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Abstract

Background: Empagliflozin is a potent and selective sodium glucose cotransporter 2 inhibitor in development for the
treatment of type 2 diabetes mellitus. This randomised open-label crossover study investigated potential drug–drug
interactions between empagliflozin and the sulphonylurea glimepiride.
Methods: Sixteen healthy male volunteers received 3 treatments (A: 50 mg qd empagliflozin for 5 days, B: 50 mg
empagliflozin and 1 mg glimepiride for 1 day, C: 1 mg glimepiride for 1 day) in one of two treatment sequences (AB then
C, or C then AB). A washout period of ≥7 days separated treatments AB and C.
Results: Co-administration of glimepiride with empagliflozin had no clinically relevant effects on the area under the
plasma concentration-time curve (AUCτ,ss geometric mean ratio [GMR] 95.2; 90% CI: 92.0, 98.5) or the maximum
plasma concentration (Cmax,ss GMR 95.6; 90% CI: 88.2, 103.5) for empagliflozin or for glimepiride (AUC0-∞ GMR 93.3;
90% CI: 86.1, 101.0; Cmax GMR 104.2; 90% CI: 89.5, 121.3). Five subjects (31.3%) reported at least one adverse event (AE).
Headache (18.8%) was the most frequently reported AE (1 subject while taking empagliflozin and 2 subjects while taking
glimepiride). No hypoglycaemia was reported. All AEs were mild or moderate.
Conclusions: Co-administration of empagliflozin and glimepiride did not alter the pharmacokinetics of either drug and
was well tolerated. These data suggest that empagliflozin can be co-administered with glimepiride without dose adjustment
of either drug.

Trial registration: European Union Drug Regulating Authorities Clinical Trials Eudra CT2008-006060-11
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Background
new class of medications being developed as treatments
Although the understanding of type 2 diabetes for type 2 diabetes [1]. In healthy individuals, approximately
pathogenesis continues to evolve, the disease is known to 180 g of glucose per day is filtered by the kidney and this is
be characterised by beta-cell dysfunction and progressive almost completely reabsorbed back into the bloodstream
insulin resistance [1]. This progressive nature of the [5]. SGLT2 is located in the proximal tubule and is estimated
disease is known to cause the gradual loss of efficacy in to facilitate about 90% of this reabsorption, whilst the
existing therapies [2]. Side effects associated with existing remaining 10% is mediated by SGLT1 [5]. The inhibition
therapies include hypoglycaemia, weight gain, oedema of SGLT2 reduces glucose reabsorption in the kidney,
and gastrointestinal problems [3,4]. As such, there is a leading to an increase in urinary glucose excretion and
need for new medications for the treatment of type 2 a reduction in plasma glucose levels [6].
diabetes, especially those with novel mechanisms of
Empagliflozin is an orally available, potent and selective
action, that can be used alone or in combination therapy inhibitor of SGLT2 [7] that has been shown to be effective
to help patients achieve and maintain glycaemic targets, in type 2 diabetes through an insulin-independent mode
without the limiting side effects of current therapies [4]. of action. Pharmacokinetic studies of empagliflozin in
Sodium glucose cotransporter 2 (SGLT2) inhibitors are a healthy volunteers and patients with type 2 diabetes have
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Figure 1: Study design
Treatment A: administration of 50 mg qd empagliflozin for 5 days; treatment B: co-administration of 50 mg
empagliflozin and 1 mg glimepiride for 1 day; treatment C: administration of 1 mg glimepiride for 1 day

shown that empagliflozin was rapidly absorbed following clinically relevant concomitant disease, use of any drugs
oral administration, reaching peak plasma concentrations that might influence the results of the trial, or participation
within a median of 1 to 3 hours [8,9]. Steady state was in another trial with an investigational drug within the
reached by day 5 after multiple dosing, and the half-life previous 2 months. All subjects gave signed and dated
ranged from 10 to 19 hours in patients with type 2 diabetes informed consent prior to admission to the study. Sixteen
[9]. Early studies have shown that once daily administration men were enrolled and all subjects received all treatments.
of empagliflozin in patients with type 2 diabetes was
well tolerated and resulted in dose-dependent, clinically Study design
meaningful reductions in HbA1c and fasting plasma glucose The study was conducted according to an open-label,
compared with placebo [9,10].
randomised, multiple-dose, crossover design with three
Glimepiride (Amaryl®; Sanofi-Aventis U.S., Bridgewater, treatments (A, B, C) and two treatment sequences (AB
New Jersey) is a non-pancreatic-specific medium-to-long then C, or C then AB) (Figure 1). In treatment AB, 50 mg
acting sulphonylurea that reduces plasma glucose levels qd empagliflozin was administered for 5 days (treatment
by stimulating beta-cells to produce more insulin [11,12]. As A), immediately followed by co-administration of 50
with other sulphonylureas, the use of glimepiride in patients mg empagliflozin and 1 mg glimepiride once on day 6
with type 2 diabetes is associated with an increased risk of (treatment B). In treatment C, 1 mg glimepiride alone was
hypoglycaemia [13]. Glimepiride is extensively metabolised administered once. Treatments AB and C were separated
in the liver, mainly by CYP2C9 [14], and concomitant by a washout period of at least 7 days (Figure 1).
administration of agents that inhibit CYP2C9, such as
In treatment A, empagliflozin was administered following
gemfibrozil and fluconazole, has been shown to increase an overnight fast of at least 10 hours except on day 5
the risk of hypoglycaemia [15]. Empagliflozin does not (pharmacokinetic assessment day), when empagliflozin
inhibit CYP450 enzymes in vitro (unpublished data), so the was administered within 30 minutes after breakfast. In
potential for CYP-mediated drug interactions is unlikely, treatments B and C, glimepiride with empagliflozin or
but cannot be ruled out.
glimepiride alone was administered within 30 minutes
The complementary modes of action of SGLT2 inhibitors after breakfast. The study medication was administered
and sulphonylureas suggest that empagliflozin has the with 240 mL water. Water was allowed ad libitum except
potential to be combined with glimepiride in a clinical 1 hour before and 1 hour after drug administration. In
setting. This study explored any potential drug–drug addition to breakfast, standardised meals were served
interaction between empagliflozin and glimepiride when after dosing at the trial centre during pharmacokinetic
co-administered in healthy volunteers.
profile assessment days.
For quantification of empagliflozin and glimepiride
Methods
plasma concentrations, 2.7 mL of blood was taken from a
Subjects
forearm vein in a tripotassium ethylenediaminetetraacetic
Male subjects aged between 18 and 50 years with a BMI acid (K3-EDTA)-anticoagulant blood drawing tube.
of 18.5 to 29.9 kg/m², who were in good general health For treatment A, blood sampling for empagliflozin
according to a complete medical history, were eligible pharmacokinetic measurements took place pre-dose
to enter the study. Individuals were excluded if they met on days 3 to 5, and 0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10,
exclusion criteria, which included evidence or history of a 12, 14, and 24 hours after the last drug administration.
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For treatment B, blood sampling for empagliflozin and given by the quotient of the last measured concentration
glimepiride pharmacokinetic measurements took place and λ z. The value of fe was determined by the quotient of
pre-dose, and 0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 14, 24, the sum of drug excreted over all dosing intervals and the
36, 48 and 72 hours after co-administration. For treatment dose administered. CLR was determined as the quotient of
C, blood sampling for glimepiride pharmacokinetic fe•dose over AUC.
measurements took place pre-dose and 0.33, 0.67, 1, 1.5,
Urinary glucose excretion over 24 hours following drug
2, 2.5, 3, 4, 6, 8, 10, 12, 14, 24, 36, 48 and 72 hours after drug administration was a secondary endpoint. Urinary glucose
administration. Urine sampling intervals (day 5 of treatment concentration was analysed on a COBAS Integra™ 700
A, day 1 of treatments B and C) were -1 to 0 hour before (Roche Diagnostics GmbH, Mannheim, Germany) using the
dosing, and 0 to 2 hours, 2 to 4 hours, 4 to 8 hours, 8 to 12 hexokinase enzymatic method performed by AAIPharma
hours, 12 to 24 hours after dosing.
GmbH, Neu-Ulm, Germany.
Empagliflozin and glimepiride concentrations in plasma
and urine were determined by validated HPLC-MS/MS assays Safety endpoints
(Bioanalytical Systems, Inc., West Lafayette, Indiana). The The safety evaluation was based on physical examinations,
lower and upper limits of quantification for glimepiride were monitoring of vital signs (blood pressure, pulse rate),
1 ng/mL and 500 ng/mL, respectively. At the lower limit of 12-lead ECG, clinical laboratory tests (haematology, clinical
quantification, the precision (%CV) and accuracy (% bias) of chemistry, urinalysis), AEs, glucose bedside tests, and a
the HPLC-MS/MS were 4.2% and -7%, respectively. Selectivity global assessment of tolerability by the investigator.
was established via the evaluation of six different lots of
Subjects were monitored for AEs throughout the study.
matrix from different donor samples, which showed no Vital signs and 12-lead ECG were assessed at the screening
peaks that interfered with the quantification of glimepiride visit (days -1 to -21), on day 1 of every treatment period (prior
or the internal standard. At the upper limit of quantification, to dosing), 2 hours after drug administration in treatments
the precision and accuracy was 3.3% and 2.2%, respectively. B and C, and at the end-of-study examination visit (3 to 14
The lower and upper limits of quantification for empagliflozin days after last glimepiride administration). Clinical laboratory
were 2 ng/mL (4.4 nmol/L) and 2000 ng/mL (4440 nmol/L), tests were conducted at screening, prior to dosing (treatment
respectively. At the lower limit of quantification, the precision A and C), on day 4 (treatment A), on day 2 (treatment B) and
and accuracy were 11.1% and 0.1%, respectively. At the upper at the end-of-study evaluation. Glucose bedside tests were
limit of quantification, the precision and accuracy were performed using the One Touch® Ultra™ (LifeScan, Johnson
2.1% and -0.1%, respectively. Selectivity for empagliflozin and Johnson Company, Neckargemünd, Germany) [16],
was evaluated by an interference check experiment with at several time points in treatments B and C. The global
glimepiride at a Cmax concentration of 50000 ng/mL. No assessment of tolerability was made on the last day of
interference occurred for empagliflozin in the presence every treatment period. AEs were coded using the Medical
of glimepiride.
Dictionary for Drug Regulatory Activities (version 12.0) [17].

Pharmacokinetic and pharmacodynamic evaluations

Statistical analysis

The primary endpoints used to evaluate the pharmacokinetics All subjects who provided at least one observation for at
of empagliflozin (at steady state) and glimepiride (after a least one primary endpoint without any protocol violations
single dose) following co-administration were AUC and relevant to the evaluation of pharmacokinetics were
Cmax. Secondary endpoints included tmax, t1/2, fe0-24 and CLR,ss included in the inferential analysis of primary endpoints
for empagliflozin (at steady state) and glimepiride (after a (pharmacokinetic analysis set). The statistical model on
single dose).
log-transformed parameters used for the analysis of AUCτ,ss
Pharmacokinetic parameters were calculated using and Cmax,ss of empagliflozin was an analysis of variance
WinNonlinTM software (v5.2, Pharsight Corporation, Mountain (ANOVA) model on the logarithmic scale, including effects
View, California). Cmax and tmax values were directly determined accounting for ‘subject’ and ‘treatment’. The model used
from the plasma concentration time profiles of each subject. for the analysis of AUC0-∞ and Cmax of glimepiride was an
The value of t1/2 was calculated as the quotient of ln(2) and ANOVA model on the logarithmic scale including effects
the apparent terminal rate constant (λ z). λ z was estimated accounting for the following sources of variation: ‘sequence’,
from a regression of ln(C) versus time over the terminal ‘subjects within sequences’, ‘period’ and ‘treatment’. The
log-linear drug disposition portion of the concentration-time effect ‘subject’, or respectively ‘subjects within sequences’
profiles. AUC to the last time point was calculated using the were considered random, whereas the other effects were
linear trapezoidal method for ascending concentrations and considered fixed. Pharmacokinetic parameters were
the log trapezoidal method for descending concentrations. log-transformed (natural logarithm) prior to fitting to the
The AUC0-∞ value was estimated as the sum of AUC to the ANOVA model. The difference between the expected means
last measured concentration, with the extrapolated area was estimated by the difference in the corresponding least
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Table 1: Summary of pharmacokinetic
parameters of empagliflozin
Parameter

Empagliflozin

Empagliflozin+
glimepiride

AUCτ,ss, nmol·h/L

9370 (15.4)

8910 (14.2)

Cmax,ss, nmol/L

1350 (23.0)

1280 (14.1)

tmax,ss, hours*

1.5 (1.0–4.0)

1.5 (1.0–2.5)

t½,ss, hours

8.20 (10.7)

12.8 (59.2)

fe0-24,ss, %

20.0 (15.7)

20.5 (14.0)

CLR,0-24,ss, mL/min

40.3 (22.6)

43.5 (21.6)

N=16. Data are mean (%CV) unless otherwise
stated.

Figure 2: Plasma concentration-time profiles of empagliflozin after
administration of empagliflozin with or without glimepiride

*Median (range).
AUCτ,ss, area under concentration-time curve of
empagliflozin in plasma at steady state; Cmax,ss,
maximum measured concentration of
empagliflozin in plasma at steady state; tmax,ss, time
from last dosing to maximum
concentration of empagliflozin in plasma at
steady state; t1/2,ss, terminal half-life of
empagliflozin in plasma at steady state; fe0-24,ss,
fraction of empagliflozin excreted unchanged in
urine at steady state over 24 hours after dosing;
CLR,0-24,ss renal clearance of empagliflozin at steady
state over 24 hours after dosing.

Figure 3: Cumulative fractions of empagliflozin excreted in urine after
administration of empagliflozin with or without glimepiride

square means, and 2-sided 90% confidence intervals were
calculated based on the t-distribution. These quantities
were back-transformed to the original scale to give the
point estimators (geometric mean ratios) of the primary
endpoints and their 2-sided 90% confidence intervals.
Descriptive statistics were also calculated.
All safety analyses were performed on the treated
set, defined as subjects who took at least one dose of
investigational treatment. Safety analyses were descriptive
in nature.

Results

Subject disposition and demographics

All 16 randomised subjects completed the trial as planned
and were included in the safety and pharmacokinetic
analyses. Eight subjects were randomised to each
of the treatment sequences (AB then C, or C then AB).
Demographics were similar in both treatment sequences.
At baseline, the median (range) age, weight and BMI were
36.0 (20–49) years, 78.5 (67–96) kg and 25.1 (21.4–28.1)
kg/m², respectively.

Pharmacokinetics of empagliflozin

Following administration of multiple oral doses of 50 mg
qd empagliflozin (treatment A), steady state was reached
by day 5. Results of main pharmacokinetic parameters are
summarised in Table 1. Empagliflozin was rapidly absorbed
with a median tmax,ss of 1.5 hours. Thereafter, plasma levels
declined in a biphasic fashion (Figure 2). Empagliflozin
exposure was similar after oral administration of 50
mg qd empagliflozin with 1 mg glimepiride compared
with empagliflozin alone (Table 1 and Figure 2). The
urinary excretion of empagliflozin was not affected by
co-administration of glimepiride (mean fe0-24,ss: 20.0% when
dosed alone vs. 20.5% when co-administered) (Table 1 and
Figure 3).
Glimepiride co-administration had no effect on the
pharmacokinetics of empagliflozin with respect to the
standard bioequivalence boundaries of 80% to 125%
(Table 2). Intra-individual gCV of empagliflozin between
treatments was low for both AUCτ,ss and Cmax,ss (Table 2).
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Table 2: Pharmacokinetics of empagliflozin and glimepiride when given alone and in combination in healthy male
subjects
Geometric mean
Parameter

Test

Reference

ratio [GMR]

90% CI for GMR

(%)

Lower limit
(%)

Upper limit
(%)

gCV
(%)

Empagliflozin
AUCτ,ss

Empagliflozin + glimepiride

Empagliflozin

95.2

92.0

98.5

5.5

Cmax,ss

Empagliflozin + glimepiride

Empagliflozin

95.6

88.2

103.5

12.9

AUC0-∞

Empagliflozin + glimepiride

Glimepiride

93.3

86.1

101.0

12.9

Cmax

Empagliflozin + glimepiride

Glimepiride

104.2

89.5

121.3

24.8

Glimepiride

Data are from the pharmacokinetic set; N=16.
CI, confidence intervals; gCV, intra-individual geometric coefficient of variation; AUCτ,ss, area under concentration-time
curve of empagliflozin in plasma at steady state; Cmax,ss, maximum measured concentration of empagliflozin in plasma at
steady state; AUC0-∞, area under concentration-time curve of glimepiride in plasma over time interval from 0 extrapolated
to infinity; Cmax, maximum measured concentration of glimepiride in plasma.

Table 3. Summary of pharmacokinetic parameters of
glimepiride
Parameter
AUC0-∞, ng·h/mL

Glimepiride

Empagliflozin+ glimepiride

233 (30.9)

218 (34.9)

Cmax, ng/mL

47.4 (31.0)

47.6 (19.7)

tmax, hours*

2.0 (1.0–10.0)

1.5 (1.0–2.5)

3.62 (44.5)

3.84 (60.7)

t½, hours

N=16. Data are mean (%CV) unless otherwise stated.
*Median (range).
AUC0-∞, area under concentration-time curve of glimepiride in
plasma over time interval from 0 extrapolated to infinity; Cmax,
maximum measured concentration of glimepiride in plasma; tmax,
time from dosing to maximum concentration of glimepiride in
plasma; t½, terminal half-life of glimepiride in plasma.

Pharmacokinetics of glimepiride

Pharmacokinetic results of glimepiride are summarised in
Table 3. Glimepiride was rapidly absorbed with a median tmax
of 2.0 hours. Thereafter, plasma levels declined in a biphasic
fashion (Figure 4). Glimepiride concentration-time profiles
were similar when 1 mg glimepiride was administered
alone or with 50 mg empagliflozin (Figure 4). Glimepiride
urine levels were below the limit of quantification in all
subjects with or without empagliflozin co-administration.
Co-administration of empagliflozin with glimepiride
had no effect on the pharmacokinetics of glimepiride with
respect to the standard bioequivalence boundaries of 80% to
125% (Table 2). Intra-individual gCV of glimepiride between
treatments was low for both AUC0-∞ and Cmax (Table 2).

Figure 4. Plasma concentration-time profiles of glimepiride
after administration of glimepiride with or without
empagliflozin.

Pharmacodynamics

Consistent with the mode of action of empagliflozin and as
reported in previous studies [9], increased urinary glucose
excretion was observed after administration of empagliflozin
alone and in combination with glimepiride. The mean (SD)
cumulative urinary glucose excretion over 24 hours after
oral administration of 50 mg qd empagliflozin with and
without 1 mg glimepiride were 72.7 (14.4) g and 68.7 (12.3)
g, respectively. Standardised meals were provided at the
trial centre, however there was no control for subjects’ food
intake. This may be one of the reasons for the wide standard
deviation of mean values in urinary glucose excretion
observed, and limits the interpretability of urinary glucose
excretion data as a pharmacodynamic parameter in this trial.
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Safety and tolerability

A total of five subjects (31.3%) reported at least one AE
during the trial. Three subjects (18.8%) reported an AE
while taking empagliflozin alone, one subject (6.3%)
while taking empagliflozin with glimepiride, and four
subjects (25.0%) while taking glimepiride alone. All AEs
were of mild or moderate intensity. No serious AEs or AEs
leading to discontinuation occurred. Headache (18.8%)
was the most frequently reported AE (one subject taking
empagliflozin alone and two subjects taking glimepiride
alone). Other AEs reported by one subject each (6.3%) were
fatigue, nasopharyngitis, hordeolum, contusion and pain in
extremity. Drug-related AEs (fatigue and headache) were
reported by two subjects taking empagliflozin alone and by
two subjects taking glimepiride alone (headache). Overall,
the evaluation of laboratory parameters, glucose bedside
tests, vital signs and ECG recordings revealed no trends
considered to be of clinical relevance. No hypoglycaemia
(blood glucose <70 mg/dL or 3.9 mmol/L) was reported. The
global tolerability assessment was ‘good’ for all subjects
in every treatment period.

Discussion

Management of type 2 diabetes involves the treatment
of hyperglycaemia to substantially reduce morbidity
[4], and is achieved by attaining specific glycaemic
targets, such as the American Diabetes Association’s
recommended HbA1c target of <7.0% [18]. Despite a range
of treatments available, only half of patients with type 2
diabetes achieve the recommended HbA1c target [19]. Most
anti-diabetic agents lower blood glucose levels via an
insulin-dependent mechanism; however, due to the
progressive nature of beta-cell dysfunction in type 2 diabetes
[1], the efficacy of these agents is compromised over time
[2]. A combination of two or more classes of anti-diabetic
agent is more likely to achieve long-term glycaemic control
in patients with type 2 diabetes compared to monotherapy
[20]. SGLT2 inhibitors, such as empagliflozin, represent a
new class of oral anti-diabetic agents that act via a novel
insulin-independent mode of action. As glimepiride lowers
plasma glucose levels through a different mechanism of
action to SGLT2 inhibitors, the combination of these agents
in a clinical setting may help patients with type 2 diabetes
achieve and maintain glycaemic targets.
This study showed that co-administration of glimepiride
had no clinically relevant effect on empagliflozin exposure,
as determined by AUC and Cmax. Similarly, co-administration
of empagliflozin had no clinically relevant effect on
glimepiride exposure.
Approximately 20% of the administered dose of
empagliflozin was excreted in the urine. This is in line
with the urinary excretion of empagliflozin shown
in other pharmacokinetic studies of empagliflozin in
healthy volunteers, which ranged from 17% to 20% [21-

6

23]. Urinary excretion of empagliflozin was not affected by

co-administration with glimepiride. Glimepiride
concentrations in urine were below the limit of
quantification in all subjects with or without empagliflozin
co-administration. This is in line with published data showing
the absence of unchanged glimepiride in urine [23].
Almost a third of the 16 subjects in this trial reported
at least one AE, but all the AEs were of mild or moderate
intensity and none led to discontinuation. No hypoglycaemia
occurred and all subjects received a ‘good’ global tolerability
assessment by the investigator. Clinical laboratory evaluations,
vital sign and ECG recording assessments revealed no
clinically relevant findings.

Conclusions

Overall, empagliflozin and glimepiride were well tolerated
when given alone or in combination to healthy male
subjects. Based on standard bioequivalence boundaries,
glimepiride co-administration had no clinically relevant
effect on the pharmacokinetics of empagliflozin. Similarly,
empagliflozin co-administration had no clinically relevant
effect on the pharmacokinetics of glimepiride. The findings
of this study support the co-administration of empagliflozin
and glimepiride without dose adjustments.
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of empagliflozin in plasma at steady state
λ z: Terminal rate constant

Competing interests

SM, MM, SP, LS and HJW are employees of Boehringer
Ingelheim. This study was funded by Boehringer Ingelheim.

Authors' contributions

The authors meet criteria for authorship as recommended
by the International Committee of Medical Journal Editors
(ICMJE). SM, SP, LS, MM made substantial contributions
to the conception and design, SM, MM were involved
in the acquisition of data and SM, SP, LS, MM, HJW were
involved in the analysis and interpretation of data. All
authors were fully responsible for all content and editorial
decisions, were involved at all stages of manuscript
development, and have approved the final version.

Acknowledgements and funding

The authors acknowledge Andreas Port for his contributions
related to the planning and conduct of the study, and his
support in preparing the clinical trial report and manuscript.
Andreas Port was an employee of Boehringer Ingelheim
during the preparation of this manuscript. Assays for
plasma and urine concentrations of empagliflozin and
glimepiride were performed by Bioanalytical Systems,
Inc., West Lafayette, IN, USA. The authors acknowledge
Lois Rowland, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT for coordinating bioanalytical work. Medical
writing assistance, supported financially by Boehringer
Ingelheim, was provided by Keni Lee and Elizabeth Ng of
Fleishman-Hillard Group Ltd during the preparation of this
manuscript. The study was funded by Boehringer Ingelheim.

Publication history

Received: 20-June-2012 Revised: 31-Aug-2012
Accepted: 10-Sep-2012 Published: 18-Oct-2012

References

1. Abdul-Ghani MA, Norton L, Defronzo RA: Role of sodium-glucose
cotransporter 2 (SGLT 2) inhibitors in the treatment of type 2
diabetes. Endocr Rev 2011, 32:515-531. | Article | PubMed
2. Turner RC, Cull CA, Frighi V, Holman RR: Glycemic control with diet,
sulfonylurea, metformin, or insulin in patients with type 2 diabetes
mellitus: progressive requirement for multiple therapies (UKPDS
49). UK Prospective Diabetes Study (UKPDS) Group. JAMA 1999,
281:2005-2012. | Article | PubMed
3. Rodbard HW, Jellinger PS, Davidson JA, Einhorn D, Garber AJ, Grunberger G, Handelsman Y, Horton ES, Lebovitz H, Levy P, Moghissi ES,
Schwartz SS: Statement by an American Association of Clinical
Endocrinologists/American College of Endocrinology consensus
panel on type 2 diabetes mellitus: an algorithm for glycemic
control. Endocr Pract 2009, 15:540-559. | Article | PubMed
4. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, Sherwin
R, Zinman B: Medical management of hyperglycemia in type 2
diabetes: a consensus algorithm for the initiation and adjustment of
therapy: a consensus statement of the American Diabetes
Association and the European Association for the Study of Diabetes.
Diabetes Care 2009, 32:193-203. | Article | PubMed Abstract |
PubMed Full Text
5. Mather A, Pollock C: Glucose handling by the kidney. Kidney Int
Suppl 2011, S1-6. | Article | PubMed
6. Bailey CJ: Renal glucose reabsorption inhibitors to treat diabetes.

7
Trends Pharmacol Sci 2011, 32:63-71. | Article | PubMed
7. Grempler R, Thomas L, Eckhardt M, Himmelsbach F, Sauer A, Sharp
DE, Bakker RA, Mark M, Klein T, Eickelmann P: Empagliflozin, a novel
selective sodium glucose cotransporter-2 (SGL T2) inhibitor:
characterisation and comparison with other SGL T2 inhibitors.
Diabetes Obes Metab 2012, 14:83-90. | Article | PubMed
8. Port A, Macha S, Seman L, Nehmiz G, Simons G, Koegel A, Harder D,
Ren B, Iovino M, Pinnetti S, Dugi K: Safety, tolerability,
pharmacokinetics and pharmacodynamics of BI 10773 a sodium
glucose cotransporter-2 (SGL T2), in healthy volunteers. Diabetes
2010, 59 Suppl 1: A155.
9. Seman L, Macha S, Jones P, Marquart A, Port A, Pinnetti S, Heise T,
Dugi K: Safety and tolerability of BI 10773, a sodium glucose (SGL T2)
inhibitor, following 8-days treatment in patients with type 2 diabetes. Diabetes 2010, 59 Suppl 1: A156.
10. Ferrannini E, Seman L, Seewaldt-Becker E, Hantel S, Pinnetti S,
Woerle HJ:
The potent and highly selective sodium glucose
cotransporter-2 (SGL T2) inhibitor BI 10773 is safe and efficacious as
monotherapy in patients with type 2 diabetes mellitus. Diabetologia
2010, 53 Suppl 1: S531.
11. Song DK, Ashcroft FM: Glimepiride block of cloned beta-cell, cardiac
and smooth muscle K(ATP) channels. Br J Pharmacol 2001, 133:
193-199. | Article | PubMed Abstract | PubMed Full Text
12. Briscoe VJ, Griffith ML, Davis SN: The role of glimepiride in the
treatment of type 2 diabetes mellitus. Expert Opin Drug Metab
Toxicol 2010, 6:225-235. | Article | PubMed
13. Ng JM, Mellor DD, Masson EA, Allan BJ: Sulphonyurea as a cause of
severe hypoglycaemia in the community. Prim Care Diabetes 2010,
4:61-63. | Article | PubMed
14. Kirchheiner J, Roots I, Goldammer M, Rosenkranz B, Brockmoller J:
Effect of genetic polymorphisms in cytochrome p450 (CYP) 2C9 and
CYP2C8 on the pharmacokinetics of oral antidiabetic drugs:
clinical relevance. Clin Pharmacokinet 2005, 44:1209-1225. | Article
| PubMed
15. Tirkkonen T, Heikkila P, Huupponen R, Laine K: Potential CYP2C9mediated drug-drug interactions in hospitalized type 2 diabetes
mellitus patients treated with the sulphonylureas glibenclamide,
glimepiride or glipizide. J Intern Med 2010, 268:359-366. | Article |
PubMed
16. Johnson and Johnson Company. (2007) OneTouch Ultra System
Accuracy (2001-2007). Accessed 22 December 2010 | PDF
17. MedDRA Introductory Guide. (2009) 12th Edition. Chantilly, VA:
MedDRA Maintenance and Support Services Organization.
18. Standards of medical care in diabetes [2010]. Diabetes Care 2010, 33
Suppl 1:S11-61. | Article | PubMed Abstract | PubMed Full Text
19. Cheung BM, Ong KL, Cherny SS, Sham PC, Tso AW, Lam KS: Diabetes
prevalence and therapeutic target achievement in the United States,
1999 to 2006. Am J Med 2009, 122:443-453. | Article | PubMed
20. Rodbard HW, Jellinger PS: The American Association of Clinical
Endocrinologists/American College of Endocrinology (AACE/ACE)
algorithm for managing glycaemia in patients with type 2 diabetes
mellitus: comparison with the ADA/EASD algorithm. Diabetologia
2010, 53:2458-2460. | Article | PubMed
21. Macha S, Port A, Dieterich S, Mattheus M, Peylo W, et al. BI 10773, a
sodium glucose cotransporter inhibitor (SGL T2), does not alter the
pharmacokinetics of metformin following multiple oral administrations in healthy volunteers. Diabetes 2010, 59 Suppl 1: A554 [2112PO].
22. Macha S, Brand T, Mattheus M, Pinnetti S, Seman L, et al.
Pharmacokinetics of BI 10773, a highly selective and potent sodium
glucose cotransporter-2 inhibitor (SGL T2), and sitagliptin following
co-administration in healthy volunteers. J Clin Pharmacol 2010, 50:
1086 [124].
23. Sanofi-Aventis U.S. (2010) Amaryl (glimepiride) [package insert].
Sanofi-Aventis U.S., Bridgewater, New Jersey, USA.

