abuse, participation in
another clinical trial within 3 months, pregnant or nursing
females, and use of prescription or nonprescription drugs
(including herbal remedies).

2.3 Study Design

This was an open-label, randomized, single-dose, two-
period, crossover study conducted at the Phase I Clinical
Research Center of the Affiliated Hospital of Qingdao Uni-
versity. Randomization was conducted by the investigators
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Fig.3 Semi-logarithmic curve of sitagliptin and metformin following
a single dose of test or reference formulations in the fasting group

in accordance with a randomization schedule created using
SAS 9.4 Proc Plan by the statistical analysis unit for fasting
and fed conditions, respectively.

In this study, we used sitagliptin phosphate/metformin
hydrochloride tablets 50 mg/850 mg (batch no. M047893;
MSD Pharma (Singapore) Pte. Ltd) as reference formula-
tions and sitagliptin phosphate/metformin hydrochloride
tablets 50 mg/850 mg (batch no. 161006; Tonghua Dongbao
Pharmaceutical Co., Ltd.) as test formulations. All study
drugs were provided by the sponsor (Tonghua Dongbao
Pharmaceutical Co., Ltd.) at no cost. All subjects were hos-
pitalized in the phase I clinical research center on the day
before dosing and placed on a uniform diet during hospi-
talization. Subjects in the fasting group (24 subjects) were
asked to fast overnight (10 h) before administration, and sub-
jects in the fed group (24 subjects) consumed an additional
high-fat, high-calorie standard meal 30 min before drug
administration. Test and reference formulations of sitagliptin
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Table 1 Pharmacokinetic metrics of test and reference formulations of sitagliptin and metformin in the fasting and fed groups

Metrics Fasting group (n = 23)

Fed group (n = 23)

Test Reference

Test Reference

Sitagliptin
Chhax (ng/mL)
AUC,, (h x ng/mL)
AUC, , (h x ng/mL)
ty, (h)

Metformin
Cphax (ng/mL)
AUC,, (x10* h x ng/mL)
AUC, , (x10* h x ng/mL)
ty, (h)

182.37 + 63.53 (34.8)

1704.19 + 32.54 (19.5)

1744.90 + 35.79 (19.2)
11.04 + 2.98 (27.0)

1658.71 + 314.76 (19.0)
1.29 + 0.24 (18.5)
1.32 +0.25 (18.9)

16.77 + 15.73 (93.8)

162.93 + 37.16 (22.8)

1676.46 + 269.80 (16.1)

1710.12 + 273.94 (16.0)
10.61 + 2.80 (26.4)

1666.23 + 330.44 (19.8)
1.27 + 0.24 (19.0)
1.29 +0.25 (19.1)

10.69 + 5.12 (47.8)

201.379 + 39.667 (19.7)

1727.80 + 258.28 (14.9)

1762.92 + 257.47 (14.6)
11.98 + 2.59 (21.6)

181.746 + 33.439 (18.4)

1665.89 + 256.74 (15.4)

1699.38 + 254.27 (15.0)
11.96 + 3.93 (32.8)

1270.960 + 205.903 (16.2)
1.14 + 0.20 (17.7)
1.17 + 0.22 (18.5)

18.42 + 18.81 (102.1)

1261.443 + 184.167 (14.6)
1.16 + 0.19 (16.3)
1.19 + 0.19 (16.1)

14.97 + 11.30 (75.5)

Data are presented as arithmetic mean + standard deviation (% coefficient of variation)

AUC area under the plasma concentration—time curve, AUC,,_, AUC from time zero to time t, AUC,,_,, AUC from time zero to infinity, C,,,, maxi-

mum plasma drug concentration, #,, elimination half-life

max

Table 2 Geometric mean, ratio,

. Metrics Geometric mean and ratio Intrasubject GMR (90% CI)
and 90% confidence 1nterva!s of CV(%)
C oo AUC_,, and AUC,_, in Test Reference T/R%
the fasting group (n = 23)
Sitagliptin
Cnax (ng/mL) 175.62 158.56 110.76 16.91 101.70-120.62
AUC,_, (h X ng/mL) 1701.90 1657.68 102.67 5.57 99.81-105.61
AUC,_, (h X ng/mL) 1744.48 1691.14 103.15 5.59 100.27-106.12
Metformin
Cpax (ng/mL) 1642.07 1635.80 100.38 20.36 90.39-111.48
AUC, (x 10* h x ng/mL) 12,804.86 12,591.94 101.69 13.63 94.76-109.12
AUC,_, (X 10* h x ng/mL) 13,072.84 12,715.42 102.81 13.72 95.76-110.38

AUC area under the plasma concentration—time curve, AUC, , AUC from time zero to time t, AUC,_, AUC
from time zero to infinity, CI confidence interval, C,,,, maximum plasma drug concentration, CV coeffi-

cient of variation, GMR geometric mean ratio, R reference, T test, t,, elimination half-life

phosphate/metformin hydrochloride tablets were swallowed
with 240 mL water at room temperature. Subjects were allo-
cated to one of two groups randomly and equally with a
7-day washout interval between the two periods (Fig. 1).

Subjects were prohibited from consuming caffeine-
containing beverages, food rich in methylxanthine, fruits
that affect drug metabolism (e.g., grapefruit, dragon fruit,
mango), and alcohol from 48 h prior to dosing to completion
of blood sampling.

2.4 Blood Sampling

Blood samples (4 mL) were collected in vacuum tubes con-
taining EDTA-K, at predosing (0 h) and 0.5, 1, 1.5, 2, 2.5,
3,3.5,4,5,6,8, 10, 12, 16, 24, 32, 38, and 72 h after dosing
in each study period. The samples were centrifuged at 1710
g for 10 min at 2-8 °C to separate the plasma. Samples were
divided into two aliquots and stored at —80 °C until analysis.

A\ Adis

2.5 Pharmacokinetic Methods

Plasma samples were determined at Junke Zhengyuan
(Beijing) Pharmaceutical Research Co., Ltd. and analyzed
using liquid chromatography tandem mass spectrometry
(LC-MS/MS) methods, which were validated in terms of
selectivity, accuracy, precision, recovery, and stability.
The LC-MS/MS system consisted of a Shimadzu UFLC
20-AD ultrafast liquid phase system (Shimadzu Corp.,
Kyoto, Japan) and API 4000 mass spectrometer (Applied
Biosystems, MDS Sciex). For metformin, mobile phase
A consisted of 0.1% formic acid (by volume) containing
5mM ammonium acetate; mobile phase B consisted of
0.1% formic acid (by volume) in acetonitrile. For sitaglip-
tin, mobile phase A consisted of 0.1% formic acid (by vol-
ume) in water; mobile phase B consisted of 0.1% formic
acid (by volume) in acetonitrile. APT 4000 was operated in
the positive ion multiple reaction monitoring mode using
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Fig.5 Semi-logarithmic curve of sitagliptin and metformin following
a single dose of test or reference formulations in the fed group

Turbo Spray. The lower limit of quantification (LLQ) for
metformin in the plasma assay was 3 ng/mL, and the linear
calibration range was 3—1500 ng/mL. The overall precision
of the metformin assay was 8.9% coefficient of variation
(CV). The LLQ for sitagliptin in the plasma assay was 1
ng/mL, and the linear calibration range was 1-500 ng/mL.
The overall precision of the sitagliptin assay was 5.8% CV.

2.6 Safety and Tolerability Assessments

Data from all study participants were included in safety
and tolerability assessments. Safety was evaluated through
subject-reported adverse events (AEs), investigator obser-
vations and assessments, and prespecified study evalua-
tions (laboratory safety tests, electrocardiograms, and vital
sign measurements). Safety and tolerability were evaluated
through clinical review of all safety metrics.
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Fig.4 Plasma concentration—time curve of sitagliptin and metformin
following a single dose of test or reference formulations in the fed
group

2.7 Statistical Analysis

Analysis of variance (ANOVA) was performed on the
logarithmically transformed values of the primary phar-
macokinetic metrics (maximum plasma drug concentration
[Cnaxls area under the plasma concentration—time curve
from time zero to t [AUC,_,], and AUC from time zero to
infinity [AUC,_,]). The ratios of geometric means (GMs)
of these primary pharmacokinetic metrics (test/reference)
and their 90% confidence intervals (CIs) were calculated.
The two preparations were considered bioequivalent if the
90% ClIs of the ratios of GM of the primary pharmacoki-
netic metrics were within the predefined acceptance range
of 80-125%. All pharmacokinetic parameter analysis was
calculated using WinNonlin 7.0, and other data processing
and statistical analyses were performed using SAS 9.4.
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Table 3 Geometric rpean, ratio, Metrics Geometric mean and ratio Intrasubject GMR (90% CI)
and 90% confidence mterva!s of CV(%)
Crax AUC_,, and AUC_, in Test Reference T/R%
the fed group (n = 23)
Sitagliptin
Cax (ng/mL) 198.05 180.95 109.45 13.34 102.12-117.31
AUC,, (h X ng/mL) 1725.22 1654.92 104.25 6.44 100.80-107.81
AUC,_, (h X ng/mL) 1760.75 1689.12 104.24 6.41 100.82-107.78
Metformin
Cax (ng/mL) 1256.10 1252.84 100.26 9.27 95.53-105.22
AUC,, (x 10* h x ng/mL) 11,231.03 11,485.70 97.78 10.11 92.76-103.07
AUC_, (X 10* h x ng/mL) 11,544.32 11,705.72 98.62 10.45 93.40-104.14

AUC area under the plasma concentration—time curve, AUC, , AUC from time zero to time t, AUC,_,, AUC

from time zero to infinity, CI confidence interval, C,

'max Maximum plasma drug concentration, CV coeffi-

cient of variation, GMR geometric mean ratio, T/R test/reference, t,, elimination half-life

Table 4 Adverse events in the

. Random number AEs Treatment Relationship to study drug
fasting group

K009 Nodal tachycardia R Probably related

K016 Nausea T May be irrelevant
Hyperuricemia R Probably related

K017 Nausea Before treatment Definitely not

K020 Dizziness Before treatment Definitely not

K024 Hyperuricemia T Probably related

AE adverse event, R reference, T test

Table 5 Adverse events in the

Random number AEs Treatment Relationship to study drug
fed group

C001 Hyperpotassemia R Probably related

C004 Nodal tachycardia R Definitely not

Co016 Urinary leukocytosis R Probably related

C023 Borderline premature beats R Probably related

AE adverse event, R reference
3 Results 3.2 Pharmacokinetics

3.1 Subject Disposition

The overall study population included 48 subjects (fasting
group n = 24, fed group n = 24). All 24 subjects (14 male,
10 female) in the fasting group completed the study. The
mean =+ standard deviation (SD) demographic details were
as follows: age 28.9 + 8.28 years, height 166.17 + 7.299
cm, weight 61.54 + 7.699 kg, and BMI 22.25 + 1.789 kg/
m?. A total of 24 healthy subjects (15 male, 9 female) were
enrolled in the fed group; 23 subjects completed the two
treatment periods, and one subject withdrew during the
baseline before the second treatment period. The mean +
SD demographic details were as follows: age 25.6 + 4.69
years, height 168.27 + 10.140 cm, weight 62.56 + 8.779
kg, BMI 22.03 + 1.850 kg/m?.
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3.2.1 Fasting Group

Figures 2 and 3 show the plasma concentration—time pro-
files under fasting conditions for sitagliptin and metformin,
respectively.

Table 1 summarizes the pharmacokinetic metrics for
sitagliptin and metformin. ANOVA indicated a lack of
period and sequence effects for C,,,, AUC,_,, and AUC
0—o- There was a statistically significant difference between
formulations in C,,,,, AUC,_,, and AUC,_, (p < 0.05).
Table 2 presents the 90% ClIs for the geometric mean ratios
of Cp.x» AUC(_,, and AUC,_, and the detailed pharma-
cokinetic metrics of the two drugs; all were within the
predefined equivalence limit of 0.80-1.25.
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Ta!ale 6 Comparisops O_f Metrics Fasting Fed P value
primary pharmacokinetic

metrics of the test and reference T sitagliptin

formulations under fasted and
fed conditions

Cnax (ng/mL)
AUC,,, (ng X h/mL)
AUC,_, (ng X h/mL)
s ()
T metformin
Cnax (ng/mL)
AUC,, (x 10*ng x h/mL)
AUC,_, (x 10*ng x h/mL)
fax (D)
R sitagliptin
Cnax (ng/mL)
AUC, (ng X h/mL)
AUC,,_,, (ng X h/mL)
s ()
R metformin
Cax (ng/mL)
AUC, , (x 10*ng x h/mL)
AUC, , (x 10*ng x h/mL)
tax (D)

max (

max (

182.37 + 63.53 201.38 + 39.667 0.227
1704.19 + 332.54 1727.80 + 258.28 0.788
1744.89 + 335.79 1762.92 + 257.47 0.838

3.25 +0.87 2.11+1.16 0.001
1658.71 + 314.76 1270.96 + 205.90 0.000
1.29 +0.24 1.14 £ 0.20 0.021
1.32+0.25 1.17 £ 0.22 0.034
2.80 +0.95 3.27 £ 0.96 0.108

162.93 + 37.16 181.75 + 33.44 0.078
1676.47 + 269.80 1665.89 + 256.74 0.892
1710.13 = 273.94 1699.38 +254.27 0.891

3.50 + 0.87 2.41+0.78 0.000
1666.23 + 330.44 1261.44 + 184.17 0.000
1.27 +0.24 1.16 + 0.19 0.099
1.29 +£0.25 1.19 +£0.19 0.132
252+ 1.15 3.54 +1.02 0.003

AUC area under the plasma concentration—time curve, AUC, , AUC from time zero to time t, AUC,_,, AUC

from time zero to infinity, CI confidence interval, C,

T test, t, . time to C

max max

3.2.2 Fed Group

Figures 4 and 5 show the mean plasma concentration—time
profiles under fed conditions for sitagliptin and metformin,
respectively.

Table 1 summarizes the pharmacokinetic metrics for sit-
agliptin and metformin. ANOVA indicated a lack of period
and sequence effects for C,,,,, AUC,,_,, and AUC,, . There
was a statistically significant difference between formula-
tions in C,,,, AUC,_,, and AUC,_,, (p < 0.05). Table 3 pre-
sents the 90% Cls for the geometric mean ratios of C,,,
AUC,_,, and AUC,_,, and the detailed pharmacokinetic met-
rics of the two drugs; all were within the predefined equiva-

lence limit of 0.80-1.25.
3.3 Safety and Tolerability
Both test and reference formulations were generally well-tol-

erated during the entire study periods. No protocol violations
or serious AEs (SAEs) were observed in the study under

'mar AXimum plasma drug concentration, R reference,

either fasting or fed conditions. Four volunteers experienced
a total of four AEs in the fasting and fed groups, respectively.
Tables 4 and 5 show these AEs.

3.4 Effect of Food on Pharmacokinetics

The effect of food on the pharmacokinetics of test and refer-
ence formulations was further explored. Table 6 shows the
comparisons of primary pharmacokinetic metrics of the test
and reference formulations under fasting and fed conditions.
The time to C,,,, (#,,,,) Of test formulations of sitagliptin
reduced in the presence of food, and the differences were
statistically significant (p < 0.05). C,., AUC,_,, and AUC
0 Of metformin test formulations were also statistically sig-
nificant (p < 0.05). However, food did not significantly alter
the t_,, metformin test formulations. The effect of food on
the 7., of sitagliptin and metformin reference formulation
was statistically significant (p < 0.05), which was different
from that of the test formulations.

max
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4 Discussion

T2DM is a complex metabolic disease with an increasing
number of patients each year [12]. Sitagliptin is a DPP-4, a
newer treatment for T2DM [13], and metformin hydrochlo-
ride is a biguanide, widely viewed as foundation therapy for
T2DM [14]. More and more research suggests that combina-
tion tablets will be an increasingly common strategy for the
treatment of T2DM [8]. The sitagliptin/metformin combina-
tion has become an important treatment for T2DM [15]. In
this study, sitagliptin and metformin levels in plasma were
quantitatively analyzed, the pharmacokinetic characteristics
and safety of domestic and original sitagliptin phosphate/
metformin hydrochloride tablets were investigated, and the
bioequivalence of the two preparations was evaluated.

Here, we assessed the bioequivalence of sitagliptin phos-
phate/metformin hydrochloride tablets under fasting and fed
conditions in healthy Chinese subjects following a single
oral dose of 50 mg/850 mg test (Tonghua Dongbao Pharma-
ceutical Co., Ltd.) and reference (MSD Pharma (Singapore)
Pte. Ltd) formulations. The two medicinal products are bio-
equivalent when the 90% ClIs of the AUC_,, AUC,,_,, and
C...x of the reference preparation over the test preparation
fall between the predetermined limits of 80-125%.

Our results indicate that both formulations were well-
tolerated, and no SAEs were observed during the study.
All reported AEs were of mild intensity, and no subjects
withdrew from the study because of any AEs. The main
adverse drug reactions were nausea, hyperuricemia, and
hyperkalemia. Most of the adverse drug reactions in this
trial were similar to those reported in the literature, indi-
cating that the test and reference formulations have good
safety and tolerability in healthy Chinese subjects [16]. The
reference formulation specifications and previous literature
have reported that food can decrease metformin absorption
and slightly delay absorption [17]. The main pharmacoki-
netic metrics of oral reference metformin formulations in the
fed group were significantly lower than those in the fasting
group; C,... AUC,_,, and AUC,_,, were significantly lower.
Metformin is usually recommended to be taken with meals
to improve gastrointestinal tolerance. At the same time, food
does not affect the pharmacokinetics of sitagliptin. There-
fore, sitagliptin phosphate/metformin hydrochloride tablets
are recommended for dietary administration.

In this study, we investigated the metrics such as recov-
eries, matrix effects, linear range, LLQ, stability by speci-
ficity, precision, and accuracy specifications to confirm the
LC-MS/MS method. Sitagliptin and metformin concentra-
tions in human plasma showed a good linear relationship
within 1-500 and 3-1500 ng/mL. The relative SD values
of intra- and interday precision were both less than 10%.
As an open-label study, assessment of AEs may not have
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been sufficiently objective. In addition, as this study was
designed as a bioequivalence trial, the pharmacokinetic
metrics were obtained from young healthy adults.

5 Conclusion

We evaluated the pharmacokinetics of a new generic
sitagliptin/metformin tablet compared with those of the
originator formulation to establish bioequivalence. Both
products showed good tolerability and a similar safety
profile. The 90% ClIs of the ratios of the GM of the test
and reference formulations for C,,,, AUC,_,, and AUC
0- Were all within the predefined bioequivalence criteria
range of 80-125%, showing that the test formulation was
bioequivalent to the reference formulation by any of the
detection indicators used.
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