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Purpose: Glimepiride, an FDA-approved oral hypoglycemic drug, is a long-acting sulfo-
nylurea (SU), used for treating type 2 diabetes. The study aimed to evaluate the bioequiva-
lence and safety profiles of two different formulations of glimepiride 1 mg from two different
manufactures in healthy Chinese subjects in the fasting and fed state in order to acquire
adequate pharmacokinetic evidence for registration approval of the test formulation.
Patients and Methods: This study is an open-label, two-period, two-sequence, rando-
mized, two-way crossover pharmacokinetic study in healthy Chinese subjects in the fasting
and fed state. Seventy-two subjects were randomly assigned to the fasting group and the fed
group (n=36 each). We collected blood samples, 24-h post drug administration. The plasma
concentration of glimepiride was assessed using HPLC coupled with mass spectrometry. The
following parameters were evaluated: AUCq_in, AUCq.1asts Crnaxs 12> Tmax» @and A,. Safety
was determined based on the occurrence of adverse events (AEs) and laboratory examina-
tions (biochemistry, hematology, and urinalysis) throughout the entire study period.
Results: The geometric mean ratios (GMR) amongst the two glimepiride formulations for
the primary pharmacokinetic parameters, ie, AUCq_in, AUCq_1as, and Cppax as well as the
corresponding 90% Cls, were all within the range of 80.00-125.00% in the fasting and fed
state. The safety profile for both treatments was comparable.

Conclusion: PK analysis revealed that the test and reference formulations of glimepiride
were bioequivalent and well tolerated in healthy Chinese subjects. Chinese Clinical Trials
Registry identifier: CTR20171121.

Clinical Trial Registration Number: CTR20171121.
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Introduction
Glimepiride, a long-acting sulfonylurea (SU), is commonly used as an oral hypo-
glycemic drug. Its chemical name is 1-[[p-[2-(3-ethyl-4-methyl-2-0x0-3-pyrroline-
1-carboxamido) ethyl] phenyl] sulfonyl]-3-(trans-4-methylcyclohexyl) urea. The
recommended dosage of glimepiride is in the range of 1 to 4 mg daily for both
adults and adolescents with type 2 diabetes mellitus." Other SU drugs include
glibenclamide (glyburide), glipizide, gliclazide, etc.? However, glimepiride, as
a representative drug of SU, is clinically recommended for type 2 diabetes in
several countries.”

Oral administration of a single dosage of glimepiride in healthy subjects revealed
significant absorption from the gastrointestinal tract (G.I.) within 1 hour, with a T .«
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of approximately 3 h. There was a dose-dependent increase
in C.x and AUC from 1 to 8 mg.‘kg The plasma protein
binding and Vd for glimepiride were 99.4% and 8.8 L,
respectively.” It undergoes cytochrome P450 (CYP) 2C9
isozyme-mediated hydroxylation in vivo.'*'2

There are previous reports on the pharmacokinetic
(PK) evaluation of glimepiride in both Asian (Chinese)
and non-Asian subjects.'®'""'*"'® However, there are no
reports on the comparison of bioequivalence of 1-mg
glimepiride between test and reference tablets from two
different manufactures in the fasting or fed state in healthy
Chinese populations. Thus, this study aimed to lay the
foundation for the future marketing of this generic drug
formulation in China. (Clinical trial registration number
CTR20171121)

Patients and Methods

Study Design

This study was an open-label, single-dose, randomized,
Phase I trial with a 2 x 2 crossover bioequivalence design.
We placed a 1-week washout period between the admin-
istration of doses to evaluate the bioequivalence of both
glimepiride formulations (test and reference), which were
tablets
Pharmaceutical Company Limited (Glimepirid; Test; Lot
number, 1705039), with the brand name (Amaryl® 1-mg
tablets, Sanofi-Aventis Deutschland GmbH; Reference;
Lot number, B615). This study composed of two indepen-

prepared as 1-mg by Shandong Xinhua

dent groups: the fasting group and the fed group.

The study followed the principles of the Declaration of
Helsinki as well as the amendments,'” the ICH-GCP,'® and
the NMPA-GCP guidelines."”

Subjects
This study was conducted at the Lanzhou University
Second Hospital’s Phase I Clinical Unit. Healthy Chinese
volunteers, confirmed by performing a complete medical
examination, from both sexes, were enrolled in this study.
Exclusion criteria involved: smoking, frequent alcohol
consumption within the last 6 months, used CYP enzymes
inhibitor within the last 30 days, took any medication
within the last 2 weeks, frequent use of Chinese traditional
medicine, allergic to any medications, took part in clinical
studies within the last 3 months, or medical history of
clinically relevant disease.

The risk-benefit analysis of this study was explained in
detail to all subjects. Additionally, written informed

consent was collected from all participants before initiat-
ing the study, who were free to withdraw at any time.

Glimepiride Dosing

Healthy male and female subjects were administered two
oral formulations of glimepiride at a dose of 1 mg in this
two-period crossover design study. The SAS statistical
software v9.13 was used to generate a random number
table, and subjects were divided into Test/Reference (T/
R) or Reference/Test (R/T) groups. A tablet of the test or
reference drug with 240 mL of 20% glucose solution was
given to the subjects in a standing posture in the fasting
state. A standard high-fat (approximately 50%), high-
calorie (800-1000 kcal) meal was given at 30 minutes
before drug administration in the fed state. Among them,
protein provides about 150 kcal, carbohydrates about 250
kcal, and fat about 500-600 kcal. The drugs were admi-
nistered with 240 mL of warm water.

Blood Sampling

Blood samples (4 mL) were collected pre-dose (baseline)
and post-dose at selected time points ie, 0.5, 1, 1.5, 2, 2.5,
3,35,4,45,5,6,7, 8,10, 12, 14, 16- and 24-h, followed
by centrifugation for 5 min at 3000 rpm. The supernatant
(plasma) was collected and frozen at —70+15°C within 2
h. Blood glucose content was determined periodically at
1.0 (£15min), 2.0 (£30min), 2.5 (£30min), 3.0 (£30min)
and 4.0 (+30min) h after drug administration both in the
fasting and fed state.

Analytical Determinations

A modified HPLC-MS/MS method was used to determine
the plasma concentrations of glimepiride using a TEIPLE
QUAN 5500 LC/MS/MS System (Applied Biosystems) in
the positive ionization mode. A reversed-phase C18 col-
umn (50 x 2.0 mm; 5 pum) with a 4.0 X 3.0 mm, 5 pm C18
cartridge guard was used for chromatographic separation.
The mobile phase consisted of 0.1% formic acid in acet-
onitrile at a flow rate of 0.4 mL/min. The mass-to-charge
ratios (m/z) of 491.3—352.2 and 496.3—357.2 for glime-
piride and dS5-glimepiride and 507.2—352.2, respectively
were assigned to monitor multiple reaction transitions.
Analyst 1.6.3 and Watson LIMS 7.5sp were used for data
acquisition and analysis.

Quality control samples with four times higher concen-
tration than the upper limit of quantification (4 x uloq)
were prepared, diluted (5x) with blank plasma, such that
the concentration of the diluted sample lay within the
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linear range of the standard curve. Six parallel samples
were prepared following a similar protocol. The dilution
accuracy was described as mean + SD of the recovery rate
of six parallel samples with the same concentration. The
average deviation of the accuracy of each concentration
sample was between 85.00% and 115.00%, and the aver-
age CV% was < 15.00%. The stability test items included
the stability of drug-containing plasma after 24 h at room
temperature, 24 h of treatment at 2-8°C, four times of
freeze-thaw of drug-containing plasma at —30 to —10°C
and —80 to —60°C, and 66 days of long-term storage of
drug-containing plasma at —30 to —10°C and —80 to —60°
C, the stability of glimepiride was acceptable. The linear
range of glimepiride was from 0.5ng/mL to 150.0ng/mL.
The deviation accuracy of the standard curve LLOQ was
—7.98% to 10.46%, the deviation accuracy of other con-
centration samples except LLOQ was —12.00% to 12.88%,
and R* was 0.9932 to 0.9995.

PK Endpoints

All subjects who were randomly assigned to any group
and who completed both Period 1 and Period 2 without
any major protocol deviation were included in the PK
analysis set (PKS). The primary endpoints were AUCq_inr
(area under the curve, from t = 0 to infinity); AUC (from
t = 0 to the last quantifiable concentration); and C,.x
(maximum serum concentration). The secondary endpoints
were Thax (time to Cpay), tin (half-life), and A, (terminal
elimination rate constant).

Pharmacokinetic and Statistical Analysis
Phoenix WinNonlin Software v7.0 was used to calculate
the PK parameters using the noncompartmental method,
followed by the construction of concentration-time profiles
for individual plasma concentrations. C,,., and T, were
derived from the acquired data. The linear trapezoidal
method was used to calculate the AUC_;,r and the AUC_..

According to NMPA regulatory guideline,”® the loga-
rithm (In)-transformed PK parameters (AUC_i,p, AUCy.y,
and C,,,,) were analyzed using one-way analysis of var-
iance (ANOVA), which included subject nested within the
sequence as a random effect, and sequence, treatment,
period as the fixed effects. Then, two-one-sided ¢-test
was performed. The two drug formulations were consid-
ered bioequivalent, ie, if the difference between both para-
meters was statistically insignificant (P>0.05), and if 90%
CIs for the geometric mean ratios (GMR) of C,.,, AUC_,
and AUC_j,¢r were within 80% - 125%.

Tolerability and Safety

Changes in laboratory tests (biochemistry, hematology, and
urinalysis), vital signs, and adverse events (AEs) were used
to assess the safety of these formulations. Vital signs (sys-
tolic and diastolic blood pressure, body temperature, pulse
rate) were recorded pre-dose and at 1, 2, 3, 4, and 24 h post-
dose at each treatment visit. Meanwhile, the laboratory and
physical examinations, along with ECG, were conducted at
the beginning and the end of the study. The Medical
Dictionary for Regulatory Activities v20.0 was used to
code the AEs to the preferred term and system organ
class. We summarized the incidence of serious adverse
events (SAEs) based on the frequency and the number of
subjects and the treatment-emergent adverse events
(TEAES) based on their severity and causality.

Results

Subjects

We screened one hundred and thirty-seven healthy Chinese
subjects from September 24, 2017, to October 28, 2017
(Figure 1). Of these, the fasting group included 36 subjects
(19 male and 17 female), and the fed group also included
36 subjects (20 male and 16 female). Table 1 lists the
demographic characteristics of all the subjects.

PK Analysis

In the fasted study, 35 subjects completed both periods and
were included in the pharmacokinetic analysis, 1 case in
Group R/T was withdrawn due to personal reasons. 35
subjects completed both periods and were included in the
pharmacokinetic analysis during the fed study, 1 case in
Group R/T was withdrawn due to taking non-experimental
drugs.

The mean plasma concentration-time profiles of glime-
piride obtained after single oral administration of the test
and the reference glimepiride products under fasted and
fed conditions are shown in Figures 2 and 3. The primary
PK parameters of glimepiride are summarized in Table 2
under fasted or fed conditions.

As for bioequivalence evaluation, in the fasted study,
the statistical comparison of primary PK parameters
between the test and the reference products showed that
the geometric mean ratios (90% CI) for AUCq.ns
AUC_1as1, and Cpax were 101.11% (98.45% to 103.84%),
102.68% (99.82% to 105.62%), and 94.27% (86.09% to
103.23%), respectively, with their corresponding 90% Cls
within the pre-defined equivalence margin of 80.00% to
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Assessed for eligibility(n=62)
Fasted study

Excluded(n=26)
Not meeting in/exclusion criteria(n=24)
Substitute(n=2)

‘ Randomized(n=36) ‘

Allocate to the test product(n=18)
or the reference product(n=18)

Assessed for eligibility(n=55)
Fed study

Excluded(n=19)

N Not meeting in/exclusion criteria(n=17)
Substitute(n=1)

Not willing to participate(n=1)

‘ Randomized(n=36) ‘

Allocate to the test product(n=18)
or the reference product(n=18)

l Excluded(n=1)
‘ 7-day washout period ‘

drugs(n=1)

taking non-experimental

|

H 7-day washout period ‘

Allocate to the reference
product(n=18) or the test
product(n=18)

Excluded(n=1)
Not willing to
participate(n=1)

>

Allocate to the reference
product(n=18) or the test
product(n=18)

|

Completed all treatment periods(n=35) ‘

Figure | Study design and disposition of subjects.

125.00%. In the fed study, the statistical comparison of
primary PK parameters between the test and the reference
products showed that the geometric mean ratios (90% CI)
for AUCO-inf, AUCO-last, and Cmax were 103.38%
(99.26% to 107.68%), 103.58% (99.53% to 107.80%),
and 107.66% (97.88% to 118.42%), respectively, with
their corresponding 90% CIs within the pre-defined

Table | Baseline Demographic of Subjects Under Fasted or Fed

Conditions
Variable Fasted Fed
Age (y), mean * SD 22.50 + 2.86 22.19 + 3.05
(range) (18-30) (18-33)
Body weight (kg), mean + | 58.75 + 8.26 60.06 + 7.44
SD (range) (47.0-77.0) (49.0-75.0)
Body height (cm), mean + | 165.0 + 7.7 167.2 + 6.6
SD (range) (152.5-182.5) (149.5-175.5)
BMI (kg/m?), mean + SD | 21.52 + 1.93 21.46 + 1.86
(range) (18.60-24.80) (18.80-24.90)
Race, n (%)
Han 32 (88.89) 36 (100)
Other 4.(11.11) 0 (0)
Gender, n (%)
Male 19 (52.78) 20 (55.56)
Female 17 (47.22) 16 (44.44)

Abbreviation: BMI, body mass index.

|

‘ Completed all treatment periods(n=35) ‘

equivalence margin of 80.00% to 125.00%. The analysis
results of bioequivalence for plasma pharmacokinetic
parameters of glimepiride under fasted or fed conditions
are summarized in Table 3.

In both the fasting and the fed group, data acquired
from 35 subjects each, who completed both sequences,
was used for the PK analysis. For the fasting group, one

160
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80 —

Mean Concentration, ng/mL

Time, h

Figure 2 Mean plasma concentration-time profiles of test (n=35) and reference
(n=36) formulations under fasted conditions.
Note: Data represent the mean value, and error bars represent the SD.
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Figure 3 Mean plasma concentration-time profiles of test (n=35) and reference
(n=36) formulations under fed conditions.
Note: Data represent the mean value, and error bars represent the SD.

subject in the Group R/T withdrew due to personal rea-
sons. In the fed group, one subject in the Group R/T
withdrew due to the intake of non-experimental drugs.

Figures 2 and 3 show the mean plasma concentration-
time profiles of glimepiride, post a single oral dosage of
the test and the reference formulations in the fasting and
fed state. Table 2 summarizes the primary PK parameters
of glimepiride in the fasting or fed state.

For evaluating whether the formulations were bioequiva-
lent, the statistical analysis of the primary PK parameters of the
fasting group showed that the geometric mean ratios (90% CI)
for AUCq.inp, AUCq ast, and Cppay were 101.11% (98.45% to
103.84%), 102.68% (99.82% to 105.62%), and 94.27%
(86.09% to 103.23%), respectively, with their corresponding

90% ClIs within 80.00% to 125.00%. For the fed group, the
statistical comparison of primary PK parameters showed that
the geometric mean ratios (90% CI) for AUCg_inr, AUCq st
and Cp.x were 103.38% (99.26% to 107.68%), 103.58%
(99.53% to 107.80%), and 107.66% (97.88% to 118.42%),
respectively, with their corresponding 90% Cls within
80.00% to 125.00%. Table 3 summarizes the results of bioe-
quivalence analysis for plasma PK parameters of glimepiride
in the fasting or fed state.

Tolerability and Safety

In the fasting group, data acquired from all 36 subjects were
used for safety analysis. Of these, 21 AEs were recorded from
14 subjects. The most common adverse events include hypo-
glycemia, palpitation, fatigue, diarrhea, nausea, elevated bilir-
ubin, hypotension, dizziness, hypertension, and sinus
bradycardia; all were transient and labeled as mild or moderate.
Similarly, in the fed group, data acquired from all 36 subjects
were used for safety analysis, and 23 AEs were recorded in 14
subjects; all were transient and labeled as mild. No SAEs,
including fatalities, were reported. Table 4 summarizes the
incidence of AEs. We observed no clinically significant
abnormalities in the laboratory and physical tests.

Discussion

This study compared the PK properties and bioequiva-
lency of the test and the reference glimepiride tablets in
healthy Chinese volunteers in the fasting or fed state. This
study found that the 90% ClIs of the GMR, between the
test and the reference glimepiride, for AUCq_inr, AUCq_1as
and C,,, were within 80.00-125.00% and thus, were
considered to be bioequivalent. Moreover, non-parametric
analysis of T, indicated that the statistical difference

Table 2 Pharmacokinetic Parameters of Glimepiride After Administration of Test and Reference Formulations Under Fasted or Fed

Conditions
Fasted Fed
Parameter Test (N=35) Reference (N=36) Test (N=35) Reference (N=36)
Tmax, h 4.8 (1.61) 4.8 (1.62) 3.9 (1.30) 3.8 (1.12)
Cmax, ng/mL 75.1 (26.32) 77.8 (21.13) 130.2 (36.04) 119.7 (32.68)
AUC,.,, ng/mL/h 406.8 (144.85) 403.2 (141.16) 627.0 (168.56) 602.5 (178.26)
AUC ., ng/mL/h 424.6 (154.29) 427.1 (149.51) 640.8 (174.64) 617.0 (184.77)
Az, 1/h 0.136 (0.043) 0.125 (0.046) 0.150 (0.046) 0.156 (0.059)
tin h 5.513 (1.542) 6.295 (2.305) 4.998 (1.255) 5.005 (1.795)

Note: Data are expressed as mean (SD).

Abbreviations: AUC, area under the curve; AUCO-t, AUC from time 0 to the time of the last quantifiable concentration; AUCO-inf, AUC from time 0 extrapolated to
infinity; Cmax, maximum observed plasma concentration; Tmax, observed time to reach Cmax; tl/2, apparent terminal elimination half-life; Az, terminal log-linear phase.
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Table 3 Analysis of Bioequivalence for Plasma Pharmacokinetic Parameters of Glimepiride Under Fasted or Fed Conditions

Parameter Fasted Fed
Ratio (% 90% CI (Lower, Ccv Power Ratio (% 90% CI (Lower, Ccv Power
Ref) Upper) (%) (%) Ref) Upper) (%) (%)
Cmax (ng/mL) 94.27 (86.09, 103.23) 22.72% | 91.7 107.66 (97.88, 118.42) 2387 | 837
AUCO-t (h*ng/mL) 102.68 (99.82, 105.62) 6.99% | 99.9 103.58 (99.53, 107.80) 9.89 99.9
AUCO-inf (h*ng/mL) | 101.11 (98.45, 103.84) 6.59% | 99.9 103.38 (99.26, 107.68) 10.08 | 99.9

Abbreviations: AUC, area under the curve; AUCO-t, AUC from time 0 to the time of the last quantifiable concentration; AUCO-inf, AUC from time 0 extrapolated to
infinity; Cmax, maximum observed plasma concentration; CV, coefficient of variation in vivo; Power, power of test.

Table 4 Safety Profile (Safety Set)

Number (%) of Subjects Fasted Fed
Experiencing (n=36) (n=36)
No AEs 22 (61.1) 22 (61.1)
One or more AEs 14 (38.9) 14 (38.9)
Pre-treatment AEs 0 (0.0) 0 (0.0)
One or more TEAEs 14 (38.9) 14 (38.9)
TEAE Severity
Mild 13 (36.1) 14 (38.9)
Moderate I (2.8) 0 (0.0)
Severe 0 (0.0 0 (0.0)
TEAE Causality
Related 12 (33.3) Il (30.6)
Not related 2 (5.6) 3(83)
One or more TEAEs leading to drug 0 (0.0) 0 (0.0)
withdrawal
One or more SAEs 0 (0.0) 0 (0.0)
SAE Causality 0 (0.0 0 (0.0)
Related 0 (0.0 0 (0.0)
Not related 0 (0.0 0 (0.0)
Deaths 0 (0.0 0 (0.0)

Note: Values are shown as n (%).
Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-
emergent adverse event.

between the test and the reference glimepiride formula-
tions, both in the fasting and fed state, was insignificant.

On comparing the PK data between fasting and fed state,
we observed that food influenced the PK parameters of the test
and the reference glimepiride formulations. When glimepiride
was given after a standard high-fat, high-calorie breakfast,
a 50% increase in C,,,,, approximately 74% increase in
AUC and AUC s, approximately 20% decrease in Tpax
was observed. Thus, food accelerated both the rate and extent
of absorption of glimepiride.

Previous studies have reported that administration of
glimepiride with meals resulted in 8% and 9%, respective
reduction in the mean Cmax and AUC.”® Also, peak drug
concentrations (C,,x) were found to be approximately 3
h post-dose, in studies where a single oral dosage of
glimepiride was administered to healthy subjects and
with multiple oral doses to patients having type 2 diabetes.
However, our study showed an approximate increase of
50% and 74% in the mean C.,, and AUC and T, of
approximately 4 h post-dose when glimepiride was given
with a high-fat, high-calorie meal. This difference could be
attributed to multiple factors, including inter-individual
differences, ethnicity, environment, eating habits,
CYP2C9 genotype (a major enzyme in the sulfonylurea
drug metabolism).?' Its allele carriers show considerably
lower apparent clearance of the sulfonylureas. However, it
is difficult to infer specific influencing factors based on the
current study accurately.

For the fasting state, we adopted a different drug
delivery strategy than the FDA guidelines®* and pre-
vious studies'®?® for administrating glucose. The FDA
guidelines for glimepiride bioequivalence studies recom-
mend that subjects should be administered a test formu-
lation or a reference formulation in 240 mL of 20%
glucose solution and administered 60mL of 20% glucose
solution every 15 min within 4 h to reduce the risk of
hypoglycemia in the fasting condition. However, clinical
research feedback showed that the Chinese subjects
show poor tolerance to 20% glucose solution, and are
prone to nausea and vomiting, which would interfere
with the
Therefore, in this study, we administered glimepiride
with 20% glucose (240 mL) and administered 10%

glucose (60 mL) every 15 minutes for the next 4

evaluation of adverse drug reactions.

h and closely monitored blood glucose concentration
for hypoglycemia. In the case of hypoglycemia, we
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administered 20% glucose (60 mL) each time. No ser-
ious adverse events were observed due to hypoglycemia,
and only one subject had symptoms of hypoglycemia
during the fasting study.

We observed no SAEs in the safety analysis. In the
fasting group, a similar percentage of subjects experienced
AEs in the test and the reference formulations (25.0% and
13.0% of subjects, respectively. p=0.3723). In the fed
study, a similar percentage of subjects experienced AEs
in the test and the reference formulations (19.4% and
19.4% of subjects, respectively. p=1.0000). Thus, both
the test and the reference formulations of glimepiride
were well tolerated in all subjects.

Conclusion

In this study, the evaluation of PK indicated that the 2
formulations were bioequivalent under fasted and fed con-
ditions. The mainly pharmacokinetic parameters were within
the acceptable range for bioequivalence (80.0% to 125.0%)
as defined by the Pharmacopoeia of the People s Republic of
China guidelines. Two formulations of glimepiride were
well tolerated. The bioequivalent form of the 1-mg oral
tablet will offer an affordable, acceptable, and beneficial
access to the medication in Chinese patients. However, the
changes in pharmacokinetic parameters under fasted and fed
condition were different from previous studies, which can be
further discussed in later studies.

Here, the PK analysis showed that both the formulations
were bioequivalent in the fasting and fed state. Based on the
Pharmacopoeia of the People’s Republic of China guidelines,
the primary PK parameters were within the acceptable range
for bioequivalency (80.0% to 125.0%). Both formulations
were well tolerated. Thus, the bioequivalent form of the 1-mg
oral tablet will present an affordable, acceptable, and beneficial
alternative to Chinese patients. However, the changes in PK
parameters in the fasting and fed state were different from
previous studies, which needs to be further evaluated.

Data Sharing Statement

All available data is displayed in the article. No study
protocol, statistical analysis plan and other information
would be provided.
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and conducted in accordance with the Declaration of
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subjects provided written informed consent.
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