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Abstract Background: Hyperglycaemia is associated with serious complications, sig-

nificant morbidity and death. Despite the availability of a wide range of

therapeutic options, many patients with diabetes mellitus fail to achieve or

maintain recommended glycaemic goals. Ipragliflozin (ASP1941) is a novel,

selective inhibitor of the sodium-dependent glucose co-transporter 2, which is

highly expressed in the proximal tubules of the kidneys. It suppresses renal

glucose reabsorption and increases urinary glucose excretion (UGE), poten-

tially providing an insulin-independent treatment option for type 2 diabetes.

Methods: This multiple ascending-dose study assessed the safety, tolerability,

pharmacokinetics and pharmacodynamics of ipragliflozin in healthy subjects

after single doses and multiple once-daily doses for 10 days (dose levels:

5–600mg).

Results: Ipragliflozin was well tolerated following single and multiple once-

daily oral dosing. Ipragliflozin was rapidly absorbed with a median time to

reach the maximum plasma concentration of 1.3 hours after the last dose. The

area under the plasma concentration-time curve increased proportionally

with increasing dose. The mean elimination half-life was 12 hours following

the last dose. Ipragliflozin dose dependently increased UGE up to a max-

imum of approximately 59 g (327mmol) of glucose excreted over 24 hours

following multiple doses, without affecting plasma glucose levels in healthy

subjects.

Conclusion:Administration of ipragliflozin was well tolerated and resulted in

a rapid, dose-dependent increase in glucosuria. Pharmacodynamic and

pharmacokinetic data suggest that ipragliflozin is suitable for prolonged

once-daily oral treatment.

Trial Registration: ClinicalTrials.gov Identifier: NCT01288898.
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Introduction

Type 2 diabetes mellitus is a chronic disease
characterized by hyperglycaemia due to insulin
resistance and b-cell dysfunction.[1] Hypergly-
caemia in patients with type 2 diabetes has been
associated with microvascular (nephropathy, ret-
inopathy) and macrovascular (cardiovascular)
complications and mortality.[2,3] Important as-
pects in the treatment of type 2 diabetes are
therefore optimizing glucose regulation and re-
ducing the risk of cardiovascular complications.

Most patients with type 2 diabetes require a
combination of antihyperglycaemic drugs over
the course of their disease to maintain glycaemic
control.[4] A wide range of therapies are currently
available, such as biguanides (metformin), sulfo-
nylurea derivatives (glimepiride), thiazolidine-
diones (pioglitazone), dipeptidylpeptidase-4
(DPP-4) inhibitors (sitagliptin) and glucagon-like
peptide-1 receptor agonists (exenatide). All of
these therapies act on an insulin-dependent
mechanism. Despite these treatment options,
many patients do not achieve or maintain gly-
caemic targets[4-6] and/or experience limiting side
effects, including weight gain, hypoglycaemia,
fluid retention and gastrointestinal adverse
events (AEs).[6,7] New strategies to control hy-
perglycaemia are essential, and drugs that act
independently of insulin may be beneficial in the
treatment of type 2 diabetes.

The kidneys play a major role in the regulation
of plasma glucose levels via gluconeogenesis and
glucose reabsorption/excretion.[8] In a healthy
individual, approximately 180 g (1000mmol) of
plasma glucose is filtered through the kidneys
each day, and almost all (>99%) of this glucose
is reabsorbed via sodium-dependent glucose
co-transporters (SGLTs).[9,10] SGLT2 is a high-
capacity, low-affinity glucose transporter,[9,11]

and a recent study in wild-type and SGLT2
knock-out mice has shown that SGLT2 mediates
glucose reabsorption in the early proximal tu-
bules of the kidneys.[12] SGLT2 is responsible for
about 90% of glucose reabsorption from the
kidneys, with the remaining 10% of glucose renal
reabsorption being mediated by SGLT1, a high-
affinity, low-capacity glucose/galactose trans-

porter located in the S3 segment of the proximal
tubules.[9,11] Although present in the kidneys,
SGLT1 is primarily expressed in the small intes-
tine and has a greater affinity for galactose than
for glucose.[9,11] While SGLT1 gene mutations
cause glucose-galactose malabsorption,[13] in-
dividuals with SGLT2 gene mutations seem to
live normal lives, apart from exhibiting persistent
glucosuria.[14]

Studies have shown a positive correlation be-
tween the extent of SGLT2 expression and plas-
ma glucose levels in diabetes.[15-17] Inhibition of
SGLT2 increases the excretion of glucose into the
urine and could therefore lower plasma glucose
levels in patients with type 2 diabetes. Moreover,
the loss of calories due to increased glucose ex-
cretion may lead to body weight reduction.[18]

As SGLT2 inhibition works independently of
insulin, the risk of hypoglycaemia is reduced.[6]

Therefore, selective and potent inhibition of
SGLT2 in the kidneys provides a novel and pro-
mising insulin-independent strategy for the
treatment of type 2 diabetes. Several SGLT2
inhibitors are currently in development.[6,10,19]

Ipragliflozin (ASP1941) is a novel, selective
SGLT2 inhibitor (255-fold selectivity for human
SGLT2 vs SGLT1)[20] being developed for the
treatment of type 2 diabetes. The mechanism of
action of ipragliflozin is presented in figure 1 and
the structural formula is shown in figure 2. The
efficacy of ipragliflozin, either as a monotherapy
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Fig. 1. Mechanism of action of ipragliflozin. SGLT = sodium-
dependent glucose co-transporter.
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or in combination with metformin or pioglita-
zone, for controlling blood glucose levels by in-
creasing urinary glucose excretion (UGE) has
been demonstrated in several animal models of
diabetes.[20,21] These preclinical studies have also
indicated that ipragliflozin is associated with a
low risk of hypoglycaemia,[20] and results in reduced
urinary albumin excretion and increased pancreatic
insulin content in diabeticmice.[21] Preclinical studies
indicated that ipragliflozin is metabolized to mul-
tiple pharmacologically inactive metabolites[22,23]

predominantly via glucuronidation by the uridine
diphosphate-glucuronosyltransferase (UGT) en-
zyme UGT2B7.[24] In addition, preclinical studies
showed that ipragliflozin does not significantly in-
hibit UGT enzymes[25] or cytochrome P450 (CYP)
enzymes;[26] therefore, drug-drug interactions with
concurrently administered drugs that are CYP
substrates are not likely to occur.

This multiple ascending-dose study was per-
formed to evaluate the safety, tolerability, pharma-
cokinetics and pharmacodynamics of ipragliflozin
in healthy subjects.

Methods

Subjects

Healthy male and female subjects aged 18-55
years with a body weight of 60-100 kg and a body
mass index (BMI) of 20-30 kg/m2 were eligible
for inclusion in this study (ClinicalTrials.gov
Identifier: NCT01288898). Criteria for exclusion
were a history of diabetes, fasting plasma glucose
level >6.4mmol/L (115mg/dL), glycosylated
haemoglobin A1c (HbA1c) level >6.2%, presence
of renal glucosuria and/or proteinuria, history of
any clinically significant disease or disorder,

concurrent disease, and clinically significant
deviations from the normal range in physical
examination findings, vital signs, ECG para-
meters or clinical laboratory determinations.
Women who were lactating, pregnant or of child-
bearing potential not using a double barrier
method of birth control were excluded from the
study. The study was conducted in accordance
with the Declaration of Helsinki, Good Clinical
Practice, and the International Conference on
Harmonisation guidelines, and was approved
by an institutional review board. All subjects
provided written informed consent.

Design

This was a randomized, double-blind, placebo-
controlled, sequential, multiple ascending-dose
study. Ipragliflozin or matching placebo was
administered orally as a single dose on day 1 and
as multiple once-daily doses from day 5 to day 14
(10 days). Ipragliflozin or placebo was adminis-
tered as a tablet formulation (1, 10 or 100mg tab-
lets). The investigated dose levels were 5, 30,
100, 300 and 600mg. Only males were included
for the 5, 30, 300 and 600mg doses. At the 100mg
dose level, both males and females were included
in order to explore sex effects. Each cohort con-
sisted of eight subjects of whom six subjects
received ipragliflozin and two subjects received
placebo (n = 48). If a dose level (beginning with
the lowest dose) was found to be safe and well
tolerated, the dose was escalated to the next
higher dose. On days 1 and 14, study medication
was administered after a 9-hour fasting period.
On all other days, study medication was ad-
ministered approximately 30 minutes prior to the
intake of a standardized breakfast.

Blood and urine samples for bioanalysis of
ipragliflozin and glucose in plasma and urine
were collected on days 1 and 14 at pre-dose, and
during a time period of 96 hours after adminis-
tration of the study medication.

Safety Assessments

Safety and tolerability assessments included
physical examination (screening, day –1 and days
25–31), BP and pulse rate (screening, day –1, days
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Fig. 2. Structural formula of ipragliflozin L-proline.
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1–18, and days 25–31), 12–lead ECG (screening,
day –1, days 1–5, days 8 and 11, days 14–18, and
days 25–31), clinical laboratory tests consisting of
blood samples for haematology and biochemistry
and urine for urinalysis (screening, day –1, days
1–5, days 8 and 11, and days 14–17) and the
nature, frequency and severity of AEs (assessed
throughout the study as reported). As the target
of SGLT2 inhibitors is the renal proximal tubule
cell, changes in N-acetyl-b-D-glucosaminidase
(NAG), b2-microglobulin and a1-microglobulin
were assessed as potential markers of renal tu-
bular damage.[27,28]

Bioanalytical Methods

Validated liquid chromatography-tandem
mass spectrometry methods were used for mea-
surement of ipragliflozin concentrations in plas-
ma and urine.[29,30]

The overall-run variability and within-run
variability for ipragliflozin were <5.8% and
<4.6% for plasma and <15.0% and <10.8% for
urine, respectively. Deviations of the nominal
concentrations were less than -6.6% and +3.9%
for plasma and urine, respectively. For ipragli-
flozin, the assay ranges representing the lower
and upper limits of quantification in plasma and
urine were 1–2000 and 2–5000 ng/mL, respec-
tively. Concentrations of glucose in plasma
and urine were routinely measured on a Syn-
chron CX� Systems analyser (Beckman Coulter,
Fullerton, CA, USA).

Pharmacokinetic and Pharmacodynamic
Assessments

Pharmacokinetic assessments of ipragliflozin
included the maximum plasma concentration
(Cmax), the area under the plasma concentration-
time curve (AUC), the time to reach Cmax (tmax),
the elimination half-life (t½), the apparent total
clearance from plasma after oral administration
(CL/F), the cumulative amount of unchanged
drug excreted into the urine (Ae), the renal
clearance (CLR) and, after multiple administra-
tions, the accumulation ratio (Rac). Pharmaco-
dynamic measurements included plasma glucose
levels, UGE and body weight. The pharmaco-

dynamics of ipragliflozin were assessed by mea-
surement of plasma glucose AUC from time zero
to 24 hours (AUC24), the plasma concentration
of glucose at the time of dosing (trough plasma
concentration [Ctrough]), UGE and the CLR

for glucose. In addition, total urine volume was
recorded and the sodium concentrations in the
urine were assessed.

Statistical Methods

Descriptive statistics included mean, standard
deviation (SD), minimum and maximum (range),
median and coefficient of variation for continuous
variables; and frequencies and percentages for
categorical data. Pharmacokinetic parameters
were calculated by non-compartmental analysis
using WinNonLin� version 5.0 (Pharsight Corp.,
Mountain View, CA, USA). Dose proportionality
of Cmax and AUC for ipragliflozin in plasma, and
a comparison between single- and multiple-dose
pharmacokinetics of ipragliflozin in plasma and
urine, were evaluated by ANOVA (power model)
using SAS� version 9.1.3 (SAS Institute Inc.,
Cary, NC, USA). The relationship between the
dose of ipragliflozin and the exposure to glucose
in plasma and urine was analysed for both
single and steady-state dosing using analysis of
covariance (ANCOVA) of the log-transformed
values. In addition, whether sex affected the
pharmacokinetic and pharmacodynamic parame-
ters of ipragliflozin was explored.

Results

Subject Demographics

A total of 48 subjects were enrolled and com-
pleted the study. The mean age ranged from 22.3
to 38.2 years among the subjects in the different
dose cohorts of ipragliflozin, and was 38.1 years
among the placebo subjects. In the ipragliflozin
100mg cohort, the mean age of female subjects
(24.8 years; range 22–35 years) was consider-
ably lower than the mean age of male sub-
jects (38.2 years; range 24–46 years). Mean BMI
ranged from 21.9 to 26.8 kg/m2 for the subjects in
the different ipragliflozin dose cohorts, and was
24.4 kg/m2 for the placebo group.Mean BMI was
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comparable between male and female subjects in
the ipragliflozin 100mg cohort. Of all subjects, 42
(87.5%) were Caucasian, three (6.3%) were Asian,
two (4.2%) were Black, and ethnicity was not
specified for one (2.1%).

Safety and Tolerability

Ipragliflozin was found to be safe and well
tolerated in healthy subjects after single and
multiple administrations up to the highest dose
level (600mg) evaluated in this study. An over-
view of treatment-emergent AEs (TEAEs) is
shown in table I. TEAEs were reported in 23 out
of 36 (63.9%) subjects who received ipragliflozin
and 8 out of 12 (66.7%) subjects who received
placebo. The incidence of these TEAEs did not
appear to be dose-related, and sex did not appear
to affect the incidence of TEAEs, based only on
the small number of male and female subjects in
the ipragliflozin 100mg cohort. All TEAEs were
mild in severity, except one moderate TEAE
(vasovagal syncope) in one subject who received
placebo. Treatment-related TEAEs occurred in
19 subjects (5/12 [41.7%] for placebo; 14/36
[38.9%] for ipragliflozin). The most frequently
reported TEAEs included gastrointestinal dis-
orders (5/12 [41.7%] for placebo; 7/36 [19.4%] for
ipragliflozin), nervous system disorders (5/12
[41.7%] for placebo; 9/36 [25.0%] for ipragli-
flozin), and rash (1/12 [8.3%] for placebo; 5/36
[13.9%] for ipragliflozin). Headache was the most
frequently reported nervous system disorder
(3/12 [25.0%] for placebo; 7/36 [19.4%] for ipra-
gliflozin). All rash events were considered not to
be related to the study medication after evalua-
tion by an independent dermatologist, except one
possibly drug-related rash that occurred in a male
subject treated with ipragliflozin 600mg. One
possibly drug-related renal TEAE (pollakiuria)
was experienced by a subject who received
ipragliflozin 300mg and two renal TEAEs (pol-
lakiuria and dysuria) were experienced by two
subjects who received placebo. All three renal
TEAEs were mild in severity. No hypoglycaemic
events were reported, no serious AEs or deaths
occurred, and none of the subjects discontinued
due to AEs.

With respect to kidney function markers, there
were no clinically relevant changes from normal
levels in blood urea, blood and urine creatinine
levels, and in urinary NAG, b2-microglobulin or
a1-microglobulin levels. Furthermore, no clini-
cally relevant dose- or sex-related changes in
mean systolic or diastolic BP, mean pulse or ECG
parameters were observed.

Pharmacokinetics

The pharmacokinetic parameters of ipragli-
flozin in plasma and urine following single and
multiple dosing are shown in table II. Mean
ipragliflozin plasma concentration versus time
curves following single (day 1) and 10-day
multiple once-daily dosing (day 14) are shown in
figure 3. Ipragliflozin was rapidly absorbed and
Cmax was obtained within 2.3 hours after admin-
istration. Overall, the median tmax (range) among
all ipragliflozin dose cohorts was 1.3 (1.0–1.5)
hours after the first single dose, and 1.3 (1.0–2.3)
hours after the last dose following multiple dos-
ing. No statistically significant changes were
found in mean Cmax and mean AUC for ipragli-
flozin after the first and last dose for each dose
level (table II, figure 4). The increase in Cmax of
ipragliflozin was slightly less than dose propor-
tional after single (exponent of power model
[b] = 0.91; 95% confidence interval [CI] 0.87, 0.95)
and multiple dosing (b = 0.93; 95% CI 0.88, 0.97,
p = 0.002) and the AUC increased dose pro-
portionally following single (b= 1.03; 95% CI
0.98, 1.08) and multiple (b = 1.03; 95% CI 0.99,
1.07) dosing. Ipragliflozin did not significantly
accumulate following 10-day multiple dosing
compared with a single dose (Rac ~1.16; equiva-
lent to a 16% higher concentration after the
last dose compared with the first dose, table II).
The mean –SD t½ of all ipragliflozin dose
cohorts was 11.7 – 1.3 hours after a single
dose and 12.2 – 1.3 hours after the last dose fol-
lowing multiple dosing. The mean –SD CL/F
was 14.1 – 1.1 L/h following a single dose and
14.3 – 1.0 L/h after the last dose of multiple dos-
ing. Only minimal amounts of ipragliflozin were
excreted into the urine as the parent compound
(approximately 1% of the dose) at all dose levels.
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Table I. Summary of treatment-emergent adverse events (TEAEs) in healthy subjects treated with ipragliflozin or placeboa

Adverse event Placebo Ipragliflozin

5mg

Ipragliflozin

30mg

Ipragliflozin

100mg

Ipragliflozin

300mg

Ipragliflozin

600mg

Ipragliflozin

total

10 M + 2 F 6 M 6 M 6 M 6 F 6 M 6 M 30 M + 6 F

TEAEsb 8 (66.7) 4 (66.7) 2 (33.3) 5 (83.3) 4 (66.7) 4 (66.7) 4 (66.7) 23 (63.9)

mild 7 (58.3) 4 (66.7) 2 (33.3) 5 (83.3) 4 (66.7) 4 (66.7) 4 (66.7) 23 (63.9)

moderate 1 ( 8.3) 0 0 0 0 0 0 0

severe 0 0 0 0 0 0 0 0

Drug-related TEAEs 5 (41.7) 3 (50.0) 0 3 (50.0) 4 (66.7) 3 (50.0) 1 (16.7) 14 (38.9)

Frequently reported TEAEsc

gastrointestinal disorders 5 (41.7) 1 (16.7) 0 3 (50.0) 2 (33.3) 1 (16.7) 0 7 (19.4)

diarrhoea 1 (8.3) 0 0 1 (16.7) 1 (16.7) 1 (16.7) 0 3 (8.3)

flatulence 2 (16.7) 0 0 2 (33.3) 0 0 0 2 (5.6)

abnormal gastrointestinal sounds 2 (16.7) 0 0 0 2 (33.3) 0 0 2 (5.6)

mouth ulceration 0 1 (16.7) 0 0 0 0 0 1 (2.8)

General disorders and administration site disorders 2 (16.7) 1 (16.7) 1 (16.7) 2 (33.3) 0 1 (16.7) 0 5 (13.9)

catheter site pain 0 0 1 (16.7) 1 (16.7) 0 0 0 2 (5.6)

catheter site-related reaction 0 0 0 1 (16.7) 0 1 (16.7) 0 2 (5.6)

fatigue 0 1 (16.7) 0 0 0 0 0 1 (2.8)

nasopharyngitis 1 (8.3) 2 (33.3) 1 (16.7) 0 0 0 0 3 (8.3)

decreased appetite 0 2 (33.3) 0 0 0 0 0 2 (5.6)

Musculoskeletal and connective tissue disorders 1 (8.3) 0 0 0 0 1 (16.7) 2 (33.3) 3 (8.3)

back pain 0 0 0 0 0 0 1 (16.7) 1 (2.8)

myalgia 0 0 0 0 0 1 (16.7) 1 (16.7) 2 (5.6)

Nervous system disorders 5 (41.7) 1 (16.7) 1 (16.7) 1 (16.7) 2 (33.3) 1 (16.7) 3 (50.0) 9 (25.0)

headache 3 (25.0) 1 (16.7) 0 1 (16.7) 1 (16.7) 1 (16.7) 3 (50.0) 7 (19.4)

vasovagal syncope 1 (8.3) 0 1 (16.7) 0 0 0 0 1 (2.8)

Renal and urinary disorders 2 (16.7) 0 0 0 0 1 (16.7) 0 1 (2.8)

pollakiuria 1 (8.3) 0 0 0 0 1 (16.7) 0 1 (2.8)

dysuria 1 (8.3) 0 0 0 0 0 0 0

Skin and subcutaneous tissue disorders 2 (16.7) 0 0 0 3 (50.0) 1 (16.7) 1 (16.7) 5 (13.9)

rash 1 (8.3) 0 0 0 3 (50.0) 1 (16.7) 1 (16.7) 5 (13.9)

a Data are given as n (%).

b If a subject experienced multiple similar types of adverse events with differing severities, they were counted only once with the worst severity.

c Subjects who experienced one or more TEAEs were counted once within a particular system organ class.

F= females; M=males.
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Table II. Ipragliflozin plasma pharmacokinetic parameters in healthy subjects following single and multiple dosinga

Group Subjects (n) tmax
b (h) Cmax (ng/mL) AUClast (ng�h/mL) AUCc (ng�h/mL) t½ (h) CL/F (L/h) Rac

Single dose

Ipragliflozin 5mg 6 M 1.0 (0.5–1.0) 75.7 – 13.1 303– 68 326 –63 10.2 –1.5 15.8 –3.1 NA

Ipragliflozin 30mg 6 M 1.5 (1.0–2.0) 422 –56 2194– 516 2220 –521 11.8 –3.7 14.1 –3.2 NA

Ipragliflozin 100mg 6 M 1.5 (1.0–2.0) 1227 –211 7617– 1292 7650 –1308 11.8 –2.9 13.4 –2.5 NA

Ipragliflozin 100mg 6 F 1.0 (0.5–4.0) 1234 –354 7775– 1382 7821 –1394 13.5 –3.6 13.1 –2.2 NA

Ipragliflozin 300mg 6 M 1.0 (1.0–3.0) 3325 –888 20 622– 4410 20 567 –4408 10.4 –2.1 15.0 –2.6 NA

Ipragliflozin 600mg 6 M 1.5 (1.0–4.0) 5832 –1232 48 570– 14 792 48 781 –14 857 12.6 –2.2 13.4 –4.5 NA

Multiple dosing (last dose)

Ipragliflozin 5mg 6 M 1.0 (0.5–1.0) 75.4 – 15.0 NA 328 –56 11.2 –3.1 15.6 –2.8 1.16 – 0.15

Ipragliflozin 30mg 6 M 1.0 (1.0–1.0) 446 –51 NA 1999 –317 11.3 –3.5 15.3 –2.5 1.07 – 0.09

Ipragliflozin 100mg 6 M 1.0 (0.5–4.0) 1313 –333 NA 7496 –1368 12.6 –1.7 13.7 –2.2 1.16 – 0.09

Ipragliflozin 100mg 6 F 2.3 (1.0–4.0) 1341 –230 NA 7980 –1791 14.6 –5.1 13.1 –3.3 1.20 – 0.15

Ipragliflozin 300mg 6 M 1.8 (0.5–3.0) 3480 –780 NA 21 325 –3072 11.3 –2.8 14.3 –2.0 1.19 – 0.16

Ipragliflozin 600mg 6 M 1.0 (1.0–2.0) 6431 –1228 NA 46 501 –11 882 11.9 –1.1 13.6 –3.4 1.18 – 0.12
a Data are given as mean –SD except where otherwise stated.

b Median (range).

c AUC¥ for single doses and AUCs for multiple dosing.

AUC = area under the plasma concentration-time curve; AUC¥ =AUC from time zero to infinity; AUCs=AUC during a dosage interval (t); AUClast =AUC from time zero to time of last

measurable concentration;CL/F =apparent total clearance from plasma after oral administration;Cmax=maximum plasma concentration; F = females;M =males;NA =not applicable;
Rac =accumulation ratio; t½=elimination half-life; tmax = time to reach Cmax.
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There appeared to be no major differences in the
pharmacokinetics of ipragliflozin between male and
female subjects, but it should be noted that sex ef-
fects were assessed only in the 100mg cohort and
group sizes were small (table II, figure 4).

Pharmacodynamics

Glucose pharmacodynamic parameters in
plasma and urine after single and multiple dosing
of ipragliflozin are presented in table III. No
significant changes from baseline in plasma glu-
cose AUC24 and plasma glucose levels at the time
of ipragliflozin Ctrough were observed in any of
the ipragliflozin treatment groups after single and

multiple doses. Cumulative UGE increased sig-
nificantly with increasing doses of ipragliflozin
after both single and multiple dosing (figures 5a
and b). A maximum level of UGE of approxi-
mately 70 g (390mmol) over 24 hours was ob-
tained with the 300mg single dose (figures 5a and
6a). The UGE over 24 hours was slightly lower in
female subjects than in male subjects (figure 5),
but the glucose CLR over 24 hours was similar in
females and males (table III).

There was no indication of an effect of ipra-
gliflozin, at any dose-level, on urine volume, both
after single and multiple once-daily dosing (data
not shown). These data need to be interpreted
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30 mg, males
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300 mg, males
600 mg, males
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with caution, however, since the study was not
controlled for fluid intake. Sodium concentra-
tions in urine were assessed throughout the study
and no significant differences were observed be-
tween the ipragliflozin and placebo groups.

Treatment with single and multiple doses of
ipragliflozin in the dose range of 5–600mg did
not affect plasma glucose levels as compared with
placebo in these healthy subjects. After the last
dose, mean fasted plasma glucose levels were
5.00mmol/L in the placebo group and 5.06, 4.97,
4.76, 4.96 and 4.89mmol/L in the ipragliflozin 5,
30, 100, 300 and 600mg cohorts, respectively.

Pharmacokinetic-Pharmacodynamic
Relationships

The relationship between the dose of ipragli-
flozin and UGE after the first and last adminis-
tration is shown in figure 6a. The relationship
between the ipragliflozin AUC and UGE (semi-
logarithmic scale) is presented in figure 6b. Ipra-
gliflozin caused a clear dose-dependent increase
in UGE (figure 6a). Similarly, UGE clearly in-
creased with an increase in exposure (AUC) to

ipragliflozin after both the first and the last ad-
ministration (figure 6b).

Discussion

This multiple ascending-dose study demonstrat-
ed that ipragliflozin was safe and well tolerated in
normoglycaemic healthy subjects following single
and 10-day daily dosing up to a dose level of
600mg. Administration of ipragliflozin resulted in
a rapid, dose-dependent increase in glucosuria, in-
hibiting renal glucose resorption and resulting in
UGE of up to 59 g/day (327mmol) following
multiple doses, without clinically relevant changes
in plasma glucose levels.

Repeated administration of ipragliflozin did
not result in an increase in the number of subjects
with TEAEs or overall number of TEAEs, sug-
gesting that ipragliflozin poses no serious safety
concerns. No hypoglycaemic events occurred
and, given that ipragliflozin acts independently of
insulin, the risk of hypoglycaemia should be low.
No clinically significant changes were detected in
parameters of renal function and no subjects
experienced urinary or genital tract infections.

Table III. Pharmacodynamic parameters of ipragliflozin as measured by changes in glucose parameters in plasma and urine following single

and multiple dosinga

Glucose parameter Placebo

(10 M +2 F)

Ipragliflozin

5mg (6b M)

Ipragliflozin

30mg (6 M)

Ipragliflozin

100mg (6 M)

Ipragliflozin

100mg (6 F)

Ipragliflozin

300mg (6 M)

Ipragliflozin

600mg (6 M)

Single dose

AUC24 (g�h/L) 22.52 – 1.08 23.06 – 1.44 22.16 –0.72 22.34 –1.62 21.08 – 0.72 22.52 –1.44 22.34 –0.90

Plasma level at time of

ipragliflozin Ctrough (g/L)
0.92 – 0.06 0.91 – 0.02 0.91 –0.06 0.93 – 0.10 0.83 – 0.05 0.92 –0.08 0.92 – 0.05

UGE (g/24h) 0.11 – 0.05 3.08 – 2.05c 31.17 –10.63 48.64 –8.65 41.26 – 8.65 70.80 –11.53 68.64 –13.15

CLR,24 (L/h) 0.005 – 0.002 0.131 – 0.081c 1.41 –0.51 2.18 – 0.36 1.96 – 0.43 3.14 –0.53 3.06 – 0.55

Multiple dosing (after last dose)

AUC24 (g�h/L) 22.70 – 1.08 22.34 – 1.08 22.34 –1.08 23.96 –1.26 20.54 – 0.72 22.70 –1.44 21.44 –1.08

Plasma level at time of

ipragliflozin Ctrough (g/L)
0.90 – 0.05 0.91 – 0.03 0.90 –0.05 0.91 – 0.06 0.80 – 0.02 0.89 –0.04 0.88 – 0.06

UGE (g/24h) 0.11 – 0.05 3.15 – 0.70 24.32 –8.47 40.00 –12.07 34.77 – 12.43 56.39 –11.17 58.91 –14.59

CLR,24 (L/h) 0.005 – 0.002 0.142 – 0.034 1.09 –0.36 1.69 – 0.58 1.69 – 0.60 2.50 –0.53 2.75 – 0.67
a All data are given as mean –SD.

b Unless otherwise stated.

c n= 5.

AUC24 =area under the plasma glucose concentration-time curve from time zero to 24 hours; CLR,24 = renal clearance of glucose over

24 hours; Ctrough = trough plasma concentration (concentration at the time of dosing of ipragliflozin); F = females; M =males; UGE =urinary
glucose excretion.
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Urinary tract and genital infections, particularly
vulvovaginal infections, secondary to increased
glucosuria are considered to be a potential concern
during treatment with SGLT2 inhibitors.[10,18,31]

These infections are known to occur more fre-
quently in women with type 2 diabetes than in the
general population,[32,33] but evidence also suggests
that glucosuria is not a risk factor for urinary tract
infections.[33] Ongoing clinical trials in patients
with type 2 diabetes will evaluate the incidence of
these events during treatment with ipragliflozin.

Ipragliflozin has a C-glucoside linkage, which
has been shown to confer resistance to X-gluco-
sidase-mediated degradation of dapagliflozin
in the gastrointestinal tract.[34] The phar-
macokinetic profile of ipragliflozin, i.e. rapid
absorption, with a mean t½ of approximately

12 hours, and the favourable pharmacokinetic-
pharmacodynamic relationship suggest that
ipragliflozin is suitable for prolonged once-daily
oral treatment. There appeared to be no major
differences in pharmacokinetic parameters of
ipragliflozin between male and female subjects.
However, it should be noted that sex effects were
evaluated only at the 100mg dose and the num-
ber of subjects included in this analysis was small
(six males and six females).

Administration of ipragliflozin resulted in a
dose-dependent increase in UGE in healthy sub-
jects following single and multiple dosing, which
is consistent with data from preclinical studies in
normal and diabetic mice.[20] Ipragliflozin doses
of 300mg and higher resulted in a UGE of ap-
proximately 70 g/day (390mmol/day) after a sin-

Placebo, males and females
5 mg, males
30 mg, males
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100 mg, males
300 mg, males
600 mg, males
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gle dose and 59 g/day (327mmol/day) after mul-
tiple dosing, suggesting that glucose reabsorption
by SGLT2 was inhibited by up to 40%, assuming
that approximately 180 g of glucose is filtered by
the kidneys per day. It is not known why the in-
crease in UGE was somewhat higher after the
first dose than after multiple doses of ipragli-
flozin. It is possible that after multiple doses a
steady state is reached where both ipragliflozin
and glucose bind to SGLT2, and the increase in
UGE will be somewhat lower compared with the
first dose. A similar study of dapagliflozin in
healthy subjects reported a maximum UGE of
62 g/day after a single dose of 50mg, and 55 g/day
after multiple dosing (100mg/day for 14 days).[35]

In patients with type 2 diabetes, the effects of
SGLT2 inhibition on UGE appear to be more
pronounced. Once-daily treatment with ipragli-
flozin 300mg for 28 days resulted in a UGEmean
change from baseline of approximately 90 g of
glucose over 24 hours,[36] and once-daily treat-
ment with dapagliflozin 100mg for 14 days
resulted in a UGE of approximately 70 g over
24 hours.[37]

In our view, the absence of complete inhibition
of glucose resorption by SGLT2 inhibitors may
be explained by assuming that not all SGLT2
receptors in the proximal tubules of the kidneys
are blocked by ipragliflozin. It has also been hy-
pothesized that this may be due to the action of
additional mechanisms or transport molecules,
such as SGLT1, or potential competition for
binding to SGLT2 by increased tubular con-
centrations of glucose.[37]

Increases in UGE induced by ipragliflozin did
not result in altered plasma glucose levels in this
study, which is consistent with data from other
studies of SGLT2 inhibitors in healthy sub-
jects.[35,38] Healthy individuals maintain glucose
homeostasis via a series of feedback loops and
regulatory pathways involving a wide variety of
factors including insulin, glucagon and sym-
pathoadrenal mediators, many of which are
impaired in patients with type 2 diabetes.[39]

Gluconeogenesis accounts for the majority of
glucose production in normal individuals with
hypoglycaemia due to fasting.[40] Gluconeogene-
sis may also be responsible for maintaining nor-
mal plasma glucose levels in healthy subjects in
response to a subtle reduction in plasma glucose
due to increased UGE induced by ipragliflozin.

Conclusion

Ipragliflozin is a novel, selective SGLT2 in-
hibitor that is well tolerated and safe following
a single dose and 10 days of multiple dosing
in healthy subjects. Ipragliflozin is rapidly ab-
sorbed after oral administration and the AUC
increases proportionally with increasing dose.
Ipragliflozin increases UGE in a dose-dependent
manner, without affecting plasma glucose levels.
These characteristics make ipragliflozin a poten-
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tially suitable insulin-independent drug for the
treatment of hyperglycaemia in type 2 diabetes
patients.
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