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-1- New diabetes model The present invention relates to a method of
producing a diabetic rat which can be used in a method of identifying
compounds that can reverse diabetes and are suitable for interventive
therapy in diabetes. The past decades have witnessed a dramatic
increase in the prevalence of obesity and 5 type-2-diabetes (T2D)
primarily in US but also progressing in Europe and in developing
countries. All over the world, T2D represents 85-90% of all the cases of
diabetes (inherited insulin-dependent diabetes or TID and
non-insulin-dependent-diabetes Mellitus or T2D) (King et aL, 1998).
Although several mutations affecting leptin pathway, insulin secretion or
its receptor, or GLUT4 (glucose transport sensitive to insulin) have been
identified, most 10 of the cases of obesity. and T2D are from non-genetic
origin and triggered by life style (reduction of physical activity, highly
calorie diets, etc). T2D and obesity are both associated with high
morbidity, mortality (Stiegler et al., 1992), and health care costs (Rubin et
al., 1994). Thé‘pﬁna@dﬁ“aﬁﬁemfﬂmé insulin resistance and defect in
insulin secretion. 15 Insulin is a key hormone synthesized and secreted by
pancreatic beta-cells, that stimulates glucose uptake in various organs
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of the casi3$ilibesity and 'T2D) are from non-genetic origin and triggered by life style

(reduction of physical activity, highly calorie diets, etc). T2 and obesity are both
associated with high morbidity, mortality (Stiegler et al., 1992), and health care costs
(Rubin et al,, 1994).

- The primary feature of T2D 1s insulin resistance and defectin insulin sécrcﬁon-u
Insulin is.a key hormone —gynthcsiz_éd and secre’_ced'by_pancreatic-beta..— cells, that stimulates
gluoosc uptake in various organs (part—icularly muscle; liver,.and adipose tissue). Insulin
also regudates Hepatic Glucose Production (HGP) via controlling the expression of the gene
encoding glucose-6-phosphatase and inhibits lipolysis in adipose tissue (Murray et al.,

2000). Impaired insulin action {j.e. insulin resistance) occurs when target tissues are unable

. to respond to normal concentrations of insulin.

Once this deregulation starts and in absence of treatment, beta-cells secrete increased

amount of msulin (=hyperinsulinemia) to maintain euglycemia {normal circulating

glucose levels). However, in the absence of treatment, beta-cells fail producing enough

insulin, leading to increase in circulating glucose (hyperglycaemia) (Figure 1}. Aslong as
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resistance have been extensively explored during the past years by many

groups. It is widely accepted that the accumulation of free fatty acids

(FFA) in insulin-sensitive non adipose 5 tissues (liver & muscles), can

impair insulin-mediated-glucose uptake in these tissues. (Randle et at.,

1963). Moreover, increased lipid production by the liver enhances fatty
enougciebtoxidatioil] slecrédseasdnsillibedependertinhipitiom of hepatiCigiubose
maint2if %‘1 1’?1@ THeRfar ﬁot@?t?@ﬁ@% uf@lgogﬁ@‘?ﬁéﬂ(gﬂ\&% fugher to insulin
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(Bod Ser et al., 1997). However, the primary focus of clinical care is to
cflégno and treat the abnormalities in glucose metabolism. Indeed high
blood glucose is a major risk factor for microvascular complications as
reported by the UK Prospective Diabetes Study (UKPDS, 20 1998). It was
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preve@e Rt COmPQITykpeWNsashingUlituropathy (occurring in 50% to 60% of T2D

patients), retinopathy and nephropathy (diabetes are the leading causes of blindness and
end-stage renal failure in the U.S) (Klein, 1995; Teutsch et al., 1989).

Some vears ago, non-pharmacological therapy took place in the US, based on diet,

exercise and weight loss {Tinker et al., 1994). These major lifestyle modifications did not

only lower blood glucose concentration, but also reduced or delayed occurrence of risk

factors for cardiovascular diseases (CVD) in overweight diabetic patients (Schneider et al.,
1995). However, diabetic patients with advanced disease require specific medication to
control their glycaemia and to substantially prevent or reduce appearance of complications.
Current anti-diabetic therapy is based on a tight control of circulating glucose by either (1)
improving insulin production by the use of agents commonly known as insulin
secretagogues or (2) improving whole body insulin action with or without inhibition of

hepatic glucose production by agents known as insulin sensitizers (Figure 1).
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secretagogues or (2) improving whole body insulin action with or without
inhibition of hepatic glucose production by agents known as insulin
sensitizers (Figure 1). 35 -3- The anti-diabetic drugs from the
thiazolidinediones (TZDs) class (avaiable in the US since 1997), currently
represented by Rosiglitazone (Avandia(r)), Pioglitazone (Actos(r)), and
ThroglitaZonet{Réaylnf(o))) dhe éﬁmd:idimcﬁm@ iﬁ‘ mbséa:ﬁtng (peaiptiéeab the US
Smcelﬁ@wp mﬁ%@tﬁ qe EL%%%Q&:{\E}I%%1J@§@ Oﬁrgfgﬁg}!a@&?p %étgg@ and

eroxisome- prollf rator-activated 5 receptor (PPAR gam
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that Wrﬁrélhﬂip@@ré@mmﬁ@aré fagloetiss padticeidryeinpdiiphdrBhRtadepotsdrugs

redudQUIRGILEL Rl 2003 TRHS RRAR: gamm%&ﬁﬁw@%ﬁﬁdngfﬁﬁ%%%%d insulin
acjds, storage in poségheral adipocytes, howers circ atln fatty acjds and

sensipy I R R TEEIE O Mt R Rbap ROMACHraGR Bidyre fat
cells, tpertexpgrelssion pfrdverdl Gircatating (éhtmsl]smcmh,s mﬂb})nﬁmm FMNER gamma

aCLLVdLLBplaigp%aS%§l LdLLELl,' thcedLeyt?Jsa \{\fbCgrfiruemghlcy'Cprr’ej'a‘t?gvsgrmégéﬂlahng fatty
resistance and thé response t ther Greenflgld etal., 2004). 15
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28'ye. yearsare ger? ic %ase pon aneous diabétic (%Er) ins by
(Gleq%féﬂé@afmaénao@%bse) rodent models such as, db/db and ob/ob mice, GK,
ZDF and fa/fa rats are most commonly used worldwide in drug discovery
(Chen et al., 2004) (Table 1). Among these animal models, Zucker
diabetic fatty (ZDF) rats when fed with diabetogenic diet (Purina 5008 or

KLIBAAwaﬁ:fﬁpfemﬁhiheHMSawﬁCm@ modelsiibe metabolie are essential

preclgfﬁ%[qg[ﬁs g%'lug tf%?ﬁ ’28%9}’ B%@i%ﬁ 8?&?@ #&ﬁ‘&%%ﬁ'ﬁ@ﬁg% 2P @i@%ﬂimal

ertrl%écerl emia), beta-cell failure, obesity a ypertension
mOd“é‘ie\iéﬁ |ﬁﬁh&¥l;}‘?é’%hﬁ%(hsd"s?lﬂlféﬁf‘g1h iA dhfioPesapil pregTedioRe sy based.
Sponﬁaﬁ%@@l& W4pair phasmalin resistant and obese) rodent models such as, db/db and

ob/ob mice, GK, ZDF and fa/fa rats are most commonly used worldwide in drug discovery
{Chen et al,, 2004) (Table 1). Among these animal models, Zucker diabetic fatty (ZDE) rats
when fed with diabetogenic diet (Purina 5008 or KLIBA 2437) represent the most attractive
model since metabolic disorders {glucose intolerance, hyperglycaemia, insulin resistance

and hypertriglyceridemia), beta-cell failure, obesity and mild hypertension develop

_ similarly to humans, although in a more rapid progression. Early changes in main plasma

parameters start at 7-8 weeks of age leading to overt diabetes (beta-cell and renal failure) at

>=12 weeks of age (Figure 2).

Due to this rapid metabolic deterioration, reversion of main feature of T2D in
ZDF rats is not achieved by marketed anti-diabetics {Rosiglitazone (PPAR gamma) and
Raziglitazar (PPAR alpha gamma)). Prevention of T2D was shown to be achieved, however,
in ZDF rats under chronic treatment (13 weeks} (Shibata et al., 2000} or in very young and
only moderately diabetic animals (Brand er al, 2003; Pickavance et al, 2005). [t was
reported by one team that in a slightly different T2D model called the VDF rat (Vancouver
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parameters start at 7-8 weeks of age leading to overt diabetes (beta-cell

and renal failure) at >=12 weeks of age (Figure 2). 30 Due to this rapid

metabolic deterioration, reversion of main feature of T2D in ZDF rats is

not achieved by marketed anti-diabetics (Rosiglitazone (PPAR gamma)

and Raziglitazar (PPAR alpha gamma)). Prevention of T2D was shown to
Diabdig: thiﬁ;MedddﬁtiMEVe“foﬂﬂ ZhEeatatiddgr/fhretidrseairhieht (@3 weeks)by that
mterv(englbagﬁl 200 of Ig%ﬁ%)({y&%n&%nd wab 4 Ié 26 5?(? r?%?{yafﬁg%ggove glucose

anlma S ( ran et a |ckavance et was orted

toler%y@ri@tmﬁhaﬂw@sﬁgwy‘dﬁfem Pob-ralldbmeattay Resvisieat al, 2002z
Pospl(sﬂﬁ@%@%er 2foRipbrtiskatty)sderived flom duckanandJalamstraibbetic, being

hc ed byt interventional ther th.a DPPIV inhibitor was
charo e RN BT B SE Toter e ERSBR AT af A At pherel
insulianckdietarcel| fuwesiohe( BospiSililc gtralen? 00RastiPospidiikclepal. pmm)allnmmal
modMﬁatp 5 BRIG %@a@e&ttﬁ@;&%ﬂ@ was,not diapeticrheing Sehanacterized By, but

absence of hypergl mia, weak glucose intolerance and no peripheral
that aﬁﬁ%d‘h‘ﬁ’?’é§’§%ﬂ5§é rﬁ‘ﬁ\%{é“?ﬁ@ DFfiePresent invention to develop a
preclinical animal model that not only better represents the progression of
type-2-diabetes in humans, but that also shows stronger responses to
Tabldtubyftherapyclitt ibbid <ot Maigepref elinfebplsdémtasredels of metabolic
diseases. A. Rodent models of metabolic diseases induced by diet or
A. RogtainmeetielyehreBbRisadineatfiothddSHiREgRR Risiseapical agePspfy Rodent
moddRAGasLEY sanesetests. T3otgiddpeed figdmcacttets. induced A fdum DIO
rats DiO mice Sucrose (SD) STZ (AKR/J) fed rats Obesity origin
polygenic polygenlc polygenic polygenlc polygenlc T2D origin polygenic
=

polygenid
A normal ng dree of i
‘ DIO rats BiG mice Sug:rose ST
‘ : (8D} {AKR/.J) fed rats
Obesity origin polygenic | polygenic polygenic polygenic polygenic
T2D arigin polvgenic polyaenic polygenic polygenic poiygenic
Leptin/ieptin R normal normal noreel © normal normal
] gzgﬁfym Moderaie Savere moderate No No
T2D onset mature | mature mature mature maiute
Elevated TG Yes Moderate Yes Yes Yes
Hyperglycaemia Yes No _ Yes 7 Yes
p-cell failure variable No / ? ? ?
Irt;z?siignce Yes Moderate Yes Yes Yes
Hyperphagia Ne Mo Neo No No
Hypercarticism No No No Ho No
Liver steatosis | Variable Variable Variable ? ?




Obesity Moderate Severe moderate No No T2D onset mature mature
mature mature mature Elevated TG Yes Moderate Yes Yes Yes -
Hyperglycaemia Yes No Yes ? Yes fl-cell failure variable No/? ? ?
Insulin Yes Moderate Yes Yes Yes Tesistance Hyperphagia No No No No
No _Hypercorticism No No No No No Liver steatosis Variable Variable
B Vgriable p ?lu?r%n 54 Zuneer ZDfgats, oblpp, mice B, Huhéih fa/ta rats ce
mice Obdsity origirt F&¥¢RIc Monogenic: Monogenic®¥fhnogenic
Obesitwmig@ge ieofamgene Nareene TRD@Hgin poiyeenic Noohagenic polygenic
| . in/LEBEA R norfA & fisruted disrupteld-disrupted-flisrupted
i | RABEEVSE ScVbre. SPMREER o8N BT OB 2D onset
Le‘m“ﬁ'f‘ﬁﬂﬁ‘rﬁ N FesRR'e o‘fﬁﬁ‘é’%uh@'%%nM FEWES Yies ‘VE@@FQ Yes
Degre¢fypergly¢agimiay @S NaYes iYessYes fi-cebdailure varigbledNo variable
Obe Sltxln AVAaY) |ﬁ e VMpoec Vo Na Vaoce Livihoarmmbacis I\I:) Yes Y
} SYESYESNOYES—TtypefpnagiaiN es
es ac Vac Vgc\ nﬁ\lnr Ofof‘yf?'yr\ \/ rlable ’) ’)

IaY
PUI\JUI reo 1o 1 \4\) MYV T OtCTatUSTO™V

¥
Elevatvie'lgiYeS hu!esh“ wWas tﬁfgsnhi(: (‘h\/; Df the nrpqgnf in\ pnfin\lf’le?n render ZDF
Hyperghpadmiss Hiabsic (Eloséto hhimatsitu nom“t??an narmall§fachieved

B-cell gider diabersigenid diet\Purina ‘B0E8: No Yes
Insuiin resistance Yes Yes Yes : No Yes
Hyperphagis No Yes Yes Yes Yes
Hypercorticism No Yes Yes Yes Yes
i Liver steatosis Variable ? ? Yes Yes

Thus, it was the objective of the present invention to render ZDF rats less diabetic
(closer to human situation) than normally achieved under diabetogenic diet (Purina 5008,
i.e. KLIBA 2437 containing 6.6% fat, 23.5% protein) in order to increase their sensitivity to

intervention therapy with anti-diabetics as would be the case for humans.

In a first aspect, there is provided a method of producing a diabetic rat comprising

_ feeding rats for 1 to 2 weeks after weaning with a high fat diet.

In a second aspect, there is provided a method for identifying compounds that can
reverse diabetes, comprising the steps of: a) feeding rats for 1 to 2 weeks after weaning
with a high-fat diet followed by Chow diet feeding, b) administering a compound of

interest, and ¢) determining whether diabetes is reversed by said compound.

For this purpose, three groups of ZDF rats were fed with different diets. The first group
received a diabetogenic diet (Kiiba 2437) starting at weaning and for 11 consecutive weeks
(group_full); a second group was fed a diabetogenic food for 4 weeks, followed by a chow
diet (Kliba 3436, containing 4.5% fat, 18.5% protein) for 7 weeks (group_mild); a third

group was fed a diabetogenic food for 2 weeks, then a chow diet for 9 weeks (group_low).

A diabetogenic diet is a diet which will render a strain (mice or rats) diabetic (T2D or
Diabetic mellitus or NIDDM: Non-insulin-dependent diabetic mellitus). That means
hyperglycemia + hypertriglyceridemia occur first + insulin resistance, then development of
associated diseases such as micro and macrovasculature diseases, kidney failure, heart

diseases, etc. Without this specific diet, animal will keep healthy
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i.e. KLIBA 2437 containing 6.6% fat, 23.5% protein) in order to increase
their sensitivity to intervention therapy with anti-diabetics as would be the
case for humans. In a first aspect, there is provided a method of producing
a diabetic rat comprising feeding ratg for 1 to 2 weeks after weaning with
a high fat diet. In a second aspect, there is provided a method for
Effedd@Tiidngrogmpalipdatiat eam we vdrsedligbetes, comprising the steps of.
a) feeding rats for 1 to 2 weeks after weaning with.a hlgrlr_ll?éat diet foIIowedB

Ty ereve aRAReaiisiEhh FAamiTRETI 5 EOMBOHHE of Thsrast Arfaiseo BW
untrégtarmiming.whether dtqhei@ﬁllﬁdi@mgd’b@bhﬁiﬁ) cordpesitcbd~OYtHS0g after 11

urpgse thr F rats were with_differe t
W“fkg 85?66%18 |ve8g %[P % oger%clfce:]E f:iect(3 Kba 2437 stggﬁeggg%v@nﬁqhéﬁg%% Ioﬂacebo
groupd i@drﬂémtwélmmﬂégr@ﬂpﬂmoa’sbébﬂﬁ dupihaddwel @ in comparison to
the ﬁaﬁ%tpgg%&fgﬁgrmrcémﬁ@ Jgﬂgay@glpsé@ @b%e@“&&ﬂ{ﬂi@@p%@&t of the type

containing 4.5% fat ‘5‘0%9 % protein or7weeks grou A@l rudv in th
of thgligh WasEAL R &%@}f Fodrast GRS i i gy in the
unuwe@kgr(grp@ﬂlamgﬁ@abeﬂdg@hmgim@mb@éﬁ%dhﬂt&h@nd@@%aﬁ at the
tlme(g@&%t%r%t ggeggggc (T2D or Diabetic mellitus or NIDDM:

Non-insulin-dependent diabetic mellitus). That means hyperglycemia +
hypertrlglycerldemla occur first + insulin resistance, then development of
Efe SO ated d_{IlS c g;n%s gnlé:ro tand macrovasculature diseases,
eckld(i!l (?a(fﬂrle earf iseas ¢ Without this specific diet, animal will

kee @H&Qﬁﬁ@fﬁmﬁg Eff@@tﬁt@cﬁﬂlﬁézﬂﬂlg giieFakpaiametss{BYY) Fdrd:Wihly normal

e SR AR e e S e e o)
In camidasactrethattbedsty :aﬁeﬂlch@@ér@,@miém@mew@ﬁ ?Eaﬁ{l d TG levels and

devdifferances n, B gaivwera geleaied hetwresnplaceho bigiauns teforted by the
either_a diabetogenic or/and chow diet (high | mid / low) or in comparison

provigey B /Bup. Each animal consumed approximately 30 g per day
independent of the type of the diet. No variation in food intake or weight
gain was observed during the study in the untreated group_full and group

Effeaﬁrﬁlﬁ@h@“ﬁéﬁ&ﬁi‘?éﬂ@%ﬁ@%& a slight increase in Fl at the time of switch
to chow diet. 10 Effects of diet on metabolic plasma parameters

Glucose, HbA;. and insulin levels

ZDF rats continnally fed a diabetogenic diet (group_full) became rapidly
hyperglycaemic and hyperinsulinemic with elevated HbA;c levels in contrast to the lack of
effects in ZL rats on the same diet (Figure 2). During prolonged maintenance on the
diabetogenic diet (ZDF group_full) the rats first rapidly developed hyperinsulinemia and
then subsequently became insulin resistant after 4 weeks (i.e. at 10 weeks of age). In ZDF
rats fed a diabetogenic diet for 4w which was then changed to a chow diet {group_mild)
showed a similar time course regarding -increase in glucose, HbAc and insulin levels
compared to group_full but with a lower extent of hyperglycaemia (23.£1.7 mM vs.
29.5+1.8 mM) (Figure 4 A).

In ZDF rats fed a diabetogenic diet for 2 week only {group_low), plasma glucose
began to rise at the age of 12 weeks (i.e. after 2 weeks of feeding with diabetogenic diet + 4
weeks of chow diet), and reached 18.742.0 mM at 15 weeks of age of the study which was
significantly lower than in both group_full (29.5£1.8 mM) (p<0.01) and group_mild
(23.9+1.7 mM) {Figure 4).



At the beginning of the study, healthy ZDF rats (6 weeks of age) had
relatively normal. glucose, HbAlc, insulin and TC levels measured under
post-prandial conditions (Table 2). In contrast, age-matched ZL rats are
characterized by very low insulin and FG levels and elevated. NEFA
compared to ZDF. These data were in agreement with those reported by
théiyﬁrﬁmﬂiidefr(iﬁigwﬁléﬂ diftecie of dieflengluedng matabalismgenic diet (= 6.5
cose, HbArc and insulip levels Z F rats continually fed a diabeto
ngh&lcft‘(grou al’?tszflﬁgc%rh%ﬁe #gpl el “hybetely SRRt Hhd fiB‘é?lr%ﬁf rﬁg?g ailure in
con{withy @begawm:ﬁib!bd@ﬂé\ﬁgisupmﬂ&aéttt@hheziablo'bfchzmaftbctsmﬂucra’tgxmbus a
dec&aswﬁlsa@@ﬂ%@%ﬁg&z 'wtﬂgalpegsﬁg@@qwg?ﬂeg&e@&mm 351.9 mM)(

- di.abetogenic diet (ZDF group-full) the rats first rap| developed
Fig g phhincU TG SLOTE fieifch b darER o petate }ﬁ&#ﬁﬁ Fé%‘i%’féﬁ‘t Brtgraflect the
progreeks(ieiratlid deeksmof age}). tn EHoratsdeda diabetdgeniccdiatfor

4w which was then changed to a chow diet (group_mild) showed a similar
time course regarding increase in glucose, HbAIc and insulin levels 25
compared to group-fall but with a lower extent of hyperglycaemia (23.1.7
mM vs. 29.51.8 mM) (Figure 4 A). In ZDF rats fed a diabetogenic diet for
2 week only (group_low), plasma glucose began to rise at the age of 12
weeks (i.e. after 2 weeks of feeding with diabetogenic diet + 4 weeks of
chow diet), and reached 18.72.0 mM at 15 weeks of age of the study

. which was 30 significantly lower than in both group-full (29.51,8 mM)
(p<0.01) and group-mild (23.91.7 mM) (Figure 4). 7- |- 3yperinsulinemia
reached after the 2 weeks of feeding with diabetogenic diet (= 6.5 ng/ml)
was maintained until 15 weeks of age suggesting absence of beta-cell
failure in contrast to group-full and group-mild. At the end of the study
group_low exhibits a decrease in insulin levels (Figure 4C) without
changes in glucose levels (17.31.9 mM)( 5 Figure 4A). This functional
defect in glucose-stimulated insulin secretion may reflect the progression
to insulin deficiency prior to development of a severe diabetic state. -8
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-9- Effects on postprandial glucose (OGTT) Continual feeding of a
diabetogenic diet throughout the study,(group-full) or for 4 weeks
(group-mild) followed by switch to chow diet rendered the rats strongly
hyperglycaemic under fasting conditions (elevated FBG) as well as
Effegts oogsoinpolerdial gis:SoseV€HREH hy glucose excursion values obtained

g 20 OGTT (e No dTfrce LE8G MAMEEPE SR,
weelnpiovementldf glutosedolerameadiy teddeing féetingitediabetogenitrongly
hyp?@érg @W@S&&J heeRR Satadhat ontinualvaeselvedip Aigheiogenicdighs as

5 revezﬂed by giucose excursion values obtained during an OGTT (Figure 5). No difference
in FBG or glucose excursion (glucose AUC) was noticed between these 2 groups
indicating no improvement of glucose tolerance by reducing feeding with diabetogenic
diet to 4 weeks. The ZDF rats that continually received a diabetogenic diet (group_full)
had severe glucose intolerance compared to ZL {AUC of 2213 vs. 779). The ZDF rats fed 2

10 diabetogenic diet for 2 weeks followed by switch chow (group_low) showed only
moderate hyperglycaemia under fasting condition (6.9+0.5 mM) compared to the ZDF
group_full (9.6+£1.0 mM) (Table 3, Figure 5).

Table 3: Bffect of dietary conditions on glucose tolerance in ZDF rats.

Summary of fasting parameters and glucose excursion (AUC) measured before and
15  during OGTT at the end of the study and feeding period. N= 8-10 per group **p< 0.01 or
*p<0.05 compared to ZL rats. F-test followed by t-test or Mann Whitney.

Groups\ Diabetogenic | FBG Fasting AUC AUC (delta
| Diet Insulin baseline)
parameters (mM) ' (ng/mi) (mM x
mirn )
Fuﬂ_ 9.6+1.0%* 1.6£0.2 22134211 | 1066127
ZDFE Mild 10.041.2% 1.5%0.3 21254266%% 918+148%
low 6.9i0.5* 3.5%0.8%* 1565+£188% 743£125%

* Nevertheless, the FBG levels of group_low were still significantly higher compared
to ZL rats (4.3+0.0 mM. p<0.05). The short feeding period with a diabetogenic diet

20 resulted in substantially elevated fasting insulin levels, strongly reduced fasting glucose

levels and elevated insulin resistance index (HOMA)} compared to ZL rats (25.4%5.8 vs.
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had severe glucose intolerance compared to ZL (AUC of 2213 vs. 779),
The ZDF rats fed a 10 diabetogenic diet for 2 weeks followed by switch
chow (group-low) showed only moderate hyperglycaemia under fasting
condition (6.90.5 mM) compared to Ebe ZDF group full (9.61.0 mM) (Table
3, Figure 5). Table 3: Effect of dietary conditions on glucose tolerance in

2. O+O% <58(}§ 4 belf‘;ol;’r?g %&[ﬂ%ﬂﬂg@g\@'{@ﬁ{ﬁr ST glicase E&%@H@%%hsﬂm

&asure 15 during OGTT at the end of the study and feeding
reSlS%@ﬁcb@l MNegotgratpfthsieatoneder *p<0.05 compared to ZL rats.
F-test followed by t-test or Mann Whitney. Groups\ Diabetogenic FBG

RatstingtAtiOAkIG itelao Didtins findias DBy parativsterg mmiighdimiy or
11w 1%%1.6:](? %rfl}ngtyél r?leq}b%hc]tﬁgnge%%%?&hﬁ%gggek%ggzﬁnéqg Mﬂgrglycaemla,

*1.50.3 2125266** 918148** |ow 6.90.5* 3.50.8** 1565
hyperpigyosidageize rl'ﬂarerégbolcﬁséqt@m@@%f)@erda&lféwwe?a%ﬂﬂ%i]bﬁm%%ﬁﬂw
beta-l mﬁélﬁ@ rﬁ‘ﬂ%&fﬂri& Zbstatadd a%@e@s mf\&,oﬁlﬁ@ OB)F The shiinbfeeging: diet for 2

eriod with a diabgtogenic diet ted Jn substan laII
WeEKS A4 TeVeRs s?réflg?g rtgL ucedo asti ngl ef:)Jcose ?eve s an(f&%evatg%gﬁggr%%m
of betesidtahderindised MO MRY compafitbaiZevatdigSas@iys? weeks egrificantly

delayREQ QN Whichwas, maintained.overime: J | tamnqlga;egl nag?g&@at §HOBgerall
|nsuI|n reS|stance in‘this moderatel diabetic r ge Ito these
changgs an SRR HEFRIBETAG FDEFX i@a’ éBeéf‘oﬂ& gl a4 v&e cxcept

for glindueehdiamatic snetabdtiechangestofagmilguextent Ieadmg to '
hyperglycaemia, 5 hypertriglyceridemia, hypercholesterolemia, glucose
intolerance and insulin resistance, beta-cell failure. In contrast, restricted

EffecRGIRESQfyRpROZdfb siksio diabetogenic diet for 2 weeks after weaning
rendered them modestly diabetic and insulin resistant without signs of

In adeiiemdn faipeesFesmify ZortedsibdinpashBaie-art BRIy DPduksr ZDF
( gro&?i igRifizauiin delavgd dsyelepraant athdg Foerglymplaeplisiaa Tieddatsatically

1ncrease%v¥rnopne£ein RS i E(e)le‘]g LPye ZM after 4 weeks of feeding a diabetogenic diet.
At the end of the study, plasma TG stabilized to 9.59£1.31 mM (Figure 6}. Elevation of
plasma TG was accompanied by progressive increase in plasma TC from 2.9£0.2 mM to
4.9+0.3 mM and circulating NEFA (from 0.20£0.04 mM to 0.36+0.02 mM) (Figure 6).
Limiting access to diabétogenic food for the first 4 weeks delayed and transiently reduced
severe hypertriglyceridemia (Figure 6A) that finally did not differ from group_full at the
end of the study. In contrast, ZDF rats fed a diabetogenic diet for the first 2 weeks after
weaning (group_low) only progressively became hypertriglyceridemic (Figure 6A).
Changes in diet did not iead to differences in the increase in NEFA and TC (Figure 6 B &
C) but significantly increased plasma adiponectin levels after 4 weeks of diet (by 37£7%,
3246% and 2%11 in group_full, group_mild and group_low, respectively) suggesting a

diet-induced insulin resistance effect.
Effects on islet morphology and beta-cell integrity

Feeding young ZDF rats a diabetogenic diet during 11 weeks (group_full) induced
dramatic changes in beta-cell structure compared to ZL rats fed the same diet. In the
pancreas of ZDF rats, disruption of islet architecture is noticed (Figure 7). Islets are
enlarged with irregular projections into the exocrine pancreas, and endocrine cells are

scattered within the exocrine tissue. beta-cell death is increased, beta-cell mass is reduced,
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..... to changes in metabolic parameters in group_low were stabilized at
10 weeks of age except for glucose that increase started from 12 weeks
of age (Figure 4). Effects of diet on lipid metabolism In addition to
hyperglycaemia, elevated HbAic and bgta-cell failure observed in ZDF
(group-full), changes in lipid parameters occurred. For example, plasma

and Tz dhaumatieaient SrifaiedsedHomslddsdemidie: HH 6 1:8wel affakdination of

Weeksfof feed (glabetogen I o,lsleltl At the en of&@gststu%?lasma TG
PandEbifiz 864G 98 3 %n(mffﬁm ure 63 Efevation 6f ‘pias

accompanied by progressive increase in plasma TC from 2.90.2 mM to

4.90.3 mM and circulating NEFA (from 0.200.04 mM to 0.360.02 mM)
Inte(l‘—‘?é’ﬁ‘r‘é"é?eﬁ_tfﬁﬁﬂﬁ&"ﬁ% é%??&’cﬂﬁﬁetogenlc food for the first 4 weeks

delayed and transiently reduced 20 severe hypertriglyceridemia (Figure

MetBBlibatafinally givknatdifesfrenngrewp-full at the end of the study. In
contrast, ZDF rats fed a diabetogenic dlet for the first 2 weeks after
VHEIRARG 0 FERUIBIH SHI 5t csar%?%é'f\? el e 4E RyppertghsElrishitor 7 weeks.

At &Bg&ﬁgxﬁﬁhg @ﬁ&h@asaﬂhd@itdlglrﬁﬂpléaﬂ mldlféefﬁ@ﬂeﬁﬂﬂ therinbsgaseitaemic

NEFA.an ntl ased
(resgd: Vd eve %%gfer Hwee )é%fjé)dln%% %%% 395 ?%n“z?lol nr‘%/ml and
7. 4izj>réupgf@n1)g@@dph¢ﬁllda&n@grbn@slmrmétumwg@@gew@aﬁy triglycerides)
comPglindyced nswiRdesistancg effacld Effagts pn istebmar @Bfbetogenic

| betac Il integrity Fe Qung ts a diabetogenic diet during 11
diet JgoRRl{gtoti fr)%meﬁeeg%f T Bl B BRR e S A0 et o fully

diabetimparad tezriupatsdied thodame dietiamethe ZDpanusedgoipDbwatsire still
chaﬁ&éﬂ[%tég :)?f}ﬁ tef"”c? cyne s ngticed SFigu et Jsists are I@Fﬁﬁrggﬁpared to

with irregula ro;ectlgns into the exocrine pancreas, and endocrine cells
healghi GkatfsietFighFinthel BxeoRiiestisSTRIbARE AP deaTRIBEFeHedad values

simidgtoatl Magshisredpends -14.9ang thainsulip-epoteNiwvithirdridysells is
reduced. (data not showed). (Examination of pancreas of group_low and
group-mild is currently under investigation). Intervention treatment with

effeROglitagone Metahaliw status offDF rats before treatment

Chronic treatment with Pioglitazone increased BW of ZDF rats compared to their
respective vehicle group (in agreement with literature data). The increase in BW induced
by Pioglitazone was of comparable extent in group_low, group-mild and group_full ZDF
rats and was approximately +30% versus vehicle. Moreover, daily food intake (ﬁleasured
over 24 hours) was increased from =30g to =50g in all treated groups. As expected, WI
was increased proportionally to changes in FIL. Thus, the increase in cumulative FI along
the 7 weeks of treatment likely contributed to the increase in BW. Increase in BW by
PPAR agonists is a well known effect that is exaggerated in rodents {mice and rafs)
compared to humans. Degpite the increase in body weight under Pioglitazone therapy,

the metabolic profile was significantly improved (discussed below).

Effects of pioglitazone on glucose metabolism

Glucose, HbA ¢ and insulin levels

As discussed above, a diabetogenic diet increases plasma glucose, insulin and

HbA1c% levels in ZDF rats. Treatment of group_full ZDF rats with Pioglitazone strongly
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5 Intervention treatment started in 10-weeks-old ZDF and was performed
for 7 weeks. At the beginning of the treatment, group_full and group_mild
were hyperglycaemic (respectively 17.42.6 mM and 13.614.0 mM),
hyperinsulinemic (4.81.0 ng/ml and_ 24_0.5 ng/ml) and had all the lipids
parameters increased (especially triglycerides) compared to age matched
redudd ErigHie A.2nd figute g Althoygh freding AdiahsioaeniGiadlit sl was
2 weeks significantly improved plasma parameters levels co pt?bg:a?d é?;
out the
grodpEeW)

apparghy HiabeficBoE (§FoliF O ot riASPATABEY c PHR IS 18
dura@be Stifl ebarasterized byhigher tiiglyceribesischblesterslaand:MERAnied by a

. _.plasma levels co edto_h % y ZL rats (Figure 6). In contrast,
Sigm{gg?%tprjéﬁc Or%%?m%ﬁlg/fgg%?c rg:}ld values similar to the ZL group (Figure

4) (6.90.5 mM vs, 4.30.0 mM, respectively). 15 Effects af Pioglit n..
shigRa ot trEdmen R Bog B e B B D BR the
beginAtscompiaras:torthel; hespeetivehisehitier grou g tim: agtee mertekitiFigure 8C).
. Jiterature data). The increase in jndug ioglit _ cith
S A o Srai . B OUR S st orotp- e S BE h, ither
imprareemsroiiheadil RO ¢ BRSUE YRmBre. IMBFES LA thsatP it eached in
cithetBERSHI @20 QverR4hnuns) wasrinereased dromf+30g-tata5Qydbealt ZDF rats
treated groups, As expec WI was increased, propartiopally to change
(ero TSt LA L B S g P e B s and
the iikebpgontriblidetochmihcreasetimBWatiortasaiveBWepy sEpiR to those in
untr@900IStE Is a,well kpown effest thaldg exagnprateddnegeatssrBicd antkversed
rats) compared to humans. Despite the increase ir%é%:)o% v;[%if(}l,ht undo%r il th
hypeppipliashhie Herag it 25he pldtsBBRE proRe Was ot kBRI &t the
end (discussedybalovi: Eifectstbt picglitazoretoregiysosel metalpolism administered

Pio g&%‘z%%%egh'%%safn%ﬁ@g&? }%ag'c%@%giﬁ;ﬁ %g%@'s Iete qQue 2 9%@&?}0&@9 iGdiekaly

Increases ucose, Insulin an Alc% levels in ZDF rats.
sightfiydaghencobgroehifathz D rdishwith icalitaalsi8-840n gy miovaticed

blood glucose levels (Figure 8A). An improvement in glycaemic control

wah apadentiafiedzuveeksedf dieatmenthndiwas partialyamiaindiAlc and

.hype%%%&ﬁ%ﬁm%.ﬁgégiig@n%’gJ{%%&%%ﬂkLTP&r%EC&i&@emifﬁ%ﬁga&gﬂayo&%eﬁc

was accompanie . .
ZDF rats (group_low) under chronic treatment but not in group_mild or group._full.

Effects of pioglitazone on post-prandial glucose (OGTT)

ZDF rats on a diabetogenic diet for 11 {group_full) or 4 weeks (group_mild) were
extremely glucose intolerant compared to ZDF rats on a diabetogenic' diet for only 2
weeks (group_low) which were only moderately glucose intolerant. Nevertheless, glucose
excursion measured in group_low after 10 weeks of study was still significantly greater
than ZL (AUC: 1565+188 vs. 779£15, see Table 3}. Treatment with Pioglitazone for 6
weeks significantly improved glucose tolerance of group_mild and group_full to a similar
extent compared to vehicle by 29% and 319%, respectively, although without normalizing
it to ZL rats (figure 9). In contrast, group_low was a little more sensitive to Pioglitazone
treatment since AUC was reduced by 36% compared to vehicle but reached glucose
excursion values close to ZL (AUC: 1000+48 and 779%15, respectively).

The strong efficacy of Pioglitazone in improving glucase metabolism in

group_low was also reflected in the significant reduction of FBG compared to vehicle |
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significant reduction of HbAzc (Figure 8B). 5 Pioglitazone significantly
reduced the hyperinsulinemia of group_full ZDF at the beginning of the
treatment, however, this effect was gone after 5 weeks (Figure 8C).
Similarly findings were observed in group-mild ZDF rats suggesting that
neither improvement of the diabetic dtde nor prolonged improvement by
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treatment period, group-low administered 15 Pioglitazone showed
significantly reduced insulin levels (2.10.2 ng/ml) that were only slightly
Effedtkgﬁfé?iogﬁtpmddn hirednontahaibstic ZL animals (0.80.1 ng/nil, p<0.05). All
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glucose metabolism in group-low was also reflected in the significant

reductientofsFEBE @dinparediid wehidlenge plasma total cholesterol levels in any of

the treatment groups (Figure 10 B). Total cholesterol levels remained clevated in all of the

ZDF groups with or without pioglitazone treatment in comparison to the lower levels in

" the non-diabetic ZL group (2.2£0.1 mM, p<0.01). The absence of TC lowering by

Pioglitazone does not mean that there was no change ‘in lipoprotein particles. In fact,
Pioglitazone could decrease LDLc and VLDLe, while increasing HDLc without modifying
TC levels. FPLC separation and analysis of the lipoprotein compesition of the plasma will

be required to address this question.

Effect of Pioglitazone on insulin resistance

After 6 weeks of treatment, Pioglitazone reduced fasting insulin levels to a

| comparable level in all groups {full, mild and low: 2.0+0.4, 1.6+0.3 and 1.7+0.1 ng/ml,

respectively). HOMA values indicated that group_full was still more insulin-resistant
than group-mild or group_low, {14.1£2.7 {full}, 10.9£1.9 (mild) and 9.4+0.8 (low}).
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13 (5.10.1 mM vs. 6.90.4 mM, p<0.05) that also approached the FBG
levels in non- diabetic ZL rats (4.30.0 mM) (figure 9A). In group-mild
andgroup_full, the ability of Pioglitazone to reduce FBG was modest after
7 weeks of treatment since levels reached 6.61.3 mM and 6.70.9 mNl,
_respectively. These data indicate that pioglitazone is much 5 less effective

als faraunsfulhand grpuip-srild)aniaiapeedRiage spicdiseaserance and
Effects of Pioglitazone on lipid metabolism Treatmen fflgl%diabetic F

insubigtstegRRtuMy WP BIGTNAS GRe SRR “Feditet B §lyCaide> more
implguels élﬁﬁ&@&Z%mplard@ tallvehiclgs, Tineaimproveitie MicigliTa@okey étgreased
. was observed early a he start of treat ' :
R AR Rt s RN R
(dathigbebthan icoFirmies (2390s8lin MIEHTMY WA, p<0.01.) (Figure 10 A).
In addition, a moderate improvement of plasma. NEFA. levels, paralleling
theneguetion ehplasins Tawasiabserved foetaiobShrond)cThesetedtstic rat

of Pioglitazone in_lowering,pl . imilar ifude
o IR LSIORAT0 B A AU, i
embaditinmhedistent rormaizathSHgpaithglptchtlethithordrbaiossmc Atithererein
des oA Of treatment, the average plasma TG level of group_low was
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signifi_cantly lower than that of group-full (1.60.1 mM vs. 2.80.5 mM)
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nterestingly,
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treatment in comparison to the lower levels in the non-diabetic ZL group

(2.20.1 mM, p<0.01). The absence of TC lowering by Pioglitazone doges

ndtmierahlshateuTing weid e rresgerad Risprotein Heftitrsisn Mcprefered
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lipoprotein composition o?rt]hnéafasma will"be required to address this

question. Effect of Pi.oglitazone on insulin resist Af ; k )
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reversible and that, thus, compound for interventive therapy can be identified, while with

the known models, only compounds for preventive treatment can be identified since the

induction of diabetes there is not reversible.

The present invention also provides a method for identifying compounds that can
reverse diabetes, comprising the steps of: a) feeding rats for 1 to 2 weeks after weaning
with a high-fat diet followed by Chow diet feeding; b) administering a compound of
interest; and ¢) determining whether diabetes is reversed by said compound. Preferably,
said rat is 2 ZDF rat. More preferably, the diabetic rats are the rats produced with the
method described hereinbefore. A compound that can reverse diabetes is a compound

which, when compared to the effect of a reference compound, or to vehicle alone reverses

-parameters which are indicative of diabetes to levels comparable to non-diabetic control

anmials. The reversal of diabetes by said compound, as compared to a negative control,
reference of vehicle, can, e.g., be a reduction of blood glucose levels, reduction of HbA,,
preferably to a level similar to that of untreated ZL rats; reduction of hyperinsulinemia;
reduction of FBG; reduction of AUC; reducing hypertriglyceridemia. For the
determination of the reversal of diabetes by a compound, any single one or combination

of said parameters, or all of them can be determined, and they may be combined with the
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comparable level in all groups (full, mild and low: 2.00.4, 1.60.3 and
1.7+0.1 ng/ml, 30 respectively). HOMA values indicated that group_full
was still more insulin-resistant than group-mild or group_low, (14.12.7
(full), 10.91.9 (mild) and 9.40.8 (Iow)).1-51_4 Despite significant
improvement of metabolic parameters, glucose tolerance and insulin

medRSiSianNEe PydRiaghiazone R @rourdawdthe AAMA Malue- wasstlhne o

important than in ZL (2.00,1). In all groups, treatment.with Pioglitazone
e T A R S WG T Satment and
(glogarnparediesishaaiy es{(@e o tRtRVAYSbHTRRIG B indaysensitizing
pro@giiona Thé fdtesentirventioripls . idlates to-amethadstiprodueing Rl of

[ e I, omprisingfeadir fter weaning with a
Lt e e S D pon o

thisfa‘?‘ﬂi@ﬂé%@l&%ﬁ@@%ﬁ&%ﬁéﬁ%@?&ﬁh&é@éﬂ@é@%@&mﬁﬁ%ﬂm is a
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BTG4 £ FAL e RERH S WSS SREPWeHTIAG Wit SHiEThgFra wit

PPﬁdieilp@mgdmpwmmdmmgaad)fdﬁte,_ ﬁihdbapmduéedi_ﬂ%)thisimémﬁdnimhahaﬂy

stagdiRRelenBareneralbleane et U5, SAMAUNC 0L NETHENTN S NIARY, e
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Preterahly, said ratis a ZDF rat. More preferably, the diabetic rats are the
not ptXiBidduced with the 25 method described hereinbefore. A compound

that can reverse diabetes is a compound
In the present study, we defined experimental conditions that render adult ZDF rats

moderately and stably diabetic and highly sensitive to intervention therapy with an anti-
diabetic agent. The present study showed that restricting 5 to 6 weeks-old ZDF rats to a
high fat diet for only 4 weeks rendered them as diabetic as ZDF rats maintained
continually on a high-fat diet. These highly diabetic animals were poorly sensitive to
treatment with Pioglitazone. In contrast, reducing the time on a high fat diet from 4W to
2W followed by resumption of a regular chow diet, delayed the onset and the severity of
diabetic symptoms (hyperglycaemia, hypertriglyceridemia), prevented overt insulin
resistance, prevented beta-cell failure and limited the extent of glucose intolerance. This
delayed moderate T2D ZDF model stage was maintained during 11 weeks of study and

was much more sensitive to intervention therapy with anti-diabetics.

The data presented herein showed that high fat diet given for 4 weeks irreversibly
rendered ZDF fully diabetic but not when fed for 2 weeks. These data suggest that, at
some point during the 4 weeks of feeding a diabetogenic diet in ZDF rats, the animals
progress into an advanced stage of diabetes, likely accompanied by beta-cell failure that

renders them less sensitive to drug therapy. This difference could be due to greater
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which, when compared to the effect of a reference compound, or to
vehicle alone reverses parameters which are indicative of diabetes to
levels comparable to non-diabetic control anmials. The reversal of
diabetes by said compound, as compared. to a negative control,
reference of vehicle, can, e.g., be a reduction of blood glucose levels,

npot&%?éi@g%% ! HRAx 30, Preferably @e@tiﬁ\éﬁ{,sfﬂi‘f?eg%lmw&ﬁﬁtﬁ%éhm was

rats; ion of hyperinsulinemia; reducti I%%G; re.du%tio of ALig; s
presqalincEgHy ey cetiBrsat Iﬁ%r"ﬂfén#@fé L6 te é‘%%%ﬁéa?to wee
of agdliahaiRs hy@ compoundecanyssingighonefortogibinatidhfafsaiReduced insulin

parameters Il of them can be determi i N
con g B AL RO O AR TN DTy o prarc et
cellspasarrieteds witdy decheaedeigsulixaemiatiorbar the sBAcRirdsf KE¢ brgardeswin
secr RANRCERAS(elasael) skidney s JgDmesiasderanis)apekey dsetcatamactd insulin

microvascular al jon). Analysis of proteinuria and albuminuria will . ..
Cont%HBI§8 %t%ﬂé%%?e? &b OWﬁﬁ%n‘gﬁ fio 8?%?5Wf§lﬁ.°%&d%?‘é??l\é§ﬁ§?ﬁm diet
reduwe g piseerinaportadtliydetsphyireidee degroslofonpdransisavationigf beta-
cell ARMDP %%lsg‘w&? 1@%%@?%% @@iﬁ@g?@%ﬁ %@?t%'%%ﬂﬁﬂm\@a@&m-
0 Nnow, no Investigations have been réported on pronounced beneficial ..
cell &g b PR Eram 6T PBREHa Gahith 26 Sffthal niisgs) of 1eedng 2
diabo@iferingifeatuss of FaBicestlin tedistandmilnd dystibidemssuthasdnas in
the DF.rEttmoﬁ% Intgﬁe%/i%usks)w_)dies, 1o improvement of the metabolic
modsrat NaRRGHi&et oniy dufing prevention therapy with PPAR alpha
gamma a pnists (internal data, Shibata et al., 1998) or in ZDF at very i
Bafy BiagdwranpabeEivedidinr 45 e thstindesRifite, Hsugsts !
PioghyDRyghsasmia) aRjckauainceelahy 20055 Brhtidetatiphe? Jisfior (Shibata et
cterizing the present model of moderate T i d.¢ fata.
oL s TAE D D e R T8 paodietof e clls
thromgdetspeffivacyrstiMiogtitsibhewrdprsdehvapaosasipan géPBBfrREFRia and
hypeth kg/d when administered orally. Data generated in obese and insulin
resistant Zucker fa/fa rats demonstrated that 10 mg/kg/d were a very

fficacious dose (although not maximal). t def
s R Saa bz M n LR PR Sy MR HRIRGH, bu
no ofatlydidbetivdnd sghly serlsticotdathrerrivaiedaby Mtfess aaported that

PPAR alpha regulates lipid metabolism. (Brand et al., 2003; Pickavance et al, 2005) and a
cholesterol lowering effect on ZDF has been described using a dual PPAR alpha/beta

agonist.

Thus, the present invention provides, for the first time, experimental conditions
that render adult ZDF rats (1) moderately diabetic in a stable manner and (2) fally

sensitive to intervention therapy with anti-diabetics.
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diabetic agent. The present study showed that restricting 5 to 6 weeks-old
ZDF rats to a high fat diet for only 4 weeks rendered them as diabetic as
ZDF rats maintained continually on a high-fat diet. These highly diabetic
animals were poorly sensitive to treatment with Pioglitazone. In. contrast,
reducing the time on a high fat diet from 4W to 25 2W followed by
resumption of a regular chow diet, delayed the onset and the severity of
diabetic symptoms (hyperglycaemia, hypertriglyceridemia), prevented
overt insulin resistance, prevented beta-cell failure and limited the extent
nefefglucose intolerance. This delayed moderate T2D ZDF model stage was
maintained during 11 weeks of study and was much more sensitive to

BODENiervEHNGN. (higeaise (itke dritivdiciBetiosz| 800 Thegdntai predafiteehepsisis. Life

sheyvee-ihat highdat diet given for 4 weeks irreversibly rendered ZDF fully
diabetic but not when fed for 2 weeks. These data suggest that, at some

BrarR9IBL gu r%ﬁf@ £ epks gfdeeding: a diabetageniceigtinZDE rafs\ihey 5.,
animals’ ess info an advanced stage of diabetes, likel om nled
oy bR AT tHal tier S AHERP s BeNS B A e S
dlﬁﬁ’r.eﬁa@bm(gdmmd seitaigregtervid6s hphnuxﬂdtyrmrgtmomﬁmsmhout

Szl mm&@e%@&hyeermmmtaweemereeem&aﬂqgmu How Y,

ff cient to normallze hyper age,
? fo el\%{g%ta”feal A %é may e e ec%rd;gast gﬁfliﬁéulure
Reduced insulin concentratlon in ZDF rats appears to be caused
CHERpefcfil@ubctith-oP pEFeRsatRy Fad %Rié}@tﬁg%(?fafé’é%&ﬁr&é@éaéédwpe 2

diabdtsulin content. By the end or the study, as insulin ‘secretion was still high
it seemed that 2 weeks of a diabetogenic diet increased insulin content in

thgdsiets g@é@fdmr;&mgee@pﬁqge. Since 2 weeks of a diabetogenic
diet reduced hyperglycemia and delayed triglycerides accumulation, the

GOL&%@%“@F C{Qd?fz‘?efé‘slﬁﬁl'rfééﬂ%?& Qpﬁtﬁ! \égfje 184L0UR W‘Q’%ﬁaﬁkt&s melkitus,

agreement with ons ration that beta 1o cell failure is a result of an
eléﬂféﬁ%iffﬁgﬁ%ﬁ ééﬁ%gé’eﬂg ASwELR of feeding a diabetogenic diet
may be sufficient to induce similar metabolic disturbances as in
GRE&%H@%&@ drabaieBIOE Faty (GHovh - Innlisirsistersg e shesktatreiss
insi#tmsensitivity, asalbgroups (treatment with Pioglitazone increased
~ adiponectin levels by 3-to-5-fold) in peripheral tissues (Shibata et
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15 al., 1998), it is considered that Pioglitazone suppresses the
overworking of beta-cells through improving insulin sensitivity, followed by
prevention of hyperglycemia and hyperlipidemia. In the present study,
Pioglitazone prevented hyperglycaerya and hyperlipidemia, but no effect
on the level of serum cholesterol has been observed. It has been reported
KArihBiR 20 fFRAR glphartgulated: ipithméiaketisnn(Biahdetahp2003¢ for
Pickavance et al., 2005) and a cholesterol lowering effect on ZDF has

b@g&ﬂg%{jm&gs&g’@ﬂg%%R alpha/beta agonist. Thus, the present

invention provides, for the first time, experimental conditions that render
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with diabetneraivabesilieldaw bars) or chow diet (black straight lines). Lean ZDF (ZL)
rats were fed a diabetogenic diet during the whole study duration. Treatment with
Pioglitazone (indicated by red lines) started at the age of 10 weeks and was performed
until age of 17W. Each group was formed with 10 rats. A glucose tolerance test (OGTT)
was performed at the end of the treatment period (after 6 weeks of treatment). Several
blood samplings occurred before and during the treatment for biochemical analysis. Only

6 rats were considered for performing OGTT.

Figure 4: Evolution of glucose, HbAlc and insulin levels in ZDF rats fed under

diabetogenic or/and chow diet.

N=8-10 per group. Data are expressed as mean + SEM. ZDF and ZL were 6w-old at
baseline (treatment -4 weeks). *p<0.05 or **p<0.01 compared to group_full, ANOVA,
followed by Dunnett’s post hoc test. ZL compared to group_full by a Mann-Witney test.

Figure 5: Impact of diet on glucose tolerance of ZDF rats after 10 weeks of feeding,
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the United States: an overview. American journal of kidney diseases, 13,
11-3. TINKER, L.F., HEINS, J.M. & HOLLER, H.J. (1994). Commentary
and translation: 1994 20 nutrition recommendations for diabetes Diabetes
Care and Education, a Practice Group of the American Dietetic
Association Journal of the Americénzgl’etetic Association, 94, 507-11.
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Study UKPDS Group. Lancet, 352,837-53. -20- Figure legends 5 Figure

1: Summary of metabolic defects: Implication of organs and pathways
Scheme summarizing (1) inter-relation between glucose and lipid

~ Figumétabolisne2) fabtore BadNidthrbahdé (eadintpté ilstals fesisténce and

dmbé[ggnfggghrfggﬁgmpf research in Diabetes Mellitus (JAMA, 2001,
628-632). to Figure 2: Age-dependent changes in metabolic

Nz8ﬂ@@éﬁ@i@l®lrD@@&rZ%f@;@dFalgw&B ey, desigm Sehemecafthd stdy

des Ictin ereqnt feedin p,er perfor nZDFE r :
basel%:ﬂal.f) og%‘?uc @ 0\%]/? baré;% 8% chiow (?I ‘ffﬁlgéﬁ stréaléﬁ aéslsgl \I?!Lewa(r)\VA
foﬁowzmy@wnlﬁtt&tgwéb@%cﬁfa diabetogenic diet during the whole study

duration. Treatment with Pioglitazone (indicated by red lines) started at

the age of 10 weeks and was performed. until age of 17W. Each group

was formed with 10 rats. A glucose tolerance test (OGTT) was performed
Figuat Therendrafi theotleativent ghdrive (ditonc/ivEekssofteatfiertds- Several

blood samplings occurred before and during the treatment for biochemical

Insulimaigsaiomly 90 Srs WErs donsiaeEs fHRBRHOHNT ORI ERtR 4

ReprEvalation s abisasas HeAhswanthinsubmleyels ige &k rats fed under
diabetogenic or/and chow diet. N=8-10 per group. Data are expressed as
mean SEM. ZDF and ZL were 6w-old at 25 baseline (treatment -4
weeks). *p<0.05 or **p<0.01 compared to group-full, ANOVA, .

Figure 8: Effects of Pioglitazone (10 mg/kg) glucose parameters (glucose [A], HbA;c [B]
and insulin [C}) in different diet groups (group_full, group_ mild and group_low).

Treatment started at 10 weeks of age and was administered as food-admix. Age-matched
vehicle non treated ZIDF and lean (Z1.) rats were used as controls. Values are expressed as
mean + SEM. N=8-10 per group. **p< 0.01 or *p<0.05 compared to respective vehicle
treated ZDF rats. ++p< 0.01 or +p<0.05 compared to ZL rats. F-Test followed by TTest.

Figure 9: Fasting blood glucose levels and glucose tolerance after 6 weeks of treatment
with Pioglitazone.

A: Effect on FBG; B: Effect on AUC glucose expressed as delta baseline; C: Curves of
glucose excursion measuring during OGTT and after 6 weeks of treatment with
Pioglitazone in group_full, group_mild and group_low. N=8-10 per group.

**1n<0.05 compared to respective vehicle treated ZDF rats.

++p<0.01 pr +p<0.05 compared to ZL rats.

F-Test followed by t-Test.



followed by Dunnett's post hoc test. ZL compared to group full by a
Mann-Witney test. Figure 5: Impact of diet on glucose tolerance of ZDE
rats after 10 weeks of feeding. -21- N=8-10 per group. **p< 0.01 or
*p<0.05 compared to group-full. ANQVA followed by post hoc Dunnett's
test. ZL compared to group full by M%l%h-Whithney or t-test. Figure 6:

. Evalu f plasma.TG, NEEA and. TC levels in,ZDF rats fed with 5. :
riporg L R TR D R e BRI IR L gy corice
[A], GhelastsElNB 2DE differzet distesovipidsapumadeliner prpatmiArndgeaie)low)

*p<0.05 or **p<0.01 compared to group-fall, ANOVA fcio edb g
Treatpiph it ot Hoedeist Ol 6eiglife™? RAEHOIISH AR ﬁa” behssaN<hed

vehiclp ddi HaisederSifsagt fats. (isptinaves stanke usingodntibday agaimstessed as

insulin (imm histochemigtr od) « ' otogr. :
e M oo MLE B houpd 16 Elpche b Loty o Biam R el
treataf /) rgtecoseHaftmesters (GhFcssanaeHB A 18- Andaridalined)in TTest
different diet groups (group_full, group_ mild and group_low). Treatment
started at 10 weeks of age and was administered as food-admix.
Age-matched vehicle non treated ZDF and lean (ZL) rats were used as
List cf0nlseisialies are expressed as mean + SEM. N=8-10 per group. **p<
AUc0-01 or *p<0.0n.compangd (g sgspective vehicle 20 treated ZDF rats. ++p<
0.01 or +p<0.05 compared to ZL rats. F-Test followed byTTest. Figure 9:
BRdFasting blootgimeoseteysimnd glucose tolerance after 6 weeks of
BW treatment wi ré&%gljt%zone. A: Effect on FBG; B: Effect on AUC glucose
expressed a t4'Baseline; C: Curves of 25 glucose excursion
FRG Measuring dggiﬂg@@a@%mk@;ger 6 weeks of treatment with Pioglitazone
in group_full, group-mild and group_low. N=8-10 per group. **p<0.05
FPLGompared tofespseiraseridiatie sug PEpgsihy++p<0.01 pr +p<0.05

Hb Alccompared to (gllyc%astﬁa EaTﬁgggg%@&d A)ly t-Test. 30 -22-

HDLc High density lipoprotein cholesterol
HGP Hepatic glucose production

HOMA Insulin resistance index

LDLc Low density lipoprotein cholesterol
NEFA Non-esterified fatty acids

OGTT Oral glucose tolerance test

PAS Periodic Acid Schiff reagent

PPAR Peroxisome proliferators-activated receptor
SEM Standard error of the mean

T2D Type 2 diabetes

TC Total cholesterol

TG Triglycerides

VI.DLc Very low density lipoprotein cholesterol
WAT White adipose Tissue

WI Water intake

ZDFE Zucker Diabetic Fatty rats
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Figure 10: Effects of Pioglitazone (10 mg/kg) on ZDF lipid parameters
(triglycerides [A], Cholesterol [B] ) in different diet groups (group_full,
group- mild and group low) Treatment started at 10 weeks of age and
was administered as food-admix. Aggsmatched. vehicle non treated ZDF
and lean (ZL) rats were used as controls. Values are expressed as 5

71, mean + SEM; Ng&-10,p85group. **p< 0.01 or *p<0.05 compared to
respective vehicle treated ZDF rats. ++p< 0.01 or +p<0.05 compared to
ZL rats. F-Test followed by TTest. List of abbreviations AUC Area under
the curve BRdU bromodeoxyuridin BW Bodyweight FBG Fasting blood
glucose FPLC Fast performance liquid chromatography HDbAI.
Glycosylated Hemoglobin Al HDLc High density lipoprotein cholesterol
HGP Hepatic glucose production HOMA Insulin resistance index LDLc

Ex Lﬁw density lipoprotein cholesterol NEFA Non-esterified fatty acids OGTT

glucose tolerance test PAS Periodic Acid Schiff reagent PPAR

Peroxisome proliferators-activated receptor SEM Standard. error of the

ExardPRAN AZMhJjxpe 2 diabetes TC Total cholesterol TG Triglycerides VLDLc
Very low density lipoprotein cholesterol WAT White adipose Tissue WI
Winethintsiel 7 D FvZddekét DiabatiebPattymats ZDF rats (ZDF fa/fa or ZDF) and

lean littermates (aged-matched) rats (ZDF +/7 or ZL) were purchased from Ch. River
Laboratories. The animals were housed by 3 or 4 per cage in a room with 22 to 24°C
temperature, 50% to 60% of humidity with a 12:12 day-night cycle (light from 6:00 AM
to 6:00 PM). Rats were fed ad libitum and had permanent access to water. Fresh food was
provided weelly, the water was changed twice a week and cages were cleaned 3 times a
week.

Male ZDF rats homozygous for non-functional leptin receptors (fa/fu) develop
obesity, hyperlipidemia and hyperglycaemia. In contrast, rats with homozygous
dominant (p/p) and heterozygous (fa/p) genotypes remain lean, normoglycaemic and
non-diabetic (Table 1}.

ZDF and ZL rats were ordered at the age of 5W. After arrival and following 1
week of adaptation, 1ml of blood was collected retro-orbitally after a short narcosis
(1soflurane) in 6W-old rats. According to glucose, insulin, triglycerides, NEFA,
cholesterol plasma levels and the BW, rats are randomized in 6 groups of 10 ZDF fatty
rats. A group of 10 ZL rats was formed and followed as a control group along the study
duration (Figure 3). Three groups of ZDF rats receive either vehicle {untreated) or
Pioglitazone (treated) as food Admix. In each untreated/treated group of ZDF rats, one is
fed a high fat diet during 11 weeks {(group_full), during 4 weeks (group_mild) or during 2

weeks (group_low).

 Example 2: Food and treatment preparation

Treatment was administered orally and prepared as food-admix. This mode of
administration was preferred over oral gavage to reduce stress to the animals, avoid

dosing errors and minimize handling. Pioghitazone (sufficient for 90 kg food) was
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-23- ZL Zucker Lean rats Examples Example 1: Animals In this study 5
week-old, non-diabetic, male ZDF rats (ZDF fa/fa or ZDF) and 5 lean
littermates (aged-matched) rats (ZDF +J? or ZL) were purchased from Ch.
River Laboratories. The animals were housed by 3 or 4 per cage in a
room with 22 to 24C temperature, 50% to 60% of humidity with a 12:12

dissoigg&/ -igll %:Bﬁ%lf&'eo%“x%}te‘;f%rﬁﬁk?é’ Bl 10:8:00. I\é)oﬁ?st%w e ad, lipitl; of
- and had permanent access to water. Fresh food was provided weekly,
solutigmevwnatermhiseshuigetd dacy hadbanacnisghe wekd S radeof o)
or 12 %ﬁ%\é&%&eh@@@%&t{%@Ihgmzﬁéggmﬁa[dn@mbmet&eaalTemt'ﬂocsémtmsemuy
) a) develop obesity, erlipidemia..and hyperglycaemia. In c t
s B e T B O A o
consumeptiim lebapmornughraefsiparid eldrmdiapetbiFeanien pach zppafepyd be

rals were grdered at the,ansQf SYY. After auivat andiieliowisgk weeakpfl Th
eXEM:ada[t)tation, Iml of bIooder{\jcz%éGﬁ collected retroé)%rfié%%d fte? gﬁot%@rcoﬁs )
I B dLaRe was

recorQdFduricholastetatiplashaterelsahditite BWY, ratscarsuamdomizedingd 100g

foo dj%oj%%s ofr Ja%%lgaﬁ afat;tX S%l% {vaﬁf A group of 10 ZL r_ats was formed and
| lowetas a control group along the study duration (Figure 3). Three

9reups PR tta Iesive Kithernvakigles(nasaatadliar Riegfitazone
(treated) as food Admix. In each untreated/treated group of ZDF rats, one
A grdfipletha gk Giidiey duinha droepks 16 B0 P/ BMY ;- tl(rTng  rate élcdv (G kdugales
Riverg‘c')'%‘% OrAung. 2 NES SR oV, B aAmPlG: ROk and 1 aaiantcn,
reparation Treatment was admristered orally and prepared as
5% stoveadiiiz amid ogesp abimniskatiol 6asTs¥eferred over oral gavage

5 dayiaRIUGGHIESS e-ibe, annalshavoiel of blood was collected retro-orbital after
a short narcose with Isoflurane. According to the glucose, insulin, triglycerides, NEFA,
cholesterol plasma levels and the Body Weight, the rats were randomized in 6 groups of
10 ZDF fatty rats and 1 group of 10 ZDF lean rats. Three groups out of 6 were treated
with vehicle and 3 with pioglitazone . One group of each was fed with high fat diet
during 12 weeks, 4 weeks or 2 weeks. 4 rats from the same slot were used for baseline
histopathological measurements.

The groups 1 received ZDE KLIBA MIX] Vehicle Buffer in the diet 2437 ad libitum.
The groups 2 and 3 received ZDF KLIBA MIX2 Vehicle Buffer in the diet 3430 ad
Libitum.

The groups 4 received ZDF KLIBA MIX3 (Pioglitazone 10mg/kg diet 2437) ad libitum.
The groups 5 and 6 received 7ZDF KLIBA MIX4 (Pioglitazone 10mg/kg diet 3430) ad
libitum.

The groups 7 (lean) received ZDF KLIBA MIX1 Vehicle Buffer in the diet 2437 ad
libitum.

Every two weeks, Lml of blood was collected retroorbital after a short narcose with

Tsoflurane for different blood and plasma parameters. At the beginaing, in the middie

and at the end of the treatment urinary parameters were collected by using strips for
urinalysis (Labstix from bayer).

After 7 weeks of treatment-an OGTT was performed on 6 fasted rats. A week later,
2.5mi of blood was collected retroorbital after a short narcose with Isoflurane in fed

conditions in all animals. Finally, 7 rats per group were sacrificed after the last blood
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dosing errors and minimize handling. Pioglitazone (sufficient for 90 kg
food) was -24- dissolved in 18 litres of water. For the three treatment
groups of 10 rats each, 6 litres of solution was combined with 30 kg of the
diabetogenic diet (KLIBA 2437 with 7% of fat) or 12 litres were mixed with
60 Kg of the chow diet (Kliba 3436): ¥he food was carefully dried at a
temperature not exceeding 40.C and then pelleted. Assuming an average
collegtigy & ﬁ?dﬁﬁ%ﬁ%%%ﬁ@&%%%tifgdg%%%ﬁ U QAR PFEF AR,
(froredich @A 2Eraqtildvie gexpetidi] tameodive fardoselofpidglithzone of 10
immmgjggwg é?&siw&jgmieﬁg.day- The _graphs gand tables present the da_lta
according to expected daily dose. Daily food intake was recorded during
the study and confirmed that each rat consumed on average 100g food/kg
‘day (data not shown). 10 The following detailed protocol was used
Dispasiamontlimitiagpexadsyles; AugreLipfaf i AB FHGMEfa/fa and a group of 10
. / ~+/? Leanr | iver [
M e T 2 S0 PR3 A BB P
Mix e iz ovbugmi o ki veprddeohibiOsehys arbilianaptasiérrgdiiod,
KLt 9h A.M., Iml of blood was collected retro-orbital after 15 a short
Foodiarcose with Isoflurane. According to the glucose, insulin, triglycerides,
_ dNEFA, cholesterol plasma levels and the Body Weight, the rats were
ZDF randorlizac 43 6901ips 0hdi D ddn datywats, andd-group of 10 ZDF lean
rats. Three groups out of 6 were treated with vehicle and 3 with
piogfitzBhEtnedrbupBraitd? was mieRRfishigh fat diet during 12
weeks, 4 weeks or 2 weeks. 4 rats from the same slot were used for
baseline 20 histopathological measurements. The groups 1 received ZDF
Diet konBraditixd Wbic R4 BUSidtlib a3 et 2437 ad libitum. The groups 2 and
3 received ZDF KLIBA MIX2 Vehicle Buffer in the diet 3430 ad libitum.
The groups 4 received ZDF KLIBA MIX3 (Pioglitazone 10mg/kg diet 2437)
ad libitum. 25 The groups 5 and 6 received ZDF KLIBA MIX4
(Pioglitazone 10mg/kg diet 3430) ad libitum. The groups 7 (lean) received
ZDF KLIBA MIXI Vehicle Buffer in the diet 2437 ad

Special diet for ZDF Rats 2437

Fo

Maize, Soy bean extraction meal, Wheat, herring meal, wheat
bran, Pork fat, Wheat starch,

Molasses, brewer’s yeast, whear germ, oat, sugar beet chips,

grass meal, poultry meat meal,
Whey powder

Salt, Calcium carbonate, Dicalcium phosphate, Magnesium

oxide

Trace elements premixes, Vitamin premixes




libitum. Every two weeks, Iml of blood was collected retroorbital after a
short narcose with 30 Isoflurane for different blood and plasma
parameters. At the beginning, in the middle and at the end of the
treatment urinary parameters were collected by using strips for urinalysis
(Labstix from bayer). After 7 weeks 8ftreatment an OGTT was performed

ahd. thgliver is removed and weighted. 1 week later thedest 3 rats per
group (from the OGTT group) were given to E. Atzpodien for histological
%%cfénr?c(%}% histological examinations. Formulation: §sDigpersion of the 3 |
compounds (9g) in 181 of aqueous vehicle. Mix of 6L solutions in 30kg
pulverized food 2437 and palatability of the food by KLEE’?% Mix of 12L

sof SE”FﬁSGOkg pulverized food 3430 and palatability © the food by
KLIBA Food: 10 ZDF Diet (Kliba 2437 compounds) during 12w, 4w, Of ;
AWUFTE stabilization diet ( Kliba 3430 compounds) D?e?%ompositim[l 7'Qj
(Kliba 2437 & Kliba 3436) Special diet for ZDF Rats 2437 Maize, Soy
begn extraction meal, Wheat, herring meal, wheat brafi;3®rk fat, Wheat
starch, Molasses, brewer's yeast, whear germ, oat, sugar beet chips,
grags meal, poultry meat meal, Whey powder Salt, Ca#éiéith carbonate$s.7 |
Dicalcium phosphate, Magnesium oxide

digestible Energy 14.37 Mji/kg
Starch 34.90%
Sugar 4.46%

Arginine 1.44% addition/
Lysine 1.41% kg Food
Methionine 0.44% Vitamin A 15'000 IE
Methionine + _
Cystine 0.81% Vitamin D3 3'300 IE
Tryptophane 0.27% Vitamin E 89 mg
Threonine 0.90% Vitamin K3 4 mg
Vitamin Bl 16 mg
Calcium 1.00% Riboflavine 8 mg
Phosphorus 0.65% Nicotinic acid 60 mg




Trace elements premixes, Vitamin premixes _26_ 1 aggi Dry content
88.0% Crude protein 23.5% [ 27.31 Crude fibers 3.7% Crude fat 6.6% |
17.0] Ash 6.3% NFE 47.9% [55.7] digestible Energy 14.37 MJ/kg Starch
34.90% Sugar 4.46% Arginine 1.44% addition/ Lysine 1.41% kg Food
Methionine 0.44% Vitamin A 15'0001E “Methionine + Cystine 0.81%
Vitamin D3 3'300 IE Tryptophane 0.27% Vitamin E 89 mg Threonine
0.90% Vitamin K3 4 mg Vitamin B 1 16 mg CG&RigHhEE0% Riboflavine 8
pgdiRhosphorus 0.65% Nicotinie#&id 60 mg a2ié Pantothenic Sodiunes mg
0.29% acid 25 mg Potassium 0.93% Folic acid 3 mg Magnesium 0.20%

Vitamin,B6 7 mg Chloride 0.49%sVjtamin B124}03mg Biotin 0.2 mg 3 e

Magnesium 0.20% Vitamin B6 7 mg

Chloride 0.49% Vitamin B12 0.03mg
Biotin 0.2 mg

opper 15 mg/kg Choline 1093 mg

Zinc 75 mg/kg Vitamin C 30 mg

Iron 230 mg/kg

Todide 1.2 mglkg

Manganese 4 60 mg/kg

Selenium 0.35 mg/ke

SMALL
 RODENTS

ALL PUPQOSE DIET, EXTRUDATE

3436

Cereal products and products rich in energy:



Copper 15 mg/kg Choline 1093 mg Zinc 75 mg/kg Vitamin C 30 mg Iron
230 mg/kg lodide 1.2 mg/kg Manganese 60 mg/kg Selenium 0.35 mg/kg
SMALL RODENTS ALL PUPOSE DIET, EXTRUDATE 3436 Cereal
products and products rich in energy'gg8- Barley, wheat, wheat bran,
wheat starch, maize, soya bean oil Sources of vegetable protein: Soya
bean extraction meal (NGVO), brewer's dried yeast Sources of anima
prot@i%ﬁiepdﬁ]l’t‘??ﬁn’f@}ﬁaﬁ#géﬂ dried whey powder Sources of minerals:
Di-calhitamnsphdsphate:, catchmmcarbonate, salt Amino acids:

oil

Sources of vegetable

protein:

Soya bean extraction meal
(NGVQ), brewer's dried yeast

Sources of animat

protein:

Poultry meat meal,
dried whey powdei

Sources of

minerals:

Di-calcium phosphate,

calciiim carbonate, salt

Amino
acids:

L-lysine,
DL-

methionine

Vitamin premixes - trace element premixes

Dry matter 88.0%
Crude

protein 18.5%
Crude fibre 4.5%

Crude fat 4.5%




L-lysine, DL methionine Vitamin premixes - trace element premixes Dry
matter 88.0% Crude protein 18.5% Crude fibre 4.5% Crude fat 4.5%
-29- Ash 6.3% NFE 54.2% ME 12.5 mouse/rat MJ/kg Starch 35%
Arginine 1.10% Addition/ content Lysine 1.00% kg total/kg after
Methionine 0.39% extrusion MethioAthe +cystine 0.75% (approx.)
Tryptophan 0.20% Vitamin A 18'000 IE 14'000 IE Threonine 0.65%

Vitath D3 1'000 IE 1'000 IE Vitamin E 100 mg 110 mg 0.05-%.#alcium
1.05% Vitamin K3 7 mg mg Phosphorus 0.80% Vitamin B1 30 mg 30 ing
Avalitdtiie phosphorus 0.38% Vitamin B2 20 mg 20 mg 54.2%
ME 12.5
mouse/rat ' MJ/kg
Starch 35%

Arginine 1.10% ' Addition/  content
Lysine 1.00% ke  total/kg
after
Methionine 0.39% extrusion
Methionine
+ cystine 0.75% {approx.)
Tryptophan 0.20% Vitamin A 18'0001E 14000 1E
Threonine  0.65% Vitamin D3 1'0001E 1000 IE
Vitamin E 100 mg  110mg
0.05-2
Calcium 1.05% Vitamin K3 7 mg mg
Phosphorus  0.80% Vitamin Bl 30 mg 30 mg
Available
phosphorus  0.38% Vitamin B2 20 mg 20 mg
Nicotinic 60- 70
Sodium 0.20% acid 40 mg mg
Pantothenic
Potassium  0.78% acid 33 mg 33 mg




Nicotinic 60- 70 Sodium 0.20% acid 40 mg mg Pantothenic Potassium
0.78% acid 33 mg 33 mg -30- Magnesium 0.20% Folic acid 2 mg 2.2 mg
Chlorine 0.36% Vitamin B6 14 mg 14 mg Vitamin B12 0.05 mg 0.05 mg
14 Copper mg/kg Biotin 0.2 mg 0.22 mg 60 Zinc mg/kg Choline 1'000 mg
2'000mg 250 Iron mg/kg Vitamin C 48 g - 1. lodine mg/kg 60

Manganese mg/kg 0.3 Selenium mg/k. Given values are calculated
aversgesdnwir-diy ¥8¥d ingredient>Detivdry form: 3426.0.13%-Extfudate

15mm in 12.5kg paperbags 3436.0.12: Extrudate 1.5mm in 12.5kg
paperhrgmavith seaded polyethylenétidayddxample 8:ieChemii¢ahg

Copper mg/kg

60

Zinc mg/kg
250

Iron mg/kg
1

lodine mglkg
60

Manganese mg/kg

0.3

Selepium mg/kg

Vitamin
B12

Biotin

Choline

Vitamin C

0.05mg 0.05mg

0.2mg 0.22mg

1000 mg  2'000mg

40 mg -

Given values are calculated averages in air-dry feed

ingredients

Delivery form: 3436.0.13:

Extrudate 15mm in 12.5kg paperbags

3436.0.12: Extrudate 15mm in 12.5kg paperbags

with

Example 3: Chemical products

sealed polyethylene inlays
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Pioglitazone [()-5-[[4-[2-(5-ethyl-2-pyridinyl)ethoxy]phenyllmethyl]-2,4-]
has a molecular formula of G9H20N203SHCI and a molecular weight of
392.90 Daltons. The structural formula is as shown: Sp tt05
Pioglitazone was provided by Sequoia, U.K. and is registered under the
name Actos(r) Example 4: Blood and organs collection and blochemlcal

Piogl A GRS A ToS Ceh AN SN ter MGt DA S (ber s
molergimofeecthateh 00, a}ih))l‘Bﬁbﬁon {r2@0bplwagdiarcested R0 iDilaipsirine

struct%i%hﬂ%&%@ﬂ?%t'mts (isoflurane) into tubes containing EDTA and kept
R omce_bed unnlxentrlfugatlon (6000 RPM for_ 20 minutes at 4C). The time
. ~coursegsefhlpod samplln pEgan- ‘_ @ .efage, at baseline (low) and
‘ | eatmeny (i.e/at B2¥e 14W, 15W and 17W,
j respestively 1 > Main plasma‘bioche 'F%brameters (glucose

| (Gluco-quant, e.g. Rgz’f. 1447513), 'I% (eg. 11730711), TC (CHOL (eg.

Plogl&}%%]e%@%rgﬁgdﬁ é?@g il %}31833913525%31)3@1]&1]: fmRache.Molgcas

DiagnosticS) were quantitied using fluoromeétric methods. Quantification of
HbA], (%) was performed in whole blood, using an'immuno- turbidimetric
assay (Tina-quant, e.g. 11822039 from Roche Molecular Diagnostics). 20
Glycosylated haemoglobin (HbA1j is formed by the non-enzymatic
%egit affac rggrgm ug@gga'{g(%)rm qulae b|n (HbA). In
t rocytes bA converted mto Aj IS mcreasmg with the
IBIa‘tfmi r@&@@t@@m QMEpspezﬁjmed-MaM&hﬂﬁgf(ﬂab@m) POtwvEaksiin after
erythroc tes ,|t evel r ctsafg c;balan h :
S St GRS atR T
(=200a0d imerkentioad E&ﬂ@alrbe@lﬂgeﬁdbﬁplxghtﬁemmngiydedcﬂcéuh%m&ke@fmto '

..comp Ilcatlo (%), wa
tubesl—fb a&l = %ﬁé@fs gﬁ:—?b) omgrtnl\férc%llé a|I %?ggj W%r 20
mmumm@@ ) West $hise ¥ @Mﬂ@él%ﬁi&l@érﬁ)@éﬁﬂ&ﬁéﬁv@ﬂwﬁ@gérﬂ baseline

(1owadingneeimwdipgneciiniz anadipakingwiichdsaB0negativgly oareglateshy,
with insulin sensitivity and fasting plasma insulin concentration

respectively rS
Main plasma biochemical parameters (glucose (Gluco-quant, e.g. Ref. 1447513},

TG (eg. 11730711), TC (CHOL (eg. 11491458)), NEFA (Cat No. 11 383 175 001); all

from Roche Molecular Diagnostics) were quantified using fluorometric methods.

Quantification of HbA;. (%) was performed in whole blood, using an immuno-
turbidimetric assay (Tina-quant, e.g. 11822039 from Roche Molecular Diagnostics).
Glycosylated haemoglobin (HbA,.) is formed by the non-enzymatic covalent attachment
of glucose to niormal haemoglobin (FIbA}. In erythrocytes the rate of HbA converted into
HbA,, is increasing with. the mean rate of blood glucose. Since HbA, is stable for about
10 weeks in erythrocytes, its level reflects the glycaemic balance during the past few weeks
before measurement. HbA| is a predictor of diabetic complications and interventions
that reduce HbA;, correspondingly reduce the risk of complications (UKPDS, 1998).
HbA,, (%) was calculated as presented: HbA,, % = 87.6 *(HBAlc¢/Hb) + 2.27.

Commercially available ELISA kits (LINCO®) were used to quantify plasma
concentration of insulin and adiponectin. Adiponectin s an adipokine which is
negatively correlated with insulin sensitivity and fasting plasma insulin concentration

(Goldstein, 2002). Adiponectin plasma concentrations are decreased in T2D patients and
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(Goldstein, 2002). Adiponectin plasma concentrations are decreased in
T2D patients and -32- despite the fact that it is produced by adipocytes, as
an individual becomes more obese, the adiponectine is decreased and
insulin resistance increases (Matsuzawa et al., 1999). Oral Glucose
Tolerance Tests (OGTTs) were perT&PnTed in 6 of the 10 animals in each
desp e R AU IS IR MODh OO 205} iR EIC BB VR,
=16h). ood was then collected IM cohscious animals (tail vein) for
the afgmairnsiptutoberantdrsndimpidasgranents nTIrasah (Mas wiate theh. iRy -
admjnisteredsglspssdataB YO @rdthe time gortsa of Blasma giueassals in
was determined at +1.5', +30", +60" and +120' by direct blood glucose

each qonuentkétion Heeksrrinareim@y GO Prasalryets. "Srsdyrte tREEvishtiGR 0 -
Bloo@fRloetkglucese.cancentatian alongitimsiafter pripad Qfigligregwilk@iVesulin

information 10 about the ability of the organism to use glucose, Using the
Ay GBS ol AT R DY CIBF A o EAIIATEN Baren (RUE ) o0d the
timeatwss A Grof glpioose:concdateatidneduringl 326 3in-ef tvel chiféy direct

from baseline was calculated (delta AUC)., HOMA index is also assessed...
Sloof RIRG O B EOGIBHHA LR WALIR AR oty DB G ion
of biBEGuleselsort@vALi fRBG GmNint (Fastniphusolinlfd)s¢ 2albgive information
abod! AMAURAEX Fans Blsars PP Al SMInUERI ANOG MEASMIPTRE! Blucose

In was performed using Mercodia Rat Insulin ELISA'kit. At the

toleraprraioicREdst YN fafsfere s driided Bl cdecspitansan@nidpn during

‘120 slighinparcogishdblaechvwas-talectedTamall animalsiaay orgavia welex is also

e
levelBoHY wWieighthiod intake ifasstusemertis Bpdy weitiht larfd(®ded -index translates

. consumption were recqrded with an gn-line. data acquisition Q%t _ 2 Rat
e et R Rt e i S

S el el N B A

T.e
gical"and iMMUnONISto gica examinations.”Exam Qué?sg?%@

. InsulimmilbHehlstochemical analysis At the end of the 7 weeks treatment period,

all animals were sacrificed with CO2, exsangui,nate_(\kand submi,tte(% tP ]
nedrbs CBiId RO biTe A HEC BH & FERES TGI8 WE L fdafy (after slight
narchifipeldaneallyolith 00 ongika: Bird kis(brdroagecxytddinecwhichdsme animals

per group (pancreas, liver, kidneys, WAT, eyes) for histological and immunohistological

examinations.

Example 6: Body weight/food intake measurements

Body weight and food consumption were recorded with an on-line data acquisition

system (DATATOX) using electronic balances. -

Example 7: Histopathologic and immunohistochemical analysis

At the end of the 7 weeks treatment period, all animals were sacrificed with COy,
exsanguinated and submitted to necropsy. Six hours before necropsy, 3 rats / group were
injected intraperitoneally with 100 mg/kg BrdU (bromodeoxyuridine, which is a
common chemical used in the detection of proliferating (alive) cells in living tissues).
Liver, kidneys, pancreas, and mesenteric white adipose tissue (WAT) were sampled and
fixed in 10 % buffered formalin for at least 24 hours. In addition, pieces of the kidneys
and pancreas were fixed in 2% formaldehyde and 2.5% glutaraidehyde with 2 mg/ml
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common chemical used in the detection of proliferating (alive) cells in

living tissues). 3o Liver, kidneys, pancreas, and mesenteric white adipose

tissue (WAT) were sampled and fixed in 10 % buffered formalin for at

least 24 hours. In addition, pieces of.the kidneys and pancreas were fixed

in 2% formaldehyde and. 2.5% glutaraldehyde with 2 mg/ml -33- CaC12 in
caCOrtoM NexGaeodylgteuffer (pbty 74 fos liRNSMIRSION AleetianIcs QGO frer

“After fixation, all organs were embedded in Paraplast. Sectjops were.cut,
fixatigf 213 PRI BT SaBRe L ol R P8 ato IR SBEIR (HEY. fver kiegined
as folpaRerersn WATI P AS KidHeYs 1 Frat, Riddefrozemkidne WSETioHs: Shidesys; Fat
Red: Cé)grtgﬁn!g%ggl NCLE Soggcg%g%sw%%t%%éﬂ@d gghééﬁfg%@mét%&%ﬁg&%ed for

evafuation with antivodies to detect BrdU, -insulin, -glucagon, -
immussrhistoshemicel poision it msihrliEin e d: it coietitor o, -
soma@alysisohbsanviata {gangealiparameters (BW, Fl) and blood and plasma
parameters) were collected manually or on excel tables, then put in
- electronic form into formatted excel 10 sheets and stored on secured
ExamiBhchases el thaionabdedabysiaily back-up. Values were analyzed as

mean SEM. Data are expressed as gglean iEr\gn Parameters were
PGt

atbAloesnirsts g TR BVEC et over
colleddnmantinilheytest forceontiermaty wmlistibatedrdata fdie diet &ffectionl excel
each of the, parameter V: ring b valyes in eachof,
shee R e A e
analyfsiioweer iy Dahblt's test for multiple comparisons with a control.

Signifigance ref«diffataneebetsren pachiseated geastmaaetthbitween diabetic
_respective control untreated group, was eyaluated.by t-test or.
(2D R AR HESE (i EAEEY et ey Beorair e et By Damaggnll
distrihomogeeithe2l Dafei nalysishwelsdo perasing the sofiwete ST TOEPring
valudCiVIDOOWE (LET3RR 2 Q14RA BrdOPUWE: IRCosS A ﬁi@’%ﬁiﬁvq{iﬂ%ﬁéﬂé—way
NC 27513). -34- Claims 1. A methaod of producing a d{ﬁ eticrat . .
moy@fﬁﬂgmadféﬁdﬂﬁﬁl?&té 8t oY gdg comparisons with a control. Significance

of difference between each treated group and their respective control untreated group
was evaluated by t-test or Mann-Whitney test (an F-test is previously performed to test

for variance homogeneity).

Data Analysis was done using the software STATVIEW for Windows (Version 5.01, SAS
institute Inc., SAS Campus Drive, Cary, NC 27513).
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after weaning with a high fat diet 2. The method of claim 1, wherein said
ratis a ZDF rat. 5 3. The method of any of claims I. or 2, wherein weaning
occurs after 5 to 6 weeks. 4. The method of any one of claims 1 to 3,
wherein said high fat diet comprises syuiba 2437. 5. A method for
identifying compounds that can reverse diabetes, comprising the steps of
10 a) feeding rats for 1 to 2 weekgjaftgg weaning with a high-fat diet
followed by Chow diet feeding b) administering a compound of interest c)
determining whether diabetes is reversed by said compound. 6. The

nethpdeblelaimSavbareinsaieiatds & abiak ading rats for 1 to 2 weeks
after weaning with a high fat diet

2. The method of claim 1, wherein said ratisa ZDF rat.
3. The method of any of claims 1 or 2, wherein weaning occurs after 5 to 6 weeks.

4. The method of any one of claims 1 to 3, wherein said high fat diet comprises

Kliba 2437.

5. A method for identifying compounds that can reverse diabetes, comprising the
steps of

a) feeding rats for 1 to 2 weeks after weaning with a high-fat diet folowed by Chow

diet feeding
b) administering a compound of interest
c) determining whether diabetes is reversed by said compound.

6. The method of claim 3, wherein said rat is a ZDF rat.



