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Abstract

Antidiabetic effects of dipeptidyl peptidase (DPP)-4 inhibitors are exerted by potentiation of
the biological activity of incretin hormones like glucagon-like peptide (GLP)-1. Bl 1356
[proposed trade name ONDERO; (R)-8-(3-Amino-piperidin-1-yl)-7-but-2-ynyl-3-methyl - 1-
(4-methyl-quinazolin-2-ylmethyl)-3,7-dihydro-purine-2,6-diong] is anovel competitive,
selective, potent and long-acting DPP-4 inhibitor under clinical development for the treatment
of type 2 diabetes. The effect of 1-2 months of chronic dosing of Bl 1356 in two different
animal modelsisinvestigated. The first is a primarily genetic model (Zucker Diabetic Fatty
(ZDF) rats) and the second is a non-genetic model (mice with diabetes induced by a
combination of high fat diet (HFD) and alow-dose streptozotocin (STZ)). Bl 1356 was shown
to lower HbA 1c after multiple dosing in both models. The improvement of glycemic control
achieved in disease models of different etiology suggests that Bl 1356 would also be
efficacious in treating a broad spectrum of type 2 diabetic patients. In addition, multiple
dosing of Bl 1356 leads to a sustained increase in basal levels of active GLP-1 in the systemic
circulation with expected long-term benefits on pancreatic o- and 3-cells. The effects on
HbA1c, as well as, GLP-1 were superior to the short-acting DPP-4 inhibitor vildagliptin,
demonstrating the potential of Bl 1356 as a once-daily treatment for type 2 diabetes at low

therapeutic doses.

¥20z ‘2T [udy uo sfeulnor 134SY e Blo'seuuno fiadseed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on October 29, 2008 as DOI: 10.1124/jpet.108.143966
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #143966

I ntroduction

The global prevalence of type 2 diabetes appears to be increasing dramatically, possibly asa
consequence of a more sedentary lifestyle and the adoption of Western diets (King et al.,
1998). The World Health Organization estimates the number of people with diabetes to be
approximately 180 million and this figure is projected to more than double by the year 2030.
Furthermore, there is convincing evidence that the risk of developing microvascular
complications, such as retinopathy, nephropathy, and neuropathy, is related to the degree of
hyperglycemia (Palumbo, 2001). In addition, patients with type 2 diabetes have a higher
cardiovascular morbidity and mortality and increased all-cause mortality compared with non-

diabetic subjects (Manson et al., 1991; Balkau and Eschwege, 1999).

Type 2 diabetes is a progressi ve disease the underlying pathology of which comprises
impaired insulin secretion and insulin resistance in target tissues (Taylor, 1999). The available
therapies have only limited long-term efficacy given the progressive nature of the disease and
tolerability issues arise during chronic treatment (Bolen et al., 2007). A novel approach
targets the incretin hormones glucagon-like peptide (GLP)-1 and glucose-dependent
insulinotropic polypeptide (GIP) that are released from the intestine in response to a meal
(Meier and Nauck, 2006; Todd and Bloom, 2007). GLP-1 exerts a glucose-dependent
insulinotropic action in (3-cells and suppresses glucagon secretion from a-cells (Nauck et al.,
1993; Rachman et al., 1996). Furthermore, GLP-1 has been shown to restore [3-cell massin
rodents by stimulation of 3-cell neogenesis and proliferation, as well as, inhibiting 3-cell
apoptosis (Xu et al., 1999; Tourrel et al., 2001; Farillaet al., 2002; Mu et a., 2006). GLP-1is
rapidly truncated and inactivated by dipeptidyl peptidase (DPP)-4 which possesses N-terminal
dipeptidyl exopeptidase activity and exists as both a membrane-bound protein and as a soluble

protein in plasma (Pauly et al., 1996). Inhibitors of DPP-4 potentiate the biological activity of
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GLP-1 by preventing its inactivation and have demonstrated glucose-lowering efficacy in

patients with type 2 diabetes (Pratley and Salsali, 2007).

Bl 1356 (proposed trade name ONDERO) is anovel DPP-4 inhibitor under clinical
development for the treatment of type 2 diabetes. The compound is derived from the xanthine
class (Eckhardt et al., 2007) and is structurally different from other DPP-4 inhibitors that are
currently available or in late stage clinical development. Bl 1356 is a competitive inhibitor
with ahigh potency (K; = 1 nM) and along off-rate from the DPP-4 enzyme that also shows a
high selectivity against a wide range of peptidases including DPP-8 and DPP-9. After single
dosing in preclinical models, the inhibition of DPP-4 and the duration of action on glucose
tolerance are longer lasting with Bl 1356 than with other DPP-4 inhibitors (sitagliptin,
saxagliptin, vildagliptin, or alogliptin). Furthermore, Bl 1356 demonstrated an increasein
basal active GLP-1 even 24 h after single dosing (Thomas et al., 2008). The long duration of
action of Bl 1356 in vivo isin agreement with its long terminal half-life (35.5 hin rat)

(Eckhardt et al., 2007).

In the current study, the efficacy of Bl 1356 after chronic once-daily dosing in diabetic animal
models of various disease etiologies is described and compared with the short acting DPP-4

inhibitor vildagliptin.
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M ethods

Animals. This series of investigations looked at the in vivo profile of Bl 1356 after chronic
treatment in male high-fat diet (HFD)/streptozotocin (STZ)-induced diabetic ICR mice
(Crl:CD1(ICR); obtained from Charles River Laboratories, Sulzfeld, Germany) and in male
and female Zucker Diabetic Fatty (ZDF) rats (ZDF-Lepr™/Crl; obtained from Charles River
Laboratories, Wilmington, MA). Animal procedures were approved by the local animal ethics
committee and complied with Nationa Institutes of Health guidance (Institute of Laboratory

Animal Resources, 1996).

Animals were housed singly (male ZDF rats) or in groups (female ZDF rats, ICR mice) at
controlled temperature and humidity conditions with a12 h/12 h light/dark cycle (lights out
between 6 PM and 6 AM). The animals had accessto diet and water ad libitum. ICR mice
were fed diet 824055 (Special Diets Services, Witham, England; 60% of kcal from fat). Male
ZDF rats were on diet 5008 (Purina LabDiet, London, England; containing 2.6% sucrose) and

female ZDF rats were on diet 58NX (Purina TestDiet, Richmond, IN; 48% of kcal from fat).

Compounds and dosing. Bl 1356 (Eckhardt et al., 2007), vildagliptin (Villhauer et al., 2003)
and NVP-DPP728 (Villhauer et al., 2002) were provided by the Department of Chemical
Research (Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany).
During chronic in vivo studies, compound administration was by oral gavage using 0.5%
agueous hyroxyethylcellulose as a vehicle. Compounds were administered once daily in the

afternoon, 2-3 h before the onset of the dark phase. Control animals received vehicle only.

Analytical procedures. Blood glucose was measured with a glucometer (OneTouch Ultra;

Lifescan, Milpitas, CA) or using an automated analyzer (Cobas Integra 400 Plus; Roche
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Diagnostics; Indianapoalis, IN), which was also used for measuring glycated hemoglobin Alc
(HbA1c) in whole blood. Commercially available enzyme-linked immunaosorbent and
colorimetric assay kits were used to measure GLP-1-(7-36)amide (Linco Research Inc., St.
Charles, MO), insulin (Crystal Chem Inc., Downers Grove, IL) and free fatty acids (Wako
Chemicals GmbH, Neuss, Germany) in EDTA plasma. Blood samples were immediately
supplemented with 100 uM DPP-4 inhibitor NV P-DPP728 to prevent degradation of active

GLP-1.

Ex vivo DPP-4 inhibition assay. Blood samples were drawn from the retrobulbal venous
plexus under isoflurane anesthesia 21 h after compound administration. EDTA plasmawas
frozen for ex vivo measurement of DPP-4 activity which was assayed in 5-fold diluted plasma

after 10 min incubation with substrate as described (Thomas et al., 2008).

Chronic study in diabetic mice. Diabetes was induced in male ICR mice by a combination
of HFD feeding starting at the age of 4 weeks and a single low-dose intraperitoneal injection
of 100 mg/kg streptozotocin (Sigma-Aldrich, St. Louis, MO) at the age of 7 weeks. Once
daily compound treatment in diabetic animals was started at the age of 12 weeks after groups
had been randomized for HbA1c and glucose. Treatment was continued for 4 weeks. Blood
glucose measurements in fed animals (treatment day 27) and an oral glucose tolerance test
(OGTT,; treatment day 17) in overnight (16 h) fasted animals with a glucose challenge of 2
o/kg were performed during the study 16 h after compound administration. Blood samples for
glucose measurement were obtained by tail bleed. Blood samples for measurement of HbA1c
(treatment days 14 and 27), GLP-1 and insulin (treatment day 27) were drawn from the

retrobulbal venous plexus under isoflurane anesthesia.
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Chronic studiesin diabetic rats. Once daily compound treatment was started in male ZDF
rats at the age of 6 weeks after randomization for HbA1c values. Treatment was continued for
5 weeks. In this study, all blood samples were obtained by tail bleed. During the study, a24 h
glucose profile was measured by drawing blood samples every 4 h (treatment day 21 and 22).
Animals had free access to food and water throughout the 24 h sampling period. At the end of
the study (treatment day 34), an OGTT was performed in rats that were mildly fasted (60% of
normal food intake resulting in an approximately 8 h fasting) before the test. On the day of the
OGTT, animals received a compound administration 15 min before an oral glucose load of 1
o/kg. Plasma glucose, GLP-1 and insulin were measured before the administration of the
compound, before the glucose load and at serial time points after the glucose challenge. In this
study, plasma glucose was measured on an Vitros DT60II automated analyzer (Ortho Clinical
Diagnostics, Inc., Rochester; NY), and GLP-1 and insulin were measured using a Rat
Endocrine Immunoassay Panel (LINCOplex, analyzed using a Luminex100TM system;

LINCO Research Inc., St. Charles, MO).

In female ZDF rats, HFD feeding was started at the age of 7 weeks and once daily compound
treatment began one week later after randomization for HbA1c values. Treatment was
continued for 7.5 weeks. An OGTT was performed during the study (treatment day 32) in
overnight (16 h) fasted animals with a glucose challenge of 2 g/kg given 16 h after compound
administration. Blood samples for glucose measurement were obtained by tail bleed and blood
samples for measurement of HbA 1c by puncture of the retrobulbal venous plexus under

isoflurane anesthesia.

Data Analysis. Statistical comparisons were conducted by Student’ s t test or one-way
ANOVA followed by Bonferroni’s post test for group-wise comparisons, as specified in the

legends for figures. In the female ZDF study, statistical comparison between the HbAlc
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values of control and active groups was conducted by repeated measures two-way ANOVA
followed by one-sided decreasing t tests for group-wise comparisons. A p value < 0.05 was
considered to show a statistically significant difference, and ap value < 0.1 was regarded as a

trend.
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Results

Effects of BI 1356 on glycemic control in high-fat diet/streptozotocin-induced diabetic
mice. Bl 1356 is anovel competitive, selective, potent and long-acting inhibitor of DPP-4
after single dosing. To investigate the effects of Bl 1356 on glycemic control after multiple
dosing, a4-week study was carried out in a non-genetic rodent model of diabetes (Luo et al.,
1998). Male ICR mice were fed ahigh-fat diet (HFD) for 3 weeks and then received asingle
low-dose injection of streptozotocin (STZ). After STZ administration, HFD feeding was
continued. Mean body weight (45 g), blood glucose (18 mM) and plasmainsulin (0.75
ng/mL) at the start of the treatment with Bl 1356 were comparable to published values (Mu et
al., 2006) confirming the hyperglycemic and hyperinsulinemic state of the animals. The
HFD/STZ mice then received once-daily oral administrations of Bl 1356 at 1, 3, or 10 mg/kg

for aperiod of 4 weeks.

DPP-4 activity in plasma was measured 21 h post-dose (close to trough) on treatment day 27.
Treatment with Bl 1356 resulted in adose-dependent inhibition of plasma DPP-4 by 59%,
78%, and 87%, compared with the baseline values on day O (Figure 1A). Virtually the same
inhibition of plasma DPP-4 activity was already seen after 14 days of treatment, indicating
that a steady state of enzyme inhibition had been reached (data not shown). There was no
differencein food intake and body weight development during the course of the study
between the vehicle-treated control group and the groups treated with the DPP-4 inhibitor

(data not shown).

All doses of Bl 1356 equally improved oral glucose tolerance after 17 days of treatment
(Figure 1, B and C), indicating that in all cases the achieved inhibition of DPP-4 was

sufficient to result in amaximal reduction of glucose excursion. Since the test was performed

10
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16 h post-dose, the DPP-4 inhibition is expected to be more than 60% even with the low-dose
of 1 mg/kg (compare Figure 1A). In accordance with the improved glucose tolerance,
postprandial glucose (measured after beginning of the light phase) was also reduced (Figure
1D). The lowering of blood glucose is reflected in a significant decrease of HbA1c over the
course of the study (Figure 2). The change in HbA 1c after 4 weeks compared with vehicle-
treated animals was 0.8%, 0.9%, and 1.0% with Bl 1356 doses of 1, 3, and 10 mg/Kkg,

respectively.

Basal GLP-1 levels 16 h after compound administration were also examined. Active GLP-1
was dose-dependently elevated after multiple dosing of Bl 1356 on day 28 of the study
(Figure 3A). Thisrisein active GLP-1 isan increase in basal levels and not glucose-
dependent since glucose levels were even lower in animals treated with Bl 1356 than in the
controls (Figure 1D). In contrast to GLP-1, insulin levels were not different between the

groups (Figure 3B).

Effects of Bl 1356 on glycemic control in Zucker Diabetic Fatty rats. Next, the effect of
Bl 1356 on glucose homeostasis after multiple dosing in a more extreme diabetic animal
model, the male ZDF rat, was investigated. This model is characterized by very severeinsulin
resistance in young animals and a progressive 3-cell failure with increasing age (Peterson RG,
2001). The ZDF rats received once-daily oral administrations of 3 mg/kg Bl 1356 for 5 weeks
and this treatment was compared to another DPP-4 inhibitor, vildagliptin, a the same dose
and regimen. No change in body weight development was observed between the different
groups during the course of the study (Figure 4A). However, Bl 1356 reduced cumulative
food intake at the end of the study by 6% (Figure 4B). Vildagliptin had no significant effect

on food intake.

11
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An OGTT performed on treatment day 34 demonstrated that Bl 1356 and vildagliptin both
reduced glucose excursion by about 50% (Figure 5, A and B). Both compounds had been
administered 15 min before the glucose load, indicating that under these acute conditions they
are equally effective on glucose homeostasis. In the case of vildagliptin, levels of active GLP-
1 in plasma were not different from control animals before compound administration. In
contrast, active GLP-1 was increased about 2.5-fold before dosing with BI 1356 (Figure 5C).
Since the last compound administration had been 16 h previously, these data show that
treatment with BI 1356, but not vildagliptin resultsin along-lasting increase in basal levels of
active GLP-1. Bl 1356 and vildagliptin were both shown to further increase active GLP-1
after administration and before glucose load, which was followed by a peak level 5 min after
the glucose load. Levels of active GLP-1 were still elevated 2 h after glucose challenge, but at
a higher level for Bl 1356 compared to vildagliptin. Basal insulin levels before and after the
glucose tolerance test were equally high between all the groups (Figure 5D). An insulin peak

was observed 15 min after the glucose load which was particularly prominent with Bl 1356.

On days 21 and 22 of the study, a 24 h glucose profile in the fed state was measured by taking
blood samples every 4 h (Figure 6). In contrast to vildagliptin, animals tended to have lower
blood glucose levels after chronic treatment with Bl 1356 and total 24 h glucose AUC was

significantly reduced by 10%.

The control animals showed amarked increase in HbA1c from 3.2% to 6.4% during the 5-
week study (Figure 7A), underlining the severe progression of diabetes in the male ZDF rats.
Vildagliptin appeared to have no effect on the development of HbA 1c, whereas Bl 1356
showed an, albeit insignificant, tendency for lowering HbA1c by 0.4%. The reduction of
HbA1c by Bl 1356 isin accordance with its superior effect on the 24 h glucose profile as

compared to vildagliptin.
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In order to confirm the effect of Bl 1356 on HbA1c in the ZDF model, multiple dosing was
repeated in the less severe diabetic female animals of the same strain and the duration of the
treatment was extended to 7.5 weeks. Glucose tolerance was improved after multiple dosing
(Figure 8). HbA1c in the control animals increased from 2.1% to 3.5% after 4 weeks and to
4.7% after 7.5 weeks (Figure 7B). Again, Bl 1356 showed a dose-dependent trend to reduce
HbA 1c versus control by 0.3% after 4 weeks and by 0.7% after 7.5 weeks (p < 0.1 for the 3

mg/kg dose of Bl 1356), thus supporting the effect observed in male ZDF rats.
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Discussion

DPP-4 inhibitors augment the effects of incretin hormones by prolonging their half-life and
represent a new therapeutic approach for the treatment of type 2 diabetes (Pratley and Salsdli,
2007). Currently, in late stage clinical development Bl 1356 is a potent, selective and long-
acting DPP-4 inhibitor from a novel structural class (Thomas et al., 2008). In the current
study, Bl 1356 was tested after chronic once-daily dosing in several preclinical models of
diabetes. The ZDF rat is a well-characterized genetic model of obesity and type 2 diabetes.

Male ZDF rats develop diabetes rapidly between 6 and 10 weeks of age (Peterson RG, 2001).

It has previously been shown that Bl 1356 increases basal GLP-1 levels even 24 h after single
dosing (Thomas et a., 2008). This long-lasting rise in basal GLP-1 was shown to be sustained
in diabetic male ZDF rats after multiple dosing, demonstrating that the effect does not
deteriorate with time. Since the basal GLP-1 rise is not dependent on elevated glucose levels,
it is hypothesized that small amounts of active GLP-1 are permanently secreted by intestinal
cellsand that BI 1356 causes these minor amounts to accumulate by preventing their
degradation. It has also previously been demonstrated that another DPP-4 inhibitor,
vildagliptin, is a short-acting compound in contrast to Bl 1356 (Thomas et a., 2008). Indeed,
basal GLP-1 levels were not increased by vildagliptin indicating that along-lasting inhibition
of the DPP-4 enzyme is required for this to occur. Increased basal GLP-1 levels might
therapeutically result in stimulation of 3-cell regeneration and increased 3-cell mass (Baggio
and Drucker, 2006; Mu et a., 2006), as well as, attenuate the exaggerated glucagon secretion
from o-cells that is characteristic of diabetes (Franklin et al., 2005). Furthermore, GLP-1 is
known to have extrapancreatic actions which include inhibition of food intake and gastric
empyting (Drucker 2006). The reduction in cumulative food intake during the study in male

ZDF rats seen with Bl 1356 but not vildagliptin isin agreement with the elevated basal GLP-1
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levels elicited by Bl 1356. This reduced food intake over the course of our study (5 weeks)
did not result in body weight loss which may be due to severe hyperphagia and/or secondary

mechanisms in this model, e.g. a compensatory decrease in energy expenditure.

Irrespective of the different basal GLP-1 levels, the time course of active GLP-1 during an
OGTT carried out immediately after administration of Bl 1356 or vildagliptin revealed that
both DPP-4 inhibitors resulted in a comparable increase in GLP-1, which was released
glucose-independently (i.e. before the glucose bolus) and putatively (at least in part) in a
glucose-dependent manner after the glucose bolus. The glucose-dependent increase by BI
1356 in active GLP-1 on top of an elevated basal GLP-1 level has already been demonstrated
in acute studies 16 h after dosing of the DPP-4 inhibitor (Thomas et al., 2008). However,
while there was only a very minor increase in glucose-dependent insulin secretion by
vildagliptin, the insulin peak was much more profound with Bl 1356. This finding indicates
that either the higher active GLP-1 on top of the elevated basal levels has a superior effect on
insulin secretion or that the long-term elevated basal levels bona fide exert atrophic effect on
[3-cells, thus increasing their glucose competence. It is noteworthy that the elevated basal
GLP-1 levels did not further enhance the basal hyperinsulinemiain these animals, signifying
that the insulinotropic effect of GLP-1 is still glucose-dependent. Furthermore, the high
fasting hyperinsulinemia (about 4-5 ng/mL) reminiscent of the high peripheral insulin
resistance in this animal model probably explains why the acute effects on glucose excursion
are similar for Bl 1356 and vildagliptin despite clearly divergent mechanistic effects on active
GLP-1 and insulin. These data indicate that the maximal achievable effect seemsto be limited

by the degree of insulin resistance in this anima model.

The results of a glucose homeostasis analysis, acutely after dosing with either Bl 1356 or

vildapliptin failed to show any significant difference in lowering glucose excursion between
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the two DPP-4 inhibitors. However, when studying the full 24 h glucose profilesin the fed
state the long duration of action for Bl 1356 over vildagliptin became very evident. Only
chronic treatment with the long-acting Bl 1356 (and supposedly also any other long-acting
DPP-4 inhibitor) resulted in an overall glucose lowering effect, but not the treatment with the
short-acting vildagliptin. The difference in the duration of action between Bl 135 and
vildagliptin has previously been shown in acute studies (Thomas et a., 2008). The glucose
lowering seen with Bl 1356 in the chronic study translated into a numerical reduction of

HbA 1c by 0.4% after 5 weeks of treatment. No such reduction was seen for vildagliptin.
These data emphasize that the glycemic control achievable viathe DPP-4 mechanism depends
not only on the degree of DPP-4 inhibition but on the duration of DPP-4 inhibition during a

24 h period.

To further substantiate the minor effect of Bl 1356 on HbA1c in the severely diabetic male
ZDF rats, an additional chronic study in female animals of the same strain was performed.
Female obese ZDF rats have a somewhat |ess severe diabetic phenotype with a slower
progression than males and they develop this phenotype only when consuming a diabetogenic
diet (Peterson, 2001). Although female ZDF rats also show a deterioration of diabetes with
time, the progression is slower in comparison to the males. Bl 1356 showed a dose- and time-
dependent reduction of HbA1c in the female ZDF model that had higher statistical
significance when compared to the males. Together, these data demonstrate that a potent and
long acting DPP-4 inhibitor such as Bl 1356 improves glycemic control even in disease
models, which are hampered by genetically driven severe insulin resistance and progressive (3-

cell failure.

Non-genetic animal models of diabetes offer the possibility to explore effects on glycemic

control in the context of different disease etiologies. In ahigh-fat diet/streptozotocin-induced
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diabetic mouse model, insulin secretion isimpaired by a single low-dose injection of
streptozotocin and peripheral insulin resistance is provoked by feeding a high-fat diet (Luo et
al., 1998). In this model, HbA 1c levels remained constant over the 4-week study period with
multiple dosing of Bl 1356. While the improvement of glucose tolerance and the lowering of
blood glucose were not greater in the mouse model than in the ZDF model, a highly
significant reduction of HbA1c was achieved with Bl 1356 after chronic treatment.
Furthermore, the reduction was larger than after 4 weeks of treatment in ZDF rats (0.9% vs.
0.3-0.4% in comparison of the 3 mg/kg dose with control). Similarly to the ZDF rats, chronic
treatment with Bl 1356 in HFD/STZ mice resulted in an increase of basal GLP-1 levels

suggesting a similar mechanistic effect of Bl 1356 in the two models.

The current data clearly indicate that the absolute degree of glycemic control that can be
reached via the DPP-4 mechanism depends on the underlying pathology causing diabetesin a
particular animal model. More importantly, Bl 1356 improves glycemic control after chronic
treatment in various diabetic animal models independent of their disease etiology suggesting
that it would be efficacious in treating a broad spectrum of type 2 diabetic patients. Indeed, a
long lasting inhibition of DPP-4 and improvement of glucose tolerance, aswell as, HbAlc
lowering have aready been confirmed in humans (Forst et al., 2007). In the clinical study by
Forst et a., the maximal mean placebo-corrected change in HbA1c was -0.37% after 4 weeks
of treatment of type 2 diabetic patients. This effect was already achieved after a treatment
period that covers only one half-life of human glycosylated hemoglobin. The half-lives of
glycosylated hemoglobin have been reported to be 30, 16, and 15 days in man, mouse, and rat,
respectively (Rendell et al., 1985). In the HFD/STZ mouse model, the decrease in HbAlc
after one half-life was about 0.5-0.6%. Extrapolating the efficacy of Bl 1356 in the female
ZDF rat model to one half-life yields a decrease of about 0.2-0.4%. Thus, it seems asiif the

achievable degree of glycemic control in these two animal models might roughly translate
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into the clinical situation, whereby the mouse model would overestimate and the rat model
underestimate the human efficacy to some extent. In general, rodent models with a moderate
severity of diabetes appear to have a better predictivity for the efficacy of a DPP-4 inhibitor in
humans as amodel like the male ZDF rat with a very severe diabetes and arapid disease

progression. It should be emphasized that no animal model fits the human situation in all

aspects.

In summary, Bl 1356 improves glucose homeostasis after multiple dosing in different animal
models of diabetes. The positive effects of Bl 1356 on glycemic control are paralleled by a
sustained increase in basal GLP-1 levels, which offers the potential for beneficial effects on
pancredtic islets that extend beyond lowering hyperglycemia. Additional studies are ongoing
to investigate the effects of once daily chronic administration of Bl 1356 on 3-cell

morphology, preservation and function.
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Parts of this work were previously published as follows:

Thomas L and Mark M (2008) Bl 1356 (proposed trade name ONDERO), a novel xanthine-
based DPP-4 inhibitor, improves glycaemic control after multiple dosing in various diabetic
animal models. 3rd International Conference on Dipeptidyl peptidases and related proteins;
2008 Apr 23-25; Antwerp, Belgium. Organizing committee De Meester |, Scharpé S, and

Haemers A, Antwerp, Belgium.

Thomas L, Tadayyon M, and Mark M (2008) Bl 1356 (proposed trade name ONDERO), a
novel xanthine-based DPP-4 inhibitor, increases basal GLP-1 and improves glycemic control
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The chronic study in male ZDF rats was performed under contract by Rheoscience A/S
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Kirsten Lykkegaard as study director.
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L egendsfor Figures

Fig. 1. Inhibition of plasma DPP-4 activity and effects on blood glucose in HFD/STZ mice
after multiple once daily oral dosing of Bl 1356 at the indicated doses. A: Plasma DPP-4
activity on day 27 of treatment. The measurements were performed 21 h post-dose. B: OGTT
in overnight fasted animals on day 17 of treatment. The test was performed 16 h post-dose. C:
Reactive glucose AUC for the OGTT shown in B. D: Postprandial glucose at baseline and on
day 27 of treatment. Glucose was measured in the non-fasted state 16 h post-dose. Datain all
panels are means £ S.E.M. (n = 10/group). Statistical comparison between control and active
groups was conducted by one-way ANOV A and by paired Student’s t test for comparison

with baseline values within groups (#, p < 0.1; *, p < 0.05; ***, p < 0.001).

Fig. 2. Time course of HbA 1c after multiple once daily oral dosing of Bl 1356 at the indicated
dosesin HFD/STZ mice. Dataare means + SE.M. (n = 10/group). Statistical comparison
between baseline and on-treatment values was conducted by repeated measures one-way

ANOVA (**, p < 0.01; ***, p < 0.001).

Fig. 3. Levels of active GLP-1 (A) and insulin (B) in plasma of HFD/STZ mice on day 28
after multiple once daily oral dosing of Bl 1356 at the indicated doses. Blood samples were
obtained in the non-fasted state 16 h post-dose. Data are means = S.E.M. (n = 10/group).
Statistical comparison between control and active groups was conducted by one-way ANOVA

(#,p<0.1; ***, p<0.001).

Fig. 4. Body weight development (A) and cumulative food intake (B) in male ZDF rats during

multiple once daily oral dosing with either 3 mg/kg vildagliptin or Bl 1356. Data are means £
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S.E.M. (n = 10-30/group). Statistical comparison between control and active groups at the end

of the study was conducted by one-way ANOVA (*, p < 0.05).

Fig. 5. OGTT in male ZDF rats (fasted for approximately 8 h) on day 34 after multiple once
daily oral dosing of 3 mg/kg vildagliptin or 3 mg/kg Bl 1356. Compound administration was
15 min before the glucose challenge and is depicted by an arrow. A: Temporal course of
glucose excursion. Mean fasting plasma glucose levels before the glucose challenge varied
between 21 and 25 mM but were not significantly different between the groups. B: Reactive
glucose AUC. Statistical comparison between control and active groups was conducted by
one-way ANOVA (#, p<0.1; *, p<0.05). C: Temporal course of active GLP-1. Statistical
comparison between control and active groups was conducted by unpaired Student’st test at
each time point. Bl 1356 was significantly different from the control group at the pre-dose
value -15 min (p < 0.01) and at all subsequent time points (p < 0.05 or p < 0.01) except a 15
min. Vildagliptin was not significantly different from the control group at the pre-dose value -
15 min, but at all subsequent time points (p < 0.05 or p < 0.01) except at 45 min. D: Tempora

course of insulin. Datain all panels are means + S.E.M. (n = 10/group).

Fig. 6. Glucose profile in the fed state over 24 h in male ZDF rats on day 21/22 after multiple
once daily oral dosing of 3 mg/kg vildagliptin or 3 mg/kg Bl 1356 (A). Compound
administration is depicted by an arrow and the dark phase by a black rectangle. Total 24 h
glucose AUC isshown in B. Data are means £ S.E.M. (n = 10-30/group). Statistical
comparison between control and active groups was conducted by one-way ANOVA (*, p<

0.05).

Fig. 7. HbA1c after multiple once daily oral dosing of 3 mg/kg vildagliptin or 3 mg/kg Bl

1356 in male ZDF rats (A) or of Bl 1356 at the indicated doses in female ZDF rats (B). Data
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are means + S.E.M. (n = 10-30/group in A; n = 7/group in B). Statistical comparison between

control and active groups was conducted by repeated measures two-way ANOVA (#, p<0.1).

Fig. 8. OGTT in overnight fasted female ZDF rats on day 32 after multiple once daily oral
dosing of Bl 1356 at the indicated doses. The test was performed 16 h post-dose. A: Temporal
course of glucose. B: Reactive glucose AUC. Datain all panels are means+ S.E.M. Statistical
comparison between control and active groups was conducted by unpaired Student’st test (*,

p < 0.05).

27

¥20z ‘2T [udy uo sfeulnor 134SY e Blo'seuuno fiadseed| wouy papeojumoq


http://jpet.aspetjournals.org/

>

Glucose AUC

Plasma DPP-4 activity
[% baseline]

120~

-—
o] o
o o
[ |

Figure 1

Control ‘i é

2000+

1500+

1000+

[MM x min]

Dose [mg/kg]

Control 1 3
Dose [mg/kg]

Blood glucose [mM]

mM]

Blood glucose

28+
24-
20+
16+
‘ -0- Control
12- — 1 mglkg
8 -0- 3 mg/kg
,,jl -»- 10 mg/kg
3'0 6'0 9'0 150

Time [min] after glucose load

Bl Control
E3 1 mg/kg

3 3 mg/kg
10 mg/kg

0 27 0 27
Day of treatment

20z ‘/T |11dV uo speuinor 134SY e Bio'sfeulnofiedse ed[ wolj papeojumoq


http://jpet.aspetjournals.org/

Figure 2

& ‘l

0 1427 0 1427 0 1427 0 14 27
Day of treatment

odse ed [ wio.) papeo|t

134SV e Biosjeuno

@)
O
-
b
o

E= Bl 1356 1 mg/kg
[ BI 1356 3 mg/kg
Bl 1356 10 mg/kg

e

R



http://jpet.aspetjournals.org/

.aspetjournals.org at ASPET Journals on April 17, 2024

1

Dose [mg/kg]

R

Control

| v ] hd | ) b y v ¥ v )
S ® © <% A« o
ol o o o o o

11] [qwi/Bu] ulnsul ewseld

Figure 3

* %%

* %%
|
3

1

Dose [mg/kg]

Control

R-u ) ‘u. ) ™ ) N ) - ) ()
[nd] apiwe(og-2)
< -1-d19 ewseld



http://jpet.aspetjournals.org/

>

375
350

S DN
o O

Body weight [g]
N N W W
o

Figure 4

50 3 Control
-&- Vildagliptin
225 -o- Bl 1356
20011 T T T T ’
0 4 8 12 16 20 24 28 32 36

Day of treatment

1200+
1 000-.
800:
600:
400:

200+

Cumulative food intake [g] [0

&
g
IT]
_|
g
=
3
Q
n
(@]
=
>
=
-
N
)
N
I

-+ Control
—+- Vildagliptin
—-o— Bl 1356

' LJ
12

16 20 24 28 32 36

Day of treatment


http://jpet.aspetjournals.org/

Figure 5

A B
167 -+ Control =
s | ontro £ 10004
E. 12 - Vidagiptn £ |
o -O- Bl 1356 s 8001
(2]
o] £ 1 # *
S 8 = 600~
=)
3 O
o S . T
g 4- j 400+
(7)) < 7] -
T 0 S 2004
< o 1
0- T T

| L A L A A A A |
-20 0 20 40 60 80 100120

IR G
Time [min] after glucose load 00«’\6 X\ Q’\\“’
C D
32 -0 Control ,_,9-_ -0 Control
-
| 5.28 - Vidagliptn  E 81 - Vildagliptin
< 32 -0~ BI 1356 2. -O- BI 1356
S 2
03 £
s £ 16 = 64
£ 312 =
88 H/I 1 $g—————— @
o 8 g
4 —{ S
0

2
v

LIRS AL AL AL AL AL A LA AL AL A AL A
-20 0 20 40 60 80 100120 -20 0 20 40 60 80 100120
Time [min] after glucose load Time [min] after glucose load


http://jpet.aspetjournals.org/

Figure 6

A

’ - Control
%‘ 36 —~ Vildagliptin
E, " -o- Bl 1356
© 92- oi.‘
7 S Q
9 T
3 28 ' i 5
O . > =
© . y
NE
S o
o 204 |

Y -

L}
10 2 6 10 2 6 10
AM PM PM PM AM AM AM

Time of day

W

Glucose AUC [mM x h]

(o2} (o2} ~ ~
(=] (32 (=] (S
£ . 2.3, 5

550+

500- g



http://jpet.aspetjournals.org/

D
1

HbA1c [%]

188 Control

103 Bl 1356

Vilda

OONUONNNNNNNONNNNNNNY

Figure 7

Bl Control

1 3 BI 1356 3 mg/kg

-.@I-l 34

Day of treatment

B3 Bl 1356 1 mg/kg

2 28 53
Day of treatment



http://jpet.aspetjournals.org/

vet.aspetjournals.org at ASPET Journals on April HN.&VN\__

(7
&
9
\0..««\
Z
0
%
%
(=) o o (=) (=) o ®)
Q (o] (o] () ()
o (o] ({o] < N
—
Mn [uiw X pgw] SNV 8sodn|9
0
[0
5 o
S ®
i S o
)
)
o O
® O
_ ®)) =
O ./Mu o
= S
S I3 8
@) ™ ©
o c
3 - —
b=
)
£
-

A L N N A
0 O© < N O 0 O w
™ - ™ ™ ¥

< [Ww] asoon|b poolg


http://jpet.aspetjournals.org/

