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-1 New di abetes nodel The present invention relates to
a met hod of producing a diabetic rat which can be

Used in a method of identifying conpounds that can
reverse di abetes and are suitable for interventive
therapy in diabetes. The past decades have w tnessed a
dramatic increase in the-preval ence of obesity and 5
type- 2-di abetes (T2D) primarily in US but also
progressing in Europe and in devel oping countries. Al
over the world, T2D represents-85-90% of all the cases
of diabetes (inherited insulin-dependent diabetes or
T1D and non-insul i n-dependent -di abetes Mellitus or
T2D) (King et al., 1998). Although several nutations
.affecting leptin pathway, insulin secretion or its
receptor, or GUT4 (glucose transport sensitive to

i nsulin) have been identified, nost 10 of the cases of
obesity, and T2D are from non-genetic origin and
triggered by Indwe SidRtels abdels on of physi cal
activity, highly calorie diets, ‘etc). T2D and obesity
are both associated with high norbidity, nortality
(Stiegler et al., 1992), and health care costs (Rubin

efhephresent B tion Bt &RTth AREdthd Bt poBuhy I aﬂbbﬁc 128 SMidhRan be

r.esi st.anc nd..defect in uli'n secr
used g FieH o Sy S G R SRR Fo e deeb iadate quigple for
interpanive datdpy ihdiaberel | S, that stinul ates glucose upt ake

i n various organs (particularly nuscle liver, and
?ﬁ&e&%%tgdeﬁ ¢ w*iltr?e% Iy ndrax%atS (g te el I]%ttﬁe p]{eﬁrglence of obesity and

type-@xdiahetes |(7624Dbpr1melyge A budabso @rwesgingam §er®epmdsp Heveboping

counfiid. Ammé;Itméwbﬂ@q*z\rﬁfeﬁréséh@@lse@%eoffansﬁy&séswdﬁa%}éteetmhented

al.red insulin_action_ (i

ms“‘%é?%f*ﬁ%é‘;abs@é aF $1Rkad rl?ﬁrig%ﬂlfﬂ%ﬁ%@%@%%%tuz gr T2D)

(ng a al. ,em@en Althouple sdvadal ﬁﬂmmg aﬂmg&pﬁﬁl aﬂ&lﬂdyl TheuliM§Rretion
rts na .n a

t
or itsg BT @5@”@% (2% R Dol IR RER RheciephidBR e, most
of the csgspd obesstyland 82 Daire fromnmimpaietic eriginymertiggerédiby lifalstyle

(redu%*l&? Ht@iy‘s acgt gf %f%ﬂél cl%lloﬂ S&l?ts,'_cl?égﬂg @%{) Hlé!l g‘tr)]%sx Peg%ﬁﬁ ce
assoqa@mﬂhhlghembr@m mortﬁhfi’yééts@lqr st gl rlg9)asndipealfhicersgiests

(Rubid & RE/@hycaem a) (Figure 1). As long as enough
beta cell's will be viable and will be secreting the

rla e rat I ns l|n to i.n |n eugl ycem a ,
| agre Q?T%é IS(IR P resigfange mﬂr#é bRy secretion.,
Insulinaadké;@ldrmdmswhthéhmedeﬁdséoaas@b p&/[ﬁ:rm&fbeﬁxéeﬁﬂ%ét&hﬁmlates

- dhucofy Rl Rl Tt e e BiSIR AT oo SREPE oty [otin

also regilates Epatic Gltacqsel Brdductiae (IEGP) vie cootmollidi; Hoesaxpression of the gene
encoding ghicose-6-phosphatase and inhibits lipolysis in adipose tissue (Murray et al.,

2000). Impaired insulin action (i.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 insulin {(=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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- ppdomiggggple of

tissues (liver & nuscles), can inpair

i nsul i n-medi at ed--gl ucose uptake in these tissues.
(Randl e et al., 1963). Mdreover, increased lipid
production by the liver enhanggs fatty acid

oxi dati on, decreases insulin-dependent inhibition of

éﬂ%g%g irjlgta&lewﬁ%e I%Ia@l%%ﬁ'mﬂﬂ b@gé%reu ?I?ﬁé ﬁg b 1atle PiE 8mEuin to

glu enesi s _(GNG her wor'seni

RPN Pyl e T2 sb')aéiaaot 230 gahn 1@9%«/&%@\@@1% lepding to insulin
refist@s@al bR cWehbiva} BgllodBUaRAL Hife ﬁlstsfekﬂfs PRS- grdifiR. It is widely

cl ust nsulln re |stance | e ucose
ﬁpé?cgfﬁ%éte&*e af%@%rowﬁ@.etfaéﬂf%iﬁ (Eﬁfgb«e wgw" -$5padyq3pn adipose
tambs (kdyes 18 miistdas), @an tapdicohstthi-ated]ate]-ghiawde apaké Hythdscalmmues.

been, (d |
el FRET st Beor A e L Rl P 547 S oy acid
oxfritionndrsrdases mm}mfden@dcat ishibigercof fmpati¢ gkcc(sepmdxhytiem and,

tﬁérg%oégnqﬁé%ﬁse Qoi e o?g%?h%ﬂq Ini E&Fﬁé Q/gjevei %3 ?pég?lycaemla

( @ﬁglon in T2D patients (Scherrer et al.

1997) However, the primary focus of clinical care is

to di agnose and treat the abnormalities in glucose

nmet abol i sm | ndeed hi gh bl ood glucose is a major risk

f apb@dlogriént dﬂmm%&a&ed weBNgRhEClet-005¢c ABturBRet. €lhe cluster of
gﬂthe UK Pr.os ive Di abetes Stuﬁ%@éUKPDS 0 199%

inglig g esistans Gt HF BRFHE Splsriaes drtey gaensiofefldomagpl obesity and

nﬁﬁ&J called TdRhedt kRidrsme 5 MERHNS X r(@e@sﬂ:ﬁel%y) has been defined
g@gh as euEﬁﬁdgﬂﬁ)ﬁgccurrlng in_50%t %%SOWboq

fEE)ent Farg yLLAAY 2 SEpHTBH Af Friqre thab spderlie major

cﬁfdﬁavfaft%ldre@% n@rﬁﬁ&}‘ﬁ%@ ef, Qb@@dneﬁﬁn nﬁred@;ﬁ@ﬂi%t@ﬂﬁs suggested a

[. fail h Kl T
b S ih i S L R e S (e

et BE! 8BY) tH@{fve&ér,a&ﬁ prtmbiyefdei®s o@%ﬁﬁiéalo&rg'lﬁfto di2NELChRE treat the
oss (Tinker ‘et al 4). These maj or

a mqrggw\%%amﬁ @satab@hgndwe%blghdﬂ@cgd glygese i gergor risk factor for

b RRBlaE 0O H&aﬁu@hé QﬁrepBHEd Bh IR URIPLRHeBive BRMRYE Study (UKPDS,
occurrence oO risk factors or cardi ovascul ar

1998 e Hswas showm) thay magenapss ghel %P#b]é‘t’f?l%n%ttpémf@al in T2D patients

'pféﬁﬂt@%gedns&t o@[iefects 198phs A0 giérl &'c@ﬁ’ I D&% 1%”5@% of T2D

W th advanced di sease reqU|re i cat1on

pageTty nEgteepEEepd glephropaihy (dwéreite@) a%@@ﬂ%@@ﬂ%ﬁ“ﬁes of Blindness and
c f I t S.
o R A R B SO e
control of circulating glucose by either (1)

i %E%V}/&gi(h q{dnr‘p}ﬁ'iﬁgiiﬁ%én?ﬂ tﬁéﬁ‘a{a# %oéjksglagé nia?%]b% based on diet,

conmon Wwn as I nsu Secr et'agogu

_ exemﬁmm%gebghb]oes bloakerien gl 1994h&hem1mmqrﬁlfmwlmqu@ﬁqauons did not

hb@lert bBBd%{lﬁlCOQ&e PSHE G A %%1? ’;_1&5 q'g(l.f&ct, oS} c?éfay%g YeFrrence of risk

OMM as i'n sensitlzer
factors for cardiovascular diseases (CVD) in overwe1ght d1abet1c patients (Schneider ef 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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-3 The anti-diabetic drugs fromthe thiazolidinediones
(TZDs) class (available in the US since 1997),
currently represented by Rosiglitazone (Avandia(r)),
Pioglitazone (Actos(r)), and_sTroglitazone (Rezulin
(r)), are efficacious drugs in increasing peripheral

' n“f'Hé b @?aﬁti) ﬁﬂl&é g}rﬂﬁﬁg WBM&J@%TZ%? class (available in the US

har nacol 0gl Ca
spee dRYBorwrapitlylrefreseatedrbyRusigliteren: GiveedieP) Sioglipppme (Actos®), and

38 EIoned iﬂll%s@r hﬁ;«%fﬁ%gﬁa{ﬁggﬁgsq\a &&?asﬂ%i&%ﬁm TR mediated-

re eptor e expr enes
dlyroggd- UBf@k@ m Ianemkdirmecd@gn:al 2goniFPAR pyernie it prydiferator-activated

_ E@eg lzl}%p em 4 a‘netg]arﬁcn cﬁqegac{o?'oqetm ?xua@zﬂ h?rmone reg«ip’cor family

ove nsul1n sensi
thatmoeuslsrt@e etipiréseioe mif igends om glaneke pndllnprblmatabdmsmfPPAR gamma drugs

nt a
B853S ARGl R 8ha Ry b s
saﬁkﬁlqé:ma crta:snm::ﬂlf&anhmmn ot patifsatioat dfipreedgocgeoingg eature fat
er I t cul at f
A8, BSFURIGYly B9 R5 7 el RS LR M) B an g
al:ﬁwa@zpn iREVRR Y éxrtyaacddwg:sr@h tie rpehphera}excbpeq@eso itnmefrs circulating fatty
aélﬁ.g %éa Js cresg grl%‘{cerlgest ﬁe%ls? F ZVZqLéCIh 6.1{18 \Aﬁfiel(': ﬁ%ﬁ%tglﬁﬂlhhﬁTﬁ‘%ugs alter the
expmess&habé deveral icirsulhiing faeRirs frwhcs adipdnediin, rTéﬁ“peiphe ahd) resistin, the

TN S22l AR )Rl SR 90 B o ey

(eés=afitldal al, po®9) i nical tools for characterizing in
vivo efficacy of therapeutic agents. Mst of the
animal nodels of T2D that have been devel oped in the

- past 20 years are genetic based. 20 Spontaneously

di abeti or insulin,resi ta d ohese)..r odent
modor s aperpeziale dph FRaRh A0 130" R SRSl XS RRngg, gre essential
ptalihizal thals $oradhradRsiting GRS Eﬁ‘ichlfyeﬂ tl\ﬁ!iiﬁﬂeiiwi: d@eﬂtﬂ Missd @f the animal

di sgco et,al. bl e ng these
sigehabt e (EEt DGk BRI Padtd PERLR YRS ata,fgpptic based
sﬁ@@tamdulalydm&eﬁt O@eRisElirtteRistanPhifid BBese)0R et miéulelB/éu&ﬂ&Z)clb/db and

rese ttractive nodel C boI
e tﬁ?eF 5k RS i B SOTHYPUY BFose e i drug discovery
(GHéiJétlaD 2‘0@5}) SILBRCH. Xﬁloﬁg they Pgirdal hﬁ)ldm Gchﬁ@ﬂHh&Bemc fatty (ZDF) rats
%‘ I ure, (eS|ty and i | pertension
e ddpslth debs RN it HEHAAQ08 2 K%@g%mear%méha% Bjsistattractive

M&EElﬁ@&hﬁ&bOE@ﬁlSﬁr&Pﬁ@ﬁ&sé thtAREMcB! BPER]yRAhRTBA@ES resistance
e Ieadln to overt et es

start at 8. weeks of a b
a%@zhv@egaslvceamnwnd?e%qh J%lbl)reaap esif¥ 1 nd B ’,@ B Ypegigasion develop

| sitdilafly € hédnand AltREgH B 4 BloPe FAR Pro¥®dsabR! Efly changes in main plasma
P To

deterloratlon reversion Qf main atureo T2D i n
pPPmefess Hait gt Adtweskhoicase deadips ta rret itbeiet fbei-salleanidcignal failure) at

>EROSe@isiol 320 PHAR gamma) and

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 ;11., 2000) orin very young and
only moderately diabetic animals (Brand et al, 2003; Pickavance et al., 2005). It was
reported by one team that in a slightly different T2D model called the VDF rat (Vancouver
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Razi glitazar (PPAR al pha gamm)). Prevention of T2D
was shown to be achieved, however, in ZDF rats under
chronic treatnment (13 weeks) (Shibata et al., 2000) or
in very young and only nodergtely diabetic animals
(Brand et aI , 2003; Pickavance et al ., 2005) It was

p . one a t I t fere
D B T s LR a8 e, Y B hed by char
irfatventionad e:hemp'yj Withom ]ZEER\é rinlabidorf aké ablesta parily wlmpcdwe glucose

telﬁglﬁlnges %%ngﬁertap? sluhﬁ nStel%rlt\Il\g ﬁ& %letat peﬁrf%%&l?n gpos 15% et al 2002a;

rove
Pt)spisihhrvtei,l [ﬂ@ﬁibﬁ)hé’t :hhs |ttmshel n(lsted; eths‘.l this Intqd,el and not diabetic, being
unet i on: isilik et al. .2002a: :
%or%‘bersmeldl}?? s OF f%ﬁ)ﬁem‘flt Wﬁag(sglil‘éosﬁémr?g‘?%%cetaﬁgtm peripheral
ntshhs resistiedce V\/&Swmﬂledllﬁhétth&prekmit ngzeﬁumh&r éﬁte]iﬂpi @paclinical animal

SRRTHET 8l oRR YRRy B B T S s R 55 pyans, b
t}“‘ftakhdlmm@mgenmmtesm@dt@tﬂmptop a preclinical

animal nodel that not only better represents the
progressi on of type-2-diabetes in humans, but that

f&s AU S@lﬂ&'flg "éiﬂgﬁilg;ga? SatRoSlicleeh Qe:s{)? Py abol i ¢
ARRERR el gt Bretilic Rt sin eIy e0iar Coinifiaecity f Rodent

nmilels 0§ silin fesﬁta&tcam‘cﬁl“m thdti2éd b}f‘g&ie ddfebcy gene defects.

Diet ffidiu~~c'e ,~ Chemcally- "" "induced AH
manDl O rat s DIO m ce Sucrose STZ (SD) (AKR/ J)fed rats

woesi iy P

ori gi npol |y YitH

A-Z_D ) T DIO mice | Sucrose . .

origi npol Dl MERS cpqg,yg,lgﬁl cpolSfdeni g
| JoB R bl T ST TRE RO TRliyokd §€
|12 or%‘g’u . Eo‘?y%emc "'po y{:;ts:rﬁ‘cl pc\ﬁfgemcc pcl:ﬁgenic potygenic

Leptin/Leptin R normal normal normal normal normal

gﬁi;?fyof Moderate Severe moderate No No

T2D onset mature mature mature mature mature

Elevated TG Yes Moderate Yes Yes Yes

Hyperglycaemia Yes No Yes ? Yes

p-cell failure variable No/ ? ? ?

:'r;;‘:ignce Yes Moderate Yes Yes Yes

Hyperphagia No No No No No

Hypercorticism No No No No No

Liver steatosis Variable Varlable Variable ? ?
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| T3R50/ | e pf peiveenic

T2D onset mat ur emat ur emat ur emat ur emat ure El evat ed
TGYesModer at eYesYesYes Hyper gl ycaem aYesNoYes?Yes
p-cell failurevariableNo /??? Insulin
YesModer at eYesYesYes resi st ange Hyper phagi aNoNoNoNoNo
Hyper corti ci snNoNoNoNoNo Liver
-steatostsVarabeYariablteVarable?27+15 BHurranZucker
BDF r at sobl alunEnc EW% f|abEaats al sHbs Mmideb £ SVE5
%ﬁ%{l n_p_@l Vi ;ﬂ‘;i P,:}\i/h 1Mdﬁlrﬁt.§" éjfl:)/kmngﬂ 1liwr" ' h’:'ce _
AP cVbA F £M§Naucge NeCRPIREh ¢ VIRPENIC | onegenic
o eni@fl\b )’:3!9?5‘52.“.5 J?‘f’f?egggﬁ.i cpolygehic
o polygenic polygenic polygenic

Frtrrealindl s uptredd| sfistpte® dd Pigpaigdt edd’iss'?teﬂot bd IBeERjriee| of
Myete pait €Se 3%%5%% by gggr\éer eS&Ve%rElem(/jg?%%[gy 1'2DSBVere

g1

eesibt mat ur eyoungyoung

TBYesYes Yep Yasdfes| Hyper gl|ycaens aYesMavesYesYesnd | - fel |
Biatetit@var | abteNoyar vaabl §NoYes I hsul yes Yes
W'ea@égb‘{:b?\i&g'ea HyRET phagi AW YESYES YR YES
B-cell failure variable No variable | No Yes

Insufin resistance Yes Yes Yes No Yes
Hyperphagia No Yes Yes Yes Yes
Hypercorticism No Yes Yes Yes Yes

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. For this purpose,

three groups of ZDF rats were fed with different diets. The first group received a
diabetogenic diet (Kliba 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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Hypercortici snNoYesYesYesYes Liver

st eat osi sVari abl e??YesYes Thus, it was the objective
of the present invention to render ZDF rats | ess

di abetic 5 (closer to human situation) than normally

achleved under dlabetogenlc di'et (Purina 5008, i.e.
47cont N % protein) in
éﬁ% 5 Of §§| A ?négsé’a{aﬁ%tgs ensi tl wfvﬁ i ntervention

t h?ﬁ@ﬁmmmst AirRBtcidhk aBAhk Eife dorsdQfl: J@@d;t he thase cff@rweek BW of
humans. For this Eur pose, thr eeﬁ%ahgq BS of Z

updreatef oD Kyrath b P aPEREIRAteY £30g 5804 rEG od 3t 450g after 11

WeRRELY %@dﬁé i QRN daTiREs (KBW2aiddRdk Retatddl m@w@én placebo
weani n 1 consecutive weeks 10 ( /roue full

o élt@qr@wbabﬂ&geﬂwréméu aputBedhigs /fastl four o in chinparison to
the Zf IP'EE&MHA?VC&S%@W&}J%O%&& '3@% p%i’f 38y 1ni§lependent of the type

cont |n|ng 18. 5% protein

o(f reodipt Mol vdyiatien tnrfpp intgfeoriprags gﬁ’é’d“f% C@’F?IB@ ql}ggpg the study in the
Ad g tiok QhoRedVBaIESt i FI at th

e T,

tireheleviigh §9 ehovhdi Gfm ce or rat s) d| abetic (T2D or

Di abetic nellitus or NIDDM Non-i nsulin-dependent

di abetic nellitus). That nmeans 15 hyperglycem a +

E?ﬂé@ﬁ%?ﬂie%ﬁ{ﬁﬁfdb%ﬁﬂ?ﬁmﬁﬁﬁwan{e'tér& + insulin resistance,

t hen devel opnent o associ at ed di seases such as mcro

and Araled megasing @fthie eudly, besdge</, DK raﬂsn@ywéeks biuge) héltbr&tamvely normal

' , wi | |
eRSBE REal ergAila B c L D B Bt aRar e Ay (Table2)

- I Bhtrkdt, spednMEDedThie ranbreadharagarined byeergiowduisulingaridiBEG levels and

our f, the stud t he e of. BW of

fitted ik oppar IR o s S i SRSy ey igpgted by the
paddderg@naecd)410- 4509 after 11 weeks of feeding. No
significant differences in BWgain were detected

~ bet ween placebo 5 groups fed either a di abetogenic

/an |et / md / low or in conmparison
E?%Ctstoﬁgle %‘1“6?]5 S%ni mal consunmed approxi mat el y
30 g per day independent of the type of the diet. No

Gaﬁ%bétHBﬂl landiRQdnidkRke or weight gain was observed
uring the study in the wuntreated group_full and

gr OUDE ndatsd .coniltellgr fﬂdlp a | divbesdgenid chetsl(g@lup_ifuﬂg\.r bagme rapidly
t at .t'he

h&aerg = enis! %p%e&nisﬁmﬁrrgg %gp %Vg%g%c e%ve]ts lgCOEIfltfraS%ttOS the lack of
effeq@s niZigraed oh Mthe simel\diethididurd2) ZDEnngtpﬁ‘ol@ﬁgMbﬁ‘iamtelﬁance on the
SR 8 RISL, T e 3 AP B e o
ﬂ{e-ﬁaﬁib@eq%)ently bétag@ ﬁlﬁsruﬁﬁtresﬁ@& dft ahedke [i.ef at B aEé(s of age). In ZDF
rats s tdle lialet%ggm? Yiel for'a \ﬁlclhnv%elilsl then & angeg tlo %Vc ow c?iet (group_mild)
showed a similar time course regardmg increase in glucose, HbA;c 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 18.7+2.0 mM at 15 weeks of age of the study which was
significantly lower than in both group_full (29.5i1.8_ mM) (p<0.01) and group_mild

© (23.9£1.7 mM) (Figure 4).




el evat ed NEFA conpared to ZDF. These data were in
agreenent. with those reported by the 1s provider
(Figure 2). Effects of diet on glucose netabolism

G ucose, HbAl and insulin levels ZDF rats continually
fed a dlabetogenlc di et (group fuII) became rapidly

/caem c.and .h [ MAIh el.evya .
FRTRRGCTi GomPader [ 1 HEGr SLETgmE B8F Ppgoess fiet (=65
n%ﬁm!) als ABintdfed ﬁﬁﬁl 05 QfcekdbO M eLsudhestibb bGP ro@'b@ﬂig&ﬂ failure in
mai nt enance on_the |abet5%en|c di et % DF gr.oup

congast de rowp-dll pagi gipypaelél s sihe thfsﬁrlllﬁﬁém)l&’ %Zﬁ&’dﬂbﬂs a

dfea%e%ﬂ hﬁﬁﬂlﬂqe&éw Itig&éﬂi@:)'ﬁ%dt r@:hﬁl?g%k $t gmco@fmas 617 3+1.9 mM)(
weeks of age). rats fed

l .
Peaua@ éﬁbg}@m él@tl@tlalfdffeczw aress- Sﬂﬁ? attﬁde Hlsehfaﬁaféatl%méV reflect the
prog \é\ésgﬁa% i QiR ﬁeﬁmﬂcﬁ)pn& tmm@ogn&hmﬁ Aevdrk ARbEQULSE.

regar I ng 1 ncrease 1 n-glucose bAI ¢ and insulin
| evel s 25 conpared to group-full but with a | ower
extent of hyperglycaema (23.1.7 mMvs. 29.51.8 n\)
(Figure 4 A). In ZDF rats fed a diabetogenic diet for
2 week only (group_low, plasnma glucose began to rise
at the age of 12 weeks (i.e. after 2 weeks of feeding
wi th di-abetogenic diet + 4 weeks of chow diet), and

- reached 18.72.0 nM at 15 weeks of age of the study
whi ch was 30 significantly [ower than in both
group-full (29.51.8 mMM (p<0.01) and group-mld
(23.91.7 mV) (Figure 4). -7 5 Hyperinsulinema
reached after the 2 weeks of feeding with di abetogenic
diet (= 6.5 ng/m) was maintained until 15 weeks of
age suggesting absence of beta-cell failure in
contrast to group_full and group-mld. At the end of
the study group | ow exhibits a decrease in insulin
| evel s (Figure 4C) wi thout changes in glucose |evels
(17.31.9 MW ( Figure 4A). This functional defect in
gl ucose-stinul ated insulin secretion may reflect the

- progression to insulin deficiency prior to devel opnent
of a severe diabetic state. CNT T
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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 glucose intolerant as

5 revealed by glucose 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 a
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: Effect 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/ml) (mM x
min}
Full 9.6+1.0%* 1.640.2 | 2213£211%* | 1066£127**
ZDF Mild 10.0£1.2%* 1.520.3 2125£266%* | 918+148*%
low 6.9£0.5* 3.520.8%% | 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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or *p<0.05 conpared to ZL rats. F-test followed by
t-test or Mann WWitney.
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In addition to hyperglycaemia, elevated HbA;¢ and beta-cell failure observed in ZDF
(group_full), changes in lipid parameters occurred. For example, plasma TG dramatically
increased from 1.4+0.1 mM to 10.641.8 mM 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
4.940.3 mM and circulating NEFA (from 0.2040.04 mM to 0.36+0.02 mM) (Figure 6).
Limiting access to diabetogenic 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 lead 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%,
3216% 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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rFEAY Wab OBt D194 360 JePsul vai8e M oftWrer BhiBHoBd Btake (measured

over 24 hours) was increased from =30g to ~50g in all treated groups. As expected, WI
was increased proportionally to changes in FL. 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 rats)
compared to humans. Despite the increase in body weight under Pioglitazone therapy,

the metabolic profile was significantly improved (discussed below).

Effects of pioglitazone on glucose metabolism

Glucose, HbA;c 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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wedssdgotupy Biw)) whith wefd ady glOdﬁraFalwgustambmm I'gvverthless, glucose
RO measured in group_low after 10 weeks of study was still significantly greater
than ZL (AUC: 15652188 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 31%, 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 glucose metabolism in

group_low was also reflected in the significant reduction of FBG compared to vehicle



10

15

20

25

30

Chronic treatnment with Pioglitazone increased BW of
ZDF rats conpared to their respective vehicle group
(in agreenent with literature data). The increase in
BWinduced by Pioglitazone w §_of conpar abl e extent
in group_|l ow, group-mld andwg oup-full ZDF rats and

S 43P % hi y; .
FaseIr RN T etk B dheO T S P L B 38l o non
diatetic Z30gtst (@.32HOgmM) (Fgliret E?Pe)ahe grogipouild. amﬁ.l%reuﬂn_édi gble ability of
]él{\rﬂ%}lt%{lﬁ t0 %%‘%‘}Cg gggo {vg 2{9:Tuﬁ?n?[ yv\E?ksail?fatrga%mteﬁp su}ce levell(s reached
of+ 1.3 el amd 6. 710 eh Y, eapeativblyt ‘Elkest daﬂahmdamte tea poglinz@W is much

Increase.in.B PP, oni sts [l known ...

P PEEEVE R e S ogaarlean erver Bk L Rnced TRy digee
conpared to humans. Despite the increase in body

wei ght under Pioglitazone therapy, 25 the netabolic
Eﬁeofsidféio@azehgmﬁﬁpldmmhbohsnpr oved (di scussed bel ow).

Ef fects of pi Sfl?l]ll tazone on_gl ucose net ﬁbol i sm.d ucos

Ho A Geatmgnt o6 Jolln diehkesir sZI8E s dgrouRdulh gvigh Paoghtazone strongly

e aRE RBRNAI ot @ide 1 AR BRSBTS Y. 25 TBmPh1+d S QehicRSUhd Anprovement
and qu)%lc% lZ,ve g msq%F rats. Trré]gtment gfc P

igrHagevels waszeipsefvgfiseamfﬁftepu% stagtaobfreatsrens g Weeks) pand persisted

tﬁﬁﬁlgﬁ&gt P40 H%%§§' ni:ﬁé’rﬁll gd ﬂé]é"fe%ﬂ%d sifMlficantly higher than in
ovenment in Cae c control was apparent after 2

ZKB@RSS(%?'FQ@ é@t{rﬁ* 1HhH modds ppRPL) Eiigyre iRk almnaddition, a moderate
11}11%?@&’%9’[%9%‘t0ft §smad WA QYeRRf Efaﬂéﬁrge e réﬁﬁ%’u&ﬁ W@ TG was

gl ucose was CCOﬁp ni ed

circul ati
obpegrec {ctaémtlotrsg@wa@ i Bre affectsihiPéoglirizgne & @Byermg plasma TG was of a
sfehi2g! hﬁgﬁ?{lﬁee% g‘%lo | A8t dg gﬁfﬂf}zﬁﬂl thg  §ontrast, Pioglitazone almost

yperin group- DF at I mnin
cgmpﬂem@}’ fand Amgediately @ﬂm@lrzedtthq? bYMfréé}tcemé@mg et &yw. At the

eRd W B Sinl Qgé %E%e e}?lasﬁianTé ko gé Hﬁ%%’v@ V\Y%@ y nfffééﬁ[ﬂ%@er than

I'n group- ts suggestin

- thamrf@remar&ﬂl of 61hé IdMaYﬁetZ|8¢0§t wié) reechipg @I whgee@lose to that of the

nogp&gale?lg%;itgég]yp ¢1h1e+r0a10 as reached in either

group- oup-mTd. I n contrast, treatnent of

noderately di abet| c ZDF rats to (group_low) wth

Pi oglhtepcstingly.fRivglijazone dishnasd-hengs é@m fotahehelegérol levels in any of
|

AT AR T N et

ZIM grempediti or matheu{ Fmg]gﬁa@r&ﬁtr@)memdm cpnmaab(bryto the lower levels in

L SO PR oL SR <SPS E Y o b

Piveglitezan o ddesumdti edrhehat ¢imate ofas tﬂmec}stnydm lipopitoen gradictds. In fact,
P&%Zx’é% goul& dg%%a\ﬁnggb%? gnc![ ?’EDLQ rxgkﬁpe—m L%tv\g{h%% gn%difying

azone rcantly I'nsul
Tideedls FPRC k€haPatiogy anid)antlysis ofide élpopltqtem composruon 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 9.420.8 (low)).
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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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e Rp B Ertma aap et iPe AR BrE B ebiom 7 ZDF at very caly
sfligogifi dialzarese (D rweeks of iage, rﬂsuﬁmﬂmc:ﬁesléfahed ﬁod&etesh)qferglycaemla)

(PR 2@?%1% 01 e P At et Rato (b g Bodel of

rheirat2 . TOM, dwe EOM@ecHbeghtaldﬁhd Q,Atftgd@’g”i W]I#CBQS widely us?dI in human
res ct| va i cated t hat group-f

SRRV SN M ¥ HRRTORbALON Tangsd between 3-

30 rlﬁ\%&g!d)wiﬁﬁ Zggnﬁﬁm%r&df Ufalll?r DR hefhtddrid G)Jesaﬂﬁldgméﬁlnﬁ resistant

- spite t i nprovenen

Z\ieéf%{ﬁ&if? Eatbéf‘%‘ﬁgft&ﬁi {0 gRE e/ et Ak Caﬁl?fé?u‘ilqsﬁ (although

nbesiaginadlce by Piogli tazone in group_|l ow, the HOVA

value was still nmore inportant than in ZL (2.00.1).

al | rou trea with Pi .azon ncr.eas
L o SR P e e d5ng iesncpi capdiBpny el Bpdengault ZDF rats
mdd%adtayz Ahd sfablychitest edd hﬁghﬂiﬁé‘eﬁkﬁf@@to lﬂte(rdaiti@nﬁaémpmwn)an anti-
its insulin sen I Z1 NQ, actiron

nf.irm n
d}aﬁs%egeah Herpigsent gpdy ghov '%lafn‘é‘ftﬁﬁﬁn%? %ﬁm@% ﬂ@ 28R rats to a
hithabgt dier fat onI‘}Wdeﬁd RéhdefRd tgn hatdiaBbic sb ZDF2ratd efedntained

af t er _weani diet.. In_a preferre
S R 2 D et 1% vikvdigbetisanimat g¥r RPOH gqnsitive to

tr'eﬁtrﬁé'ﬂl@ wihahedRaRnk dntoBiraditle@héing HRIHE BEM mglpfaﬁdllat #Bm 4W to
tains nore than 6%

d di et h
'ZW %ﬁ]@%ﬁg | Iysr?pgpgaltlt%ﬁ alfggulgro I'imw diet, delayed the onset ang the severity of

diabetic symptoms (hyperglycaemia, hypertriglyceridemia), prevented overt insulin
resistance, prevented beta-cell fallure and limited the extent of glucose intolerance. This
delayed moderate T2D ZDF model stage was muaintained 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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% fat (saturated and/or unsaturated). A Chow di et
contains up to 6 %fat, preferably about 4.5 >%fat
(saturated and/or unsaturated). Preferably, weaning of
the rats occurred after 5 to g .-weeks of age. In a
preferred enbodinent, said high fat diet conprises

Kliha.-2437., 1n a nost,.pr I ' .
g e
pateseht inQreup npwriva mmsuéfibienn tagermilize hgperglyeaepriadiiodly, bt/ 17 weeks

t-his.met.hod is th | abetes s ar 1 bl T
kS MEBRT e e ERE R epd BN g R e it ¥aBhecd inulin
dodedntriativedn ZBIF e appedrs td becdusaiby defettivs furgnloy of pancreatic beta-

eventi ve treat n be

compounds fotr,p t,.C [ tified . .
EeR Pl PHENSR LI b SO ER (NOF P AL st as isuli
se@vidis whb etill AxhTihecapicalsthat 2 iweekntf odisbkgeric aidtdesreased insulin
met hod for. .i dent,ifyi ounds t hat n_.rewver Yy
ARBOT U bl FDmfg R e e S 2l Y R pejogenic ci
rédiced Aypagksenhtaal dekged tiglycesidds aacunnghtidrgtthelpeservation of beta-
fol.l oned by Chpw diet . feeding; b) adm.nistering a..
ce G Bhervrheage IORRg: £ 2GaBPT LA ABeRion that beta-
odlil ﬁg&ﬁh@ Sis ias re@ﬂ‘%&f sed elb%"\c/%:ﬁ i)drdéﬁ]fmﬂ lullli)bj beﬂRFcﬁﬂﬁ (rj]a btex&k of feeding a
idrat is a rat. . More preferably, t | tic .
ihelonsie iR Tl be SROUIELAO LR Hast migdRgly dstirbices as in
Hessktihkhbaae EDBR& 0s:0up Aowpnpound that can reverse
di abetes is a conpound which, when conpared to the

effect. of .a reference co nd, ar. ta vehicle al gne .
T LHBRE dbellafon et G o PeRar S RHCE a1 0 G UaF pigiment with

Higgliterak ﬁl&&mgﬁé@cﬁﬁ) 1¢vels betizadoed-fuld Ciandetipherah tissuad &Shibata et

he reversal of di abetes sai d conmpound, as conpar
o To e spnSh B, Piop bt poares dht e e of Beta-cels
tBrciich BEpravihg dhlinOogensitiviey, ofolloGed bPSErevedvidhSof hyperglycemia and
reductjon of HbA,,, 30 "' preferably to a level simlar
CHIEKE™3}- untreated ZL rats; reduction of
hyperinsulinem a; reduction of FBG reduction of AUC

I eQUGeGesBi PRy, PHgUEeHh IRy @nteFBypetdifractitd Aidhyatliddemia, but

ofﬂﬁhe reversal _of di %b tes co oung, 'nybsi n?I € ed that
grteg o ShfblePELOF rumbshalesiedoltis b herveg L gen Fapdpied tha
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chelarierey Yotreriig offeet ah L RaT ResTL e Ccripedyusing &,difal PRAR, fipha/beta
ag&ﬂ;{ne structure of key organs: pancreas (beta-cell),
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m crovascul ar alteration). Analysjs_.of . proteinuri .
and Top R PRt “WNODCBFPEYF‘@F@}_OFH @F?ér“é’g SPApPYA gnditions
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be inportant to determ ne t_hg_ degree of hypertension

SHSitiverp AGRY ragy Held FRECYDF rats are cl ai ned
to be mld-hypertensive.
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Up to now, no investigations have been reported on
pronounced beneficial effects of PPAR gamma or PPAR
al pha gamma on ani mal nodel gathering features of T2D,
insulin resistance and dyslipiLdem a such as in the
ZDF rat nodel. In previous studies, 10 inprovenent of
the nmetabolic profile was achieved only during
prevention therapy with PPAR al pha ganma agoni sts
(internal data, Shibata et al., 1998) or in ZDF at
very early stage of diabetes (8 weeks of age, no
Referemden resi stance, noderate hyperglycaen1a)

et al 200 E o T
BTAREE P62, Blrechar sty Rop e AR ol L
consisderced 7RiNFFt8 azone (Actos(r)) which is widely
used in human 15 beings. In rodent nodels, efficacy of

m;ag:l ;t RZ QDGR ,dﬁﬁﬁﬁﬁbﬁﬁtcd?sﬁﬁaﬁ&ﬁﬂqd P%EMH@HA%%EN B.,

d When adni ni stered oral . Data‘a%enerate

1N
obes - oRPERAE B L beMBY o SAUEBRIRRY. o WAUSERAANY, K. (2003). Dual
gemmlrr?%] %ﬂﬁﬁqat%@wmbh 9&&71&@ lefhah c¥@Tnvp &%%m@:%t@fméﬁlm
ose ou not . maxij resent s
o 1 AR SRRCaIC CONA 1 e R AP ow B Pt
r at s Endbcrivolbey atikhyabsitns ppliityg 1 ddabaiteds Stared.: NiLyhl y
sensitive to intervention therapy Wth an anti

f eﬁ{k}rl C%I %9%@042)@9%%(8 old %@ﬁcﬁb&\éﬁ% %d?l | Hh"dfls for type 2

dighstesf or onIy 4 weeks rendered them as dlabetlc as ZDF
rats maintained continually on a high-fat diet. These

hi gin;¥petts abBb o i eBbSTisWE 1@ 1PPRr |y sensitive to
treat ment With Pioglitazone. |In contrast, redu0|ng t he

i.me_on fat diet. from4Wto 25 2VVfoIIo

alEmt S o) Rl risehcias dhtore ey rhendigsfaelicos
and tAm@erﬁerv Blirka] oﬁd‘:arddﬂ@p,eatm BGslyompt ons

(hypergl ycaen a, hypertriglyceridenia) prevent ed

g&fmwg ég 8 cAEREL BN 208k Y26 ded g@gfn%e Ged Bbéfﬂ-}rlélfrﬁcs in

of gl ucose I ntol erance
deIay%UWﬂ@h@%é%éﬁ?ﬁﬁ ZDF nodel stage was mmi ntai ned
during 11 weeks of study and was nuch nore sensitive

GrerEna g IR ek @Rcd harjary nvd, Ehwamkir, d aheiices N AGeTbe

dat a present ed herein
B N S A P R R T8
b Ut faty ashiemdueed ﬁ@&llrﬁreﬂmkée is AReGfedaih asug@@ﬁtof phatin kinase

i antBeeRnd ratonn i sbpfedpt 56 lé‘g&?ﬁc?fgﬁ ?“a%s%ogﬁ 2304

P @l‘éﬁ@f@?x ik @9?%@5 N AR

t o drAmgErIdYer HPYRT Kmos:udncb]ﬁ,éf Niid eLowa) ﬁdﬂb&L@ﬂI@INS@ITUTE (2004).

greater. -. 16 Jipagt Ci Iuc t X{+CJ- W t

0 carronitor g mATE s R el RN L it it and Blooa
Institute/American Heart Assoc1at1on conference on scientific issues related to

definition. Circulation, 109, 433-8.

GURNELL, M., SAVAGE, D., B., CHATTERJEE, V., KRISHNA,K. & O'RAHILLY, S. (2003). The
metabolic syndrome: peroxisome proliferator-activated receptor gamma and its
therapeutic modulation. The Journal of clinical endocrinology and metabolism, 88,

2412-21.
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present in group_|low but insufficient to normalize
hypergl ycaema. Finally, at 17 weeks of age, insulin
| evel s started to decrease maybe refl ecting beta-cell
failure. Reduced insulin conggntration in ZDF rats
appears to be caused by defective function of

Raneh t

S A0 oo 2 il S TR St R RE RO for
secretion was stlll high it seened that 2 weeks of a
di abswolierdsistadireCelbfgs®3s3$- i nsulin content in the
islets of ZDF rats at 12 weeks of age. Since 2 weeks
Igfqeaﬂd B0 %‘“SPHg u(]qgglg)h@p)% HEETDLGIAes, 1995-2025:

el aye triglycerides accunmul ation reservation
of barevalened, Inuﬁwneﬂue@nn@bseﬂd@domﬁmgﬁ d@m dras\nfasl, (Ll 4-31.
agreement wWith the consideration that beta 10 cell

ailure is a result of an el evated burden on }

I‘E@iI\aPc e1998). H.IYPW@I?/PGEIBF& PdaicreyaeculapBd e HIRI A dieashiny

be sWifbefds EMbdid chRdig;e586R1 | ar netabol i c di sturbances
as in noderately diabetic ZDF rats (group_low). Since

g TR R B SR R R 368 he stocose ey
adi paneatilalts ereimsinbyliBsensitibitf aidithe metqbelic disarhhnces of diabetes
ti ssq%qlgélgma%ettal efs_ ;5 al ., 1998), it is considered

t hat azgné suppresses the overworking of
beta-cells _through |%prow ng insulin sensitivity,
MeTIUEME, by FPRarasitl Hrix DPKAYRAGT £ %) Malegular mechanism of

hy pernlléttﬁidcﬁﬁ@ Fifiroe X: BEntPHRASAbS ﬁly&ytokﬂie@ gaipbasﬁ@a@med
rev e er C e
of { ¢ BHO%HYS w@s@%@éﬁaﬁsgéﬁﬁ%f%ﬁq Eéf%ew Oﬁggeﬂs o2 146-5.

observed. It has been reported that 20 PPAR al pha
MerprA QR 85etlal. 2000 e mpolsibiahride @y hppletal & LaBHO3;
Pi ckavance et al., 2005) and a choI esterol |owering

ﬁ{:kﬁ&ﬁ&?a g??%]l%g?@eq“h A%g% rese i nvealt PEﬁAﬁOOB) The

pr oviddelsPP ARplpharganiring sgomatmgagémw imptoves m@*dmemn@ﬁgf and
t hat rxg&m% Rf‘&ﬁlé L%‘.\%@f witht fpz éh@zoﬁ@ fledigb Rl ndid@ReY obedeDF rats.

a stabl e manner _a sensitive to

i nt et 108 Warapya %léﬁﬁ Suibabetics. - 17
Ref erences BODEN, G (2003). Effects of free fatty

PasPISSIION, 4, STORERDESES] BEROUHOHY CKDEEJBDNKSNS;‘OS}UG.H{.S. &

N

HANSHEMNyibiBor, impFoyes h&iﬁﬁﬁﬁﬁ&peﬁpheréﬂ&nsu}m s_eMtN@;y in the VDF Zucker
SAUE%E%gI}E:Em%-W&Wﬁ@anﬁ?gg@. 'Di%éﬁés, 51, 2677-83.

POSPISILIK, J.A., STAFFORD, S8.G., DEMUTH, H.U., BROWNSEY, R., PARKHOUSE, W.,
FINEGOOD, D., T., MCINTOSH, C.H.S. & PEDERSON, R.A. (2002b). Long-term
treatment with the dipeptidyl peptidase IV inhibitor P32/98 causes sustained
improvements in glucose tolerance, insulin sensitivity, hyperinsulinemia, and

beta-cell glucose responsiveness in VDF fa/fa Zucker rats. Diabetes, 51, 943-50.

REAVEN, G.M. (1988). Banting lecture 1988 Role of insulin resistance in human disease.
Diabetes, 37, 1595-607.




10

15

20

25

PPARal pha /gamma activation provi des enhanced

i nprovenent of insulin sensitivity and glycemc
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H

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. ZIL 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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R@mmhtaﬂvéﬂmtoﬁaﬁhsﬁa&e shc@& Engmge=tgeegasipd Fi gure 1:
Summary of netabolic defects: Inplication of organs
and pat hways Schenme summarizing (1) inter-relation
bet ween gl ucose and lipid netabolism (2) factors and
di sturbance |l eading to insulin resistance and T2D.
From Prospects of research in D abetes Mellitus

mgmats, Eff6Ad pf PRGliG28:e530)mg/itg) dlugnse par2metge (glepse bl HbA; [B]

%ﬁl@dmﬁdﬁbﬁsﬁﬁﬁg&?ﬁ? R
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While fdl aekted VIDH gldtledn (23 fats WwererséDis c(oan:r))ls Yaueadre expressed as
rﬁ?g{ni{-{@ﬁd%-—?é—iﬁ%ﬁ qu}]dlpf E’dpl<e B.O?%rrl EQOBE compare% to resp\éctlve 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.

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

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

- B-Test followed by t-Test.



Pioglitazone (indicated by red lines) started at the
age of 10 weeks and was perfornmed wuntil age of 17W
Each group was fornmed with 10 rats. A glucose

tol erance test (OGIT) was pg:%grmsd at the end of the
tr eat ment period (after 6 wee of treatnent). Several
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di et on glucose tolerance of ZDF rats after 10 weeks

of feeding. -21 N=8-10 per group. **p< 0.01 or *p<0.05

- conpared to group-full. ANOVA foll owed by post hoc

1R BN Eresatisnt - ZL corrpar ed to group full by
A@n Wi t hney or t-t Figure 6: Evolution of plasma
NEFA andxﬁeéuPéere §4WeZDF rats fed with 5

Lapet ogenlc diet. N=8-10 per group. Data
Bgﬁrcquexpresse as ngg%ﬁggtM ZDF and ZL were 6w ol d at
Byasel i ne (trpadywediht- 4 weeks). *p<0.05 or **p<0.01
conpared to group-full, ANOVA, followed by Dunnett's
Fpest hoc t esFastiigblebdglueos: | mmunohi st ocheni stry of
beta-cells in ZDF rats versus ZL rats. Insulin was

FBLGi ned usi n@asmrf%wycedgwl%hronwﬂarmyu nmuno
I stochem st entati ve phot ographs
ng\Aé shown (a %Syi?ggd%@oge%f}%)% 15 Figure 8: Effects
i ogli taz qr[g; el HERSErJpar ameters (gl ucose
I_)[%A]ICP HbAI ¢ [ n%i s‘?%??e CM]%IH different diet
Hpoups ( gr oudepaticlglucgsegipdudtidnd and group_| ow) .
Treatnent started at 10 weeks of age and was
HQIMiANI st er edinagliif eigtzacnindex Age- mat ched vehi cl e non
treated ZDF and _| ean (ZL) rats were used as controls.
LD&Fues are é&ﬁ’fé%@ﬁhﬁ@roﬁé‘é@ ofestsr®h  N=8- 10 per group.
0.01 or <O 0] d to respective vehicle 20
NtEIFgat ed ZDF Iﬁgﬁ Stet] edc<t°g§9 or +p<0. 05 conpared to ZL -
ots. F-Testofp ju@&@@ol@ﬁénzérﬁ% Figure 9: Fasting

bl ood gl ucose | evels and gl ucose tol erance after 6
Pweeks of tr eRdrivaid AcidbetiffPeagehti t azone.

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

T2D Type 2 diabetes

TC Total cholesterol

TG Triglycerides

VLDLc Very low density lipoprotein cholesterol
WAT White adipose Tissue

WI Water intake

ZDF ' ~ Zucker Diabetic Fatty rats
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A. Effect on FBG B: Effect on AUC gl ucose expressed
as delta baseline; C. Curves of 25 glucose excursion
nmeasuring during OGIT and after 6 weeks of treatnent
with Pioglitazone in group-f@& group-mld and
group_l ow. N=8-10 per group. p<0 05 conpared to

espective v ted ZDF rats. ++p<0.01 pr
2$b<0 05 conpgpégkﬁdﬁéﬁ&rats. F- Test foll owed by
t-Test. 30 -22 5 Figure 10: Effects of Pioglitazone
(10 ng/ kg) on ZDF lipid paraneters ( triglycerides
[A], Cholesterol [B] ) in different diet groups
(group-full, group_ mld and group_| ow) Treat nent
started at 10 weeks of age and was adm ni stered as
food-adm x. Age-matched vehicle non treated ZDF and
ﬁ ean gZL) rats were used as controls. Values are

sed as nean + SEM N=8-10 per group. **p< 0.01

or *p<0.05 conpared to respective vehicle treated ZDF

THRS 01 or +p<0.05 conpared to ZL rats. F-Test
I%%Eﬁgﬁ%é$g§ Test. List of abbreviations AUC Area

undefntthie sﬁt&yvsweaadld RoRIRAREY YAl GIIDE rBWM BOU YA bfIDF) and

FBG Fastin bIood cose, FPLC Fas erformapce |l qui
%ﬁ gF‘ﬁ (‘:@% t&t %%Lgméq Bichasagd ﬁ;.q%gﬁl River

L'Eb&latd}%@STEé/ ahibRRPHEE Gﬂoﬁs&ih@} edref Py casbdih lﬁ%aid Wwith 22 to 24°C
| ucose rOdUCt| on nsul i n reS| st gnce |i nh%t LDLc

t%wra%%.ﬁo;/o fq @b/ppébeﬁn#ﬁl%‘&ﬂésltlérla|day cycle (light from 6:00 AM

OB § L Rafs e FRLINibRG I dHaH peindherdaBEASS vié:CFRHIE Bod was
t est AS Periodic Acid Schiff Teagent [PPAR Peroxi sone

peeaded weddothe weter was eapnged spicep week and cages were cleaned 3 times a

week.

Male ZDF rats homozygous for non-functional leptin receptors (fa/fa) 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, 1mi of blood was collected retro-orbitally after a short narcosis

(isoflurane) in 6W-old rats. According to glucose, insulin, triglycerides, NEEA,
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. Pioglitazone (sufficient for 90 kg food) was
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SEM St andard error of the nmean T2D Type 2 di abetes TC
Total cholesterol TG Triglycerides VLDLc Very | ow
density lipoprotein cholesterol WAT Wite adi pose

Ti ssue W Water intake ZDF Zult D abetic Fatty rats
-ﬁS ZL Zucker Lean rats Exan‘p? S Exan'pl e 1: Animals In
this betic

d(sz(@ﬁe gJ/ ?%h‘rses mz%ter ﬂ%r ﬁ)g%lgg reftm Elgﬁ%{ps € FG AR teich, 6 litres of
sblagied wrRteihbikd maﬂﬁo(l@ﬁ thé diabetoZdnic diet ECHBACHAZ adth 7% of fat)

0{5;}8? C?W&lgzlpr\éfxfeé éﬂ@tglbq%nl? 0 %gfwwgﬁ:t ggh%%ggefhe fp)gé’(l e carefully

dgﬁﬂﬁﬁﬁ @%I]Me@atuﬁQ%tteﬁceéﬁ ab° Quat dihdnypelieted. mmmg an average food
ay- ni ght

le (li :
CHBETTGR S SDPTCBIR Y ANOE TR 6P ERE ChEE 081 vt gy Tould be
ekp&sdl {oofkeeﬁ@ﬁ do@e’f @f/ bidgtaneekb 10 e&flaltgelbodiyaﬁ'elghapg:edhy The

. tWI ‘a %\ﬁ@szmﬁm}t & a%g ol Bglgoe%%gct% ].H}ﬁ)i;? ﬁ)oaﬂ]ir%ood intake was

rEc%@Hécp dﬁﬁﬁ§ﬁﬁ@rs§1d§ffél/df éonfimeg! Bpx eBesit tapnsumed on average 100g
rlipidema and%w%per?l ycaem a. In contrast, rats

hy
f%’ /lﬁgﬁ Bﬁé@taﬂ (p/p) and heterozygous

(falp enot I I
aihg%@;qv@%gf’ %”&ét%caéﬁéwﬁﬁ?%yﬁ%f@gﬁeﬁ‘%ﬂe

ordered at_the a e of BW Aft d foll

AEroRBeR OB EDRHME S Fid A frpopt 19 AOH IRk +Eient Bitp M bartes

K&érg of 53%@&155 aF hot vakd RE vatHSKIGK tarbatiydest diet (KISIBRA 2438y B5P6 starch,
rats. Accordl Eg to.glucose, .insulin,

504 F@r%bﬂ?h@é%m oup @ atse‘é#@?t&F Htidrm | evel s and
Stcﬂi?t aH@t?ru(ﬁf ﬁerfoﬂnéjc@ﬁl%ﬁ'ﬂ 1l b AURS coflectdd rZ@E orbltal after

rats of 10 ZL rats was .f or
afsbpttmswltblseﬂmapélffg%ﬂa%g%ﬂ%ﬁ@luwe i8¢y n% F%NEFA

E‘{o@ }}%Jrﬁ% ir@gglt?glcgﬁg :}%ﬁy O cidldhthe 241§ weRGEh¥EMREd Be6 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 ZDF KLIBA MIX1 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 ZDE KLIBA MIX3 (Pioglitazone 10mg/kg diet 2437) ad libitum.
The groups 5 and 6 received ZDF 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, Iml of blood was collected retroorbital after a short narcose with
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 of treatment an OGTT was performed on 6 fasted rats. A week later,
2 5ml 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




Pi oglitazone (treated) as food Admi x. In each
untreated/treated group of ZDF rats, one is fed a
high fat diet during 11 weeks (group-full), during 4
weeks (group-mld) or during 3 weeks (group_low . 25
Exanpl e 2: Food and treat nent %Feparati on Treat nment

s..adm ni.stered oral l.y and. prepare - i
Rt b e A e ral i EE TSR By P 3 gy erove
(framathe OGTT gdupewsaterzoes t6 8. Atapodian fralhistolegicildnd dosi ng
.errors. and .mnim.ze.handl i ng. Pioglitazone (sufficient
W&unggls%goglgga}fa%%thr?‘él di ssolved in 18 litres of
water. For the three treatnent groups of 10 rats each,
Formhiitaties: of soluti on was conbined with 30 kg of the

i abet o i c diet | .BA 7 Wwth 7% of fat or 12
[ﬂFReFSé%H dEiPe CWS‘&“R‘/&%@ 186%@ atebfirebidsy o e% (Kl i ba
NB43BFL salgofsiadouapulcatzed tbdd/2430ané galatabitt efthe fomtliyeKLIBA.

ot eedi.ng.4Q C and th |.Leted. i
NG of TEE e s COR TS R i eary ouifisdpy
Kigef body wei ght per day, each ani mal woul d be
expected to receive a dose of pioglitazone of 10 ny
BB‘E‘ kg body wei ght per day. The graphs and tables
z&?@&ﬁm@%@%%&@zg%@g s 19%PREegwdai |y dose.
iTy too K S

I nt ake ecor ded during the study and
confZDRgeshiliZadbn dre 1 Kiibd 3430nstmsbuadsaver age 1009
food/ kg BW per day (data not shown). 10 The foll ow ng
detail ed protocol was used as a non-limting exanpl e:

A group of 60 ZDF/ -falf nd a group of 10
Dzﬁﬁp@n°§¢m(%@§ﬁ2‘}3§t“%‘<ﬁ%/??%§ar| es River) of 5 weeks
of age were fed with high carbohydrate diet (KLIBA
2437, 35% starch, 5% sucrose). The | ean ZDF group of
rats is kept as control. 5 days after adaptation
period, at 9nh A M, |Im of blood was coll ected
retro-orbital after 15 a short narcose with

| sof | urane. According to _the glucose, insulin,

trigl yceri desSpenightiet for ERFRate?4i7 pl asma | evel s and
the Body Weight, the rats were random zed in 6 groups
of 10 ZDF fatty rats and 1 group of 10 ZDF | ean rats.
Three groups out of 6 were treated wth vehicle and 3

& 2 T o
hi shopal 86 Rah eRiradRaSHEEWhES, hefhisg gedipBeat recei ved
ZDF, KLI BA I\%IXM/ehi clﬁ Buffer in the diet 2437 ad
i bpfadlﬂﬁork af, 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




The groups 2 and 3 received ZDF KLIBA M X2 Vehicl e
Buffer in the diet 3430 ad Ilibitum The groups 4
recei ved ZDF KLIBA M X3 (Pioglitazone 10ngy/ kg di et
2437) ad libitum 25 The gro?lgs 5 and 6 received ZDF
KLI BA M X4 (Pi ogl i tazone 10rTg g di et 3430) ad

a¥a' . a A |- o

shonﬂryggﬂ%&se with 30 Isoflurane for di ff eszqyat, bl ood

nd asma paraneters. At the beginning, in the mddle
and at the end of the treatnent urinary parameters
ver £16é8 Pistsind by using strips for urinal4si’ [273]
(Labstix from bayer). After 7 weeks of treatnent an
OGTtrwastipes formed on 6 fasted rats. A week.1at er,
2.5m of blood was collected retroorbital after a
shor ose with Isoflurane in fed 35 condigtions i
al | C% &%’E& Finally, 7 rats per group vvergdés}acrlfl ch17'0]
after the Iast bl ood -25 collection and the liver is
renmdskd and wei ghted. 1 week |ater the |astt-Berats per
group (fromthe OGIT group) were given to E.
At zpgdi en for histological and immunohi stglggical [55.7]
exam nations. Fornulation: 5 Dispersion of the
conpoun 9g) in 181 of aqueous vehicle of 6L
sol @ E)‘;ﬁ ﬁ#r@Okg pul veri zed food 2437 4&701%&

pal atablllty of the food by KLIBA. Mx of 12L
sol utions in 60kg pul verized food 3430 and

pal atability of the food by KLIBA Food: to ZDF Diet

(K 2437 conmpounds) during 12w, 4w, ZDF
| st agpal tZation di et ( Kliba 3430 con‘poung%'%et

conposition (Kliba 2437 & Kliba 3436) Speci alo diet for
DFS%TS 2437 Mai ze, Soy bean extraction rfedt% \Weat,

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% Vitarnin E 89 mg
Threonine 0.90% Vitamin K3 4 mg

Vitamin B1 16 mg
écium 1.00% ~ Riboflavine 8 mg

Phosphorus 0.65% Nicotinic acid 60 mg




Mol asses, brewer's yeast, whear
chips, grass neal, poultry neat
carbonat e, Dical ci um phosphat e,

el ements prem xes, Vitamn pr
Crude protein Crude fibers

%“u

germ oat, sugar beet
meal , Salt, Calcium
Magnesi um oxi de Trace

xes -26 Dry content

de fat digestible

Energy Starch Sugar Arginine ysi ne Met hi oni ne
Met hionine + Cystine Trypt ophane Pratoslaine 1. 44%
1. 43;3/%%44% 0.81% 0. 27% 0p 964 34} 90%id. 46% Vi tam n D325 mg
Vitam n
Potassium 0.93% Folic acid 3 mg
Magnesium 0.20% Vitamin B6 7mg
Chloride  0.49% Vitamin B12 0.03mg
Biotin 0.2 mg
Copper 15 mg/kg Choiine 1093 mg
Zinc 75 mg/kg Vitamin C 30 mg
Iron 230 mg/kg
Iodide 1.2 mg/kg
Manganese 60 mg/kg
Seleniom 0.35 mg/kg
SMALL
RODENTS

ALL PUPOSE DIET, EXTRUDATE

3436

Cereal products and products rich in 1 energy:




Vitamin K3 Vitamn B1 R boflavine N cotinic acid
88.0% 23.5% 3.7% 6.6% 6.3% 47.9% 14.37 M/ kg
[17.0] addition/ kg Food 15000 IE -27- Sodi unD. 29%
Pot assi unD. 93% Magnesi un0. 20%,&hl ori de0. 49% Copper
Zinc Iron |lodide Manganese Selenium 15 ng/kg 75

/ k 230 ny/ k 1.2 ny/ k
o7 e Barley, gﬁeat,gwheat brag? J

wheat starch, maize, soya bean
oil

Sources of vegetable

protein:

Soya bean extraction meal
(NGVO), brewer's dried veast

Sources of animal

protein:

Poultry meat meal,
dried whey powder

Sources of

minerals:

Di-calcium phosphate,
calcium carbonate, salt

Amino
acids:
L-lysine,
DL-

methionine

Vitamin premixes - trace element premixes

Crude |
protein 18.5%
Crude fibre _ 4.5%

.Crude fat : 4.5%




60 ng/ kg 0.35 ngy/ kg Pantothenic acid 25 ng Folic acid
3 ng Vitamn B6 7 ng Vitamn B12 0.03ng Biotin 0.2 ny
Choline 1093 ng Vitamn C 30 ng SMALL RCDENTS ALL
PUPCSE DI ET, EXTRUDATE 3436 Cggeal products and
products rich in energy: -28 Barley, wheat, wheat
bran, wheat starch, nmize, soya bean oil Soya bean
ext rackshon meal (NGVO), brewer's dried yeast Poli3fty
nmeat neal, dried whey powder D -cal ci um phosphat e,

cal ci ugrgarbonate, salt Vitam n prem xes - trace&4.2%

el ement prem xes -29 Addition/ content kg total/kg

ME 12.5
mouse/rat M]/kg
Starch 35%

Arginine 1.10% Addition/  content
Lysine 1.00% kg  total/kg
after
Methionine 0.39% extrusion
Methionine
+ cystine 0.75% (approx.)
Tryptophan 0.20% Vitamin A 18'000IE 14'000 IE
Threonine  0.65% Vitamin D3 1'000IE  1'000IE
Vitamin E 100mg 110 mg
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

Potasstum  0.78% ~acid 33 mg 33 mg




after (approx.) Vitamn A18 000 | E14'000 IE Vitamn
D31' 000 I E1' 000 IE Vitam n E100 ngll0 ny

Phosphor us0. 80% 1Vitanm n B130 ng30 ngy Avail abl e
0.38%/itam n B220 ng20 ny phog horus N cotini c60- 70
Sodi unD. 20%aci d40 ngng Pot assi unD. 78%Pant ot heni ¢ 33
my33 ng acid -30- Folig aci.d2 ng2.2 ng Vitam n B614
myld nifaviesami n 02006 npO. 05 FajicBe@ Bi ot i RONE ng8-220¢ ny
Chol i nel' 000 ng2' 000ng| Vitam n C40 ng G ven val ues are
cal cul @jﬂggngverw/ol n| air- dyyaheesk | ngredisent si4 mg
Del i very form3436 1:Extrudate 15mmin 12. 5kg

T 2a@Ext rudag,e 15mmin 12. 5kg

bol yet W#BHe i nl ays

v‘.gi" ]

B12 0.05mg 0.05mg
14

Copper mg/kg Biotin 0.2mg 022mg
60

Zinc mg/kg Choline 1'000 mg  2'000mg
250

Iron mg/kg Vitamin C 40 mg -
1
Iodine mg/kg
60
Manganese mg/kg
0.3
Selenium mg/kg

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

sealed polyethylene inlays

. Example 3: Chemical pi'oducts
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Exanpl e Chem cal products -31 Pioglitazone
)-5-[ 2- (5-ethyl -2-pyridinyl)ethoxy] phenyl ] net hyl
2,4-1 has a nolecular formula of CI9H2ON203SHC and
| ecul ar wei ght of 392.90_Baltons. The structural

formula is as shown: x O 5 Pioglitazone was provi ded

ASERND ) o7 A IS R TR s
nmlw&aerfvmﬂa ah@lsys@&OBt" g agéﬁmq erglancesighit wa 2. 50 Daltons The
ﬁ&gp )i BE g dids a??ndi'%f ning (9-11 am) 2-to-5 hours after

nq sessli on 2h after last oral _dosing (food

?i? £2001) was
Q?f&t Lyanestheti zed

5 of 1] rane) ingg ' gntagni ng EDTA and kept
Bd” Uttt Nl gatlgn (6000 RPM for 20

m nutes at 4C). The tine course of blood sanpling
Phedienont whs pveelkdsd bf Sageia, Bt K baded iegbter{dldwer drehnaaet Aetos®
2W 4W 5Wand 7Wof treatnent (i.e. at 12W 14W 15W
and 17W respectively). 15 Main plasna bi ochem cal
paraneters (glucose (d uco-quant, e.g. Ref. 1447513),
TG (eg. 11730711), TC (CHOL (eg. 11491458)), NEFA (Cat

Eﬁl&@%ﬁf@@é M%%&a‘?ﬁcp??féagﬁlqpﬁm £ f?flfﬁ't fe
oo Boaa ARl Rl R0 bbby b, PRLAOS TR s e

fE(eiﬁ‘mgasesmmmandékgaﬁaﬂaﬂmbdémngdﬂaodh&sw@@dam 7: 00 am). Blood .

b 3"?’%%/101#5%9@8#%%@%%% B PR TnaY RERTAY (sgfirane) into

tl%e%'%ﬁﬁu&ﬁg NGV IR anDAQEP FhoRé 'Be&lHLﬁrﬁ ceﬁﬂlfﬁga\ffohr @06 €PM for 20
the rate of HbA converted |nto is incr

as
myipeiss ehE Crebpe Himesosrse pf Blogd gwyeb%begspﬁéé wsl%a {458, at baseline

(deFhﬁd LRk moqw 540 B EKS oF BreBtiydnlf (D& Wk @3W, 114, 18V blind 17W,
reflects the glycaem c bal ance during the past few
respediyelybef or e measurement. HoAlc is a predictor of
di apphi ‘ia%)a‘%ﬁﬂ%b&%h@ﬂﬁm?ﬁﬂetbﬂ@t(gﬁﬂé%t @aéo aéartthfatg Ref. 1447513)

reduce HbAl~ correspo duce the risk

Téofrgl 1EBOVbhs T L (299]81)4 1458pANERYf Caiaoc bl 88 A72401);

fh RE{&REN ?ecuji'pﬁ%lagf{{isﬁé§7§§re Q}tlﬁ'% ﬁl;_éldn% Hu&%metrlc methods.

mer cl a aval mere used
Qu@ntqﬁmpnfgfv é{ta‘sﬂé% cWﬁ%@ﬁtfpmlﬁbnﬂoWh'Plﬁsbﬂlopﬁa Hfigg an Immuno-

tlﬁ'gicﬂr‘ﬁgﬁﬁt béga O({h%g{ éq% ' f’lS@@OS@d FBRK '%@hé"‘M&l@cdiac‘r Bfagnostics).

negat | or hinsulin sensitivity and
Gﬂ)@;gmlatgd b&m@obm {HbAR) sdnveed buthiegrpon-enzymatic covalent attachment

of glucose to normal haemoglobin (HbA). 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 is 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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(Gol dstein, 2002). Adi ponectin plasma concentrations
are decreased in T2D patients and -32 despite the fact
that it is produced by adi pocytes, as an individua
beconmes nore obese, the adi pgpectine is decreased and

insulin resistance increases tsuzawa et al., 1999).
d@ﬁ{e tﬁﬁ?a%%’ﬁ{%t Jiak @&ﬁ@d E?ﬁ&iﬁoé Issan ?ﬁﬁ&d@ﬁ "b(eé&ﬁ@%%bﬂ% obese,
an| s In eac weeks of .

ﬂm @hpmtmf( isglacisnsedgayl insulin seswéqnée inasee (Mastrdvgha oL, 1999).
(=16 ral ﬁlc O MRS FIRN O@?Il'ﬂsﬁ%l%%e'rfarﬁg@ﬁﬂ’) %F?he 10 animals in

ani ma &} vel n) for basell [‘'ucose and insulin
em&ﬁ@u[@ rmﬂﬂérsﬁ W&’ék@ of freifBd Rt (BIVE of h@) ﬂtﬁlvéry fasted overnight (= 16h)

8 Lt SRSl e A G i
rdAGhredehts. m(e ehhin g werl tRQHoRl G@ﬁl&;ﬁ%ﬁ%ﬁd@@é {Qfkg BW) and the

SSRGS e o
R

of bapdzabichad cmndem;ratgirudosg tintecdfier adczei mﬁgiuocale cdll Zivednfvgmation

A
<o g e SRR Yok gt TR B R P, lucose
talataotd absedlditieéd & Ablinddri@dcurnd &XUCS obllacose assenstretion during

i.ng t T d
8 b B s B R O AP} B
afseassd dmgogd e WGTT by tof)sideting Zashhg ids@lidhand fhieting blaod pates (FBG)
15 peripheral insulin_resistance, Measurenment

(§vpls IV A e (PO AP RSP NG . TPl - FHAMA-fher translates
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e sacrifice capi tation ter
Iprattin #8158 kit.bl ood was col |l ected from al | anlnals and
organs were harvested from 3 ani mal s

(panét dursoninsien ofmedththewwewesqﬁqegrrby%ﬁw@n@w (e slight
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pclogmup épﬁsunqats,l lmqr widheys, SE6T deyds Vit histohogierl Rindh ernaamahlstologlcal
{?ﬁﬂd&i&?'on system ( DATATOX) using el ectronic
ances. 25 Exanple 7: Hi stopathol ogic and
i mmunohi stochem cal analysis At the end of the 7 weeks

= -' : i sacrificed with
E%%&&E%Egéd &'natgghg g %%hﬁ?*%ggto necropsy. Six

Bbay ﬁ&léh@faﬁﬁefoﬂﬂfdoﬁwﬁtz&l ket rédcofled URithveine on-liff etit£ dcquisition

.ﬂ%&%%ﬁﬁﬁ@%i&%ﬁ%%b%SQQ%HPEEgﬁg%/kgcsgggn cheni cal used

in the detection of proliferating (alive) cells in
l'iving tissues).

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% glutaraldehyde with 2 mg/ml
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pi eces of the kidneys and paggreas were fixed in 2%
formal dehyde and 2. 5% gl ut aral”dehyde with 2 ng/m -33

REE OO 1815508 SV EL ST BT Hech BE sicrosgopy. After

fontansilwesmsente dabedded 1Eé’|aeqp[laas SectBas Werneitwe2 S wotand stained

o3 elfoy FARtoRR A5 (38 dt iy PIREEY WA TEERb Midpers: Tt

Frdd:frdzen Zedndgi déteipnsesmssn&ntﬁhu-xgepamm asenhmg; were stained for

B SRR S REAeB PN et B ol e

sdﬁia&@tauﬁr@ﬂbotthd;Ulan&msughucagon - somatostatin, or
both BrdU and insulin. Exanple 8: Data collection and
analysis Al raw data (general paraneters (BW Fl) and

LA AThtPLARPBoPAEPIRIRIS) were collected manual |y
or on excel tables, then put in electronic forminto

- Abrrawtdaed (geoesil paiﬁnethtee(ﬁﬁf\f,aﬁlj atdobledd@mdsﬁeazmeq}aﬂumhm) were

ser t hat, i ncl uded
cgﬁgﬁ%lél&mé%l Y0 SXE ab ng)ég rpél ! fegtg%@a lfgl%l % eforrnatted excel
shted albs@nel en $e¢mede Rodpated thet meladedj Iaa:bldY |back—(1]_zDPf;1ues were
gg ean cont s by unpaired t-test or Mann-Witney
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(Ver5|$é15 01, SAS |nst|tute Inc., SAS Canmpus Drive,

feryaglaneghomegenfity). 34 Q aims 1. A nethod of producing a
di abetic rat conprising feeding rats for 1 to 2 weeks

D’Jti Rha]?ﬁéi%ﬁﬂoﬂ\é tdingtHel phwhat STBIEW foth@indikqWenfon 5.01, SAS
wherein said rat lNS %))F rat.
1nst1tute Inc., SAS Campus Drive, Cary, NC 275
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3. The method of any of clains 1 or 2, wherein weaning
occurs after 5 to 6 weeks. 4. The nethod of any one

of clainse 1 to 3, wherein said high fat diet conprises
Kl i ba 2437. 5. A method for ngptifying conmpounds t hat
can reverse di abetes, conprising the steps of 10 a)
feeding rats for 1 to 2 wee Ehg;ter weaning with a

hi gh-fat diet foll owed by di et feeding b)

adm ni stering a conpound of interest c) determning

whet her dj abetes is reversed by said conmpound. . 6. The
met Hott Ttthed of progucipme diapeticiat eprppmisingleglippraty for 1 tq 5 weeks

after weaning with a high fat diet
2. The method of claim 1, wherein said rat is a 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 followed by Chow
diet feeding

b} administering a compound of interest
¢) determining whether diabetes is reversed by said compound.

6. The method of claim 5, wherein said rat is a ZDF rat.




