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AVE8134, a novel potent PPAR«x agonist, improves
lipid profile and glucose metabolism in dyslipidemic
mice and type 2 diabetic rats
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DLER*, Andreas W HERLING, Hartmut RUTTEN

Diabetes Division, Sanofi-Aventis Deutschland GmbH, Frankfurt am Main, Germany

Aim: AVE8134 is a structurally novel potent PPARx agonist. The aim of this study is to investigate the efficacy of AVE8134 on lipid pro-
file and glucose metabolism in dyslipidemic mice and type 2 diabetic rats.

Methods: A cell based PPAR Gal4 transactivation assay was constructed for testing the activities of AVE8134 at 3 different PPAR iso-
forms in vitro. Transgenic human Apo Al (hApo A1) mice and insulin-resistant ZDF rats were used to evaluate the effects of AVES8134

in vivo.

Results: AVE8134 was a full PPARa dominated PPAR agonist (the values of ECs, for human and rodent PPAR« receptor were 0.01 and
0.3 umol/L, respectively). AVE8134 was not active at PPARD receptor. In female hApo A1 mice, AVE8134 (1-30 mg-kg’i-d’l, po for 12 d)
dose-dependently lowered the plasma triglycerides, and increased the serum HDL-cholesterol, hApo A1 and mouse Apo E levels. In
female ZDF rats, AVE8134 (3-30 mgkg™d™ for 2 weeks) improved insulin-sensitivity index. In pre-diabetic male ZDF rats (at the age of
7 weeks), AVES134 (10 mgkg™d™ for 8 weeks) produced an anti-diabetic action comparable to rosiglitazone, without the PPARy medi-
ated adverse effects on body weight and heart weight. In male ZDF rats (at the age of 6 weeks), AVES134 (20 mgkgd™ for 12 weeks)
increased mRNA levels of the target genes LPL and PDK4 about 20 fold in the liver, and there was no relevant effect with rosiglitazone.
Conclusion: AVE8134 improves lipid profile and glucose metabolism in dyslipidemic mice and type 2 diabetic rats.

Keywords: AVE8134; peroxisome proliferator-activated receptor; type 2 diabetes; glucose; serum lipids; rosiglitazone; transgenic human

Apo Al (hApo A1) mouse; insulin-resistant ZDF rat

Acta Pharmacologica Sinica (2012) 33: 82-90; doi: 10.1038/aps.2011.165

Introduction
Type 2 diabetes (T2D) is an increasing health problem in all

(121 The disease is slow

western and developing countries
progressing and is characterized by disregulated glucose and
lipid metabolism. Insulin resistance is a hallmark of early
stage type 2 diabetes and at a more progressed stage partial
or absolute P-cell failure leads to a relative or absolute lack of
insulin™ >4
diabetes.
The morbidity and mortality of type 2 diabetes is caused by

, with the metabolic consequences of overt type 2

micro- as well as by macrovascular damage as consequences
of the complex metabolic dysfunction. Whereas the micro-
vascular complications are mainly correlated with high
plasma glucose levels, the macrovascular damage and related
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cardiovascular mortality are associated with an atherogenic
lipid profile™ . Lipid profiles in type 2 diabetes are usually
characterized by high triglycerides and low HDL-C*”. An
ideal treatment for T2D would need to improve both, glucose
and lipid control®®,

Glitazones (rosiglitazone, or pioglitazone) are insulin-
sensitizing agents in clinical use for improving glucose con-
trol by activation of PPARy receptors. They have little or no

positive effect on the lipid profile

. Their clinical efficacy is
limited by the mechanism-based side effects, mainly the risk
of edema, heart failure and weight gain but probably also by
other complications**2.

Fibrates (eg, fenofibrate) are weak PPARa agonists in
clinical use for the treatment of mixed dyslipidemia. They
decrease high plasma triglycerides and elevate low HDL-

(334 " The increase of serum Apo Al and Apo A2 are less

levels
pronounced in clinical trials", but could be more distinctly
06181 The effect

of fenofibrate and other fibrates on insulin sensitivity has not

shown in several transgenic animal models



been clearly demonstrated in humans!” 2!

and only moderate
efficacy on glucose control has been demonstrated in animal
models of T2D at high doses!. In contrast to the results
reported with the weak PPARa activator fenofibrate, a few
studies with more potent PPARa compounds have demon-
strated stronger effects in animal models of T2D™'.

In this paper we report the efficacy of AVE8134, a potent
structurally novel PPARa agonist in established pharmaco-
logical models for dyslipidemia, insulin resistance and T2D.
The efficacy and markers of side effects were compared to the
clinically used PPARY agonist rosiglitazone and to the PPARa
agonist fenofibrate.

Materials and methods

Test compounds

AVES8134 (Figure 1) was synthesized by Sanofi-Aventis
Deutschland GmbH. Rosiglitazone was used from commer-
cially available tablets (8 mg/tablet). Fenofibrate was pur-
chased from Sigma-Aldrich (Steinheim, Germany).

(0]
©_<\ ]\/o 0
N NN CHs
Figure 1. Chemical structure of AVE8134.

Compounds were pre-dissolved in ethanol and then trans-
ferred into 50°C heated Solutol® and finally suspended or dis-
solved in 0.5% methylcellulose (w/v) to the final volume of 5
mL for rats and 10 mL for mice to achieve doses as indicated
in the Results section. Drugs were administered once daily by
oral gavage between 07:00 and 08:00 AM.

Gal4 assay

To test the PPAR activities of AVE8134 on the 3 different
PPAR isoforms, human embryo kidney cells (HEK 293) were
transfected with two genetic elements: 1) a luciferase reporter
gene plasmid, containing five GAL4 binding sites upstream of
the firefly luciferase reporter gene and 2) a PPAR expression
plasmid, encoding a fusion protein of the N-terminus of the
glucocorticoid receptor (GR), the DNA binding domain of the
yeast GAL4 protein (GAL4) and the respective PPAR ligand
binding domain (PPAR-LBD). HEK 293 cells transfected with
both, the reporter plasmid and the PPAR expression plasmid
produce a GR-GAL4-PPAR-LBD fusion protein which binds
to the GAL4 binding sites located upstream of the firefly
luciferase reporter gene. If a cell permeable PPAR agonist
such as AVE8134 binds to and activates the respective PPAR-
LBD, the expression of the firefly luciferase reporter gene is
induced. This induction is dose-dependent and is measured
as a chemiluminescence signal after addition of an appropriate
firefly luciferase substrate.
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Animals

Female C57BL/6-Tg(APO A1)1Rub/] mice were purchased
from Charles River Germany (Sulzfeld, Germany) and treat-
ment started at the age of 11-13 weeks. Male lean (ZDF/Crl-
Fa/?) and obese (ZDF/Crl-fa/fa) Zucker Diabetic fatty (ZDF)
rats were obtained from Charles River Belgium (Brussels,
Belgium) and treatment started at the age of 7 and 10 weeks
for male and female rats, respectively. They were housed
in a temperature-controlled room at 23+2°C with controlled
humidity at 55%+5%. They were kept on a 12:12-h light-dark
cycle (light on 06:00). All animals had free access to water and
to a standard pellet rodent chow (mice and female ZDF rats:
ssniff® Soest, Germany; male ZDF rats: Purina rat chow 5008),
unless otherwise indicated. Mice and rats were acclimatized
at minimal for 1 week before start of the treatment period and
randomly allocated into study groups using a stratification
method based on body weight. Animal studies were per-
formed according to the German animal protection law as well
as according to international animal welfare legislation and
rules.

Experimental procedure

For analysis of blood glucose and HbAlc blood was drawn
from tail tip from conscious animals using glass capillaries.
For all other parameters blood was drawn from the retroor-
bital vein plexus during short-term isoflurane anesthesia or
at the end of the study after laparotomy from the abdominal
aorta during deep isofluran/nitric oxide anesthesia. Serum
was obtained after centrifugation using Sarstedt® Serum-Gel
tubes (Sarstedt, Niimbrecht, Germany).

Mice were treated for 12 d. At the end of the study blood
was collected terminally from abdominal aorta during termi-
nal anaesthesia from non-fasted animals.

Female ZDF rats were treated for 14 d. On the last day of the
study after an overnight fast blood was collected retroorbitally
in short-term isoflurane anesthesia for measuring of fasting
blood glucose and fasting insulin levels and subsequent calcu-
lation of the insulin resistance index (HOMA®=fasted-glucose
[mmol/L] x fasted-insulin [mU/L]/22.5).

Male ZDF rats were treated for 8 weeks. Food consumption
and body weight were measured twice a week. The amount
of diet for an additional control group was restricted to levels
below the estimated consumption of the AVE8134 group: the
starting value was 7 g chow/100 g body weight for the first
week and than adapted to 8 g/100 g body weight. The chow
for that control group was divided into two portions and was
offered twice daily when light was switched on and off, all
other groups had free access to food, except before measure-
ments of fasted blood glucose, insulin and before oral glucose
tolerance test. After two weeks of treatment an oral glucose
tolerance test (0GTT) was performed. Briefly, after an over-
night fast, the animals were treated with the drugs or vehicle
between 06:30 and 07:00, glucose (2 g/kg) was administered
orally 2 h later in a volume of 5 mL/kg, blood was drawn
from the tip of the tail from using glass capillaries at 0, 30, 60,
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90, 120, and 180 min after glucose administration. The glyce-
mic index (GI) was calculated as area under the curve (AUC)
of glucose response during oGTT. Blood glucose concentra-
tion before oral glucose load (0 min) was defined as baseline of
AUC calculation.

Hepatic gene expression

Male 6-week old ZDF (n=5) rats were treated for 12 weeks, at
the end of the study livers were dissected. Liver tissue sam-
ples (40-50 mg) were homogenized and lysed in RLT buffer
(Qiagen, Hilden, Germany) with an UltraTurrax homogenizer
(IKA Labortechnik, Staufen, Germany). Total RNA was iso-
lated from the tissue lysate and cleaned up with the Qiagen
Rneasy kit according to the manufacturers protocol. The
isolated total RNA from 5 rats were pooled and subsequently
analysed in a microarray experiment. Synthesis of labeled
cRNA, hybridization, washing and staining of Affymetrix
GeneChip arrays (Affymetrix, Santa Clara, CA, USA) were car-
ried out as described™. Briefly, 10 pg of total RNA was uti-
lized to generate cDNA, using the Superscript Choice System
for cDNA synthesis (Life Technologies, Karlsruhe, Germany).
After purification and subsequent precipitation, the cDNA was
used as template for an in vitro transcription reaction (Enzo
BioArray High Yield RNA Transcript Labeling Kit, distributed
by Affymetrix, Santa Clara, CA, USA) according to the manu-
facturers protocol. At each case 15 pg of the labeled c(RNAs
was then fragmented and hybridized overnight onto RG U34A
GeneChip arrays (Affymetrix, Santa Clara, CA, USA). The RG
U34A GeneChip array contains probes for ~8000 rat mRNA
transcripts and EST clusters. After hybridization and washing,
the GeneChip arrays were stained using the antibody ampli-
fication protocol provided by Affymetrix (Affymetrix, Santa
Clara, CA, USA). Finally, the GeneChip arrays were scanned
with a confocal laser scanner (Hewlett Packard). GeneChip
4.0 software (Affymetrix, Santa Clara, CA, USA) was used
for quantitative analysis of the scanned images. Further data
analysis including estimation of regulation (comparison vehi-
cle treated versus compound treated) and weighting of the sta-
tistical significance of those regulations was performed using
proprietary software GECKO2 developed within Aventis™™!.

Clinical chemistry

Serum levels of cholesterol, triglycerides, and safety variables:
aspartate transaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (AP), as well as blood glucose and
HbAlc were determined on a Hitachi 912 analyzer, using the
respective Roche clinical chemistry kits for human diagnostics.
Serum insulin concentrations were determined using a com-

mercial rat and mouse ELISA kit (MERCODIA, Upsala, Swe-
den). Serum adiponectin concentrations were measured using
a commercial mouse RIA kit (LINCO, USA). Assays were per-
formed according to the instructions from the suppliers.

Statistical analysis

Data are presented as meantSEM. Depending on the homo-
geneity of variances (Levene test), significant differences
were calculated by a one-way ANOVA followed by a post
hoc Dunnett’s test. Kruskal-Wallis test was used, if variances
were not homogeneous. When testing for differences between
repeated measured parameters, a two-way ANOVA (for
repeated measures) followed by a post hoc Dunnett’s test was
used. For repeated measured parameters, a rank transforma-
tion was performed if variances were not homogeneous. For
all statistical calculations software Everstat V5 [(Sanofi-Syn-
thelabo) based on SAS 8]) was used. A P<0.05 was considered
to be statistically significant.

Results

In vitro activity

AVES8134 is a full PPARa dominated PPAR agonist, more
potent on human than on rodent PPARa receptor. AVES8134
is not active on PPARS (Table 1) and other nuclear recep-
tors (data not shown) and has only partial activity on PPARy
(z40%). In humans AVES8134 is PPARa selective, in rodents
the split between PPARa and PPARYy is more than 20 fold
lower (Table 1).

Effects on lipid metabolism in vivo: AVE8134 lowers serum
triglycerides and increases HDL-cholesterol and Apo A1

In hApo Al transgenic mice 12 d of treatment with AVE8134
decreased serum triglycerides, increased dose-dependently
serum total cholesterol, as well as human Apo Al (hApo Al)
and mouse Apo E. Mouse Apo Al was unchanged (Figure 2
and Table 2). Lipoprotein pattern showed that more than 90%
of serum cholesterol was in the HDL fraction and the mea-
sured total cholesterol reflected predominantly HDL choles-
terol. Treatment with AVE8134 further decreased the VLDL
and LDL fraction and increased the HDL fraction (Figure
3). AVES8134 was already maximal effective on serum trig-
lycerides at the medium dose (3 mg/kg). Higher doses were
needed to increase hApo Al. Fenofibrate had comparable
effects on serum lipids and hApo Al but at 10 fold higher
doses. Both PPARa agonists, AVE8134 as well as fenofibrate
had no effect on serum adiponectin and heart weight (Figure
2 and Table 2). In contrast rosiglitazone did not change serum
lipids, but increased serum adiponectin and heart weight

Table 1. ECs, values of AVE8134 in cell based PPAR Gal4 transactivation assays, relative to fenofibrate, rosiglitazone, or GW501516 for PPARa, PPARYy,

or PPARS, respectively.

Species PPARa ECs, PPARYy ECs, PPARD ECs, PPARy/a ECg, ratio
Human 0.01 (umol/L) full activation 4 (umol/L) partial activation (=40%) >10 (umol/L) 400
Rat 0.3 (umol/L) full activation 5 (umol/L) partial activation (=40%) >10 (umol/L) 17
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Figure 2. Effects of AVE8134, fenofibrate and rosiglitazone on serum triglycerides (A), serum cholesterol (B), serum Apo A1l (C), and adiponectin (D) in
female Apo Al mice after multiple administrations for 12 d. Mean+SEM (n=6). "P<0.05 vs vehicle control.

Table 2. Effects of AVE8134, fenofibrate, and rosiglitazone in female hApo A1 mice on body weight (bw), relative liver weight, relative heart weight, and
Apo E. °P<0.05 vs vehicle control.

Treat ¢ Dose Weight gain Food consumption Liver weight Heart weight Apo E
reatmen
(mg/kg) (8) (g/d) (% bw) (% bw) (mg/L)
Control No treatment 1.28+0.25 3.52+0.08 4.34+0.07 0.45+0.01 0.95+0.07
Vehicle 0.57+0.18 3.19+0.14 4.58+0.12 0.45+0.01 1.04+0.09
AVE8134 1 0.89+0.43 3.24+0.23 4.69+0.06 0.44+0.01 1.25+0.10
3 0.96+0.55 3.29+0.03 5.40+0.11 0.44+0.01° 2.00+2.20°
10 0.96+0.13 3.38+0.15 6.95+0.13 0.45+0.01° 3.22+0.17°
30 1.48+0.31 3.23+0.05 7.731£0.13 0.45+0.01° 3.53+0.08°
Fenofibrate 10 0.76+0.16 3.40+0.10 5.09+0.06 0.47+0.01° 1.49+0.07
30 -0.14+0.43 3.15+£0.09 6.12+0.16 0.46+0.01° 2.3240.29°
100 1.49+0.23 3.25+0.05 7.46+0.20 0.43+0.01° 3.18+0.14°
Rosiglitazone 3 0.81+0.26 3.49+0.17 4.60+0.09 0.47+0.02 1.29+0.09
10 0.57+0.23 3.25+0.15 4.68+0.11 0.49+0.02 1.31+0.16

dose-dependently. rosiglitazone. Compared to lean control animals, the fasted

blood glucose and non-fasted free fatty acids (FFA) levels in

AVE8134 improves insulin resistance in female ZDF rats 10-12 weeks old female obese ZDF rats were slightly elevated.

The effect of AVE8134 on glucose control was first investi-
gated in insulin-resistant female, obese ZDF rats after 2 weeks
of treatment and the effects were compared to fenofibrate and

However, the fasted insulin levels in the obese animals were
several-fold above the level of the lean control animals.
Treatment with AVE8134 dose-dependently decreased

Acta Pharmacologica Sinica
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Figure 3. Effects of AVE8134, fenofibrate and rosiglitazone on serum FPLC
lipoprotein pattern in female Apo A1 mice after multiple administrations
for 12 d. (A) AVE8134 dose response: 1, 3, 10, and 30 mgkg’d™ vs
vehicle control. (B) Fenofibrate 100 mgkg*d™ and AVE8134 30 mgkg'd™
vs vehicle control. (C) Fenofibrate 10 mg-kg®d™, rosiglitazone 10
mgkg'd™ and AVE8134 10 mgkg™d™ vs vehicle control.

fasted serum insulin levels resulting in an improved HOMA
IR (homeostasis model assessment test). AVE8134 decreased
dose-dependently serum FFA but has no additional effect
on fasted blood glucose in female ZDF rats. Rosiglitazone
decreased insulin and FFA levels and additionally slightly
decreased fasted blood glucose resulting in an improved
HOMA IR. The effect of AVE8134 at 30 mg/kg was compa-
rable to the effect with an optimal efficacious dose of rosiglita-
zone. In contrast to AVE8134, the weak PPARa agonist feno-
fibrate had no significant effect on fasted insulin, fasted blood
glucose and HOMA IR (Figure 4), but was still effective on
serum FFA levels. AVES8134 and rosiglitazone (only) slightly
increased the food consumption, while fenofibrate had no
influence on food consumption in the female ZDF rat (data not
shown), because altered food consumption could be a cause
for improved glucose control.
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Figure 4. Effects of AVE8134, fenofibrate and rosiglitazone treatment on
HOMA IR (A), fasted blood glucose (B), fasted Insulin (C), and non-fasted
free fatty acids (FFA) (D) in female ZDF rats after multiple administration
for 2 weeks. Mean+SEM (n=8). °P<0.05 vs obese control. °P<0.05 lean
control vs obese control.

AVE8134 has anti-diabetic effects comparable to rosiglitazone
without PPARYy side effects in male ZDF rats

Treatment of male ZDF rats was started at the age of 7 weeks
when animals were in a pre-diabetic state. Blood glucose
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was already significantly elevated and further increased in
untreated animals during the 8 weeks of the study.

AVES8134 lowered blood glucose, serum triglycerides and
cholesterol, improved HbAlc and glucose tolerance. From
results of a pilot study as well as from published reports with
PPARa agonists™), it was known that potent PPARa agonists
decreased food intake in male ZDF rats. Therefore, a second
control group received same amount of food as calculated
for AVE8134 treated animals. AVE8134 was more effective
in glucose control than the effect achieved with partial food
restriction. Rosiglitazone showed the expected anti-diabetic
effect in male ZDF rats, lowered serum triglycerides, increased
weight gain and prevented further increase of serum choles-
terol. The efficacy of AVE8134 on glucose control was compa-
rable to rosiglitazone, but unlike rosiglitazone, AVE8134 did
not significantly increase the body weight gain or heart weight
(Figure 5 and 6). Serum adiponectin, a biomarker for PPARy
activation was 5-fold increased by rosiglitazone after 8 weeks
of treatment, while it was not influenced by AVE8134.

Food restriction alone (to amounts consumed by the
AVES134 group) decreased blood glucose and improved glu-
cose tolerance during the first 2 weeks of the study, however,
during the following 6 weeks on restricted food blood glucose,
and HbA1lc increased, at the end of the study blood glucose

reached the level of the ad libitum fed control group. Food
restriction increased the serum triglycerides (Table 3, Figure 5
and 6).

AVES8134 was well tolerated and no relevant changes in
serum safety parameters were seen, no increase in serum
transaminases activity, only increase in serum alkaline phos-
phate activity was observed (Table 3). As in mice the rodent
specific PPARa effect on liver weight was also seen in male
and female ZDF rats, the liver weight was 2 fold increased
with AVE8134 (data not shown).

Hepatic gene induction of lipoprotein lipase (LPL) and PDK4

In a pilot study in male ZDF rats the in vivo effect on PPARa
target genes was investigated. Treatment was started at the
age of 6 weeks, animals were sacrificed after 12 weeks treat-
ment. AVE8134 increased mRNA levels for LPL and PDK4
about 20 fold in the liver, there was no relevant effect with ros-
iglitazone (Figure 7).

Discussion

In humans, treatment with PPARa agonists like fenofibrate
increases HDL and Apo Al and decreases serum triglycerides.
The effect on HDL and Apo Al in rats and mice is not present,
because the human - but not the mouse - Apo Al promoter
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mgkg™d™) on serum adiponectin (A), relative and absolute heart weight (B),
in male ZDF rats after 8 weeks treatment. Mean+SEM (n=6). °P<0.05 vs
obese control.

has a positively regulated element that responds to the PPARa
receptor™ 7. To investigate the effects of PPARa agonists on
Apo Al and HDL in rodents a transgenic mouse model that
expresses the human Apo Al gene was used™. As expected
in that mouse model, AVE8134 and fenofibrate increased only
the human Apo Al and had no relevant effect on mouse Apo
Al. Before treatment and in vehicle treated control mice, HDL
cholesterol accounted for more than 90% of total cholesterol.
Treatment with the PPARa agonists AVE8134 and fenofibrate

decreased the Apo E carrying fractions low-density lipopro-
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Figure 7. Relative mRNA levels for PDK4 or LPL in liver after treatment of
male ZDF rats with rosiglitazone (3 mgkg™d™) or AVE8134 (20 mgkgd™).
Data are obtained in a microarray experiment described in Materials and
methods and expressed as relative expression values in comparison to
the vehicle treated control group.

tein (LDL) and very low-density lipoprotein (VLDL) below
the limit of detection. In mice and humans, Apo E is present
in the HDL and also in non-HDL lipoprotein particles®!. The
increase of Apo E in the hApo Al mouse indicates that the
activation of the human Apo Al promoter and subsequent
increase in hApo Al resulted in an increase in HDL particle
number. The qualitative effects of a PPARa agonist on serum
triglycerides, HDL and Apo Al in the hApo Al transgenic
mice can be expected in humans, however the effect size can
not be translated in humans, therefore the in vivo effect of
AVES8134 on serum lipids was investigated by direct com-
parison to fenofibrate to estimate the relative in vivo potency
of AVE8134. Data from the study in hApo A1 mice demon-
strated that in vivo, AVE8134 is a potent PPARa agonist with
10-fold higher potency than fenofibrate. AVE8134 and fenofi-
brate were effective on triglycerides in the lowest tested dose,
whereas effects on HDL and Apo Al were seen with both
drugs only with 10-fold higher doses. That corresponds with
clinical observations with fenofibrate. The drug is very effec-
tive on triglycerides but has in clinical doses only moderate
effects on HDL and Apo Al. PPARy agonists improve insu-
lin-sensitivity in insulin-resistant models and type 2 diabetic

Table 3. Effect of AVE8134 and rosiglitazone in male ZDF rats on food consumption during 8 weeks treatment. Glycemic index (Gl) after 2 weeks
treatment, calculated as AUC of blood glucose during oGTT. Non-fasted insulin before and after treatment. Safety parameter: serum activity of
transaminases (AST and ALT) and alkaline phosphatase (AP) after 8 weeks treatment. °P<0.05 vs obese control.

Lean control Obese control AVE8134 Food restricted Rosiglitazone
10 mg/kg 3 mg/kg
Food consumption (ganimal™*d™) 21+0.3 41+1.3 29+0.8° 30+1.4° 44+1.3
Age/treatment (week)
Insulin (ug/L) 7/0 0.41+0.01 11.46+1.89 13.44+3.29 10.30+1.24 9.17+1.28
9/2 0.56+0.07 3.87+0.33 3.84+0.36 10.30+1.31 4.79+0.54
13/6 0.76+0.12 2.68+0.24 5.17+0.39 11.32+3.07 7.29+1.24
15/8 <0.40 1.08+0.37 0.44+0.11 1.93+0.51 2.64+0.68
AUC oGTT (mmol-Lmin) 272424 1541450 601430 954+137 663+100
AST (U/L) 13514 10918 12549 151417 105+4
ALT (U/L) 5242 102+10 42+4 149+30 81+3
AP (U/L) 87+2 253+13 990452 223+11 156433
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patients. An effect in an insulin-sensitive hApo Al mouse
can not be expected, nevertheless the known effect on serum
adiponectin and side effects of rosiglitazone were already seen
in that model, even after a short treatment period. Rosiglita-
zone increased serum adiponectin and heart weight. It is still
under discussion whether or not a potent PPARa agonist will
improve glycaemic control by improving insulin sensitivity,
the effect of PPARY agonists like rosiglitazone on glycaemic
control and insulin sensitivity in humans is proven, but linked
to the side effects edema, weight gain, and potential cardio-
vascular risk. In type 2 animal models, fenofibrate has mod-
erate effects, but it is much less effective than rosiglitazone.
These findings with fenofibrate and rosiglitazone could be
confirmed in an insulin-resistance model, the female ZDF rat.
On normal chow, female ZDF rats are not diabetic, but insulin
resistant. The female animals have massive but stable hyper-
insulinemia starting from age of 8 weeks for further several
weeks. So the HOMA IR index is a predictive parameter for
insulin sensitivity in that model. AVE8134 dose dependently
improved the HOMA IR index and was as effective as rosigli-
tazone, whereas fenofibrate has no significant effect, only a
trend without correlation to dose was observed, which fits to
clinical observations. Based on results in female ZDF rats, the
anti-diabetic effect of AVE8134 was investigated in a diabetes
model, the male ZDF rat. In male ZDF rats, fenofibrate and
other PPARa agonists have only a minor effect and part of the
reported effects of PPARa agonists on glucose control in male
ZDF rats could be related to decreased food intake, which is
typical for these drugs in male ZDF rats®!. PPARy agonist
rosiglitazone could prevent the onset of diabetes, despite the
increased food intake under rosiglitazone treatment. In the
male ZDF rat, non-fasted blood glucose together with HbAlc
value are predictive and robust parameters to monitor the
diabetes progression. With rosiglitazone, a daily dose of 3
mg/kg is established as the optimal dose in male ZDF rats. It
could be demonstrated that not only did AVE8134 have an
anti-diabetic effect comparable to rosiglitazone but also that
the anti-diabetic effect of AVE8134 was not solely a result of
decreased food intake. At start of treatment, the male ZDF
rats were in an early diabetic state with already elevated blood
glucose and both AVE8134 and rosiglitazone decreased blood
glucose and prevented the onset of overt diabetes for the fol-
lowing weeks of treatment. Food restriction delayed only
the onset of diabetes, at the end of the study blood glucose
and HbA1c of food restricted control were at the same level
than ad libitum fed obese control. Adiponectin is a validated
in vivo biomarker for PPARy activation™ and increased body
weight gain and elevated heart weight are the PPARy medi-
ated side effects in ZDF rats. In vitro results demonstrate that
AVES8134 is a PPARa dominated PPAR agonist but never the
less AVES8134 is also a weak partial PPARy agonist.

In a pilot study in male ZDF rats it was observed that
AVES8134 is in vivo a very potent PPARa agonist. Treatment
with AVES8134 increased the PPARa target genes LPL and
PDK4 about 20 fold in the liver. With the investigated dose of
10 mg/kg in male ZDF rats no PPARYy activation was detect-
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able, no increase in serum adiponectin or PPARy-mediated
side effects on weight gain or absolute heart weight were seen,
food restriction has also no influence on heart weight nor
serum adiponectin. The absolute heart weight is more predic-
tive than relative heart weight as PPARy mediated side effect.
We observed in several studies with male ZDF that there is no
difference in absolute heart weight between lean and obese
ZDF rats, the heart increased in growing lean and obese ani-
mals in parallel with age and reached a plateau of about 1.2 g
in adult animal. Effects on relative heart weight are masked
by PPARy mediated increase in visceral body fat pad mass. In
contrast to rosiglitazone, AVE8134 was shown to attenuate the
progression of heart failure and to increase survival in rats®®,
The increase in serum alkaline phosphatise activity is a typi-
cal biomarker of PPARa activation, seen with several PPARa
agonists in rats and the dose related increase of alkaline
phospahtase was observed with fenofibrate™™. This is not rele-
vant in humans since in humans fibrates decrease serum alka-

[28]

line activity'™ and the decrease in serum alkaline phosphatase

activity has been used to monitor compliance of fibrates in

clinical trials®.

Conclusion

With the observed lipid lowering and anti-diabetic effects in
animal models it can be expected that AVE8134 is a potent
PPARa agonist which will improve an atherogenic lipid pro-
file with the potential to optimize glucose homeostasis without
PPARYy side effects in clinical trials.
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