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According to the International Diabetes Federation, ∼8.3% of the adult population
worldwide has diabetes, and it has been increasing in the last decade.1 Diabetes is
one of the leading causes of mortality and morbidity.2 The major cause of mortality
in diabetes is cardiovascular disease, and adults with diabetes have a two- to fourfold
higher risk of cardiovascular disease than that among nondiabetic adults.3 Especially,
diabetic dyslipidemia attributes to ∼80% of deaths due to cardiovascular complications.4 It is necessary to treat dyslipidemia in patients with diabetes;3 therefore, these
patients are likely to take lipid-lowering drugs and antidiabetic drugs simultaneously.
Thus, it is important to consider potential drug interactions between lipid-lowering
drugs and antidiabetic drugs.
For type 2 diabetic patients, sulfonylureas usually are the second-line therapy for
increasing insulin secretion.5 Among them, glimepiride is a widely used third-generation
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Abstract: To improve cardiovascular outcomes, dyslipidemia in patients with diabetes needs
to be treated. Thus, these patients are likely to take glimepiride and rosuvastatin concomitantly.
Therefore, this study aimed to evaluate the pharmacokinetic (PK) interactions between these two
drugs in healthy males and to explore the effect of SLCO1B1 and CYP2C9 polymorphisms on
their interactions in two randomized, open-label crossover studies. Glimepiride was studied in
part 1 and rosuvastatin in part 2. Twenty-four participants were randomly assigned to each part. All
subjects (n=24) completed part 1, and 22 subjects completed part 2. A total of 38 subjects among
the participants of the PK interaction studies were enrolled in the genotype study to analyze their
SLCO1B1 and CYP2C9 polymorphisms retrospectively (n=22 in part 1, n=16 in part 2). Comparison
of the PK and safety of each drug alone with those of the drugs in combination showed that both
glimepiride and rosuvastatin did not interact with each other and had tolerable safety profiles in all
subjects. However, with regard to glimepiride PK, the SLCO1B1 521TC group had a significantly
higher maximum plasma concentration (Cmax,ss) and area under the plasma concentration–time curve
during the dose interval at steady state (AUCτ,ss) for glimepiride in combination with rosuvastatin
than those for glimepiride alone. However, other significant effects of the SLCO1B1 or CYP2C9
polymorphism on the interaction between the two drugs were not observed. In conclusion, there
were no significant PK interactions between the two drugs; however, the exposure to glimepiride
could be affected by rosuvastatin in the presence of the SLCO1B1 polymorphism.
Keywords: glimepiride, rosuvastatin, pharmacokinetics, SLCO1B1, CYP2C9
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sulfonylurea.4 Glimepiride is completely absorbed after oral
administration, and its oral bioavailability is close to 100%.6
It is metabolized mostly by cytochrome P450 (CYP) 2C9.6
In addition, a previous in vitro study suggested that it could
inhibit organic anion-transporting polypeptide (OATP) 1B1,
which is a hepatic uptake transporter encoded by the solute
carrier organic anion transporter 1B1 (SLCO1B1).7 Statins
are the first-line drugs for the prevention and treatment of
diabetic complications such as cardiovascular disease and
diabetic dyslipidemia.8 Rosuvastatin is a relatively potent
and tolerable statin and is commonly prescribed for dyslipidemia patients with diabetes.9 Its absorption from the
gastrointestinal tract is ∼50%, and its oral bioavailability is
estimated to be 20%.10 Rosuvastatin undergoes substantial
hepatic first pass extraction via OATP1B1.11 Although it is
not extensively metabolized, CYP2C9 does play a minor role
in its metabolism (10%).11
Glimepiride and rosuvastatin are partially metabolized
by the same metabolic pathway, and they may interact via
hepatic OATP1B1. However, although glimepiride and
rosuvastatin have been used concomitantly in clinical practice, it remains unclear whether a pharmacokinetic (PK)
interaction between these two drugs exists in humans. In
addition, there have been substantial studies showing that
the genetic polymorphisms of CYP2C9 or SLCO1B1 have a
certain functional or clinical significance in the PK of these
drugs.7,12 Therefore, this study aimed to investigate the PK
interaction between glimepiride and rosuvastatin in healthy
subjects and to assess the influence of the genetic polymorphisms of CYP2C9 and SLCO1B1 on the PK interaction
between these two drugs.

Methods
Ethics
This study included a PK interaction study and a genotyping
study. Each study protocol was approved by the Institutional
Review Board (IRB) of Severance Hospital, Yonsei University College of Medicine (Seoul, Korea) and was conducted
in accordance with the Declaration of Helsinki and the guidelines from the International Conference on Harmonization of
Pharmaceuticals for Human Use-Good Clinical Practice (IRB
for PK interaction study: 4-2013-0227 and IRB for genotyping study: 4-2013-0163). All participants were enrolled in the
study after they provided written informed consent.

Subjects
Healthy Korean male subjects aged 20–45 years participated
in the PK interaction study. Their body mass index was
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between 18.5 and 25.0 kg/m2 (body weight, kg/[height, m]2).
All subjects were ascertained to be healthy by a review of
their medical history, a physical examination, measurements
of 12-lead electrocardiography (ECG), and laboratory tests.
Volunteers who met the following criteria were not included:
a medical history that might influence the PK of glimepiride
or rosuvastatin, history of a clinically significant hypersensitivity to drugs or foods, systolic blood pressure 150
or 90 mmHg, diastolic blood pressure 100 or 50 mmHg,
fasting blood glucose 60 mg/dL, or positive results in a
serology test (hepatitis B surface antigen, anti-hepatitis C
virus antibodies, and/or anti-HIV antibodies) or urine drug
screening test. The study participants were not allowed to
take any medications or herbals and to consume alcohol,
caffeinated beverages, and grapefruit products as well as to
smoke during the study. Only those participants in the PK
interaction study who provided written informed consent for
the genotyping study were included in the latter. Genotypes
were assessed retrospectively after the PK study.

Study design
The PK interaction study consisted of two parts (part 1 and
part 2). Each part was a randomized, open-label, multipledose, two-treatment, two-sequence crossover design, and
volunteers were recruited separately. Part 1 was designed to
evaluate the effect of rosuvastatin on the PK of glimepiride.
The two treatments in part 1 were as follows: a 4 mg
glimepiride tablet once daily for 7 days (treatment G), and
coadministration of a 4 mg glimepiride tablet and a 20 mg
rosuvastatin tablet once daily for 7 days (treatment GR).
A total of 24 participants were randomly assigned to one of
the two treatment sequence groups (G-GR or GR-G). Each
treatment period was separated by a 14-day washout period.
All participants received each treatment with 240 mL water
under fasting conditions according to the assigned treatment
sequence. Peripheral venous blood was collected in sodium
heparin tubes prior to dosing on days 5, 6, and 7, and at 0.5,
1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24, and 48 h after administration on day 7 in each period.
Part 2 was designed to determine the effect of glimepiride
on the PK of rosuvastatin. There were two treatments:
a 20 mg rosuvastatin tablet once daily for 7 days (treatment R)
and treatment GR as described earlier. A total of 24 subjects
were enrolled and were randomly assigned to one of the two
treatment sequence groups (R-GR or GR-R). There was a
14-day washout period between the two sequence periods.
Following the assignment to the respective treatment group
and after administration of each study drug under fasting
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conditions, peripheral venous blood was collected in sodium
heparin tubes on days 5, 6, and 7, and at 1, 1.5, 2, 2.5, 3, 3.5,
4, 4.5, 5, 6, 8, 10, 12, 16, 24, and 48 h after dosing on day
7 in each period. The blood samples collected in part 1 and
part 2 were centrifuged, and each aliquot was stored at or
below −70°C until analysis.
A total of 38 subjects among the participants who were
enrolled in the PK interaction study were recruited and
provided written informed consent for the genotyping study
(n=22 in part 1, n=16 in part 2). Whole blood was collected
once before the first study drug administration and was
stored at or below −70°C until analysis. After completion
of the PK interaction study, the genotypes were analyzed
retrospectively, and a potential influence of the genetic
polymorphisms on the PK interaction between glimepiride
and rosuvastatin was assessed.

Plasma glimepiride, rosuvastatin, and
N-desmethyl rosuvastatin assay
The plasma concentrations of glimepiride, rosuvastatin, and
N-desmethyl rosuvastatin were measured using a validated
high-performance liquid chromatography assay (Acquity
UPLC system; Waters, Milford, MA, USA) coupled with
tandem mass spectrometry (MS/MS, Xevo TQ-S; Waters).
For glimepiride, 50 μL of plasma samples was mixed with
20 μL of clopidogrel as an internal standard (200 ng/mL
in 50% methanol). After centrifugation, 100 μL of supernatant was diluted with 100 μL of water, and 10 μL of the
resultant solution was injected directly into the column
heated at 500°C. The mobile phase was used at a flow rate
of 0.25 mL/min. The lower limit of quantification was
1.0 ng/mL. The calibration curve was linear over the concentration range of 1.0–500 ng/mL (correlation coefficient
[r2] =0.997). The precision of the assay was 20%, and the
accuracy was within the range of 80%–120%.
For rosuvastatin and N-desmethyl rosuvastatin, 50 μL
of plasma samples was mixed with 10 μL of valsartan, an
internal standard (100 ng/mL in 50% acetonitrile). After
the mixture was centrifuged, the supernatant was concentrated and evaporated using a centrifugal vaporizer (CVE2000; Tokyo RIKAKIKAI Co., Tokyo, Japan) for 20 min
(45°C), and the residues were reconstituted with 200 μL
of 50% acetonitrile. Then, 10 μL of the resultant solution
was injected into the column. The flow rate of the mobile
phase was 0.25 mL/min. The lower limit of quantification
of rosuvastatin and N-desmethyl rosuvastatin was 0.1 and
0.5 ng/mL, respectively. The calibration curve was linear
over the concentration range of 0.1–100 ng/mL (r2=0.997) for
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rosuvastatin and 0.5–100 ng/mL (r2=0.997) for N-desmethyl
rosuvastatin. The precision of the assays was 20%, and the
accuracy was within the range of 80%–120%.

PK analysis
The PK parameters of glimepiride, rosuvastatin, and
N-desmethyl rosuvastatin were calculated by noncompartmental analysis using the Phoenix 64 WinNonlin 6.3 software
(Pharsight, Mountain View, CA, USA). The maximum
plasma concentration (Cmax,ss) and the time to reach the Cmax,ss
(tmax,ss) at steady state were determined directly from the
observed data. The area under the plasma concentration–time
curve during the dose interval at steady state (AUCτ,ss) was
calculated using the linear trapezoidal rule. The terminal elimination rate constant (λz) was estimated by log-linear regression analysis. The elimination half-life (t1/2) and the apparent
plasma clearance (CL/F) were calculated from the equations
t1/2= ln(2)/λz and CL/F = dose/AUCinf,ss, respectively.

Safety assessment
Safety was assessed throughout the study. All participants
underwent a physical examination, monitoring of vital signs
(systolic blood pressure, diastolic blood pressure, pulse rate,
and body temperature), 12-lead ECG, and laboratory tests
at predefined time points. In addition, adverse events (AEs)
were evaluated by self-reporting or monitoring. Any undesirable sign, symptom, or medical condition occurring after the
administration of the study drug was recorded, regardless of
its suspected relationship to the study medication.

Genetic analysis
Genomic DNA was isolated from a peripheral blood sample
using the QIAmp® DNA QIAcube Ht Kit (Qiagen, Hilden,
Germany). Single nucleotide polymorphisms (SNPs) in
SLCO1B1 521TC (rs4149056) and CYP2C9*3 (rs1057910)
were genotyped using TaqMan® assays (Applied Biosystems,
Foster City, CA, USA). The ratio of the genotyping call
was 99% and the technical duplicates yielded the same
genotype in every case. The real-time PCR reaction was performed in a final volume of 10 µL, including 15 ng of genomic
DNA, 5 µL TaqMan® Universal PCR Master Mix, and 0.5 µL
of 20× SNP Assay. The thermal cycling conditions were as
follows: initial denaturing at 95°C for 10 min, 45 cycles of
95°C for 15 s, and 60°C for 1 min. The HID Real-Time PCR
Analysis Software version 1.2 (Thermo Fisher Scientific,
Waltham, MA, USA) was used for allelic discrimination.
Genotyping was performed on a QuantStudio™ 6 Flex RealTime PCR System (Applied Biosystems).
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Statistical analysis
The PK data were analyzed and compared between each drug
monotherapy (glimepiride or rosuvastatin) and the combination therapy. All data are expressed as mean ± standard
deviation (SD). The primary PK parameters (C max,ss and
AUCτ,ss) were log-transformed and analyzed by analysis of
variance using a mixed-effects model. To compare the PK
parameters, point estimates and 90% confidence intervals
(CIs) for the geometric mean ratios (combination therapy/
monotherapy) of the log-transformed Cmax,ss and AUCτ,ss were
also presented. Demographic characteristics were analyzed
using the Wilcoxon rank-sum test for comparison among
the two treatment sequences in each study part. All analyses
were conducted using the SAS statistical software version
9.2 (SAS Institute, Inc., Cary, NC, USA). All statistical
tests were two-sided, and statistical significance was defined
as P0.05.

Results
Study participants
A total of 24 healthy Korean male individuals were enrolled,
and 12 participants were randomly assigned to each treatment sequence group in part 1 and 2, respectively. All
subjects (n=24) completed the part 1 study. Two participants voluntarily withdrew after study drug administration
in part 2, and 22 subjects completed the part 2 study.
There were no statistical differences in age, body weight,

or body mass index among the sequence groups of each part
(P0.05, Table 1).

PK parameters
The coadministration of 4 mg glimepiride with 20 mg rosuvastatin once daily for 7 days resulted in a glimepiride mean
plasma concentration–time profile at steady state similar to
that of glimepiride monotherapy (Figure 1). The calculated
PK parameters of glimepiride are shown in Table 2. The PK
parameters of glimepiride monotherapy were similar to those
of the glimepiride–rosuvastatin combination therapy. The
point estimate (with 90% CI) of the geometric mean ratios
of the glimepiride Cmax,ss and AUCτ,ss was 1.03 (0.91–1.16)
and 1.03 (0.94–1.14), respectively.
The mean plasma concentration–time profiles of
rosuvastatin at steady state after 20 mg rosuvastatin with
and without 4 mg glimepiride once daily for 7 days are
shown in Figure 2. The PK parameters of rosuvastatin were
similar to those of the glimepiride–rosuvastatin combination therapy, and the geometric mean ratios (90% CI) of
the rosuvastatin Cmax,ss and AUCτ,ss were 1.12 (0.98–1.27)
and 0.94 (0.86–1.03), respectively (Table 3). The Cmax,ss of
N-desmethyl rosuvastatin in the combination therapy with
glimepiride was similar to that of rosuvastatin monotherapy;
however, the AUCτ,ss of N-desmethyl rosuvastatin in the combination therapy was decreased compared to that of the rosuvastatin monotherapy (Table 3). The geometric mean ratios

Table 1 Demographic and baseline characteristics of the study population
Variable

Part 1 (glimepiride)
G-GR

GR-G

Total population, n
Age (years)

12
25.3±3.9
(21.0–34.0)

12
26.4±3.5
(22.0–34.0)

Body weight (kg)

69.6±8.6
(56.6–85.0)

Body mass index (kg/m2)
Genotyping subpopulation, n
Age (years)
Body weight (kg)
Body mass index (kg/m2)

Total

Part 2 (rosuvastatin)

Total

R-GR

GR-R

24
25.8±3.7
(21.0–34.0)

11
26.0±6.2
(20.0–40.0)

11
25.3±5.1
(22.0–40.0)

22
25.6±5.5
(20.0–40.0)

68.0±5.4
(59.5–75.1)

68.8±7.1
(56.6–85.0)

66.7±5.2
(57.9–74.8)

68.0±9.4
(56.8–82.9)

67.4±7.4
(56.8–82.9)

22.4±2.1
(19.7–24.9)
11

22.9±1.7
(20.2–24.9)
11

22.6±1.9
(19.7–24.9)
22

22.3±1.2
(20.3–24.6)
7

21.9±2.4
(19.1–24.8)
9

22.1±1.9
(19.1–24.8)
16

24.5±2.9
(21.0–30.0)

26.1±3.5
(22.0–34.0)

25.3±3.3
(21.0–34.0)

25.6±6.8
(20.0–40.0)

25.4±5.6
(22.0–40.0)

25.5±5.9
(20.0–40.0)

69.8±9.0
(56.6–85.0)
22.4±2.2
(19.7–24.9)

67.3±5.2
(59.5–73.7)
22.7±1.7
(20.0–24.9)

68.6±7.3
(56.6–85.0)
22.6±1.9
(19.7–24.9)

66.7±4.5
(61.0–73.7)
22.5±1.3
(21.2–24.6)

67.7±9.3
(56.8–82.9)
21.8±2.3
(19.1–24.8)

67.2±7.4
(56.8–82.9)
22.1±1.9
(19.1–24.8)

Notes: The data are expressed as mean ± SD (min–max). The sequence G-GR consisted of 7-day cycles of treatment G and GR; a 4 mg glimepiride tablet once per day
(treatment G), and co-administration of a 4 mg glimepiride tablet and a 20 mg rosuvastatin tablet once per day (treatment GR). Sequence R-GR consisted of 7-day cycles of
treatment R and treatment GR; a 20 mg rosuvastatin tablet once per day (treatment R). The P-values (not shown) between the two groups in each part were calculated using
the Wilcoxon rank-sum test. There were no statistically significant differences in age, body weight, and body mass index of the total population and genotyping subpopulation
between the two groups.
Abbreviation: SD, standard deviation.

506

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Drug Design, Development and Therapy 2017:11

Dovepress

%



*OLPHSLULGH
FRQFHQWUDWLRQ QJP/

*OLPHSLULGH
FRQFHQWUDWLRQ QJP/

Drug Design, Development and Therapy downloaded from https://www.dovepress.com/ by 34.232.62.209 on 26-May-2020
For personal use only.

$

PK interactions between glimepiride and rosuvastatin









































7LPH K















7LPH K
*OLPHSLULGH

*OLPHSLULGHURVXYDVWDWLQ

Figure 1 Mean plasma concentration profiles of glimepiride at steady state.
Notes: (A) Linear scale; (B) semi-logarithmic scale. Error bars denote standard deviations.

(90% CI) of the N-desmethyl rosuvastatin Cmax,ss and AUCτ,s
were 0.96 (0.84–1.10) and 0.83 (0.74–0.93), respectively.

Genotyping
A total of 38 subjects were categorized according to the
SLCO1B1 521TC and CYP2C9*3 genotype and study
groups (part 1 and part 2). The genotype frequency of the
SLCO1B1 521TC and CYP2C9*3 genotype was consistent
with that found in other studies of the Korean population.13,14
No variant allele in the CYP2C9*3 genotype was observed
in the part 2 study. Age, body weight, and body mass index
were not significantly different between the genotype groups
in both parts (P0.05, Table 1).
In part 1, there were no statistically significant differences in the Cmax,ss and AUCτ,ss of glimepiride between the
SLCO1B1 521TT and TC genotype group within the G or
GR group, respectively (P0.05, Table 4). Comparison of
the GR group with the G group showed that the geometric
mean ratios (95% CI) of the Cmax,ss and AUCτ,ss of glimepiride
within the SLCO1B1 521TT genotype group were similar.

However, the Cmax,ss and AUCτ,ss of glimepiride were higher
(1.28-fold and 1.26-fold, respectively) in the GR group than
those in the G group within the SLCO1B1 521TC genotype
group. The CYP2C9 genotyping results showed that the Cmax,ss
and AUCτ,ss of glimepiride in the CYP2C9*3 genotype group
were higher than those in the CYP2C9*1 genotype group
within the G group (P0.05). In the GR group, the Cmax,ss
and AUCτ,ss of glimepiride in the CYP2C9*3 genotype group
were higher than those in the CYP2C9*1 group; however,
only the difference in the Cmax,ss was statistically significant
(P0.05). There were no significant differences in the Cmax,ss
and AUCτ,ss of glimepiride between the G and GR group of
the same CYP2C9 genotype group.
In part 2, similar Cmax,ss and AUCτ,ss of rosuvastatin were
observed between the SLCO1B1 521TT and TC genotype
group of the R or GR group, respectively (P0.05, Table 5).
Furthermore, comparison of the GR group with the R group
revealed the absence of significant differences in the Cmax,ss
and AUCτ,ss of rosuvastatin within the same SLCO1B1
genotype.

Table 2 PK parameters of glimepiride after the administration of multiple oral doses of 4 mg glimepiride once per day (treatment G)
and coadministration of 4 mg glimepiride and 20 mg rosuvastatin once per day (treatment GR) in healthy volunteers
PK parameters

Glimepiride (G)
(n=22)

Glimepiride + rosuvastatin (GR)
(n=22)

Geometric mean ratio (GR/G)
Point estimate

90% confidence interval

Cmax,ss (ng/mL)

173.7±55.4

180.5±65.3

1.03

0.91–1.16

AUCτ,ss (ng h/mL)
t1/2 (h)
tmax,ss (h)
CL/F (L/h)

971.3±280.7
13.3±12.3
4.0 (2.0–6.0)
4.5±1.3

1,028.0±398.4
11.7±5.0
3.0 (1.5–5.0)
4.4±1.5

1.03

0.94–1.14

Notes: The values are presented as mean ± SD, except for the tmax,ss, which is presented as the median (range).
Abbreviations: Cmax,ss, maximum plasma concentration of the drug at steady state; AUCτ,ss, area under the plasma concentration–time curve during the dose interval at
steady state; t1/2, elimination half-life; tmax,ss, time to Cmax,ss; CL/F, apparent total clearance; PK, pharmacokinetic; SD, standard deviation.
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Figure 2 Mean plasma concentration profiles of rosuvastatin at steady state.
Notes: (A) Linear scale; (B) semi-logarithmic scale. Error bars denote standard deviations.

Safety
There were no serious drug-induced AEs reported in this
study. There were 23 AEs in part 1 (14 in the glimepiride
monotherapy group and 9 in the combination therapy group)
and 26 AEs (5 in the rosuvastatin monotherapy group and 21
in the combination therapy group) in total. Among the AEs,
those that were considered to be related to the study drugs are
shown in Table 6. All AEs were of mild or moderate severity,
and the participants recovered without any complications. In
addition, there were no clinically significant changes in the
physical examination results, vital signs, clinical laboratory
results, or ECG.

Discussion
Glimepiride and rosuvastatin are widely used drugs for
the treatment of diabetes mellitus and dyslipidemia,

respectively, and they are likely to be administered concomitantly. Therefore, this study aimed to evaluate the PK
drug–drug interaction between the two drugs in healthy
male individuals.
Rosuvastatin is efficiently and rapidly taken up from the
portal vein into hepatocytes, which is predominantly mediated by OATP1B1, and its hepatic elimination is ∼70% of
its total elimination.10,11 A previous in vitro study showed
that several oral antidiabetic drugs inhibited the OATP1B1mediated uptake of rosuvastatin.7 Among them, glimepiride,
a highly lipophilic drug, showed a higher inhibition of
OATP1B1-mediated rosuvastatin uptake.7 In addition, both
glimepiride and rosuvastatin are metabolized by CYP2C9.6,11
The metabolism of glimepiride was decreased when coadministered with rosuvastatin, and rosuvastatin competitively
inhibited the CYP2C9 metabolism of glimepiride in vitro.4

Table 3 PK parameters of rosuvastatin after administration of multiple oral doses of 20 mg rosuvastatin once per day (treatment R)
and coadministration of 4 mg glimepiride and 20 mg rosuvastatin once per day (treatment GR) in healthy volunteers
PK parameters
Rosuvastatin
Cmax,ss (ng/mL)
AUCτ,ss (ng h/mL)
t1/2 (h)
tmax,ss (h)
CL/F (L/h)
N-Desmethyl rosuvastatin
Cmax,ss (ng/mL)
AUCτ,ss (ng h/mL)
t1/2 (h)
tmax,ss (h)
CL/F (L/h)

Rosuvastatin (R)
(n=22)

Glimepiride + rosuvastatin (GR)
(n=22)

Geometric mean ratio
Point estimate

90% confidence interval

29.1±19.9
225.7±95.4
13.9±9.8
4.5 (1.5–6.0)
103.1±40.6

29.9±12.7
208.3±72.9
11.8±3.4
4.0 (2.0–6.0)
107.3±35.9

1.12
0.94

0.98–1.27
0.86–1.03

6.2±3.8
47.2±18.6
11.2±14.7
4.5 (1.5–5.0)
506.7±261.5

5.4±1.8
38.2±12.2
7.7±3.3
4.0 (2.0–6.0)
594.8±247.8

0.96
0.83

0.84–1.10
0.74–0.93

Notes: The values are presented as mean ± SD.
Abbreviations: Cmax,ss, maximum plasma concentration of the drug at steady state; AUCτ,ss, area under the plasma concentration–time curve during the dose interval at
steady state; t1/2, elimination half-life; tmax,ss, time to Cmax,ss; CL/F, apparent total clearance; PK, pharmacokinetic; SD, standard deviation.

508

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Drug Design, Development and Therapy 2017:11

Dovepress

PK interactions between glimepiride and rosuvastatin

Table 4 PK parameters of glimepiride in the SLCO1B1 genotype and CYP2C9 diplotype group (part I)
PK parameters
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Total (n=22)
Cmax,ss (ng/mL)
AUCτ,ss (ng h/mL)
SLCO1B1
Cmax,ss (ng/mL)
TT (n=17)
TC (n=5)
P-value#
AUCτ,ss (ng h/mL)
TT (n=17)
TC (n=5)
P-value#
CYP2C9
Cmax,ss (ng/mL)
*1/*1 (n=19)
*1/*3 (n=3)
P-value#
AUCτ,ss (ng h/mL)
*1/*1 (n=19)
*1/*3 (n=3)
P-value#

Glimepiride (G)

Glimepiride + rosuvastatin (GR)

Geometric mean ratio (GR/G)
Point estimate

95% confidence interval

171.4±57.3
955.8±284.5

176.9±63.1
1,006.6±369.3

1.03
1.04

0.90–1.17
0.94–1.14

171.8±61.6
170.1±45.7
1.00

168.4±64.7
205.9±52.9
0.099

0.97
1.28

0.80–1.19
1.01–1.63

945.8±300.0
989.8±250.9
0.94

950.8±385.4
1,196.2±252.4
0.099

0.99
1.26

0.86–1.14
1.14–1.38

159.7±48.9
245.3±59.5
0.03

174.1±66.3
194.8±40.9
0.44

1.06
0.80

0.89–1.26
0.03–20.90

884.0±232.3
1,410.5±71.7
0.02

948.5±363.0
1,374.3±103.9
0.02

1.04
0.97

0.91–1.20
0.33–2.81

Notes: The values are presented as mean ± SD. #P-value represents the comparison between the SLCO1B1 or CYP2C9 diplotype groups of glimepiride only and
coadministration with rosuvastatin using the Wilcoxon rank-sum test.
Abbreviations: Cmax,ss, maximum plasma concentration of the drug at steady state; AUCτ,ss, area under the plasma concentration–time curve during the dose interval at
steady state; PK, pharmacokinetic; SD, standard deviation.

On the basis of these data, it is likely that these two drugs
have PK interactions with each other.
In this study, it was found that both glimepiride and rosuvastatin did not interact with each other, even though some
data suggested the possibility of an interaction between the two
drugs. When the PK parameters of glimepiride monotherapy

were compared with those of the glimepiride–rosuvastatin combination therapy, the point estimates for the Cmax,ss and AUCτ,ss
of glimepiride were both 1.03, and the 90% CI for those PK
parameters was within the commonly accepted criteria of 0.8
to 1.25.15 For rosuvastatin, the point estimates (90% CI) of the
Cmax,ss and AUCτ,ss were 1.12 (0.98–1.27) and 0.94 (0.86–1.03),

Table 5 Pharmacokinetic parameters of rosuvastatin in the SLCO1B1 genotype group (part II)
PK parameters
Total (n=16)
Cmax,ss (ng/mL)
AUCτ,ss (ng h/mL)
SLCO1B1
Cmax,ss (ng/mL)
TT (n=13)
TC (n=3)
P-value*
AUCτ,ss (ng h/mL)
TT (n=13)
TC (n=3)
P-value*

Rosuvastatin (R)

Glimepiride + rosuvastatin (GR)

Geometric mean ratio (GR/R)
Point estimate

95% confidence interval

30.9±22.6
233.3±104.6

29.5±13.5
205.7±75.7

0.97
1.11

0.83–1.14
1.01–1.23

31.2±24.4
29.7±15.9
1.00

28.9±14.4
31.8±10.9
0.59

0.99
0.80

0.78–1.26
0.45–1.42

234.4±110.1
227.9±96.2
0.79

204.5±81.1
210.9±58.3
1.00

1.12
0.99

0.97–1.31
0.50–1.98

Notes: The values are presented as mean ± SD. *P-value represents the comparison between the SLCO1B1 diplotype groups of rosuvastatin only and coadministration with
glimepiride using the Wilcoxon rank-sum test. Cmax,ss, maximum plasma concentration of the drug at steady state; AUCτ,ss, area under the plasma concentration–time curve
during the dose interval at steady state.
Abbreviations: PK, pharmacokinetic; SD, standard deviation.
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Table 6 Incidence of adverse events per treatment group
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System organ class
Preferred term
Metabolism and nutrition disorders
Hypoglycemia
Investigations
Alanine aminotransferase increased
Aspartate aminotransferase increased
Blood bilirubin increased
General disorders and administration site conditions
Chills
Face edema
Musculoskeletal and connective tissue disorders
Myalgia
Skin and subcutaneous tissue disorders
Pruritus

Part 2

G

GR

R

GR

6 (25.0)

4 (16.7)

0

4 (16.7)

0
1 (4.2)
0

1 (4.2)
0
0

1 (4.2)
1 (4.2)
0

2 (8.3)
2 (8.3)
1 (4.2)

0
0

0
0

0
0

1 (4.2)
1 (4.2)

0

0

0

1 (4.2)

0

1 (4.2)

0

0

Notes: The data are expressed as the number (%) of adverse events. G, treatment group administered a 4 mg glimepiride tablet once per day for 7 days: GR, treatment
group administered a 4 mg glimepiride tablet and a 20 mg rosuvastatin tablet concomitantly once per day for 7 days: R, treatment group administered a 20 mg rosuvastatin
tablet once per day for 7 days.

respectively. The 90% CI of the AUCτ,ss met the abovementioned criteria; however, the 90% CI of the Cmax,ss was not
between 0.8 and 1.25. Although the 90% CI of the Cmax,ss did
not meet the abovementioned criteria, the 12% increase in the
Cmax,ss of rosuvastatin in the glimepiride–rosuvastatin combination therapy group was lower than the intrasubject variability
in the Cmax,ss of rosuvastatin (25.0%). Accordingly, the change
in the Cmax,ss of rosuvastatin in combination with glimepiride
is not considered clinically significant.
These results were similar to those found in an in vivo
study in rats, which showed that there were no significant
interactions between glimepiride and rosuvastatin.4 This
discrepancy between the data from in vitro and in vivo
studies could be attributed to the plasma protein binding of
drugs. The concentration of the unbound drugs is generally
below the IC50 values observed in in vitro studies because
of the high plasma protein binding of oral antidiabetics
(98%).7 Glimepiride is also a drug showing high plasma
protein binding (99%),16 and the plasma concentration of
glimepiride may be too low to inhibit OATP1B1-mediated
uptake of rosuvastatin. Similar results were observed in
an interaction study between pitavastatin and glyburide.17
Although glyburide inhibited OATP1B1-mediated pitavastatin uptake in vitro, it is unlikely that interactions between
these two drugs occur in vivo because of the high plasma
protein binding of glyburide.
Drug uptake from the blood into hepatocytes is a prerequisite for intracellular drug action or subsequent drug
metabolism before biliary excretion.18 Therefore, uptake
transporters located in the basolateral hepatocyte membrane
play an important role herein.
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Therefore, in this study, we explored whether the
interaction between glimepiride and rosuvastatin might
be related to the SLCO1B1 polymorphism. There were no
statistical differences in the glimepiride PK between the
SLCO1B1 521TT and TC genotype group when administering
glimepiride as monotherapy or as glimepiride–rosuvastatin
combination therapy. However, compared with the glimepiride
PK within the SLCO1B1 521TC polymorphism group, the
Cmax,ss and AUCτ,ss of glimepiride in the SLCO1B1 521TC group
were significantly higher for the glimepiride–rosuvastatin
combination therapy than for glimepiride monotherapy.
All subjects in the SLCO1B1 521TC group had the
CYP2C9*1/*1 genotype. This result suggests that the hepatocyte uptake of glimepiride is mediated by OATP1B1, even
though, to the best of our knowledge, there are no published
studies that have shown this. Furthermore, given that the affinity of rosuvastatin for OATP1B1 in the liver is significantly
higher than that for other drugs,19 this result also suggests
that rosuvastatin can inhibit the OATP1B1-mediated uptake
of glimepiride in subjects with the SLCO1B1 521TC polymorphism. However, we cannot exclude the possibility that
this result may be a chance observation because this study
is limited by the relatively small number of subjects studied.
In addition, we could not conclude that the subjects with the
SLCO1B1 521TC polymorphism would experience hypoglycemia more frequently after administration of rosuvastatin
and glimepiride because we studied only healthy individuals. A previous study assessing the relationship between the
SLCO1B1 polymorphism and lipid response revealed
that this polymorphism did not affect the lipid-lowering
effect of rosuvastatin, even though the SLCO1B1 521TC
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polymorphism was associated with an increased plasma
concentration of rosuvastatin.20 Therefore, large-scale polymorphism studies correlating the PK and glycemic parameters
in patients are warranted to confirm this finding.
Regarding the rosuvastatin PK, some studies have
shown that the SLCO1B1 521TC polymorphism resulted in
a higher rosuvastatin exposure compared to that observed
for the SLCO1B1 521TT polymorphism.13,21 In this rosuvastatin PK study, no statistically significant differences were
observed within the SLCO1B1 521TC polymorphism
groups. However, because of the small number of subjects
included in this study, it is unlikely that SLCO1B1 is not
related to the rosuvastatin PK. In this study, the SLCO1B1
521TC polymorphism was found in only three subjects, and
none of the subjects carried the SLCO1B1 521CC polymorphism. Thus, studies with a larger sample size are needed
to assess the effect of the SLCO1B1 polymorphisms on the
PK parameters of and interaction between glimepiride and
rosuvastatin.
Glimepiride is mainly metabolized by CYP2C9, and
rosuvastatin, although to a lesser extent, is also metabolized
by CYP2C9.6,11 In this study, we explored if the interactions
between these two drugs were related to the CYP2C9 genotype. Previous studies have shown that the AUC in subjects
with the CYP2C9*1/*3 polymorphism was 100% higher,
and the oral clearance ∼75% lower than those parameters
in subjects with the CYP2C9*1/*1 polymorphism.22,23 The
present study showed similar results: the Cmax,ss and AUCτ,ss of
glimepiride were higher in the subjects in the CYP2C9*1/*3
polymorphism group than in the CYP*1/*1 group. However,
the CYP2C9 polymorphism did not significantly affect the
influence of rosuvastatin on glimepiride exposure, which
was consistent with the results of another study showing that
the PK of rosuvastatin was not associated with the CYP2C9
polymorphism.21 This result is most likely due to the PK characteristics of rosuvastatin because rosuvastatin is only partly
metabolized by CYP2C9 and is predominantly eliminated
unchanged.10 In the present rosuvastatin PK study, none of
the subjects carried the CYP2C9*3 allele. Thus, a potential
effect of glimepiride on rosuvastatin exposure due to the
CYP2C9 polymorphism could not be determined.
Throughout the study, the administration of 4 mg
glimepiride and 20 mg rosuvastatin, either as monotherapy
or combination therapy, was well tolerated by all the participants, and there were no serious AEs. The most common
treatment-emergent AE was hypoglycemia. All subjects with
hypoglycemia consumed a 3 g glucose candy and recovered
without any complications. There was no difference in the
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total AEs between glimepiride and rosuvastatin monotherapy
or combination therapy, except for the higher frequency of
hypoglycemia in the glimepiride monotherapy group.

Conclusion
In healthy males, there were no significant PK interactions
between glimepiride and rosuvastatin at 4 mg glimepiride
and 20 mg rosuvastatin dosage regimens when these drugs
were administered as combination therapy. Furthermore, both
drug therapies showed tolerable safety profiles. Although the
sample size in the genotyping study was relatively small,
our study suggests that the exposure to glimepiride could
be affected by rosuvastatin in the presence of the SLCO1B1
521TC polymorphism. Nevertheless, further studies are
needed to confirm the effect of the SLCO1B1 521TC
polymorphism on the drug–drug interactions between
glimepiride and rosuvastatin. In addition, studies including
diabetic patients with dyslipidemia are recommended to
investigate the clinical significance of these PK interactions
between these two drugs.
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