;e3e__\B\6T45 METHOD FOR ASSESSI NG A DI ABETI C S RI SK OF EXPERI ENCI NG A
Dl ABETES- AS PATHOLOG C CONDI TI ON Pursuant to 35 U.S. C. 202(c), it

i s hereby aammmﬂ@m hat the U. S. Governnent has certain rights in the
i nvention de in, which was made in part wth fundgsi/namziobe
Nat i onal Instit Utewe*of Health (Grant Nos- 1DK44050, DK50317 and DK50364).
BACKGROUND (mmmﬁ”m | ON The present invention relates to therapeutic
agents and t the treatnment of diabetics and in particular for
preventing, redweowg or delaying 5 the onset of diabetic conplications and
ot her disorders of related etiology. Mire particul arIy, the present

invention relates to a t he
enzymati c conversion of"%tlrﬁéﬁt g@& %éﬁgrﬁé?? E BI néeF-‘ 3- phosphat e
10 (FL3P), which is bel i eVRtPERIBRCIN F ﬁ P bi ocheni cal
mechani sm | eading to di abetic conpATRGRPGES. CW?I'F Wentl on also relates to
a nethod of assessing a diabetic patient's risk of experiencing diabetic
conplications, as well as a 15 method of determ ning the efficacy of

t herapeutic intervention in preventing, reducing or delaying the onset of

di abetic conplications. There are four particularly serious conplications

of diabetes, namely, di afigld a0 Qgp@gogagh}é Ofg 2lpladRsY, q_tseia§q1 '}%beti c

reti nopat hy which causes bl i ndness destruction ‘of the re

di abetic neur GstEnariedand ittt h%h‘Po?sSof GpuerpRent h‘?@r\@eﬁiﬁml on; and
ci [CU| atﬂ]y prﬂbﬁﬁf?i' in tl?e ﬁ%éﬁ%ﬂ@ﬁﬁdé?@r%ﬁe@agﬂe&?@.wf d«ﬁ;@? wé%Otlh

reti nopathy an ephro e 0 subset s e genera

circul atory pr“l?ocr a‘g%‘f) |"a’ta‘e]a %\X“ ‘ﬁg %Fgmdf: a atde kY

m crovascul ar cr.ﬁ/sﬁewfﬂcﬁh ofGrant alfes 5 BKagesdi, aD&B«BSlha&rbiee)KErcamnt .I y
sunmmar i zed (Tooke, Diabetes, 44: 721 (1999)). Throughout this disclosure,
the terms "di abetes-associ ated pathol ogi ¢ conditions” and synonynous terms

are meant to iBACEGROUND QR THESINEENTEGNWN retinopat hic, neuropathic, 10

nephropat hi c, macroangi ot %feseﬁtwhbeﬁﬁlehh%leeml At S ugd @bet es.
The simlarities bet weeB t.he, pat hol ﬁgl es_arisi n%fnér om di abet es and those

resul ting froRERRy heih Wt cheFvEhe Erparment fudHiedafdR® shown 15
that nmany di ats&tces:mqmm:atterh:pafdsﬁlpgéoeﬁamd'gtl Qeauarletgcldmmlal};ingery

simlar oth athol i & I d wth gi [t has been

shown, for exar% q:g é & ‘%‘é’f‘ésﬁ g?’ é 135‘5 X %ntsqbrrerraturely

stiffen, lung d;llascsltdejrs yoﬁande]@tacﬂ etiology. More particularly, the
present invention relates to a class of enzyme

inhibitors which inhibit the enzymatic conversion of
fructose lysine (FL) to fructose-~lysine-3-phosphate

10 (FL3P), which is believed to be an important step in
the biochemical mechanism leading to diabetic
complications. This invention also relates to a
method of agssessing a diabetic patient’s risk of
experiencing diabetic complicationes, as well as a

15 method of determining the efficacy of therapeutic
intervention in preventing, reducing or delaying the
onset of diabetic complications.

There are four particularly serious

complications of diabetes, namely, diabetic

20 nephropathy or kidney disease; diabetic retinopathy
which causes blindness due to destruction of the
retina; diabetic neuropathy involving the loss of
peripheral nerve function; and circulatory problems



20 capacity prematurely decrease. Mreover, atherosclerosis, myocardi al
infarction and strokes occur nore frequently in diabetics than in

age- mat ched non-di abetic individuals. D abetics are al so nore susceptible
to infections, and are nore likely to have 25 hypertension, agcmliemnaiped
bone | 0oss, osteoarthritis and inpaired Tzcell function at a younger age
than non-di abetics. The simlarities between di abetes-associ ated pat hol ogi c
conditions and aging woul d appear to 30 suggest a comon nechanistic
rationale. A variety of nmechanisns have been proposed as a conmon

bi ocheni cal bashée fer ch@id ldirabeiamage sockatkdrphineraghy evdditi ons and

agi ng. The hypgkhasbpapst aSrter%}%N?EHP@QrﬁédsQMsgetsaoffrQ%h ﬁ%bl ect s

is prem sed on a 35_non-énzynatjc ycosyl ati on nmechani sm__Thi ypot hesi s
states that th€156PﬁétﬁFcYc@§§b§rﬁi“s assogiateqd;wirbobbig; éﬁbéﬁé§eassom at ed
pat hol ogi ¢ conélttat@ns THeC rAse td@&el@lﬁéeés@@ﬂaﬁbaygfuﬁbe1@ﬁusgd1aeé | east
in part, protein ngb];IC&tlon @d Cr 0SS- I gklng gg @bgﬁ Rd

gl ucose-d r| vell tREFaBSARTES R i T HeSFRi TEEFY gRUPRrbAZE PefCet al .

Proc. Natl. AcBdabStkes,UZA: g1 568999DB4) Tndoughoet ahig Bi ochem

Bi ophys. Res. Goumhoshad, 888 (H98dd)wad Qse@@g'ébggcs?aeagvgathgita{gEEHQ from

such gl ycosyl ati on react |”ons are referred to hereln as a nce cation
end product | OcRBdifioRs)y A RYRoRYIOVSt bpHaS . are W@aﬂFdépylaé Eét‘—ed t hat

3- deoxygl ucosor@e( IR%L Jus arekIEly- Kbk r@dtﬁﬁ@%eﬂhw? AuhitbpataRcr eaction
sequenc protein formag ucosed rived

eadin
net abol ﬂ'é thaP%E’%t‘ﬁOP@ é‘r“w t“}?cblf%?"é?h?;pal%hyéad?ﬁgw? t RE E’F§§§ l'i nki ng of
bot h intracel | coapldeateddr=aace |ddalvepest ei ns, such as col | agen and

baserent enbrancs. |1, {H5,C 35 Sa g EPELI £aLRURL! £R Bl EEACtLOnS
the chroni ¢ hypedglinge firomstichietes andnthoses UEseéSengE\flrdmnaglsgpporti ng
this mechani smy-Rel wdes iy +88brt089- 'S!ﬁéi%%ﬁb@%ﬁ%ﬂ as

collagen_and lens crystallins fromtdiabetic subjects contain

significhntly §hek BRxGEiAPe R e%se%%ﬁ@ Pﬁgh°élegﬂﬁo§8nfl116ﬁ13&§e mat ched
normal contr ol arellddnildzel Iyn ussmey smiuaﬁceoof:héapatnauaaghasdi abetics at a
relatively earl agﬁl S exsoolcail r[:ab the i ncrerilts_eﬁ rat e of d| fication
and cross-|inking or Pefe St ar |"ﬁ’e hpdings| y It RascRFRD 8 8P of 30
joint and artedfical ex@inifleni nthatasimediabetessarberieagandpdoiingsobserved in
i abotics s CHpeRReaN 1416 408 Sakarly! 81 4oelcapg! bhadliea1and

cross-1inking Ia e stru tura r ot Because t hese
prot ei ns28re I@ﬁ'@ﬂql\'ﬁé’dpltﬁi'@tdb?% udpEESase - BSM%GPVPEatl on tend to be

curmul ati ve. Anattm@rrd‘s@ltélroédmpn&;t«sa&ragamaﬂﬁeaaadng&hal/sz%&eef fect
rel ationship betvveen d| abetic co |cat| ns aﬁd yg ﬂ cema is
RERYCEx ﬁﬁ e

hyper gl yceni c ‘?cf'f%lb YI Jnstif Br 2Bfi- Ta5RBRSmenon
is the devel opmem- dlfakaaemeur eindividpalhy | bidbgtitkatire also more

susceptible to infections, and are wmore likely to have
25 hypertension, accelerated bone loss, osteoarthritis
and impaired T-cell function at a younger age than
non-diabetics.
The similarities between diabetes-associated
pathologic conditions and aging would appear to
30 suggest a common mechanistic rationale. A variety of
mechanisms have been proposed as a common biochemical
basis for both diabetes-associated pathologic
conditions and aging. The hypothesis most strongly
supported by data from human subjects is premised on a
35 non-enzymatic glycosylation mechanism. This
hypothesis states that the aging process and



5 were initially diabetic, then treated to restore normal bl ood gl ucose

| evel s. Although the dog eyes were histologically normal at the tine of the
treatment, over time diabetic retinopathy devel oped in these animals in
spite of the normal i zed gl ucose 10 concentrations (Engerman etg/al1./2002

Di abetes, 36: 808 (1987)). Thus, the und®rtfying damage to the eyes
irreversibly occurred during the period of early hyperglycem a, before
ckinical synptonms were evident. Diabetic hunans and ani mal s have been shown

15 to have hig agégggrgggg %§9€§6n5£ﬁ§%§gic °§éﬁ£%P§Eg|h§t sugar

nodi fi ed AGE- proteins PRHC &%in s3fr eat er
t han t he |ncrenﬁhpﬂﬁlQﬁ%@@lgedcabeveevers CEheedoneenﬂeastonnopaAEEprote|ns

can be estimat el by-dd dios eRganescHEasH SBNEro2d-23pRanE BY' GENLAGE Of

sugar nol ecul es rearrange tQ produce protei n-boun ecul es.
The pat hogeni ¢ &4l Stcoee-gdesivedsmesahel irefi véa thedMapdiazd protein

I%Lycatl ogggaszmb( ulr?%u cabeflien Atzaei rTEPrécdl Nease hbadri laltlonugh al ., ﬁ5
ture rease orescence s also_seen wit
agi ng. | ndeed, igb %ﬂ%% g}?ééftﬁaaeg?ﬁ g ﬂg P 688§§mt0 4OPB¥Si- nBeFon of
oxi dati ve danagbmmmd S\@as - BaduéedspibtelmhendoﬂncaEdoproEbmas a therapy

t hat reduces:ﬂ%é¥§% é%efPO§OEHBB'8f¥g§ ng SRe %gggcnlnakreatlng ot her

etiologically-sim i sease”s aps’s Fhe agi ng
process. |t has’ng%fﬁ@?%ﬂll‘30bb@ﬁea§saﬁe§dvﬁaﬂetihglyéﬁ‘n‘faphoﬁndf PACRugkot ei ns

begi ns wyth th%d@?@ié&"p@ét§§n§ RAGECHPoBEEAR) I OWR éadwadamgar p“ marily
gl ucose. One typical %étg%ature C|tation st at es "Tpe init
d

28/ 11/ 2002 add CERY gt gBydspryalyroecnri 13067 odss 20 eIVyS|ne reS|dues
is the Amadori nurmﬂum;atéuﬁ:hoehéyﬁumel stefl yeattabni %eamenab_tl al step in

a conpl ex seri 0 Wh_C Lvely th lard or S
br owni ng react?%ﬁ“iﬁﬁfaﬁéuggﬁngggﬁelpeg %gglPﬁé fgﬁﬁafgoﬁ grYEPEES! i nked,
preci pitated, déxived métabnlihd thabreaneneaptowethsbroKeinsKnecht et

al ., Archigves OfeddOchedd @h@pé¥éss-2§ﬂklﬁ§ of1882h: Jk’_?ai:%ﬂﬁihim ?Jd

AGE-proteins fromsugars is ti-ste rocess, I nvolving
reversi bl e r eac®¥ R S 1 RL3GGRFSLEENEr 0BUE P?u@P&%@gﬁysﬁﬁé Péﬁ?@?ﬁ ng
prot ei ns. Theseangwmsh-dm&s. proteins then continue to react to produce

irreversibly nodified A eins. It is.c . that .ot ei ng,are not
15 identical to protelngEsg ?h?nFﬁﬁegP§cgfghe?§§|ﬁng %F&Eé?ns %Bﬁtlbodles
rai sed agai nst #E§b¢mmmalnhadolaad teadGEwprbteinst age- thougbt kb be al so

clear thafg AGE‘IP{ tgié'% L%Ecéie?ﬂ%&pbg Eﬂ%”‘cﬁ%niﬁeﬁ&‘fn%rgﬁ%%}ﬁ% few

have been 1 dent em ca
( E- Ani no- (car b@(%ﬁﬂc’h%?‘liy‘sfilhé ﬁbésbééﬁeﬁééntl EvddenseosUPPRESANSGNt fi nal

AGE-protein st rmislrr@etﬁaﬁ@@ﬁan&n&nudegsdéBadéhoe:tz.ngi thalli Qehghlived: 10872

1995 d | keda et al 0 h tudy failed
50 ch)ema(r:]al I ye£ ‘?e%%ﬁ?’i’f?uﬁﬁoﬁﬁef:oi%gﬁf‘o?&%n &M Sﬁé’)e%‘ﬁ‘ R 3 gy e
appr oxi mat el y SiPalétibdesubdettedcentain A s&ghadlabntﬂngmngteheAEEhet|cs

f AGE- i X l'ifah
ot ol BbonerrEath BohbRAL HAIACAIRHERE S o ABENAERKRADAR WY,
t hat rlbose maycpnexoha . |nﬁbﬂﬁanthphygnéuéélé@PlﬂGMGQ @ﬂNQEHQnQQQSnln
formati on, supp&ﬁb@eléeeaeeha&le\iak:xvm%@a@iqu Rigd QRS eXp18liveRIed tyy si nes

SPStTLEﬁSﬁegEy@%‘e FPBROEE: A8t8oREa RIS oARiATaNd, e s d4midas and Ace
pr ot ei ns, EqU|¢fb1eu§1bryetalaﬁnSchlB&Mmmurly, the early onset of
30 joint and arterial stiffening, as well as loss of lung
capacity observed in diabetics is explained by the
increased rate of modification and cross-linking of
collagen, the key structural protein. Because these
proteins are long-lived, the consequences of
35 modification tend to be cumulative.
Another factor demonstrating cause and



28/ 11/ 2002 - 6 and Amadori products are reached in hours and weeks,
respectively. The reversible, equilibriumnature of early glycosylation
products is inmportant, because it neans that the total anount of such
products, even on 5 very long-lived proteins, reaches a steady siays
plateau wthin a short period of tine.-.4.-Since these early ngcosy ation
products do not continue to accunulate on col |l agen and ot her stable tissue
priotei ns over years in chronic diabetes, it is not 10 surprising that their
concentration does not correlate with either the presence or the severity
of diabetic ret®hbpatnhyelatirpsbip hetugeny ddppessy somml inafdiens and
col | agen and othypefgngcémugdlgrg § ehh% w@%@yy\mﬂdﬁédo not

di ssoci ate, howeve under go sl aw, | ex series of
cheni cal rearréﬂ@Eﬁ%ﬁ?g gyf&F FFP@yS ﬁg Q%V é& i df end
products”. M Brhenieeetbpalent NéwsBvgirendedduwopaltyf iMdeisne;h3d8: 1315
(1988) Th onl u 0 of S ified proteins 20 which
is descrlbgd in %?%g %@%é%%lﬁ& g#g%eggfurghgﬁvgfggg gL%im éﬁoﬁ ®action

bet ween protelnsoamélshéepdnﬂﬂ@§gﬁés1eN@&§rou§hﬁﬁq%ﬁmdﬂE=MMQnezws t hat

the formation ofeACEHPEELEY RAY ao%raqug@ 2 HillehiinieS 18P dne Pat hway and
t hat 3-deoxygl ucosone (3-DG is a intermediate in this pathway. M

Br ownl ee, E]abeFE%atm%nt839V6f9§4We QPaQP&WHI@@tHHQE&Qhﬁsdgﬁ%ﬂoﬂsd 1835

é}992) T NlMgﬁhgbeghnlmggﬁhﬁﬂnsnge 633thé9ﬁ55mémﬂzed)é%&bo§é ) Ag%gJ-
in. Nut 58:. S77 1 ; Yanmadat et a Bi o

20275 (19%91) I\F°P88ﬂF£§?18?“.S, Ii&“ugﬁméﬁ‘e : 6" D&éi’e("fg?%) Thégé)enerally

accept ed pathmaylaeﬂ)fornEMMGn mheSDﬁdhmdwuhgedamage(hb(ﬁhenqyms and

proteins is ill g %fgleleF'o?:%?ﬂad éaﬁ&?’?’ t‘&%es Fdig a sugar 35

(gl ucose) nDIecu rnitia base a pro -1 ysine
am no group (|)hymﬁ§gl¥§@mangbefore clinicad/ mssmm Qms@enhen

rearranges to produce frugki@grtlivs higaidishice dridhRi1el Had IﬁeeJ hgn&gact i ons
|l eading up_to (ll) are freely r verS|bIe %Fﬁ% can rearran%g roduce 3DG

and free drotei f° havfehighste Btard s
the first |rrev&asebbagatemdddeGB-mﬂﬁfpnmﬂéﬂuunl(nn flaxof athe@s i s known,

it has never C

pat hays. of 1 niBSCaRRatt AU RIREAR 1B BRGH chafl G T G
catal yzed net abgnu blpadh@éylcm@t H—@Vetlh?an fihemadrecantostal gz edf ra@Bti ons
shown in, Fi gureplorbhigleldahn Qﬁt'e%fttﬁma*&\eﬂ Q‘Tdeé%Eéerémﬁéa&PEehenEerum

t han do non-di abetic patients ( % 49 uM versus 1.940
(Toshi nmi t3f N wASefORE. PeIE’GNé:@rﬂeot‘P %‘@Eamﬁ‘@l(%@%% rm‘rﬁw e§§ this

toxic C_orrpouRd p&ﬁﬁﬁgagplr@mgrmﬂodiﬁagﬂhmgidweﬂtﬁU\ﬂ:llé‘ecdﬁw it :c S nOL
surpr|S|ngt at the oay S e e a t oXl 1.0Nn this
nol ecul e. One of these re |(Pn sg%@aﬁ QR ed°o pg‘?% lgduc agétZO

whi ch det oxi fi eiiﬂweuytpecﬂl@beg:ea t@mmgmmm m)bmch is

ef ficiently excigiadchied ifip AN Hidlase BiRiRatdn 44331(1995)).

Anot her detOXIfIC tion reaction oxi dizes 3DG to 3-deoxy- etogluconlc acid
(DGA) by 8Roal dBRfY&ede R oghas %ﬁ?(F&ulﬂHQREQﬁed Hﬁ?&%%ﬂ] Bi ophys. Res.
Conm, 210: 852fﬁh%%)ac)encé?eﬁsﬂatrscofséémduaﬁlt ﬁ@ge sm&eé@at sbhe

efficiency of at . least o of these enz de re IS
adversel y af f ect®§TAEH }tﬁﬁ r}w gprocess CYE ESRBERTon' Bt

oxidative damage and sugar-induced protein
modification. Thus, a therapy that reduces
30 AGE-protein formation may also be useful in treating
other etiologically-similar human disease states, and
perhaps slow the aging process.
It has generally been assumed that the
formation of AGE-proteins begins with the reaction of
35 a protein amino group and a sugar, primarily glucose.
One typical literature citation states "The initial



30 isolated fromnormal rat liver, a fraction of this enzynme is partially
glycated on lyeines 67, 84 and 140 and has a low catal ytic efficiency when
conpared with the normal, unnodified enzyne (Takahaski et al., Biochem,

34: 1433 (1995)). Since diabetic patiengs 35 have higher ratpeglof2gbgcated
prot eins than nornoglycem c individuals®they are likely to have both 8 -
28/ 11 / 2002 hi gher levels of 3DG and a reduced ability to detoxify this
reactive nol ecul e by reduction to 3DF. The mechani sm of aldehyde reduct ase

has been studi Eddu?:'be%%x%adbgs?ggfcgt—,%pegft hay E'ih' S g'z%%l ot oﬂé 530 <)

detoxification enzyme is inhi dose re ucta
(Barski et al.repigugémis ghe %TEG@relggﬂpPunﬂRl§EMQSQ§9'eﬁﬁﬂ@ under

clinical i nvescngahtaanf Qk tahenﬁlaeh@ntstéb 1) ée@%@l%'}cat&%tﬁﬁas of t
SOone errect on

conplications e _conmpounds have S

short tern1d|a53?F§188ﬁpl BSVPoﬁgilFﬁﬁé i, FﬁeﬁhﬁayﬁlgﬁgﬁfEéP’effect on
| ong ternsdi abbrbendagplicaations ahdchheytmnmsenykﬂéaﬁw faenatheon in rats
fed a high pro i.et. r L I W, th| inding is
consi stent 15 %ﬁ%ﬁagﬁghngéf59%Fé%g§g§§d 5@ ﬁg pa 4126 ysi ne
recovery under PyPwg ehd ﬁﬁ@@éﬁﬁcﬁnVeprpGﬁlnﬂ"hlgﬁ-ﬁfoﬁae¢hﬁ<§tvall,

i ncrease the CQQEHEQE%OBfOE beHekhos a1 bysilae, Waisch 14pdergees conversion
into 3DG by the kidney | §§|%e recoverlyis g? hway. The 20qdetOX|f|cat|on of

the resul ting 3DG by reddé€i S5RTREL3PR Wﬁ PGEsPrRkeince fORPn Augathelapy,

whi ch coneequeat hmltaa@tewp&aceaer eanoolRrikigdeey 1§9Magsre rasti lpared to
rats not receivin ARl S because | hiblglon of the al dose reductase

by the ARI's WOEFB %OPéd& Z§Q§P5Si PtFr8 USR 16 E FEE TS % r reduci ng
3DG and 3DF. Tkenteliaimy prDGeiinsconThebet mogitfd eldupmotdiiseagthdras been

[ ly i d f . 4h t ent
ey 2t 30, Borbanig ¢ peact, BB RRRRE” i3t gl Bty ol ded 10, P2 TS
met hod of i nhi BEErRFOtednEor nati 46 6feACELhASt 6T rSted nEniawe beetzoi c

aci ds angsderi !@Teh‘tﬁ%alﬂt‘t%sEr@@@&ﬁ\é”@%n@%@%‘i’i‘i@b@ly%ﬁttew1%1&%1(3'[' ng with
3-DG and renoving,it from stem befqQre it can reacf wth otejns to

begin the T BERitess A8 ABGIPOMLEE EROEEd, RIRARSS SR PHARSIRE (6 U o
Patents 4,798, h88 aedct W&h3GRutto6er alylsmte al Idede idieo tdiecarsetindt

anlnoguanldlneAb% E%M%H %FlBEOEE' gBUanl %ﬂ%(¥ (%§¥éénduced 5

arterial wall |n Cross I ne Was shown to react with
an early glyco Mﬁﬁ&ﬂ1ﬁ%@d@@? b?ﬁhsld@ﬂQ}%#%HucﬂhQ;thleﬁldeflned

herein. JFpese agg%ri %-wlneonba%b%etth@mqwlmé ia% edrhi biting the

formation of focus ,excl usi vel y on conpl exing this toxic
mol ecul e. U. S. iggng H-t 1§d4@§ Pre dppprkans &ingl BUEEI et hods and
agents for pr e‘se;lihldt@:.rtehﬁ.rﬁtr&lcl&mg sthdieet hReddye@thyall.he Bimelesmymat i c

browning of prguei 43473 ({19989 2hnG keha RSLE Ne ALl AP, 35!

8075 (1996)). This study failled to chemically

25 identify another AGE-protein epitope that made up
approximately 50% of the modified sites. A method of
studying the kinetics of AGE-protein formation from
ribose has recently been developed (Khalifah et al.,
Biochemistry, 35: 4645 (1996)). However, this study

30 suggests that ribose may play an important
physiological role in AGE-protein formation,
gupporting the relatively broad definitions of
glycated-lysines and fructose-lysine provided below.

Other references point out the distinction

35 between proteins containing glycated lysine residues

and AGE proteins, "Equilibrium levels of Schiff-base



15 derivatives are described as particularly useful in this application.

U S Patent 5,358,960 to Urich et al describe a nethod for inhibiting
AGE-protein formation using am nosubstituted i m dazol es. These conpounds 20
were shown to react with an early glycosylation product (3DG2g/MNa /mmeuki on
is made in this patent that a nmetabolit ®ource of 3DG may exist. This
patent envisions that 3DG is made exclusively as an internediate in the
non-enzymati ¢ browni ng of 25 proteins. U S. Patent 5,334,617 to Urich et

al describes am no_acids .usefu i nhi bitor rotein formation
Lysi ne and oth@Pgb9F398F¥mﬁﬂoéH§Eﬁ)%&?d§e9F§e§e%Eqﬁg€HSagngaWFPEEParIy
useful in 30 t#espeeganvelyThesth@ntevensibtear equestbirbed aatugacbiEng with

the early glyc t agLip co d pr. ot ei ns.
I appears i habiFhe ERVAIAAC todiotEnts ApBlr il BECRRRE IS '
3DG. 35 U.S. Paeens shaits tetal rarnchuet af gechrppeduche. i aWebi bhon of

AGE- prot egn foﬁ@?%'@@ng 1ika RAAd{RO02, usbRgsag Eh€ahpbhibhtRry agent
1,2,4-triazoles he i nhibitors described in this. patent contain

di am no- subst i Ph@Reavt WAt hime 30eherbrearied r%%c?l%Fth andi@6RpFERS8DG. The

patent descri bearupegeywmwrtdfofﬁ @ﬁod@@@él a@ Mot heahir eatibyrgl ycosyl ation
product (3DG as def|T here| 510 Urich et al

U.S. é ﬁ 7@ é?
descri bes the B§EYBP-2 A9 n3Y BehegtaRIe nhiBFEGrs of
AGE-protein fopmatemns'ﬁuanrya¢r$omn ¢Brdescrdbadetast his pateot are said

to be h |
0,56 1 8blY | B M L 0B PO 5o bk D LbROCH R,
et al describe¥Witheedshedt the Rresrrseany Bbei savevitytof 19iahRthrt

AGE-protein fopaRihepatHie CHBMINGs @IﬁéCéabw gI‘yéBb 1264 8At p%auatgffect
am nes. WP. Jencks, .3rd ed hi s

nds of
category are kﬁBwﬁOQAQQEQnaW@t?é%ﬁ%ai%ﬁﬁyilxﬁﬂpBﬁﬂﬁﬁlnﬁ ag §E€. 20 u. S.
Pat ent 5, 258, 3%tskelUwalds alo atotledLsbsbesatbe howevér. Instead,

2-substityted-25i 0 I nes, t hi NofOL iqn, The
conpound gdescghﬁghg%§% R pa eﬁ? c%oﬁgfgﬁ g%gégﬁt gnlﬁgﬁgggaps t hat can
readily react weghrabgemEnts 3o Piormt isrengroibleocadvancadet al descri bes

the use of Z‘ag& cb@ 6¥Bﬂ“éﬂﬁﬂb£%8ﬁcEQ"'nhMb'éréGﬁieéoéélalforﬁa%'0“
The conpounds escrl inth atent are ég_ iLreactlve Wth 3DG and
(o]

function by coFpSdRRPfy qﬂﬂ%?%% iediednee atal &19885. pabent
5,221,683 to Uohilgh rﬁu&ﬁ ﬁB¥K§t$&ﬁcthenU&E ehedeambamﬁyéddpﬂetéaﬁpounds to

part i cul 391y LSBRER o Padyead i, AR F s PR L e RSB RE RS enber
ri ng containi ngnvoipleex.an initial reaction between proteins and
sugar molecules.
Numerous references point out that the
formation of AGE-proteins occurs through a multi-step
25 pathway and that 3-deoxyglucosone (3-DG) is a key
intermediate in this pathway. M. Brownlee, Diabetes,
43: 836 (1994); M. Brownlee, Diabetes Care, 15: 1835
(1992); T. Niwa et al., Nephron, 69: 438 (1995); W.L
Dills, Jr., 2m. J. Clin. Nutr., S58: 8779 (1993); H.
30 Yamadat et al., J. Biol. Chem., 269: 20275 (1994); N
Igaki et al., Clin. Chem., 36: 631 (1990). The
generally accepted pathway for formation of 3DG from
the reaction of sugars and proteins is illustrated in
Figure 1. As can be seen in Figure 1, a sugar
35 (glucose) molecule initially forms a Schiff base with
a protein-lysine amino group (I). The resulting



- 11 - 28/11/2002 U.S. Patent S, 130,337 to Urich et al describes the use
of am drazones and derivatives to inhibit AGE-protein formation. The

i nhibitors described in this patent are a-effect am nes which, as 5 is know
inthe art, will rapidly react with 3DG and form stabl e COHpMﬂWQ&/deS
Patent 5,130,324 to Urich et al describes the use of

2-al kyl i dene-am noguani dines to inhibit AGE-protein formation. The
conpounds 10 described in this patent function by reacting with the early

I | at i duyct Lt f t h t t
(ahe ) U s, PREBREESPRSR chis p dathanbet 67 hEGafreattintoattigatng’ @
am no- subst i t uhedipyednpdiotedneo (IH)inhiDie ASkcpionei hehdingtupnto The
compounds _desciihedalbl Ebs1RALRe A Al d (P11 APLA! Yol ALha! £L. and

detoxify 3DG None o ve ment 1 oned patents suggest Irbrtion of the
net abol i ¢ f or nR¥PBHCEf 3BBGaans £r8F mupkebt tvieiapeut Febsageenention to

prevent diabet kéa@@ﬁ@hl Baltverh jumea&di gsw@eﬂﬁ ibeegepaiepts even suggest
t he invol vemrent of an Eﬁ% % Qﬁg{ he pﬁéductlon of 3DG U. S.
Patent 5, 108, 936 E8°LFH %ﬂ cﬁ¥?ﬁ%l% ARG PBr detecting the

| evel s of ami noguani di ne Insofieo! @gi cid knmmm351tThas assay bsemescri bed as

h tenti gl t th
am nogubni di ne SPEEee: FoRY, PRSP, Shodeq BF| ¢ 0P RaRERE ! o7 %50 the

assay nethod dpsthwbwe.i prt Hinslasg.ethats the thejarasovseenofod-BE skae
| evel s of gam neguankdi efizyaR td?éalq%i?& metdb61 88t phEniBY PLLLAGE- protein

formati on can be maintai néd in aninfn nd human studi es. nention i s made

in this patent tBPnu§FF?§‘ Ghené‘rﬁqﬁtﬁaléﬁﬁ@?%?cw?aﬁhﬁ‘gnt SRJBLGWES nk-
di abetics at risk for c0mﬁubyﬁldﬂpatlentéZhavéBéighiﬁﬂaahtﬁy ﬁ@i@nt

5,231,031 to S ld et al .d h k f
diabetic-asgocéﬁﬁegopgfﬁgﬂgé¥fﬁig<%H§%6§§nE%%gﬂ8t§%ﬁ$%$ éskﬂg ? y gf
t her api es for uheyerSusoapﬁaﬁﬂ|1ﬂuyMﬂh|s(b@ﬂhnmlusscﬂnwesethelneasurenent
Of o 10 PiigsRNORKEALER CRINOWKES (Taiyi If Hiyheenalcdbanehic PakLENts. These

two conpounds were not wever
nei t her conpoufgmPeuBEGisr fymmd WHb§§°¥@@blEeaiéhxolﬁéagﬁﬂéﬂlﬁn urine in

the di agnosti crauBodiifElls @ott @lﬂfﬁfﬁhﬁglﬂﬁﬁﬂt tRa. bbfayhﬁdg feve®pEGori ng
met abolic control, in dl betlc atl ureneisFBE gl ygosyl ation

endproducts ar@ gﬁGWﬁ Y?%n¥8¥ €ﬁ§EoE9 BfioBt obin is
known to reerthemeamddcﬂmbqﬁlnnxnntatyaadrhY|ahddhydegreﬁacpaeeedlng

several ygeks. (Hygn '3%%%9{1&5315?% ]qﬁ “r[)}g %é&ﬁglhg é‘.\gtES@g?eS%%ﬂuctg gcri bes

a nmet hod fTor nDnltorlng %e qguanti Ion degra ation
products of 20 (§PFeoxpie: d-E]orftﬁfeiqf}%en%Yee§9§éFﬁiicanl Yriasgenzymatical |y

gltyfzosyl ?L ed ?][Urlaﬁt wsgﬁ [@g-.dlaplem lb@lﬁcschem uganeuibl §188Ehod pﬂﬁ?@ﬁéﬁ to
conpl exes. i ¢ h AR RIHCRRHOT, BERF oF oy G185 8B BPn 2 gRsoRYs Pt | on
end- product s t ketegdnaioniandaaidn({bEa} ebguokoaidephyddudehydoGen®ae ent
4, 761, 36851 ssugdh(iq e Ogham glesarihespl Benl 80! AbboNcaifh.Puzbl cgshon of 2
chromophoife present rowre po ypept , €. g.,

(1995)).

Results of studies to date show that the
efficiency of at least one of these enzymes, aldehyde
reductase, is adversgely affected in diabetes. When

30 isolated from normal rat liver, a fraction of this
enzyme is partially glycated on lysines 67, 84 and 140
and has a low catalytic efficiency when compared with
the normal, unmodified enzyme (Takahaski et al.,
Biochem., 34: 1433 (1995)). Since diabetic patients

35 have higher ratios of glycated proteins than
normoglycemic individuals they are likely to have both



30 bovine serum al bum n and pol y-L-1ysine. The chronmophore, 2- (2-furoyl)
-4 (5) -2 (furoyl) -iHimdazole (FFI) is a conjugated heterocycle derived
fromthe condensation of two nol ecul es of glucose with two |ysine-derived
am no groups. This patent further 35 describes the use of FFl2g/m 1&2meikhod
for neasuring "aging" (the degree of advBariced gl ycosylation) ina - 13 -
28/ 11/ 2002 protein sanple wherein the sanple "age" is determ ned by
neasuring the anount of the above-described chronophore in the sanple and

t hen conparing,t:hj erent pLLotei N, s havi.ng an 5
anount of FFI %@@ﬁ%ﬁ%len cor r%;Z?rg%a%]gp%ﬂ%éé%gge&%&hgggéfgr%?g#ymere
i s a | ong-stan@ihig rexayies wrkecuke dyy sredurtk@attemDF egi nens of

di abetic patients for ef faed incHBEm LOr | SR fde thOSEBhsé | BEsObed
devel opi ng di abet es- associ at ed pat hol ogic condi'tions, to prevent, reduce or
¥§§ch

) t
del ay the onseftdd § i HMAIRS tHRreEdisd thatervirht i YRPAREaRS
det er mi nest he Bereikilf iefatsiuah dieyrpell | mhidia@ by dldodd SEMBRYsEF THE

| NVENTI ON The present_ inventli ajose fromthe discovery of lic
pat hway that i AV 1\?) £ Qﬁs‘z%}e Fg%ﬁrsa]f]eaetco er s}?]o%crb?'xFL %—%’ Eﬁ%gggnd
produces 20 rel(@998dl)y. hidtl s cnce twatemnky ofnd:devkimgicebsone (3DG in
organs affecte Is saguent o SEesaay i nt o i gal
function of th;lsrmr(?es\%ﬂlﬁ gljgoé%vfe%r&gd paﬁ:\/%él tendagft%&ilﬁ%ﬁ&lgg ea?%}g%f?h@ has an
i nport ant rol e GOFRlHEaR TN Dy Brese prpeundaines 25 dlagasehave is al so

suspect eglot hat ghduwh RRITWAE £HE R UsIeST Ocdiie dirysdopFent of the various
known di abet es-assqci ated pathal ogic conditians.. Thjs di scov has found
practical appl G E}‘}%‘BTF% pr%%‘g‘?l‘fe?'n it g’r?%iaﬁ;z_‘ N n"égéécﬁsﬁﬁct,
provi des a cl adomf teompaiedse twhd chotpl/scanizogme andi thépryorsénhvity and are
effective to inphifif, t | C V. ion of, f - | ne
fructose-1ysi nwﬁ%’os%&gg%ﬁr% tg%]/a%épan%/l hjé#lg%?@gré/y%{éfi v%‘gy of the
conpounds of t fwdldr eppeanheraimbebowi sthimdiindirg ekani comé esbgntissay. The

assay mejBod coa $4 MWy dfsSHvartE WSt A1 ¢ PaHhway for lfyai
28/ 11/ 2002 fructose-lysine }gde,nosi ne triphosphat eoﬁ?%_TPV?ya ggu:rﬂlégncl)

fruct ose-1ysi né@%ﬁ@bﬁ&?@ek}ﬁh’%@ B Rrefo RVeRt PR prRsBighi nventi on
in an anount syYdtdigntdiex deiDnsinei€asdhtid tesyswmbt Voi Yof

fructose-lysine, which undergoes conversion into 3DG
by the kidney lysine recovery pathway. The

20 detoxification of the resulting 3DG by reduction to
3DF will be inhibited by ARIs therapy, which
consequently leads to an increase in kidney damage, as
compared to rats not receiving ARIs. This is because
inhibition of the aldose reductase by the ARIs would

25 reduce availability of aldose reductase for reducing
3DG and 3DF.

The role of 3-DG in contributing to human
disease has been previously investigated as will be
appreciated from a review of the patents summarized

30 below.

U.S. Patent 5,476,849 to Ulrich et al
describes a method of inhibiting the formation of
AGE-proteins using amino-benzoic acids and
derivatives. These compounds presumably act by

35 reacting with 3-DG and removing it from the system
before it can react with proteins to begin the



5 subjecting the resulting solution to conditions pronoting the formation
of fructose-I1ysine-3-phosphate and adenosi ne di phosphate as products of the
interaction of the above-nentioned kinase, fructoselysine and adenosi ne

tri phosphate, and neasuring the 10 prodyction of at |east onegeiigpoh2
products, the conpounds of the present Tnvention reducing the anmount of
such products, as conpared to an aqueous solution of the sane rel ative
anounts of fructose-Ilysine, adenosine triphosphate and source of

fruct ose-1ysi Needoy - PloPENAL Bpki 9R5RerIbLBPUL ! BEAddibion of a conpound

of the present 1nvention. T ssag ust described is also within
the scope of the presentUifiveRBrentestcdP8i RE3t andndyREB . 36Peé, the

present 20 i nuesamd & 0Nl d@esarpbas ”ﬂﬁ@_uhiséabfpéﬁ&ﬁb%hiaﬁ!idfi%red_@bgVemi ng,
¢ CO |1 apetic

reduci ng or delaying t nset . of dpabet l.icgatjons in

pati ent, conpﬁp§¥ﬁ3%:ag§§ “BEPFGL"a BHT?LéOBOHESU aathFﬁélP &%S on, as
descri bed abowerteniah phhlnpreteisattysaetépkabpe 2AmiabgokeidAerording to
a further aspeels ondfie £OeReRbe! OYER! LANaLTS! 61130803k ded @ method fof
preventing, reducing or delaying the onset of “drabetic conplications in a
patient at ri Skroiugeyvel BhifigeaakE, PBOAWAEchsn@PRodasodefiines admi ni stering

to the patienthar£OTPOURHeRE bAEeRESSED! nbRVEBhtaRpIALaN ca@oUNt effective
to inhibit the enzynatjc conver fruct ose-1ysine

i,on of S to
fruct ose- | ysi RREEHALLHRY @f #Hﬁébéﬁ%gnéhﬁoéom§ penye&d3rhe -t hdhey
preventiim or BScid eatdPisivelpt BRI compleéRPhgathysstbikliar mdilsease st at es,
as will be further descrgb d Ee&eﬁgbslggl 7" %5 =.28/11/2002 According to
still another aspect, th ‘%re gREF nvehbPod Br i §8885%Efh8d for assessi ng
a di abetic patdescribes skevhodgpandeagéngsafdirabreveasdngi &hed pat hol ogi ¢
condi tion. Thigdeiiiod S¢CoRBERSEIuAEA BYSERE! ROnt BnblfRaL! BRLAIBRYT Ce Of

gl ycated-1ysine_res es in an anount providing a predetermne ) of the
gl ycat ed- | ysi ref rREpeRiERs ARdtheastRringavhEYrat FYSEriBedapsdy GYEEGis®e to
3deoxyf ragt osejérivati eboheal acappiBeabhai padticaluile LBepalli @, W th
reference to the, ratio, pf 3deoxygl ucosone to 3-deoxyfructose in a nornal
subj ect, i.e., BRPRILBRFIE s ubj ect or one having no clinical synptoms of
di abetes. The hi gher ratvosof pP3denkypl BE6s5986 to Biddetyktualiose in the

di abetic 15 pat] : I .0 .conpar | . hat.-0f..the .as tic
subject is in3%%§$%§%gyga§efh§dd?gge§b§9%é%?3hti%? §f°%?§%e¥g?%%giﬁn
experi enci ng augin®ecaninesubphitutedt holidgrelesndi These Thappuasent

i nventi ofg al So,@F&ViHEenarBeteadt2@i tAr afssasivg1Les9hhicaaey Of
t herapeutic inter entl?n |2 preventlng di abeti ¢ cqnpli Gations. The et hod
i nvol ves neasPTAgUEhe (2BFdent Nt PBRtAPN3AEIGGPUdBs SRS PageRLy oae

and fructose-|ysneeabol bcobogreal ofanpbasmalpt axded .f r ahiz gazleeiti ¢ patient,
25 both before 3@98 éﬁgr hghtbgbggg 8ggghg EE%E%QQH&%%F% ervention. The

sum of the 3-d%oxyg ucosone "an eoxyftructose concent ions are then
conpared to thintermediatei én thef ngotevasymptiloe browntimgsefpl es. A decrease
in the syen of 3rdeQxygl ucosone and 3 30 deoxyfructose concentrations

relative to the fructoselysine concentration in the hiological sanple taken
after initiation of therHp8ut PateRtePvaRt 637 & Udddste®™ & he sane

concentrati onsdggegibed aminbe akidsogsedulsampliahiddedmelod e initiation of
e 38 Ler apeipbCol 0L et NCRLbRlesbh .| "d2ate anll VRS ARRE nde
amino acids are described as particularly useful in
30 this regard. These amino acids are described as
reacting with the early glycosylation product from the
reaction of glucose and proteins. It appears that the
early glycosylation product described in this patent
is 3DG.
35 U.S. Patent 5,318,982 to Ulrich et al

describes the inhibition of AGE-protein formation



" - 16 - 28/11/2002 As yet another aspect of the present invention, there
is provided a nethod for apprising a diabetic person of the potential of a
food product to contribute to the devel opnent of a diabetic-associated 5
pat hol ogi ¢ condition. This nethod invaly gs _measuring the contzEiti1f2002

gl ycated-lysine residues in the food product and providing this information
to diabetic patients, e.g., on the package of the food product or in a
publication intended for use by diabetics. 10 In accordance with the

present invent IucyLngi tashahdeiih th BEOver 8dehbat , gl, %VQ&‘Q@zbﬁ.‘é‘é' s @he3DF in .
bi ol ogi cal saml % (ﬁrlne gge assgclateg nificant risk of
devel opi ng di a (ﬁ%ﬁ e85oRed THysthif Ra FPlOﬁSPté di ment of the

i nvention 15 pﬁmamﬂwbﬁsuhﬁ&mnhémﬂsasb&ssaﬂg podiiaienied pat reak'ts wiitgk of
experiencing a at ig i.0 ed o

neasur ement ofa?"ﬁfj1 %%&’preéﬁ%% |§HggaéQ$%§?ca 899 % @ %%%dlgggﬂwyﬁﬁatlent
with refefence ao r@@@mmgrm:é:lpr@ue%sermn@bybagyﬂaﬁeomwpd@ﬁtmlsn@ 20 an

i ndi cator of thg lddelidwasktdat) t he patlent wi |l devel op diabetic
conplications, or not. BRIEF DESCRIPTI OF DRNWVN%?FFIGURE 1 _shows the

initial step involved i n 28 t HATRAti2st8p: LBAcEPoN F&d £§ £
irreversi bl yrmdie‘so&db@cst_ tiotwsasof F2 GUREy2idehustmdhesgubhg digeet ia@gns

| ved th th RE 3 hi
Fopresent at | on BB AR AP TR CREN FGTPREOR: | afPon SBVAPLCRE of 30F,
3DG and RO fromescyiibgice imdivisiysaténd &rg. safidFtoabe hdilghdwed for 24
hours. 35 Fl CURR iSe Mﬂ?@ﬁ%‘ rr?&ﬁﬁé&é&éh' 98 Rhge Of—fl}lgllyl%q./ é;fl’ 2002

uri nary excretion over tine rom seven vol unt eers

fruct oael ysi ne.tm @stR®LipvECHNaE beni @8l 3B6npar thds BRtSDE .5 and
N-acet yl - ~3- gl ucosami ni dagss ( édeRet 8£8H221600up Ofi rGent L@l aani mal s and an

0
eXper Lo ol SIRUETR A O S 2ot sonban 0ol ss et protel
| evel s i nauri neinffilviat AR rotdim forwatioh.di Fheorompeuadsi ched in
glycated prot ei&s@i%é%%x?'%ﬁf& Egté‘ﬁé gi'gpcqi-g%k‘iect amines. W.P.
Jdencks, 3rd ed., McGraw Hill, New York. Compounds of
this category are known to react with dicarbonyl
compounds, e.g. 3DG.

20 U.S. Patent 5,258,381 to Ulrich et al
describes the use of 2-substituted-2-imidazolines to
inhibit AGE-protein formation. The compounds
described in this patent contain adjacent amino groups
that can readily react with 3DG.

25 U.S. Patent 5,243,071 to Ulrich et al
describes the use of 2-alkylidene-aminoguanidies to
inhibit AGE-protein formation. The compounds
described in this patent are highly reactive with 3DG
and function by complexing this reactive, toxic

30 molecule.

U.S. Patent 5,221,683 to Ulrich et al
describes the use of diaminopyridine compounds to
inhibit AGE-protein formation. The diaminopyridine
compounds described as particularly useful will react

35 with 3DG to form a stable, six-member ring containing
complex.



15 representations of fasting levels of 3DGin the urine of nornmals and

di abetic patients plotted against the fasting | evel of 3DF. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 20 The following definitions are provided to
facilitate understanding of the presepyﬁényention, as descri iy Joo2 her
detail hereinbelow 1. dycated-Lysine si dues - The expression "glycated
| ysi ne residues”, as used herein, 25 refers to the nodified | ysine residue
of a stabl e adduct produced by the reaction of a reducing sugar and a

| ysi ne-contai ning proteig,sTheaFBKOr ist, 3@, 3¥04&l Ryl pbieed €s dues are
S 3!

| ocated on the surface of proteins as ,expected for_a_ 30 posjtively charged
amino acid. THIRSCY ?%et}t‘gsFﬁﬁegfoﬁmﬂ-tdé’taéﬁ%W dEvativent Bt with
selrum or OLheil’nPﬂi}ﬂlthiGlal-pbeéﬁiﬁ, fe:latmaft-fli@ei.y n&a::tin#m&tsamlr nol ecul es in
solution. This,react,on occurs in i pl.e sta . .The initial, stage

i nvol ves the 3EFOrHRTT oo %\ssgﬁg?‘f‘ttbgféa l%'t%z £ RS n‘gh’f?lée i no
group an® t he isudenokeim- gheuprt Thiwd lilnivaipaldly rdart W2irH 13200&2ndr oduct

t hen under goesgd,he éicéﬁ?\iégggqmnt, to produce a stabl e ketoam ne

conmpound. This series of reactions can _occur with various sugars. \Wen the
sugar involved is glucosé;S5 PRESPKi Hi 3B 0S4 ftpdBlerigtlvkictai |1 i nvol ve

: m ne formati %MMT tmeA agéebfde-&qix@tmmatec-qklulcﬂog&hqllmm@é, fet@nf', the f
ysi ne e-ami no, grQup. mador i rearrangenent_ wi result in formation o
| ysi ne coupl edh%bﬁ?ﬁ'e @@'Bﬁ?ﬁ%ﬁ%#%‘\?&ﬁ%&’e, 1'1111:%638}‘19_0‘1‘5&5

(e-am naloysi nejederiibed ein hehedinpaekartr dirfor iam fhyutasetinygiwetloreid. .
Simlar reacti i k I or._.exanpl e

gal act ose and e%%l%‘é%ﬁ&?%éia%&ﬁ‘]grgﬁhﬁ %%%ﬁ‘lﬁ}ﬁ%g 3133.747‘@ t-(1?[(?993)) . For the
15 pur pose of ré¢rciierecpf ghueaspowitbhereddingrGR®ts of the reaction of

any reducing sugar and thege- paLBALr 8Si1due ff3 ﬂﬁPtrﬂ'ﬂéleé@eaf‘re i ncl uded
within the rrea(%ieé\g of gl‘%cat ed- | ysine residye, reqgardl ess, of .t he exact
structure of tIRETHHESi HBesuger OforPEdMcs suRFtdtdl-ed Ry¥ipidines to

gl ycat edd ysi nenlifisi tlURGEgpy6tkefl FoawRiticind gihe asom@h@ti®r ot ei n or

| ysi ne residue;are :Flze& L ntg changgabl y herein, ich is.consistent with
current usage c?%s%ﬁ AT e f‘bﬁrﬁ’ FEXh&E expriedidt 5&°%ften used
i nt erchangeablwit25a@d detiokdfy- BPSi.ne - The term "fructose-lysine" (FL) is

used herein to signify aﬁ&ag:c ¥eated- Iﬂ@dmﬂ@%%%m at gl d 4y @

protein/ peptide or release roma protein/ pepti di roteotytic
di gestion. Thiknhibivianseécthpcmptpbadiiq ifaunatien ik f&a® structure

comonl 20 ef erfi@ghd cofsthevapeaeiky Sntarwdiittion td epfsvéatk t@idwetid rom t he
reaction of protein, | t§lne r.es'd es and gl uco .hAs notteéi above nIysi ne
ami no groups c%%mf?g’a%% wWPf - a &Pég \%ﬁ?eetci/tsgq‘ WRHE ML one report
i ndi cat es t hatsygeessethe fhevolvesenteadt iare engyamatin pdthway oip die
production of 3DG.
U.S. Patent 5,108,930 to Ulrich et al
25 describes a method for detecting the levels of
aminoguahidine in biological samples. This assay is
described as having potential utility in determining
kidney function by measuring the aminoguanidine
elimination time. The principal utility intended for
30 the assay method described in this patent is in the
measurement of tissue levels of aminoguanidine, so
that doses sufficient to inhibit AGE-protein formation
can be maintained in animal and human studies. No
mention is made in this patent of using urine 3DG, 3DF
35 or DGA ratios to determine diabetics at risk for
complications.



19 - 28/11/2002 sixteen (16) different sugars tested (Bunn et al., Science,
213: 222 (1981)). Thus, tagatose-lysine forned from gal act ose and | ysi ne,
anal ogously to glucose is included wherever the termfructose-lysine 5 is
mentioned in this description, as is thegcandensati on producbggfiiazdonpt her
sugars, whether naturally-occurring or not. It will be understood fromthe
description herein that the reacti on between protein-|ysine residues and
sugars involves nultiple 10 reaction steps. The final steps in this
reaction sequence invol v#.tShe Rarress! i :ik2 1y, 031 prot 8zwsrgolidt be ploduction
of multineric Kk o f |.C gare fl uorescent.
Proteol ytic dlé@%ﬁ#@%egf% nndﬁ%ﬁgdégég %}ﬁgng%gsr%g¥ §|eld 15 | ysine
coval ently |In%ééb@§1§ @ﬁyﬂchﬁﬂ4§nﬂaﬁthgglct@@@@lSp@nSegndre not incl uded

wi thin the rreaateearafmlfnrg%tr@%ﬂmsaar@y oBSthERhpi &k rrfb§ gagdeherein. 3.
Fruct ose-| ysine-3 Rhosp hate - This conpound_is fornmed by the enzymatic

transfer ®f a RPFRIZEEAEG, p RE-GROUPEFFHRPATP-RS BEaSYREMEREM

fruct ose-1ysi nefStp:bomhaaapem(rEuaaF&)ed aSomseinder £h Neryshibaptekooitncl ude all
phosphor yl at ed f e [ that can be nz matically forned
whet her free o(r:1 pr%%%gl%n a)c()%ngﬁ%o ?hﬁu& ec?'i}ps?‘r"l% ﬁﬁ%pﬁg e ki nase

Thi s tern1refecbemocaﬂéYbndﬁnﬁ;ﬁw&denMSthhscmabentenzvqueweabIy convert FL
to FL3P, as dekbﬁ%ﬂeéb%\b%pdﬁiﬁ'féjdjﬂé%@' 5%FSLR91%é<?dl¥\4r&i's ?g%G;CG of high

ener gy phosphate Deoxygl ucosone _- Deoxygrl ucosone is the
1, 2- di cakBonyl mgagagRds dgamurides dkidwn dbagrerbiyhenbedinary afi thei s
forned upon br dewt dhvientidip. yield free |ysine and |norgan|c phosphat e.

For purposes of the present .descrjiption,, the,term 35 _3-deoxygl ucosone is
i ntended to include all SG%%F%%% ’%dW%%h??r%ﬁ%aW§t§h?%hca?égFBPie&nupon
br eakdown of d1&&@t1c2&blhkﬂﬂﬁ21ﬁL3iea@myemgnth@fbgbpdodylaﬁubhoandt FL3P

Stated above. boBkdR Ly SuRaeY e E BB ALY Sh NG SEOUSLY RRLIYEY

exists in huna and POSSi b I'ssues nera
unnodi fik®d | yshwoa@, ipy de dnawn &9 drgfleﬂ%om«p@nabb@odngbup@s9pept i de

chain. As “"'c@%d@ﬂﬂﬁ%ﬁidﬁQHdﬁ 18 O9d oMo E8a SnHaLBYEYal SwaBkETPOr t ant
factor contrlbutlng to the cgﬁpllcatlons of _diabetes. 10, 7. AGE-Proteins -

The term" AGE—Hk&te|ﬁ§eW9Nﬁf Ped 4 v chBPBRd ERQ-Br 088EaMip@Ff #Ld  pr ot ei ns)

has been used des¥diitrid fd eagthodater :a@ﬂltsmﬁgdgn@e@sé lévelsf By to the
final product of the actio ween su [$ and rot .ns.(Brownl ee)

D abet es Care, 6%58?} é?naPr gﬁr8ﬁ 69: 438
(1995)) .20t |sgﬂyamsuﬂaﬂedlnxqmﬁmnsonmorerBpﬁanﬁiealbytmeaﬁ protein |ysine

d d gl h f I
resi dues and gld rm‘”zl‘iw’%rfat‘l%%dle]{}}) dgrl%tél:l?sﬁé@e& SmiR6NBLLIAR Qha PH%EQEQS ysine.

FL can undergo ation and rearrangenent_reactjons to 20
produce non- en&%mﬂﬁ%?@%DG,hﬂﬁ(ﬂﬁ?%%ét@uﬁﬁaFﬁs Phukitdzenths groups,

| eading to Cr0&$ﬂﬂﬂlﬂW®ﬁm}&Hmm Flgo%nibeaaiaﬁefﬁri pgohifAg. | ndeed,
there is reasonabl e ,evi denc t hat $£§$ gﬁ ed herein is a central
eaceti

ntermedi ate | PHATE b SATRARTER SRP §narcf§85328XDP§P“P As used
herein, 28is eXmessiion glfcosylatihoy egnhndeprddectsntohseparaper andt age of

e Bt ol PR Sl hERaoRe 1 I8 BB SR et
. Patent 4,761,368 issued to A. Cerami

describes the isolation and purification of a
chromophore present in browned polypeptides, e.g.,

30 bovine serum albumin and poly-L-lysine. The
chromophore, 2-(2-furoyl)-4(5)-2(furoyl) -1H-imidazole
(FFI) is a conjugated heterocycle dexrived from the
condensation of two molecules of glucose with two
lysine-derived amino groups. This patent further

35 describes the use of FFI in a method for measuring
“aging” (the degree of advanced glycosylation) in a



At | east sone, and possibly all, of the conplications of diabetes are due
to the coval ent nodification of proteins by glucose and other reactive
zugars. Md Br pvvn: eeh Di aget es, h43: ?36h(199ﬁ')-hA5 35 not ted ?_bove, ?i abetic

umans and ani mal s have been shown to_ e_hi gher concentrat i)@ng 19Hogygar
nodi fi ed 28/ 11/ 2002 - 21 proteins thg% normal . In fact, theqi ngr ease in
di abet es-associ ated ACE-proteins is greater than the increase in blood
gl ucose levels. Previously, it had been generally accepted 5 that the
Gl yaated 1ysi oy ost duser et hac ol 6. bepn conmon ¥ pel s vas Thot i nese
gl ycated |ysine residues. ad al s een .co n el ieve a ese
gl ycat ed- | ysi :}%g ikolnlide alte %geu?é‘}?ué% é?fa%ﬁ%%%‘f%’%ﬁﬁ%’ebe% wi |l appear
her ei nbel ow, tdhsoOphpeei dos thel issfmples dmt arlieac tconfsa g i thied above, the
present inventj] 0 | SGPVEL Y . Drevi ly_ .unknown
met abol i ¢ pat hﬁ%sﬁﬁ?@éﬁgrgguagﬁl n aﬁa{ epnlgz)%/trr%crgtsgaf"ﬁqg% l%/ae\%lcrﬁ S This
enzymat i & pat heRguns e&pdBblewhs Af hery ran ccorits i tddnko tier emgea’educi ng
'él_hebp{ pduEfL horbpftﬁ@xg_gmgp_@) _Du][| ggpt kl\llﬁ/Rcourse offa seri esh?)f st udi _e; on

i abeti c kidneys, exam nagtion Q spectra fromperchloric aci
extracts of kidneys fr om%gﬁr& Ilé”ptaoz]ﬁr&ﬁg"ﬂf%‘db%d WibktsE e iteveal ed
an un;JsuaI hnngeqoiaakihg ::lﬂgaNMEr&p&tdg’ﬂMHnEPrcm/imt eattiéﬂi%ﬁti%]m{s}'neg@f es;anlt
i nventors ha e pr e uct ose- 3- phosphate in rat |ens
and human eryt ‘?g%%gg(ﬁ. abgt g%sgzieeer}f la&,'j}g?soechaztmrh% ?@4_: 25 363- 366
(1992) ; 1l etdavelopivy. dBpbeiren-adayhated @Ehdldigid 9oH)ditSoms,gol d et

i sial Soi enceso PEavoRET ealeh o3, 1 the G B AL Genti fred

Vi sual Sci ence, .6 ) stu ad identified
ot her unusual ¢RBIpRIPYEaP¥dtigFAPSYH SO R VRIHsiqISARG ot d et al .,

Di abetes, 44: §deefh2f8) tABdpéaiHial ¢t Alch dRiadddsie 44: 1527 (1995)).
Thus it was reaspnable to assune that this newy identified peak was

anot her phosphb?g?ﬁfrﬁﬂtéﬁﬁar. Further extensive |aboratory investigation
reveal ed35 that this new conpound was not a sinple sugar, but rather

fructose-1ysi nﬁw%?hlggy?ghe#%%bﬁ - 22 - 28/11/2002 position of the
fructose conpo : on was confirned in two ways.
Authentic fructose-|ysi ndhs- prefemR drpmBROMRr MRt Zdte by the
procedure di sc§9gedvieryEsEnhl et abolidd Gt el show {1 Shrdesapate in the

31P NWMR spectrumw th tge Ee k in diabetic rat ki dneﬁls. Sﬁ/ér-t hetj c

fruct ose- | ysi nERa¥ReaMEG 1 AN EE CEMVSRB MR Y Hpet? 3k 2 YRS showed
a substadi al retaeaveliynhibh lcrientofatfids iof thaddokygheyssde f ol | owi ng
this injection pecrinent re conducte e Igﬁ?that FL3P is
derived direct I‘?/br&?o(rin%FEr %%asn%efrlg?yrree cgfglélzéekaé'?ee%‘c%@é e t_‘ose-l ysi ne

| abel ed with deeseargh dntohé&bes inghemicatl furctiort@Ecthis newly

discovered pathway tends to indicate that it has an
important role in the etiology of diabetic kidney

25 disease. It is aleo suspected that this pathway
contributes to the development of the wvarious known
diabetes-associated pathologic conditions.

This discovery has found practical

application in the present invention which, in one

30 aspect, provides a class of compounds which have
enzyme inhibitory activity and are effective to
inhibit the enzymatic conversion of fructose-lysine to
fructose-lysine-3-phosphate. The relevant enzyme
inhibitory activity of the compounds of the present

35 invention is readily determinable by assay. The assay
method comprises providing an aqueous solution of



15 noi ety was synthesized and injected into rats. Three hours after

i njection, the kidneys of these rats were renoved and extracted with
perchloric acid. NVR spectroscopy reveal ed that the FLeP material isol ated
fromthese rats contained the deuteriugplabel at the 20 C3 pwsirimood the
fructose noiety. In addition, rat kidnéy honogenates denonstrate the
ability to produce FLeP in a reaction requiring both ATP and

fructosel ysine. This |last-nmentioned experinent confirns the presence of a
speci fi ¢ FL3P figuassse -dbyaibné) 3defio@né of nEghodsRaesl Yyatpyet @sel ysi ne and
ATP are incubated tog;gCgr under_ghgsiol?g%cal ﬁogdi%ions. Fur.t her

experi ments Wi SH GHvoT Ve 1S P T a¥P+BRaT T BRCTRIRFEnEIEEPt 8R%h4ve
denonstrat ed tdmatpdunid &f nalse present yinsemoiowli $hrahuamdunni formy in the
Ki dney but I's Jf £QNGEN rtﬁéeéewné@f-‘ Péofhxtﬁffé'w{’ 'Qétiwtﬁm whi ch is one
of the earliest anatomcal sites to Feronstrate d magé I n_hdman and ani mal
di abet i c 5ki dne&pRIieEMg sttt rafsubt éng nsaleben ol aenghtipnsrapi dly
degrades to f yiBmfGnd y@h@ef@ﬁdatmsﬁgaf"fréétcpﬁesw@iﬁe_-Ihpﬁoggﬁ%'epn al so
occurs in vivo. t(%s not cu rentlz know i f tﬁg degradatjon of FL3P in vivo
- 23 - 28/11/ 3AenPgHont AHRBYEPRRt & 3§ R @ ?%ngﬁﬁ FBSction. It is
strongly suspeaiteshadml@vest that abozymaéncicneédl kshases Fpuekved- as the

producti on of r i pe. ry_rapid Lo _intact kidney.
5 The reactio$§§i§é§%&§té@ééﬁ%&xgygfﬁ§ﬁ$%é%%%$y %gghmﬁ%xﬁ%énﬁréggnted in
Figure 20 I n wheoduatsionted, atrleastecngsofiesand preduetist theform
fructose-| ysi nesrhARRAPNGE eehé L BPesBRe Hibehlin! PaALLENGCEHE! Kralnly FLIP
ki nase. Phosphorylation 10 occurs on the 3-position of the Tructose noiety,
| eadi ng to deRBbIYGH RTRUGES( hast FoRPased yEP nen ndueane. sPRutiesul ting

FL3P then decaipagss ddamé Or8l St d0eXyAbURES0OE {B&toskhRi8aREC phosphate,
and unnodi fied, free, reusa i able 15_for

, bl e Iﬁskne, @hich IS agagl b .
utilization i PERTIE SShiRRRPREARE 1&RY (BOVEAG cPhs ETHEFBRPrL¥8186G by
reducti o t o JIguhodphet ©skifdsf) , wirvhhoht i shexadéiedonnofir aneompoulndligh
Figure 2 illu i t ing t r t cat ed-1ysi ne,
fruct ose20 Iy?%gﬁtﬁl\%$?ﬂge%§ag%ﬂép '213%2{93%%9,[ ﬁégéggkpﬁkéd in the art
that a wide vateeenikadsigai adeonvitbinetheafcopaxofhebaghreRestpat hway.
| ndeed, as W l{phsheghained in further detail below, the substrate
selectivity of the FL3P I%sin ,recoverx Eﬁthma¥ is 25 guite br oad,
warranting the broad def®hFPronngs EPhaNPERRE §FRBAtanbVE. PREEEEoNal
experi m2a s havevatitolsn t pabvides| gspharnaceueiygapaplrepgrasibaufidri n a w de
vari ety of ani clies, | ing_s <PLO o] rabhict .. m ce
and chi cken. f%?é“%@?ﬂ%gy fggg%gggpggsgﬁﬁgyﬁahuﬁ%%sgn?ﬁg.ggigﬁ%%gﬁyg
presence of teorpBicayions iacaveipbphiAnegtianthe CORREASLDSd, 8§ Wén t hat
lysine is an egeeiféd ahgéft N0adebiipdhhaNokStREC$RGFENLACKS! aki vel y | ow
concentrations_in npst _foods. In 55 adgltlon, an aiﬁreC|ableéﬁﬁfcentage of
the |ysine resT¢ReEIPedr 3BAVG: | RRgkAsPhpEmaReufiGaliy acseRtabde 24 -

28/ 11/ 23® a wvehicle.

According to a further aspect of the present
invention, there is provided a method for preventing,
reducing or delaying the onset of diabetic
complications in a patient at risk of developing same,

30 which method comprises administering to the patient a
compound of the present invention in an amount
effective to inhibit the enzymatic conversion of
fructose-lysine to fructose-lysine-3-phosphate. This
same method may be used for the prevention or

35 treatment of other etiologically-similar disease
states, as will be further described hereinbelow.



the proportion of this nodified lysine will increase when the food is
cooked. Since these glycated |ysine residues can not be utilized for
protein synthesis, a recovery pathway for lysine is of great utility and 5
.af fords a sel ective advantage to organiygns which possess it.xdJabetws has
two effects on the |ysine recovery pathway. Bl ood proteins contain higher
concentrations of glycated-1ysines when isolated from 10 di abetics than
from non-di abetic individuals. Thus, diabetics are subject to greater flux
through the |ysine recovicgopdihgayot sablboandthbet aepechddittieconal |y, from

prelimnary o f_3 i.n . th i ne of
di abetics andq§§é%%é%3?ﬁvggF%§§tégébg%%gar %Q%ﬁ3§e§§Frgg&cg§ gﬁﬁf?ty to
detoxi fy 3DG thdabeiprpatéentisarisk sopachpayieffndng awdisbeters- conbi ne

to produce hi %@éo&u@@aypaeﬁswéiétb@ﬂéleioﬁDG rRidi pRehioas (See Figure 7;
also Lal et al., Arch §c em and Biop 25420 60 (1997) . The

agents i rvol vesPTRE1$RS | § WhBIFE%B%%Qyt%aghﬁa9a5é9€%béeﬁopééﬁtﬁﬂied in

ot herhtl slsues depigesdkigsere Sééﬂd\ﬁé@aih}/aﬁedmbhﬁﬁgp%ﬂlﬁ,lnbg&;, aﬂd
peri pheral nerve tissues e tissues are 25 affect, t he
conpl i cations B¥€ %ﬁ%ﬁ%@%@edTﬁgsFoggt %ﬁ ? Y?ﬁgegrggﬁlgglF?s&§WF§¥ates with
t he m crovascuhad m@@@mrmaglbhs patdoabétésﬁeexggludbabeei¢orébinopathy,
the kidney |ocath p eraﬁggt €n Wfaf'oi' ?Eéicsgﬁﬁg BEQXne\é(“'flz%rﬁg:l%

| ocation in 30 per nerve corre tes W t etlc peri pher
neur opatHy. TﬁE%%lgﬁﬁntglﬁherﬁﬁ§§eB69n§°|ﬁhﬁaﬁéFéQSOfEﬁperlnents are in

progress to deaeéﬁy@mébgoﬁéeeengeaeéxybﬁﬁetagénaﬁ ANndkna1 'sfuxi‘ to be
present, it is,belleved thaéa&heLr de] eterious eff

be
anel i orated byt a®t opfcBPRE REAE B4 h@therﬂHFb F8F99b§9p6$%ﬁ$Qﬁlthe
invention in asgmptahsecof didbeted8/ 1Th20A2gkehi £heiboofr avent collagen

crosslinking, ADGCLRE(EbYCROPEQvS. SkbpeLASLEEL Yy EARCHIIRALS have been

conduct ed t hat rove ST produce from
orally 51$ngespéﬁlantGBMBlémn@alﬁﬂmgaglygatéé Fhstnefr ébedues. ' These

experiments, w@eyﬂp@éﬁaéﬁéceubgect nlgeiﬁahcbehw tﬁQEV't'Px‘é' dgapdsmonst rat e
that the IyS|ne recovery exi s gn@? humans. These periments al so
Y

shed |ight on @abbiEFlﬁﬁ gﬁeh6 RENTLH exPﬁEFenTénSbﬁe q%8s
devel op di abet agscopatedaphehsloghic! eontieison.even those in poor glycemc

control, do not develo h Licatl The,rea r this enonenon
is apparent fromthe dgtiﬂgr8§§%F8 ﬁﬂygpﬁlofxg%gg §§°N 3sa%mq%€h %

ability 20 detﬁarf§885551A915hsub§éncabytbé uhabepeutp@puh@anneHQ1nnus to
have rel ativel QQGEnEhﬂshﬁgﬁbéﬁﬁHC&é glﬁﬁhtlbhbes g@gﬂm@yﬁb dhe majority

of di abeti cs. se | ndivi are cap e of handling the
i ncr eased quleﬂPﬁﬁ@ﬂ WﬁésP§§PﬁetP@cS?BF?“B&Fﬁ%&? Sfficiently 20
det oxi fyi ng thdebkgbﬁﬁcbb&henoBﬁﬂbok?!ehcﬁbsaDﬁndCEhﬁbtdud41ysﬂﬁﬁrﬁﬁ

I bl d I d I
conoequintly aPLoPInFaRePoRRLES,PohaTBran R R Pa R rE Sl s, 25 As
will be 28scri betihi hefiore aedaaﬁtbelanatnathaa béenhexm@ennmquniq
demonst r at ed tQﬁEF§9bHFE35!OnT%L At Bgshﬂﬁ Egﬁg%ﬁybﬂﬁﬂééﬁﬁé ogcur

t hrough the use cated protern he case with FL above,
el evation of Féspxyémc Aee3OPNIeNEASLipEEr pEE fthefe gOMRARAY £9 Helte ver e

fed the glycat egnpeatehlt idntlof E&ﬁc@&é)émys&meblﬁpftk@fmm@s of Ahe
i nvention bl ock the |§SI ne recovery pg g&oxcg reventi n% 4)r tion of toxic
3DG from FL3P. 9§5*EREE ife FNG S5 PF @ﬁﬂﬁ%ﬂﬁl Miteria that a
sui t abl e3énzyndeoxlyifructiosshadndentrations relative to the fructose-
lysine concentration in the biological sample taken
after initiation of therapeutic intervention, as
compared to the same concentrations measured in the
biological sample taken before initiation of the
35 therapeutic intervention, is indicative of the
efficacy of the therapeutic intervention.



- 26 - 28/11/2002 display for use in the practice of this invention, as
well as certain tests for determining if any putative inhibitor nmeets these
criteria. Candidate kinase inhibitors for use in accordance with this
invention 5 may be natural products |59 ated from plants or 28 £riptaaeEni sns.
Alternatively, they may be synthetic mdPecul es derived fromthe rational
know edge of the enzymatic reaction and its nmechanism Inhibitors nay al so
be synt hesi zed by conbi natorial methods. 10 Conbinatorial libraries nay be

generated froma randomayd a’retd R POhHE - agyéweb@@m Qalianat ori al net hods
can be utilized to enera a w de varj é of cog%%un s related to
r

previously i dEAVFRF 8”1'nl’ﬁ I:[eor:‘se’ d?r‘?‘ﬁ’e ¢dr §eleE EPRaSPPTES IR & dl ess
of the sourcedagbebécpyieatsore ofhilpe tpdsteﬁaﬁramuamat febad@rivdiudreaio all of

t he crlterlalgsked b Iowarg_lnoéevog sef %hgra eutic .agenfs
capabl e of inhPBi ne T ec ry p ARG Qﬁr]@&(ﬁ‘?{l ng,
reduci ngSor Zpadhbapgng: tdmld:utsmnof 'thaﬁemethodrrplmvanmnme@lsuﬁnsrg ders of

related etiol pay. cdnclb IdiIdNJoLe SO 0108 o8BllesMINCRHcE Aty T eadi |y

taken up by I'n order to neet this criteria, e I nhi bl tor must have

a 25 nol ecul aPr@éPSﬁt agd |RIY kg 2tm><® aﬂéomﬁélpaem Piahatdd nat el y
1,000 dal tonspaeikfss., 2. gTh,e drﬂmmétp&cﬁuﬁé ahou/héorm%al Preiuct or
nonconpetltlve |rreg) r.s tl,te or Séj%tbé % t |b|t|£ %11 he JFL3P ki nase. |If
ToaComPe b or Ths anpEbligt i it aisd Eorouee Py Siahtfich, | ho

i nhi bi t10n const anfn Kiccongsnde witls thenpabeentl imvVienitde | th iHagrust be

| ess t han 100bg%apﬁ.s%veefe%%ﬂ %%ég EM,@ I %§S3DIFI lH,lhe i nhi bitor
shows suicide or o |rrever3| I n i on, |s reqU|renent for 35

i nhi bi ti-on cobiprdngicalr aannleas mfbtg 3. un'heeu,nmrsu agsomisttgse widthh asol ubl e
in - 27 - Zéﬁgﬁ&%‘i@%r&q%%é é@'&@&ﬁbﬁﬂﬁgshi%&h@ %H%Q‘i%a%‘l'dﬂé on at

physi ol ogi cal he requi rement for so is met

i nhi bi tor, or THUSa AnpRddid o b ewpodiwery) Bﬁl Ehen 1&N§3§’itd-l%7g| caI sal i ne

or serugsat aprovfaeentd aldtHoE et d9s@ssghgabedibperitl paMieHti's
[ tiron of j.nhibitor . .di.ssalved in

stability requi,rement is net onJ if a.soal

physi ol Oél caﬂré'gf‘i ﬁg PSS %t n% %?’%g?g?st ﬁgﬁogdétg Rag‘hé’eﬁ%c[ y after
i ncubati on forcooddthom badatehldry mesguranebit of tbst 3DF petewiemtgrigateer t han
S0% activity P&B‘i g’i%‘&tiatéé%% fé)rof’” ?%(b@f:;goggtléntTmﬁﬂwmetfetﬂnd@St

show accept ab macoki I CS. remai n at
t her apeut i cal £ @F*Pe@tli \)‘@%rﬂi@ﬁ?‘é&mﬁnﬁéxb&?eﬂé&ﬁ leyedn®th@hF & | owi ng

admi ni sppat i oanofmali%amntof Foi-tl iYkelihébauhﬁa&altm:bamteﬂefxﬁcwmq
concentration for  at ej ght hours., Mre |deaI£¥% once per day dosing

shoul d be a119FKgd |ps \CORPHT G2 1P B m Ot ‘a therapeutic

concentration of the inhibitor. 20 This requirenent does not nean that the

i nhi bitor nuslea:%FagEesé &% b pRalriRGareut i ¢ concentration after the
first dose. ma#%cmmgﬁﬂé har maceuti cal s exi st where
nedi cal efficacy is seerF tbomhevs| Bhgeénd%aﬁrg steke ivalsiadiiioes

mean 25 the multi-step reaction leading to irreversibly-
modified AGE-proteins.

FIGURE 2 illustrates the reactions involved
in the lysine recovery pathway.

30
FIGURE 3 is a graphical representation of a
urinary profile showing the variation over time of
3DF, 3DG and FL from a single individual fed 2 g. of
FL and followed for 24 hours.
35

FIGURE 4 is a graphical representation of



25 that, once an efficacious concentration is reached, this concentration
shoul d be able to be maintained for greater than one hour follow ng the

| ast adm ni stration of nmedication. A test for therapeutic efficacy is
described herein. 30 5. The inhibitor ?vst be non-toxic. Thisggfiygesoa
requires that the inhibitor not denonstrate human toxicity when
adm ni stered at the therapeutic dose. ldeally, toxicity should not be

évi dent when the inhibitor is present at bl ood and/or target ti ssue 35

| evel s of tw I st i eally, there
shoul d be no gglﬁgg?agggq?gg%gﬁt %9%5& 858?? SBBQD gvels 6 or nore
times the theYagEEFPSrFaﬁ&Q 2D9ﬂu9ﬁcﬁ%%ﬂ%¢?@é¥ﬁbﬁ§ can only be prevented
by long terminhibitor treatnment. Therefore, the requirenent for
non-toxicity nmust inclu cyte toxicity, and. 5 chronic toxici t hat
may becone evi dent overggfggﬁgégf DY ?é?ﬁ?%géca%oﬁ?wpﬁ§lSPncSEd?Bét

nol ecul €8 canahé Neadekylagsedsesamiigidete ¢NAGDI bshedeanamgkogpudi es.
Human toxi cityci S a 0 I ncluded anong
the compoundsShissPiEien Phi"Biaris of FrbEhEfbabiioufar  hose of the
formul a: CH2 maintagneg ¢n(ﬁ)ﬁ2ed<§on¢atn$u92@ ﬂhegbyanedsprNRbanor -0,
R being selected fromthe group consisting of H and |inear or branched
chain al kyl group (Cl-Cd) and an ,unsubstituted or 25 substituted aryl group
(C6-C o) or aral kyl groBfCURFC0YLE R |SraPhBRPYViRGnEREL&RERH from t he
group coosi st'ragaaﬁoﬁshap betheaciIDr eshdusbcal@eéyaninoasifer 85 due, a

id hai b h 1 C8 whi ch
50" unsubst | { UFBRSoFSBUBEEREH 80 ShHFal Fhak: Sbng R fPBgERcdgn T 1S

oxygen- cont ai gilwgaseBsprogedn. a |inear or branched chain allphatic gr oup
(C1l-Ce), which is unsubstituted or substituted with at | east one nitrogen-
or oxygen-containing substituent and 35 interrupted by at | east one -0-,
-NH, or -NR' noiety, RFIGIRES |7Meénd ofBpruacatarkhad®h al kyl group (Cl-C6)

and an_ygsubSté vbeeneatiehs idfUtRbtiy DEPEDs (68- ﬂ)@) ifir tﬁéahwhegr oup
(C,-GCo , o% t he rOVI o t.hat when
h

regresef

t oget her wit gormals ?@ 5320 €3 b8eR QFBﬁ?tﬁgﬁhpﬁﬁ FH%y are
attached, nayfabsmngeﬂeeednbfa3$ubst|tuted or unsubstituted heterocyclic
ring haV|ng from5 to 7 ring atons, with at | east one of nitrogen and
oxygen bei ng the onl heteroatvns in5 sald ring, said aryl group (C6-d o)
yr aral kyl grB&padhg i G ’ gL@Npst i t uents bei ng

sel ectegipf rom t he grOUpT%@n$d¥Id%1ﬂ§ &Efﬁﬁgﬂions are provided to
facilitate understanding of the present invention, as
described in further detail hereinbelow:

1. Glycated-Lysine Residues - The
expression “glycated lysine residuesg”, as used herein,
25 refers to the modified lysine residue of a stable

adduct produced by the reaction of a reducing sugar
and a lysine-containing protein.

-

The majority of protein lysine residues are

located on the surface of proteins as expected for a

30 positively charged amino acid. Thus, lysine residues
on proteins which come in contact with serum, or other
biological fluids, can freely react with sugar
molecules in solution. This reaction occurs in
multiple stages. The initial stage involves the

35 formation of a Schiff base between the lysine free
amino group and the sugar keto-group. This initial



(C1-C6) , halogen, CF3, CN, N2 and -Oal kyl (C1-C6) RL is a polyol noiety
having 1 to 4 linear carbon 10 atons, Y is either a carbonyl moiety (C=0
or a hydroxynet hylene noiety (HCOH); Zis 15 selected fromthe group
consisting of -H, -Oalkyl (ClL C6) |, _-gféo_gen -CF3, -CN, -CQ3H1wmboS03Hz,
and optionally -OH, and the isomers and pharnmaceutically acceptable salts
of said conpound. Illustrative exanples of nitrogen- or' 20
oxygen-containing "R' substituents include those derived from

y- am no- a- hy@ﬁﬁ%&ubﬂtyhéﬁ aﬁﬂéréoe@CH%b ZﬁH@Hr@CEHhrraﬁ efe

tri am nobut ane %?ESQQH% tCHm kcgﬁ glanlno g hydroxyheptan0|c
acid (-CHz-CHE o2 ?méﬁﬁHfomPSHB the like. 25 The structure
of formula | has asynetrThxseséeiesam& rencodons aanraeeu&t&&thracenic

m xtures and V, S LSO I ch._|] [ ns, being within
t he scope of fﬁé£9#§%e%ﬁéggg ”ﬁhgp %h %L§§grg§b§2g§80 % EP ﬁbugh
certain &f theth%nb@hﬁﬁélhﬁvhhéfth§9§tPﬂ@@upé whlloinupave, iabowe, were

previously knomarmgﬁh@ﬁSbéEaeeﬁltﬁéeéle%hpaenaaeét§nsnaé iU%Q g Wi thin
t he scope of t%jhgresent |nvenilon as is the use of all of the conpounds

of formula I AT bRRENGREN Y§5n§nfyﬁé‘1€8t gr9yRd p?feauémaéﬁraf 3DG i n
Vi vo. Tnhibitoreanfam@emahovelnmrwub&lmaﬁnbeoamaﬁ&bﬁdoby1&@&@%!ng t he

appropriate su 0 1/ 2Q0 cose, | act oge, nmannonse,
ri bose, xyloségg%Plg%rlva Pseé %e?égﬁ% ? %5ﬁcgﬁﬁﬁo écg ithe
approprﬂ@te pr(ﬂaﬂwl@mlxemnﬁﬂafyuanpﬁe tbeyeehdreﬁbrbedots haavi ng a
carbonyl noi ety (btEee- j&sg£60$r Fp, Alternatively, sugars, such as glucose,

gal act ose, mannose, ribose, xylose, or the |ike, may be reacted with with
an amino- or hydroxyl - suBsilategenresdons: watlt pecuypwitbsethsad herein in

the presence qila@s@gﬁﬁgarsucho@SeNaabaeNganaatogel3ﬁ&l¥§bbs@educes the 10

Schi ff - base |ng§ e ;8 am ne, ther_Be g gdu? g ? |nh|b|tor havi ng

an al cohol ff —:CﬁﬁlE}DNPtrThe atfi’ve 8 9 -of F%F &Reno aci d

reactanus\Mquuspdsenaﬁ bhet preasnue invenpion, t breakabaycpibdocter the

am ne grou org t S haj ita am no
group OroBYPROXYLaGERUR 8B, ARyl bR gﬁ%aggegggag 8h8- chd! L20NS A

aci ds enconpass thé essen aim no I'c exanp
Wi t hout I|nlta¥¢%hdugl9€|E§°taP§nlN€ln@aﬁrﬁelnpéuéﬁﬂertbeneGbﬁne serine

t hr eoni ne, nennéaﬂigg oﬁsgaybaeeacn9Slaﬁe@ﬁbahaelnﬁeg5¥agébeeofht§b'd'ne
and 20 tryptophan nts.are fromth ader cl ass of

her suitable a
anlnocarboxyl|%XQEFdSt¥BFtH§8nBﬁetLﬁym8 LEYiRECcsUgRY, ™8 FSu Fani ne,
ganmma- a@obut yri ¢ aci d, Akpsi, | eheakefmsc ktedclgstnd tbheilduke. N-acy
derivatives of %98 @%SV - g&'ongs in ggg?g Z ¢E 25 as ior G;I | ysi ne,
may al so be usea i esﬁ?gg. hx e §E§F§B P8 % r§§§ Sht's®Fn Vﬁgéf wi t hout
linmtation, unsebidne rrd vseduboterghenggably(srein) wbApgbuAdgs, wherein

the substituentoABYsbEnd! itn( ChERbntakisa 2 1R2EBOXNE 1 ¥i kM §olirnBalsogen
groups, 30 unsubstltuted or substituted alkanes, mhereln t he substltuent

may be at | eas¥DBRE BXKBx§XBrEAFLoHF AFSuBSEPRUPERdLLNEEESIANgERRLY -

ni troge2scontai ning heterocyclic conpounds, wherein the substituents may be
roups. 11 1ubtiative sxafpl oxFSREERES-AYEREST T oREY BP8 of ¢ oact ant s
i ncl ude m net hYfxrpcpose-lysine” (FL) is used herein to signify any
glycated-lysine, whether incorporated in a
protein/peptide or released from a protein/peptide by
30 proteolytic digestion. This term is gpecifically not
limited to the chemical structure commonly referred to
as fructose-lysine, which is reported to form from the
reaction of protein lysine residues and glucose. As
noted above, lysine amino groups can react with a wide
35 variety of sugars. Indeed, one report indicates that
glucose is the least reactive sugar out of a group of



- 31 28/11/2002 nethyl-, mmethoxy-, o-nethoxy- and m nitroam nobenzenes)
0o- and p-am nobenzoi ¢ acids; npropylam ne, n-butylam ne,
3- met hoxypr opyl am ne; norpholine and piperdine. 5 Representative inhibitor
conpounds having the above fornmula are get forth in the attagheth fatde A
Exanpl es of known conpounds that may bd’used as inhibitors in practicing
this invention include, without |imtation, neglumne, sorbitol |ysine and
10 mannitol |ysine. The inhibitor conpounds described herein can form
phar maceut i cakk eept1ah! e isedd it ' i r?ﬁpﬁ' ani ¢ aci ds
or bases. Sui %a*ltggbag(tegbi ncl udeﬁ%{;gﬁdlag{ékg?sdﬁﬁa sa’lqtés){,:' j’:}gm ine earth
~

15 metal sal t SCIERFENI i 'srst i nOHifn difgaieRe - b iResal ts.
Sui t abl e aci dgorheldudaone galadtslodndrliysiatd d.ayXbabi o1y ctaci d and
met hanesul fonig aci d. .'gheﬁp ar&g{ge‘ﬂ%i cal(:li#/ tg,gﬁce tablie?ésal ts of the 20
conpounds of POPFIPY TCcal D' prepit el ¥4 | n‘gerﬁ‘i‘ T B8 WhY ERREr e
fam |iar5t o t hesmesitiildnedl iim ttiel ardesdinigptaliin i tas ofs atle@npound to i nhibit

the FL3P ki nasgna@tdat 46 GLABAIRE (6F N0 2 A WAlgRly, Ahnépnkinase

activity assays. e useful” assay involves I | g the potenti al
i nhi bitor witRatpgedddeasminelnthPnTPt n tHe Wrlds i cundleks@ed honpgenat e

or other enzyfRorO¢hee desHpish rd 1 ARV 1O ROLNEH] Sni Be PLERAT €d,
whi ch typically contains 30 inmole or |ess of the 1nhibjtor_conpound

m ) | t
of this invenProkeidy Lyfids %S’r‘%‘%ﬁ ISRGHE (FryotYes h‘&ui'éhaéeof 1- 10
mllinoLea, areamtiain aftePER | MMhdef imaigestdpd. in hie | téadt esnand an

armount of the S i i fi Gl [ e F o_fructose
35 lysine-3-p g%}égt%ee. v(ebeﬁi‘)r?"éc.;u a i%%éés%loiu!ﬁ&d"erg(% é:ﬁgrﬁjﬁ%%#% %ﬂlﬁntéepH range
of 4.5 to 9.5paeductdgn i nulpimeri? 18pex0iods atknewn ras BGEnear neutr al

H. The incub ; I (AT tur 1,6 s
p ?trb%'& iOUILbRe SR £th Ote 8&1&%@&}(‘%&@. ﬁrﬂ:‘%:lyﬁéc

' u
compatible wi th enzynme activity, befween 40 and | dea

i ncubati on i sdgestd®oRE Fughyredi bipd Hroteidwpdersireot aytetdi ncubati on,
the reaghki on NgsihepreRfrdleCly Phigkddi datd Buddr el dE@iel N BAdst he
producti on of E:I(%%P measur ed E’ls)% 31P- Wﬁf‘%?%ros‘égfI%/' FL3P gr pduction w ||
be reduced or T&EER FRYESH Fhgiet ¥ g A9 PEFREBHp8and when
conpared 10 t ¢ fouattose Slgrpires” t hat hat frezan of s ivdedi hereift her assays

have utility for the rapjd deﬁﬁﬁé@é‘%-;l eﬂgen_ 2, é%%)i %IZ'SHJC')?OQEPSZEI:'E

assay involves the use of fructose - e
Si nce FL3P do&&Mpeursi ref tfprpd by uthamgnayuakic foxanstatrophasBhghes do,

it its pggsi bl %r{e‘i‘g%teﬁﬂ{c@é&é&@ fgdeflt«ﬁh&E’mf]r@énmP.e repai ﬂéfbﬂlreaCFionft
m xture by passin e .assay s i 0 ro colum o W1 resin after
a predeterni n%&“\%&ﬁ?&ﬁ’%%’e’, L% ?%&I‘?'ﬁﬁ 18&@&1{ RS %%érggﬁ?%ﬁnt 180l uti on
i s added 20 t meantortdaiimrlwde salibtphdésphonylated df recgosekEtpstnat A, and

counted to deter.m A0, j I Vi e Lt gl
difficult to gﬁ:‘gtnq%éa}u‘;e qu%%“{‘i %eéﬂg#‘[%%%iws%%@?tg%‘%%?"éf £r38 e o
use a 25 reco¥ mHAtedin-HINdf the kinase that is cloned into an

expresshgn system such @s E. FF@étosé'hEyQiﬂé\Eﬂ—{SﬁéééﬁaeénkQﬁaé_éadi ly
obtai ned from_the "shotqgun!~ cloning of tissue spec|fic i brari es.
Such 1 brar i eTHie: GaZR TSTeHA] FapPRS PBTEsmBFot ot REWEIERCE8D For

exanpl e they remzywatobtasl hedcdnoere! pnt eohFLPR| cadl defifdd @bevehot gun
conmer o al |y 0 AR PEatel 9 PEpetetCul PR THBHECE B8 BISRINI P01 o
Thi s cloni ng lenexgmtphesplsateet ail ed instructions for its use.
30 5. 3-Deoxyglucosone - 3-Deoxyglucosone
(3DG) is the 1,2-dicarbonyl-3-deoxysugar (also known
as 3-deoxyhexulosone) which is formed upon breakdown
of FL3P to yield free lysine and inorganic phosphate.
For purposes of the present description, the term
35 3-deoxyglucosone is intended to include all possible
dicarbonyl sugars which are formed upon breakdown of



The pharnmaceutical preparations of the - 33 28/11/2002 present invention
conprise one or nore of the conpounds descri bed above, as the active
ingredient, in conbination with a pharnaceutically acceptable carrier
medi um or auxiliary agent. 5 These in ﬁdients may be prepargg/in/¥@d2 ous
forms fox adm nistration, including bgé Tiquids and solids. Thus, the
preparation may be in the formof tablets, caplets, piIIs or dragees, or
can be filled in suitable containers, such as capsul es, in the to case

of suspensi ongy, 3§|I$§th ghgokﬁ%ﬁﬁi d@%i.'ﬁggnfrganL3 gggggﬁgutlcally

acceptabl e carrief nedlu I nc es any an Sol ven dents, or
other liquid &e@vyele, dispersion or suspension aids, surface active agents,

i sotonic agents, thickeging er3bS1gMind fRdd G, np§thQ§§servat|ves solid
bi nders, lubrjcants and the like, as suited to artlcular dosage form

desired. ReprBstHELR¢ ECERYABYeb VﬁYt%ﬁﬂ%F%a}?lﬁ mAR gk AAPRYY B
gel ati ne5 Iacpose;bkyaothernagaeaeum:thnhﬂmegémé3ataeg&ﬁabﬁef&ad ani mal

20 fats and 0}§%CIgu§§ Qot¥%%kgk %égﬁg$%§€e H1nqton S

Phar maceuti ca ences eent |on ck Publ i shi ng
Co., Easton, P¢l¥9€§gldﬁschgses vaﬁlau@chwi|Eusthsedexplamnaﬁlat|ng

pharnaceutlcabegggp 1é0ﬁ§tﬁggggggm&&ea | fuest f o423t he preparation

t hereof . Except |nso ar as an nventi on carrier ne |un1|s i nconpati bl e
with the enzyRenFRHPRF1BFSTH Pﬁeqqu%ﬂQQﬁio%%c%fa@lﬁpebﬁédUC|ng any

undesi rapl e bi ol ogi cal effecmgr PQUIRIINS & ITHET 061 NGAGH-BrdeLehsNni ous
th 30 ot h t i
lee s cont emiharaRSed BAYRRERDH ERK-Btial MofLErHUHEPERLARh PRE

pharnaceuticabepne@aeétLnnscménthéuqnanurnalsxhendcisvesa@ehésélnay be

bresent i n anedS grapng o0 f:h@t £183S! RO SR Lo 00L 5 IR Bol 20, 98% DY

wei ght , based on e tota reparatlon
i ncl udi ng carsugarﬁe@mdnpm&ﬁémadﬁnqw%ﬁ%\gémql@e;tesfCan9, Eﬁef &B3Bly, the

proportjgn of (§§§2yeaﬁaemwaa@ce%1bet WRPhRY) -6 95% By \(ebg8) ) of the
conposition. 5 Preferred sugggenentary actlve agents are conpounds that
bind to 3DG i ASvFYBRT Thhat #HReS: RPENBBR |initation

am noguani di nproaamoweﬁmel (te@mdﬂzem(hrt&rgmcbyesdbéerﬁof: stypt @il and

derivatives there t it azolLges |s stituted
benzi m dazol egg %?Pg{:nu? o% %%%tttr |E’<L':1ez?5l§j {E%I amkﬁo%?rrll gr§§
derivatives tmglempleadﬁhyduamyqnnanﬂ;gaarwamg@menanrﬁeatcgng|so di am nes

and thegpi ke. géeahcayﬁsm@ﬁ%wﬁtqr&%sl e ek nﬁe&éteaagasﬂl @ity the
angi ot ensi n-c nvertlng enzymé (ACE) |nhibitors, be i.ncluded as

suppl enent ar y EX€; IBLRGeATOUPS t HEAHNFehR TS - %FBbéPﬁtPBﬁs of this
invention. AubirbwaiigagEnthe @w@tdxh(xnﬁﬁnvwa thahdé@detheﬁéOEeCt t he

absor pt i on of ERECRP e CY3ABRGT T 1R CRBcUBErash baRsknabeyE.
i ncor por ated iste chntpa&rim@anmedﬂaQReqnw%hi@nWOdifmeaesgary or
desirabbg. Sugl auxibhiary agents may

9. *Glycated Diet” - As used herein, this
expression refers to any given diet in which a
percentage of normal protein is replaced with glycated
protein. The expression “glycated diet” and “glycated

30 protein diet” are used interchangeably herein.

At least some, and possibly all, of the
complications of diabetes are due to the covalent
modification of proteins by glucose and other reactive
sugars. M. Brownlee, Diabetes, 43: 836 (1994). As

35 noted above, diabetic humans and animals have been
shown to have higher concentrationes of sugar modified



25 include, for exanple, conplexing agents such as borate or other salts
which partially offset the acid conditions in the stomach, and the |iKke.
Absorption can be increased by delivering the active conpound as the salt
.of a tatty acid (in those cases where the 30 active conpound8ddhtaPfg one
or nore basic functional groups ) . Th@lcdhpounds of the invention, along
w th any supplenentary active ingredients) may be adm ni stered, using any
-amount and any route of 35 admi nistration effective for inhibiting the FL3P

I'ysi ne fecpvepfd’&%' ‘@%htﬁp%@nﬁ%‘f. exf’ﬁe%E%Qn the Incred¥el 112002 .
t herapeuticafly effective anount™, as used herein, F&fers t6 a nontoxic
but suffici enQizhek@s IS99l ated RCEnRrpEednst dspodeiaden idadeditreed

therapy to coymgledide diphstdsa CoIRELSRt hAYS1@r, to inhibit the 5 netabolic
production of 3DG for other pedical reasons, such as reducing the effects

of aging or other human REEEHRESLY at 2§ RAer berBEgsnsrald Yt GGrePtES has a
causati ve rol ehathelexantigimust IBQULnedivey waar rothepérdi ng on t he

speci es, age, eral congdifli of _the. ien t he tur.e of the
conplicationsgaﬁéﬁﬁéﬁ ?%RIé?gé%%§€%£$ﬁhF8P?§%%§ng ?ﬁycﬁ§§§P§#Slne

adm ni strat i oresdidashe |Tkehadhal sonpeendsommoniy beldeviesh tdweg pref er abl y
formul ated i n 3RS0 ]It f@§ﬁ f ARl Sl atddoon unyj fs ity of
dosage. Dosagé: unj te%lgfgna]maésd)ulsed. %?e?%ﬁggf ?Pg ti% glts;?%y?%g%ﬁ y%!"]c ?lgozznr ete
unit of enzym@dighigauxse aphdp¥ihi cappearhbeggdnbglory ki eat ed. Each

dosage ghoul d idus el taentas Yinéorebkiovre material cal cul ated to produce
the 20 desired therapeutjc effect eit hﬁr as ch, or in association with
PYRy FPG P3A

the sel ected pharmaceut i%c8IMArFPRER 8Pt HAVERFIhds of the
invention w | leved veddn et etleel divsdovagy ofi Bs pe@viiaumlyy unkmawabout 1 ngy

to about 2,50 £ ﬁagp ‘ i.ght e Jy enalald on, with a
range of abou?negnlgltloé]gﬁou %W%%gﬁ%&%?%%eﬁ?’fgdﬂrﬁg’ comgounds of the
i nvention may dataddraed sreaeliion al | Thigaessymadiiioy padlhiviayad shycapable

intramugaul ar dij@fdyndtid EARPELt18Acak HeMe®st HABucidYy itHd avenous )
infusion or the |jke,, dependi ng, on_the nature of the dirabetic conplication
bei ng treatedP CFLEdPPnvent i on may be adm nistered orally or

parenteral |y at dosage |Bwelngothebesurée’ ofg a Gealieut o) swmdird wref er ably
[rom about %0 dibha o UL SoRhKRn PR S ARIELA iy 02, 00°
effect. perchloric acid extracts of kidneys from
20 streptozotoxin induced diabetic rats revealed an
unusual new peak in the NMR spectrum. Previous
studies by the present inventors had demonstrated the
presence of fructose-3-phosphate in rat lens and human
erythrocytes (A. Petersen et al., Biochem. J., 284:
25 363-366 (1992); Lal et al., Arch. Biochem. Biophys.,
318: 191 (1995); Szwergold et al., Science, 247: 451
(1990) and Lal et al., Investigative Opthalmology and
Visual Science, 36(5): 969 (1995)). Earlier studies
had identified other unusual phosphorylated sugars in
30 rat lens (Szwergold et al., Diabetes, 44: 810 (1995)
and Kappler et al., Metabolism, 44: 1527 (1995)).
Thus it was reasonable to agsume that this newly
identified peak was another phosphorylated sugar.
Further extensive laboratory investigation revealed
35 that this new compound was not a simple sugar, but
rather fructose-lysine phosphorylated on the 3



Orally active enzyne inhibitors are particularly preferred, provided the
oral dose is capable of generating blood and/or target tissue 5 | evel s of
the inhibitor that are therapeutically active. Those skilled in the art can
.readily nmeasure the levels of a snmall-mpgecule inhibitor in zeprotaoen zed
sanpl es of bl ood, kidney and other target tissues. The concentration of
inhibitor in 10 these sanples can be conpared with the predeterm ned
inhibitory constant. Tissue levels that are far bel ow the inhibitory

const ant suggestsitiamkodf thhefapetoise acmipdrtent.In the case of

|rreversible Fnhi bitors, thils hack 1630409 PN T Aol Yy 852y of

the 15 FL3P ki nase | eveI s in respective tissue. cases
therapeutic acta¥$ty %‘dﬁhﬁét&§s§§§§&°@>¢ﬁ1é@}ll?ﬁg'iﬁ7é’lqﬁmm%r(Eirﬁlﬁal subj ect

a food rich lrw:ﬂéWﬁh@ﬂeé!§laEleb&eﬁh‘éuﬁird@écﬂﬂéct&%ﬂdéﬂd‘%r@rﬁcdﬁﬁ%r' ng
urine, both before and 20 _after feeding.

t he anou t of BDSéa:P bhel r
Subj ect s hat %ra At a?)@ét PRSPy tQc v SBAANG d ithe A MR st ens wi | |
experi ence dexmpastduseriehi acheobeht IirBlaGaami:ﬁDE-aEtthdﬂérmsed urinary

secretion of fé)?f?&g%&éy%gﬂ[%t%%nl&a%%r %,%S oqfsgov%kléssgr Ielgle by t hese sane

subj ects prior nhi or thérapy as W l r?further
detai | herei nbxdnvdighetionpetads Fheiee rateealiowedyial Isub)qma(m:hlayl be

adm ni stered oficerpgge day xheuaevélg of! IFIRD ! e d'9 upon the
exact inhibitor 30 chosen, Josi ng schedule o once- -day is

preferrdd di sbetlewingi Bhis indestd@it-omed to paying close attention to
their disease state, andre wblerﬂe@(ﬂytlsy w’g‘;(‘eepioﬂmf&efd’ quent dosi ng

schedul es if uired iver e ve- e ly, 35
dosage. Homevec?qm?’ﬂ%tgﬁggt %?’3‘5 ﬁgﬁ :Siﬁﬁln r‘%ﬁe&ﬁ? rkte"' g:l&h'ddhnds and
gorrpozi ti ons dmscenbpgweheatriyzed iéacﬁ;i':’/olﬂ./ 20 Aratidde - rlsmasmarlldlyehllmi f
ependent on t n a Qﬁ?lﬁﬂf the type o

treat m%ﬁadm??%?grggtgiéh%ﬁzgﬁaﬁt %ﬁng amﬁyS| (':Ilhanr:e As used
herein e t dPFSLY pHdb e X amst H Car S e

i nhi Ibl tO: CONPRYRES Qflélék' gﬁggl’:‘{?&@nﬂ %'rl]é l!@.?i‘ﬁ{& m%'bﬁﬁ@lﬁs%r fx‘aﬂsngv%‘é‘bﬁ]' c

conplications, especia i abeti c nephropa ich affects_greater an

forty percent %?mﬂY%‘Be?P Segﬁa‘aicgephgp W‘l FPrG, S8 6% mﬂ%tage r enal

di ﬁegste requi rgpgctrabyspy m@ehrlmdsmttmﬁ e FLIM netdirtiizin i ddlessed

i nhi bitors may. u 0 e

pat hol ogi cal c%% ?t?ggggag— H%bct E”%\Fél(yil)t eé’ f%é;%l on ol%bEéE prott ei ns, such

as hypera@nsi o83 B@SDkéonlgfn@@leocf@g@m imasetior dar adddtgion sarét e

demential of 1REIALEZNROABERNERS: d@nfo?iﬂtaxtacﬁé’ &aéeg&ql WS e iasi s,
osteoarthritis, cataracts and the general (Sangltatln effects of agi ng.

Prelininary exbe3PniRte KERetdRsws adniing JFUEARGT ef fect s
result from stipwhiaél onThfist iladtymeiﬂ::rcﬁmd/empmdiw ddnfilgis [wig-term

consunption of_glycated proteins e F evatl on of
FL3P, 3DG and %%%gﬁﬁgeoﬁ eﬁggqcﬁﬁgsw ﬁ%‘éﬁ% %\é}o LFfI‘éB? a gI ycat ed
protein 26et. Pér@ed WhbhedBlyAffirmuctamiggiltysion andfARRIcre idicubatedr

evi dence of ki dggu.pakhahear t@ﬁm%éfa&oﬁ&i‘%ﬂé‘ digghati&y ki dneys,

was seen in the animals on th rotein diet, as descrlbed further

cat
in Exanpl e 10, e¥BREMNeNLSE, shd/gh é'iré(%lt‘f e sExaghtonarion Rf kidnew e
al so observed &Brteg haviee Rimdnsmrated Lﬁﬁ@terehﬂ@mmaas@ aoed i eyrolet  of

the glycated protel i iputed uniformly in the kidney but is
30 concentrated in the proximal tubular region, which is
one of the earliest anatomical sites to demonstrate
damage in human and animal diabetic kidneys.
FL3P is not stable in aqueous solution. It
rapidly degrades to form 3DG, lysine and inorganic
35 phosphate. This reaction also occurs in vivo. It is

not currently know if the degradation of FL3P in vivo



- 38 28/11/2002 TABLE B 5 10 15 20 25 30 35 d yeat edFL3P cone. 3DE 3DF
conesProtein(nMin Kidney)(~. Min

pl asma) 0971. 4/ 0. 051295- 2. 5605- 5937- 1010663. 6/ 0. 12201259S. 2/ 0. 143012676. 2/ 0.
28 Since stimulation of the newy discgyered |ysine recoveryopaihypayobeads
to substantial increases in systemc 3DG |evels, an investigation was
carried out to determ ne whether a glycated dlet woul d cause significant
effects on pregnancy. The results obtained so far suggest there is a very

?-tlrlong ef f ecth idue tsnpctdﬁa&le{tmdﬂvw eraiymiﬁl tagabpeedi ﬁeablelexarrpke_s ﬂs]bat
ol low. Furthermor own that j usce e strains.of rats
and mice the g'rOAalY\ﬁyﬁﬁF & a2$%%?geﬁre&ﬁﬁfn?%fgﬂﬁgfﬁ GaFpyYFife

(foll owi ng weds rigivolyed hawe thergpkeduetient obn3bGefroni enceosk-t ype 1
di abet es, mntqygy%érgaéﬁygmyéfymgéﬁhé%gn1&0fggg goxgdﬁQ93|derable effort
g t

has been put into investigatin nomenon over the’[last 10 years.
See, for Sexanpl e, EXabeﬂg§’¥ﬁﬂqﬁl°%8@t985(19999eaﬁb3fxhb§#§§ Met ab. Rev.

1.2(4): 341-5&e(c1;%&)y pauhwaa} &1 8nCeBe 66heEdt DR PLGurdnzi nVest taat i on has
been undertak&n A rtain.of the piesent inye *grs with regpect to two

di ets which aré™* §¥ Fﬁ Ry t 1RO S Yﬁﬂﬁﬁt?ﬁﬁ g df &pEt ek© gERPQS (Dyets,

| nc) causes t Heructaste - Inod dence- pliosihhbhee e$FRBE) pandusbB fheal owest ratio
of urinary 3 i r uri es_the

hi ghest |nC|dem:é%%dd1%ﬁ%%ﬂ?%%%ggglggfgegfg% pro uce§98£99§8%8pd i ncrease
in the 3BF/ cr emduisnen d&the .3 -pert ForPef 3tie: aftustreaecreiebyerved in the
pancreas of rqte%dlﬁgsl& Iaé@iabiMaélaﬂcaesewsw@cébaéﬁ 5 g@l t he

nmet abolites of this met abol i ¢ pathway_are involved_in t evel opnent of
Type | di abet 8166 G s cﬁF%.%t%%%cEB?PbFEePod?ﬁ?EP?ﬁﬁﬁ BP @Pﬁﬁetes (a
useful nodel of-dewgidiucepense(dDEY, Typorganiabphesphatbynand) have an

abnor mal I g % 0,an_unk antigen

whi ch develops%vﬁ%ﬁﬁﬁﬂ%fgéﬁFs orgé%égég%cigéiﬁéfesﬁf? nbslﬁvﬁﬁ 3 §i mmune

attack BP t he fan mtlilsizatiommimepsgsedm synthesRecel Atdehpide results in

their 5Ubseq“@@dﬂkﬁ%éé“ﬁééﬁ%}f{?%e?MGdE?rk%EFStiQE ggigel of the ability
we Nown

to make insulin. 15 It is reacting with proteins can
make new ant i gAY IuReserh(ADF} hewBbghcésopxeretedt 1Belrénproperties of

the various diets appearsl¢ifolghthegdbe or edl @8t bytébetHEE0pREAWRLON Of
fructosely5|ne 31EPQ§PhQﬂ§§érb%gﬁﬁfaggr8?ycated-1y91ne, fructose-

20 lysine, it will be readily apparent to those skilled
in the art that a wide variety of similar molecules
can flux through this pathway. Indeed, as will be
explained in further detail below, the substrate
selectivity of the FL3P lysine recovery pathway is

25 quite broad, warranting the broad definition of the
terms given above.

Additional experiments have shown that the
lysine recovery pathway is found in a wide variety of
animal species, including sheep, pig, dog, rabbit,

30 cow, mice and chicken. This pathway is also present
in humans. The ubiquitous presence of the FL3P lysine
recovery pathway can be understood, given that lysine
is an essential amino acid which is present in
relatively low concentrations in most foods. 1In

35 addition, an appreciable percentage of the lysine
residues in food will exist in the glycated form and



20 Al so, because 3DGis known to interact with am nes generally, it may be
able to interact with DNA and show nut ageni ¢ and carci nogenic potential, as
wel | as crosslink proteins. The di scovery of the FL3P |ysine recovery 25
pat hway nekes it practical, for the fipat-tinme, to dlffenauggufq;f@oz

di abetic popul ation and to determine which subset of the population is
likely to develop to diabetic conplications. This determ nation can be
tonveniently carried out on a biological fluid of the 30 test subject, such

as urine, bl o&de RIOPBHLIpAt i i armgdif hedalyriner wipl Ilymma‘slau d,

interstitial fWhed tole tHpd ke cAkEd. ar\spﬁ@éntaabef 815 cat qﬁ}l’ ?H.»bl ect is
fed a food sour ont al n| ng a.rel atj vel y hk 35 concéntration o
Hiditem, G} dit Eld et

gl ycat ed- | ysi F& P¥oLgdy symthesistide form
of a - 40 - r%&iobyr%%mﬁw rﬂ@ugnjsm@oks eof gﬂébta&tdﬂi@y Red in

Exarrple 2 beI 0 er sui sgurce_o cate ysines or
syntheti ¢ fruét ose% y%i ge elryepr%chg?rﬁta%%n{: ﬁa‘gd T Eat™ gﬁcli\lm ne
resi dues axe madsessditi-he 5 content of glycat ed l'ysi ne should be
preferably between 0.02 rﬁfyi:é&ﬂs, ad oL@ @f@é@tﬂ 8H Rpe? ;yfé:]n%r or €

preferably between about 0.2 and 0.4% The total anmount cat ed-1ysine
resi dues in t REEVATYIRIETHBN d %@%@)&EobeBnﬁrﬁﬁﬁtaPPe ry a urine

Sﬁnpl e 10 i s eQdxaitatdifimy %Em&aﬁé@mp&lhé@ ghesatiedilarsdnEzRur ce,
then at

three and five urs, ot het riate tinmes as may
be warr éﬁt ed & 4G ShaR r‘%f?l’?\?’&a 1%’??55& EJﬁgREt)'Fré 36 and 8- | evel s
in these urineibhetdns exrarsaubpasured gneatée £atxoshabugheshgret abol ites
calculated. T d1 tﬂggg I d .S, neasurenent is not
essential to ?‘ﬁ' %aéﬁ%"gﬁo 'S |ér)98 |llénh5 digﬁggé‘tchod described in
Exanpl e 5, belPsiditrimpadd vut |ﬁﬂcz@cpr¢11mamdobe@rxatem@t iorelthe

colorimetric QraﬂlfHBJ'Bﬂ %@aén&sﬁﬁ mtmésufﬁﬁebgfuagﬁbéﬁd@ ldnde
inthe art. It is clear that rrajor rlsk

apparent to those
factor fdced B a;]t?et |‘§sa}?est’g‘?’i/c%l?ﬁ%ajéo%?rﬁfwea§ %Egué’leé’arait%} Yy to

denonst r at ed la;eﬁdaaﬂyecaarﬂlt;hmm gprodibetieea Chikr platdindyComatiest i ons
Trial . Hovvever CI de c Q i ons .cannot be expl ai ned
solely by bl ooa" s{]tgaértr% /6T ln? dtglgléé&éé ggéiéﬁgk EHEEEY when the

i nci dence of d:cabanﬁraeummﬁ G oim diabenpasedSee Wignare Fal adlssod

sugar |evels. ;e detfod fﬂcﬁeiﬁ&ﬂérﬂg %H&t B?LBE?‘?E of ke 1di.abrl.c

popul ation which is noat at ris or devel opi ng etlé""‘orrpllcatlons is a
particuR®ly #P sifPicant aspect of the present invention. This method

invol ves the neasurenentTid ddenS®PGRPELvER in- tﬁa lP/%&/nbl/rMéx@V6| S
before and, opL1MBLlY:n AL HedNIPSEL e £eOLho8eRbISEHRT Wetlits
kidney, specifically red blood cells, lens, and
pexripheral nerve tissues. All of these tissues are
25 affected by the complications of diabetes. The
location in red blood cells correlates with the
microvascular complications of diabetes, e.g.,
diabetic retinopathy, the kidney location correlates
with diabetic nephropathy, while the location in
30 peripheral nerve correlates with diabetic peripheral
neuropathy. These agents are also found in pancreas.
Experiments are in progress to determine the presence
of these agents in skin. If found to be present, it
is believed that their deleterious effects may be
35 ameliorated by a topical treatment using the
inhibitory compounds of the invention in a suitable



For exanple, normal subjects have a fasted 3DG to 3DF ratio in urine of
about .025, whereas 5 diabetics have higher ratios, which nay be up to five
fold higher, or nore. This is borne out by the data in Figure 7, which
.shows that nornoglycem cs have a 3DE ratio of 0.025 (1/3%/AaA)/2@d2h
quite tight scatter around this val ue, whereas diabetics have a 10 nore
than 2 fold higher average ratio (average 0.069) with nmuch nore scatter
around the average. As denonstrated herein, diabetics have increased
production of vébXx1dheseppéeentesbitaged T ddAbEII NG ONPhd C@hLLESy €qui res
highly efficient 15 reﬂnval of thLE toxic nmetabolite. The ratio of " 3DG to
3DF, cal cul at BBPHYVE nE5HBt fid@®8ESEFYbed herein, allows one to assess the
efficiency of the 3DG dBkparimentsohapat baeys .coiiset éddt vatluaésdwedh | ow
ratio will be r j eyel Qpi ' i conpl j cations.

I ndi vi dual s mf?ﬁvﬁigﬁég ?gﬁ?ﬁé?ﬁ%ﬁéﬁﬁgiﬁ%tﬁaﬁﬁg%q%ggﬁgﬁﬁéégﬁwtﬁ?%if%e
normal range, ingesked ePBPteiBR, CQRFRANiNG @ildes tedd Ivs teveeetiduasi os

above the nor §Bkséa8@8e A ReRBEL | GHE AR ¥yl ddetl fi¥d dﬁ’(ech@t?%{‘ﬂ these
conplications, 25 Recent neasurenents of fructqgselyaine (FL) in the plasm

and urine of PBUPYdi FPRYERELIRGLY sHRPRPRSLRARE sihert BeF HRsi der abl e

vari ability ipetbeerpnpathwaywekibtshenr hue@pec! | VEhdddnexsePimesss FL in

bl ood. In two ?f thg %ogr ﬁ%rgins éL%n .Evangi %;omm 30 hbrwgi) virtually

all of the FLAPPPIENEY ByIbheOR: AnBY 243305 ERTIPIHOTs i M b ed Mbon

rati os P thi sonengbabetiand devehepatidabedd oniadmulicat ivme, wWhibet he ot her

two strains ( eg)@%{,,e Lsehe 309 s int sma

appeared int gﬁggghe, asgﬁogg.gﬂ %éﬁ%gﬁﬁgééyké[§?§%%%.1ﬁ?§é§ ?Itration

These neasur ef8Hes0Bt FBABI goBRYdeat igngaj oThearieanon tfox rthis 42 -

tZﬁ/ 1f1/ 20?_2 FL Héﬁéﬁéﬁdlaﬁgibna?ﬁaré’ﬁt’!{f&b:bgﬂ tHed'H%E;% @ﬂ@é\ed\%@é héréﬂ@)ﬂnb?bogt
e functional ,egujval epce of rodent .an u idneys, if_is_reasonable to

assune a siniEéFgGEfFﬁtﬂﬁﬁeiﬂ EEg§F6&E§%Pg&T%%X %&jiét%ﬁﬁﬁﬁ HFans® 5

Si nce FLSi s t babpetnafythapdiabettbepbpudtaticny spmedrs overlyapat hway, the

e pat Py 5 kL0, BYUELGR 3B dbeR 6 hoegorens 1

whom a | arge ambun TS _ ) eadi ng to
t he hi gh | ocadopevthe vajgrityxpfl disbetdcry ( @ sequentlki dekgseas wel |

as systenica!&xd&biaugmguargheagagxe OH YRR (RYrS£Ed8 Abukhe
basis of a dlagnostlc tes n ich the cogﬁg{lso of sappl e, of plasma or

A
serum cont empd §ﬁ&8§sF?eotY§FﬁédrﬁFPWe§YUH ¥ P HRELY i ne t he
flux 20 detoxifying the higher than normal level of 3DG.

Others with impaired capacity are less able to
detoxify their elevated 3DG levels, and consequently
are at higher risk of developing diabetic
complications.

25 As will be described in more detail below,
it has been experimentally demonstrated that
stimulation of the lysine recovery pathway can occur
through the use of a glycated protein diet. As was
the case with FL above, elevation of FL3P, 3DG and 3DF

30 was observed in test animals that were fed the
glycated protein diet.

The enzyme inhibitor compounds of the
invention block the lysine recovery pathway,
preventing formation of toxic 3DG from FL3P.

35 Described below is a set of extensive
criteria that a suitable enzyme inhibitor should



15 of FL into the kidney, and the traction of that flux which appears in
the urine. Those individuals in whomthis ratio is substantially | ower than
one (1) would then be at risk for developing a variety of kidney

-pat hol ogi es including, but not limted t,@, _diabetic 20 nephrapatiyz0dd dney
failure in old age and ki dney carci noma.” Therapeutic efficacy of the kinase
inhibitors of the invention can be easily and safely determ ned using a
teat of the lysine recovery 25 pathway. The test protocol is identical to

the one presenhgdplaRedicy alge a9 Vighe Vhidct Hee eéﬁeEhhgnlhbéht%h”aééF

fruct oael y5| ne | g}/lel S are neasur ed in addclltl on to,urinar
| evel s. i s WESHuPS ST RALCEFFS £RE¢ %B?Hmb@\lﬁgelﬁnﬁnb{f PEEAEAVE| ati ng

30 FL3P k| nase inhiblitoar ntdtﬁf@pyheé'@ecﬁit@emevetanaidé?@@ ridagbF are
sunmed at each.t

t d t f t I
measured in thd Z‘énﬁgglér%pl% fﬁgrrglgéﬁa‘f %n%? Y%bgﬁaﬁh §B#3V§§ﬁa° f\l gg
urine fol Pow ngaiyndpes riadmsfl frooedud s lmg&yeét EdohmypilaBtsesirdues are
derived from tR\‘ic%B'r\é'atrb’lsms 4%\It@18144’é-_{39?ﬁ Of;h%g m%%%@es{rﬁﬂ%&@i)é

pat hway. The rati o of concentration of ese tes"to unfieéacted
fruct ose-1ysi nBX \?’v‘i‘fuéﬁﬁ @%h‘fﬁqmﬁr%n%%eﬁ?tb?nﬂﬁnﬁﬁowlﬁﬁg? pEfthets the

activity of theszgabiiy réiadtni'tbrblémd)nl@é mE6haNSERC I EARYBi Y0P Awgy W ||
cause a decreag@ |nbt he a unt of 3? ‘%ﬁ 3DF excreted agd an increase in
the excreted | 8v&Cs P65t & %%’ez?c§/ heSoRTRatoh il BEEReCE  fi cacy of a

ki nase i hbi bi tdtbmbanaln@mwehtlimmm mepshe i g\gnehatddcffaﬁeaoi-ahli@m( 3DG +
| 0 3DF)/fructo £ f ti a

not ewor t hy tha% %l?lr %%g%cﬁoaln%@or%&%@?mé‘gétoﬁéﬂgﬁﬁng[wSﬁgi f‘ét%@ a factor
in interpretingarhbs adsadized unlgererate oaovidet ubvlietysofs consi dered.
15 1t will be appreundLddiand f@ofﬁ@@%@gw' $8bABYESliNhnob2LbYs

di gested food caqntai ni n% hi gh conce ations of glycated-I|ysine residues
will lead to tRE 56d dFERASRd serum 3DG. It is reasonable to
caution isdi vi dual s at r |Eégatm1ekwin®ﬂ 2Re dssense, ofothexpupheideabeti cs,

to avoid food h e high i ons, Con trations, of

gl ycat ed- | ysi ng‘n&le?ﬁgﬁ g caC%n &?r% r%‘ﬁ%‘([‘i % ixﬁatam%geaggirf’gt §R8f nmet hods.

One such neasucerigerigetlhcted Mb@m@e@ not Bzangﬁ.éetedbeb_eﬁulHowever any
sui table 25 m@ilérr%?;%@ttdllrgs can %@tea&gu EEBX ée{:gbtn ZSRHS | evel s

of glycated-1ysine Itut e E assay net hod
exenpl i fi ed beF@RFOVEXrAmRathway a%%cathﬁ%nsp§ﬁ‘éen iegl | yeevaiagpPat ed

i nclude pgt ar @él(&tyﬂﬂgﬂtt}ﬂ;d é@a@@l@flaﬁabeelandoﬁﬁlumheﬁbcak met hods.
Regar dl ess of t t hod o s msgt gng_goyed is within the scope of
the present in % UetTThi i t et 2oneEnt of gI ycat ed- | ysi ne residues
in prepared foods and to :apprl'EleelrmliwdeQrsshéu&d besk Bwmaldevel opi ng

ki dney dysfunchianfd hase FAe4&1TY "BhkeRSupSBy! Bal18UCh Thndidkgurbs My

refrain
meet this criteria, the inhibitor must have a

25 molecular weight of less than 2,000 and more ideally
approximately 1,000 daltons or less.

2. The inhibitor must show competitive,
noncompetitive, irreversible or suilcide inhibition of
the FL3P kinase. If the inhibitor is a competitive or

30 noncompetitive inhibitor, the inhibition constant, K,
must be less than about 1 mM. Ideally, it must be
less than 100 pM and more ideally, about 40 uM or
less. If the inhibitor showe suicide or other
irreversible inhibition, this requirement for

35 inhibition constant is rendered moot.

3. The inhibitor must be both soluble in



- 44 - 28/11/2002 fromingesting foods high in glycated-1ysine content. The
foll ow ng exanples are provided to describe the invention in further

detail. These 5 exanples are provided for illustrative purposes only, and
.should in no way be construed as limti the invention. AlRsg/HAnpyecdiures
given in the exanples are in degrees cémrti'grade unl ess ot herw se indicat ed.
10 EXAMPLE 1 | SOLATI ON AND | DENTI FI CATI ON OF FL3P: A Sip NWR analysis of a
‘perchloric acid extract of diabetic rat kidneys showed a neM/sugar
nonophosphat e AR 4 e n ki dney
tissue 15 and IS presgﬁ?pgﬁﬁogegﬁangwg uce%§l QgheBanEégg 8 %?C ki dney.
The conpound BPEMRHREIIFECRD rPghe B%@eF?@BlFégéﬁ&né@rwﬁ§1ubéﬂa$§dl@y

chr omat ogr aphyqeaf d exf releé OAhabite£oChby! al ke 6@l kukosangpliwyy using
1- but anol - acet.i c - wat uen 20 The structure was

er
det er m ned byﬁﬁwﬁ \é?xsb%i??bEF s&a hﬁ?FnQrSSSHB?pﬁété. This was
| at er comnfir mesbrinentyeciomgequabats wrt yrebtepr epanedoagMpr exhaws! y
descri bed (Fi Q1 C 5 4 ) and
show ng dlrec% WQH§?Qﬁ8$m%%E%%n5gP%”§56 E@lﬁ %EL%S§§%§%3§§| ; deut er at ed
in position- SMnhﬁbxﬁﬁﬁ @h%s9b§¢@|bﬂ ﬁhyshélpnegphaselanecaﬁb@ﬁ@@ Thi s

was ~ perfor”Edﬂﬁtéﬂﬁﬂygtéﬁtéfetﬁéﬁ bR 6@9§E%aaE9301€gUQEEQrand decoupl ed.
The normal P-Q-CH ﬁggproduces a doubl wth a J value of 30

10. 3 Hz, mhen%ﬁ?qb?5 fBe cBaPFi ng 1968 %ﬁVGdGB§51Eh§Ph§P€th§Fh

coupl ed 1a>nd dmamzecgr@@w\as*cﬁaundo&aaca-.Ldr&uyeupbﬁd1El;aBat/$ohmfwe
property of FL3P uf that when treated with sodi um borohydride it is
converted int Pt Hewt 88h&nces at 5.85 and 5. 95 ppm which 35 correspond
to mannitol and sorbitol4lysifike3phbaphabramust- shbw- a28kbtAPAe2 EXAVMPLE 2

SYNTHESI S OF 5#%{* gcgwyﬁeg%?glbegﬁgkgggcoiﬁ %ﬁggﬁ§gag&§ %gd 0.25 mmol of

a- car bobenzoxylysine was refluxed 1'n 5 6ufs. The 5
sol ution was dilerarewriraldy affeatéveasenernsyatdgrafhedasnleapéw- 50

colum @ 5 X cifk Gduk nféhyowﬁgdaamuﬁhke&@ta% gruted teﬁt-. W th water
(200 mM) and then th 600 g1 ? i,ne and gcetlc acid).
The target coﬁBﬁﬁﬁﬂi%1u%%ds Pu ﬁemﬁﬁn ﬁGHOF EeFORSERtRAE 1OHe

begi nni ng of tfwer bt f keamasaigRenbvaksof wheecbdeandybeonwb peacldayg gr oups
with 5% Pd/ C S y E VMPLE 3
ENZYMATI C PRO%’&%D’E% @8H§PQER%$ATFEE§§D %Eeﬁﬁgﬁﬁﬁh 8!521% NI NG

| NH Bl TORS: Tritaintain3apthwrapgytisegongeaematdonapé kiheadahdbiiter.y in

the ki drgy cor«ﬂ% feéugreﬁéﬁel aoets BB%S thelRird tma@n%ﬁecmeimm st
honogeni zed in 9 contai ni ng 150 mM KC1, 5 nNIDTT 15

™ Myd 2, pH PS. al?:h?st%ﬁsEéhl ?‘u@e&h&f‘aﬂ? WG GORGEMEaNieH &LteIhd t hen
t he supernat e tisat £fifsgedoat . 10AnMCEon sf @xal)lEsnvifesuctewafiulm sul f ate was

added to 60@6%ﬁﬁgfﬂééggtiégisrekist where medical efficacy is seen
only upon prolonged dosing. The criterion does mean

25 that, once an efficacious concentration is reached,
this concentration should be able to be maintained for
greater than one hour following the last
administration of medication. A test for therapeutic
efficacy is described herein.

30 5. The inhibitor must be non-toxic. This
criteria requires that the inhibitor not demonstrate
human toxicity when administered at the therapeutic
dose. Ideally, toxicity should not be evident when
the inhibitor is present at blood and/or target tisgsue

35 levels of twice that needed for therapeutic effect.
More ideally, there should be no appreciable toxicity



25 hour at 40 the precipitate was collected by centrifugati on and di ssol ved
in5mM. of original buffer. A2 m aliquot of this solution was incubated
with 10 mM ATP and 10 nM of FL (prepared as in Exanple 1, above) for 2
-hours at 370. The reaction was 30 que gged with 300 uL of perghlrdgnzaci d.
centrifuged to renove protein, and des@fted on a colum of Sephadex G 10 (5
X 10 cm. 31P NWR analysis of the reaction m xture detected formation of
FL3P. Based on the proof of kinase activity thus 35 obtained, a radioactive
assay was devgl-op i i v ge of the lack
o b 11 soas 1 l@ﬁﬁﬁg@# %Sa{%f%%ﬂeé}%an eﬁ?eg%gb FL3P. This
char act eri st i @1GPeEisP SRIPIFCatdPRse FaduHY d19 oﬁ”f“%v?’étﬁgobéft dong Since
nost phgspgat e i ﬁdlﬂl@)ltdiiﬁ’s X_rzlfgﬁltlﬂ\eritt m@@wﬁéﬁdtﬁ%?ge&;h&fgwgmgf aél
conmpounds t react w.t a excess wou e boun
oy hg FL3P BT SRS ChEY o, Y B AFaF e hex e Cobde of
resin regui red:htr@me:nmgzecudms/Aﬂhaltnmahe kessane dhidemasoaeconpl i shed by

pi petting the i ion ; 1in0.9n
H20, vortexi ngmang‘lla(r??nt ;llto?l %%{)o pack xelzr’&% Féa&gfﬁg%o 8 m. of
super nat e was Woilgertles @rﬂfb%@O Feangiilyf Fgsesselt yu$1213§1 rweydrt exed and

centrifuged. és@a@l@sh‘é@i léffﬁtr&fl SHRRIRAL & WhAsndh p@éi‘cf@ltgt 910 m of
Ecoscint A and count ed. Resi dual counts were, 85 cpm This procedure was

used for the é§§§fseﬁ1ér‘prsé:@|gﬁ ©8ee gt oo™ um sul fate precipitation
of the awude cortex homigenaidedvamoneditisol ¢mnd@mé1@ﬁﬁgemat ¢hluf fer at

(G, 15 v BT R Rt G LAl Lo hfEoTpulpe "

rel ati onship between rates of FL3P production and enzyne concentrati on was
determ ned using triplicate determ natigps Wyth % 2 and 4 ng of protein for
30 mnutes at 370. Bl anks run 25 concurréntly w thout FL were subtracted
and thejgata recorded. The observed actgvity corresponds to an approxi mate
FL3P synthesis rate of 20 nnols/hr./ng.| protein. 30 EXAMPLE(4)! NHI BI TI ON OF
T8E FORMATI ON OF 3- DEOXY( ~LUCOSONE ZB¥ NEG3IHM NE AND VAR ClJS PO_YO_LYSI NES
a. Ceneral polyollysiae syathesie. The |sugar (11 mmol es),

a- car bobenzoxy-1lysine 35 (10 mml s) an®;NaBH-CN (15 mmol es) were di ssol ved

in 50 m20of MeOH H20 (3:2) and stirred at 250 for 18 hours. Y 4~
28/ 11/ 2002 The solution was treated with an excess of Dow50 (H) ion
exchange resin to deconRass-3XLe6S JNafm QN th.l@_mpgt %glﬁb| geh @ Rlelds
resin) was transferred onto a Dovv-50 (H) colu 15 and washed

m (2,
wel | with 5 wdram tthe SR SRS tdashrohd tﬂﬁé 1%‘1"%’—’ ?ﬁe ranched
car bobenzoxy- pHaial |aikyle gmlflmed waﬁd%hﬂxﬁsﬁhstibeteasnodue obt ai ned

upon ev rati S5 o tyh I ed with
hydroge%%gas (s%: %:)‘ﬂ!um n 3&“% féefdl eﬁ% g:r']lotax(%] gé? tgﬁ:i/st .
Filtration and:;a)\/apfbrm i areyhbat thuente pelgotedstfnom thb gBEoWY | nent al
protocol for redictdrn fof_urg ”aa{ryéﬁﬁq'f&"é’é{@ lE’»eglfg,ggglg,_lcosone by

sorbitollysine, nmannito j}/lne an aeti1tollysine.
polyaminoacid resid ue, a peptide chain, a linear or

branched chain aliphatic group (C,-C,), which is

30 ungubstituted or substituted with at least one
nitrogen- or oxygen-containing substituent, a linear
or branched chain aliphatic group (C,-Cy), which
is unsubstituted or substituted with at least one
nitrogen- or oxygen-containing substituent and

35 interrupted by at least one -0-, -NH-, or -NR"-
moiety, R" being linear or branched chain alkyl group
(C,-C¢) and an unsubstituted or substituted aryl group
(C,-C,o) or aralkyl group (C,~C,), with the proviso that
when X represents -NR‘-, R and R', together with the



15 Urine was collected fromsix rats for three hours. A plasma sanpl e was
al so obtained. The aninmals were then given 10 ~. nols of either
sorbitollysine, mannitollysine, or galactitollysine by intraperitoneal
tnjection. Uine was collected for 20 ther three hours, anrg/aipkasza
sanpl e obtained at the end of the three hours. 3-deoxygl ucosone was
nmeasured in these sanples, as described in Exanple 5, below and variable
vol unes were normalized to creatinine. The 25 average reduction of urinary

3- deoxygl ucoSoRg . ¥BgeR0EI 26 Bhlieh! ¥Hidhe ardSUrhudiRRl ol wpige and 35%
by gal actitollysine” Plasma 3-deoxygl ucosone was reduced % by '

sor bi t ol | ysi neFeBEOFBREn@nFPSEHEMEECa /T Sosubptdiused hatgreeclBo c. Use
of meglum ne tpingduaeiugi Kaow 8 deoxydiweosedms , THieS Al S ese dheated as
in b), imedi atflx.gbove except rreg{/ m'nen&%‘go ~ rn)llh;s(;)é:I was irg’lec,ted

i ntraperitoneaPfy"tHEPEER 8P% REYIRE ECIRGENE SRy RFLSTeAT a1 ves.
Three howss afseldt méngnj eatidoaryhe garoapade€,3cdeonyghradkgile grengent rati ons
' - 4g - 28/11/,2002 in_.iRe_ytjn .ea 429 5. ELEVATI ON OF
URI NARY FL, 3D&gAﬁ%°§D§’t‘?|\Fg£EU@&E@@%%E%N%?H%G%@F%@%SY%

PROTEI N: a. Prepiegtednispugltheats@upr sosisissdndaiofi My faddyIpr oduct: 260 g.

of casein, 120(@,-@f) 9hsaeRmAN¢r,20cHl, . nof gﬁaeroyﬁ}@%ﬁ {(@ld_disq .give a
honogeneous m xture. Thi qxture \Aﬁ]ﬁ transferred io 10 a netal plate and
cooked at 650 Fori%a& I*B‘Elf%‘? TARIF B MRY M9 cakEC vhist tRERT pGR¥EPIZed to a

course poowder . atbmg, pywder edthedi aedag®vrylomeietys det erm ned by the
Kj el dahl procedzre. b. Measurenent of glycated |Iysing content: 15 1 g of
r

t he powder prepar i.n , rol yzed by Jefl uxing with
6N HC1 for 20 urz. %‘sfhg P@?ﬁ%ﬁﬁ&%@’&ﬁfeﬁ%&?ﬁéﬁua € )t’o H&.8 with

NaOH solution and diluted to 100 ml. The fructosel yai'ne content was
measured on an am no acid analyzer as 20 furosine, the product obtained

from aci¥P hydr 8ry&rsess frpnc tdiseByope consigtiiagngf B w-aldtxk n{Ged t hat
{/hle cake contacped ShéledenwWck ,uclc;:s,el.l)cdqw,. afﬁmd E)gzgn%yrea%al hpr ot gcol :

ol unt eers spent , two S .a_txuctosel ysine-free di et and the

consunmed 22.5 8p55°f‘ﬁg§$06§%pr E@C'(t%&‘ﬁr éﬁéﬁ?&sa?ngeggﬁ%%’eq%EY hus

ef fectively reaeceptighde? sgltdood ehikk woimpeeingsi ne. Urine was col |l ected at
2 hour intervals for 14 i I [ ]%%E I at 24 hours.
30 d. Measurenent of FL, E@B&%é:%%q@%ﬁ ien@%tﬁnrl?l‘i%é %ELI?\%;}S argﬁ?ogrd by HPLC with
a Water 2996 dpsyeen-coptadindgda Wit substiguenes Amciadseithesg urm at 460

and a gradi ent gehlible@n rHsht G rRCA-MYdridhe BRitpi cAlLaho! (Vede) - .
(45:15:40) intg acet oni rile 35 sodi um a etate-m&ter SG_:2:92)_ at f m . /nin.
Quantitation eﬁ:ﬁpgygt?ogh q ﬂt'ér'ﬁaltrgiaﬂﬂd‘rﬂcm“t@r“e (CH,) ,~CHNH,-CH,NH,) ,
3,6-diamino-S-hydroxyheptanoic acid (-CH,-CH(OH) ~CH,-
CH (NH,) -CH,~-COOH) , and the like.

25 The structure of formula I has asymetric
centers and may occur as racemates, racemic mixtures
and various stereoisomers, all of such isomeric forms
being within the scope of this invention, as well as
mixtures thereof.

30 Ali:hough certain of the compounds having the
structure of formula I, above, were previously known,
others are believed to be novel and as such are within
the scope of the present invention, as is the use of
all of the compounds of formula I for inhibiting the

35 enzyme-catalyzed production of 3DG in vivo.

Inhibitors of the above formula may be
prepared by reacting the appropriate sugar, e.g.,



28/ 11/ 2002 negl um ne. 3DF was neasured by HPLC after deionization of the
sanpl e. Anal yses were perfornmed on a D onex DX-500 HPLC system enpl oying a
PAL colum (Dionex) and 5 eluting with 32 nM sodi um hydroxide at 1 m ./ mn.
Quantitation was perforned fron1stand@kg curves obtai ned dai 2g/MtB002

synt hetic 3DF. 3DG was neasured by GC- after deionization of the sanple.
3DG was derivatized with a 10-fold 10 excess of di am nonapht hal ene in PBS.
Et hyl acetate extraction gave a salt free fraction which was converted to
the trinmethyl sijybosd hegrabtded] i mShhohBLer ¢8hosllakysissaas,per formed on
a Hew ett-Packard 5890, sel ected jon ponitoring GC- NG system GC was 15
performed on a %E%%F%+Y?c§h%¥&9#laW&tEo?HnﬁmgBB-BFég-ﬁ¥?231H¥5 usi ng the

fol | owi ng tenpeappmm;}:tmog[]%mdfrﬂre@fogeep@haazgoamih@ tiaaly el imm
tenperature 1500 ich is he or 1 mnute, then ingreaseq,to, 2900 at
L nut e and WERPTE S Sy e &8 defRby Eapportyr 5o Sioo G byer

sel ected ion nohlternagivelyng swgans er sathsaandandoske ,Ugkl3GE3IXse The graph

shown In Fl QU &2uiSRL SSLNSodt RELLON OF Ehe 3PkedNthaiPBd NeddiG dhi Ne Of

one vol unt eer ter consum ng 1 glycated protein. "The rapi ppear ance
of all three nevibdl¥iled 73 PRt yorvhudnexyRBosHbSLH taneBBEatianta al i ght

el evati 0{1 e;/ﬁn ?ft@m?ww@]yd%@@mb@arﬁeﬂ?ﬁt %haﬁhﬁ;%@’sé%dbé:icgﬂ”& go
represents e ornatli on 0O C [0) ne er (0] seven person
oo grow, Aoriitly Hiclord el M R ER LR wnbAE Lai Gire

, exro et i ofc n a o ahea Q v slig
el evation of 3 ' i ceab, [ er.t | us.. 35 -, S0 -
28/ 11/ 2002 Emﬁf@%gﬁ&ﬁé%&?ﬁ?ﬁﬁ@”ﬁf‘écé&3395&0305%%%tm abke® -
(NAGase) is an ¥nzQire-@Kbr bt edlheit beaneivei meiehyebdy aredimior extidht i on in
di abetics. It 5ré§c£§ﬂygg&Rﬁ§5&§e&p ﬁé?lgenghgegmggffgﬁﬁgg{ng , but the

pat hogenesi s of | ncrease se In urine is not we stood. The
i ncreased uri naf¥PByTPR¥POR N2Ekhe | ANENELIEPER REs NySaio:prlo SR t be due

to activaison ofhtyses@n@sdée nclpadui mabulivlBhesaimidecedits Khab @S W th
an increased ou%gutelntotthg urine rat her than d StrUCtl%gﬁﬁi ce is The
resul ts obtai ned"FneFRTR-EX n%m% 2ndWtPRat PRES l@oﬁ&ﬁm %ﬁﬁ:%gﬁ
NAGase | evel s awiéthbevaltwitatiom, egppcinent alagioep rnelldtiee teucire,

isoleucine, serine, threonine, methionine, aspartic

acid, phenylalanine, tyrosine, histidine and

20 tryptophan. Other suitable reactants are from the

broader class of aminocarboxylic acid, for example,

pyroglutamic acid, beta-alanine, gamma-aminobutyric

acid, epsilon-amino caproic acid and the like. N-acyl

derivatives of the above-wmentioned amino acids, such

25 as formyl lysine, may also be used if desired.

Other appropriate reactants include, without
limitation, unsubstituted or substituted aryl (C6-C10)
compounds, wherein the substituent may be alkyl (Ci-
C3), alkoxy, carboxy, nitro or halogen groups,

30 unsubstituted or substituted alkanes, wherein the
substituent may be at least one alkoxy group; or
unsubstituted or substituted nitrogen-containing
heterocyclic compounds, wherein the substituents may
be alkyl (C,-C;), aryl (C¢-C,,), alkoxy, carboxy, nitro

35 or halogen groups. Illustrative examples of the last-
mentioned group of reactants include m-methyl-, p-



15 control. Thus, aninmals fed glycated protein excrete excess NAGase into
their urine, simlar to results obtained with diabetics. There is an
approxi mate SO% i ncrease in NAGase output conpared with control aninals.
These animals al so have a five-fold increase 20 in urine 3DF289npareéd2w t h
controls. Urinary 3DF correlates extred@ y well with 3DG as can be seen in
Figures 5 and 6. Both conpounds appear to be renoved fromthe plasna at the
glonerular filtration rate, with no reabsorption. 25 EXAMPLE 7 SDS GEL OF
KI DNEY PROTEINS;, . Two rat a e_injected aiby wth S5 ~ nmols. of either FL
or mannitol (u@%ﬁpgg a.%dﬂ%?%??yFOrOBmaﬁ SXYThENG T XR®T e 30 sacrificed
and t he ki dneyamirplogrziened, ddssanded-antinobeazodct eciadal; nedul | a. Ti ssues
wer e honogeni zgd.J unes Tr kS il M KC1, 15 nmiv
Myd 2 and 5 nﬁﬁb##h§$¥§%Smﬁég?§ﬁ?g?g§%br?sm%%§5%§#%$§%ﬂ%v&§§%trifugation
at 10,000 g fOWOHBh%fh%%e%?dSBlﬁﬁﬁd%ﬁé-supernate was then centrifuged at
150, 000 gsfor 70 ni nut esReghessnt Hbk fepPhahebis ot ®npindethdying- 51 -
28/ 11/ 2002 SDS EA on 12a ﬁoi acrglanidg %Eks,as I'l as aon 4-15 and

10- 20% gr adi ent?GetOVE it LR sRES FBlef OMbPedtl &S JHCmh dEakks e

m ssing or visnal | Fxamplesdof rionoiheckingbeydextthatt nefy tihe wdddeds i nj ect ed
5 wth FL when, i he,_ aninal .inj_ected wi.th mannitol. EXAVPLE 8
SYNTHESI S OF 3?%W%WE%WE tk‘éjsAlé‘Hs‘?Ber%sﬁnor%%‘fq‘i 4 g (0.1 nol)
of anhydrous 3wirhewtyligltabienanteglymihesoshpmiphtisils ul¥sires ian®0 nl  of

met hanol; gnd 1paghi©b1 olysehrel was refluxed for 30 minutes, followed by the

addition of 0.035 nol of_ a-carbobenzoxy-lysine and 4 ni. of 15 acetic acid.
Thi's sol ution was ref| uxedef BRhEPRERY sComheusds, CegTrided rharein eam 1

vol ume of wat efomtpkdrnaséeuicabtd ascapbande- 2216 Wit ddisud in the
pyri di ni um for elute ' i

and dfirst with. water.and thern w th pyridinium
Yt ato Fract FOREIRRET PR RESTRLC SBEDHPe SrabBAFR meth (AR oA Sha
evapor at ed. Thincksdeii@aggmpteikaliwastdilssallted ialksdire cdamtzdi er met hano
(9:1) a red i dr ( Is 4N 0 qhﬁm n
charcoarg%atar§§.?fl%$%€%ti%ﬁﬁgﬁgagva%g%gﬁ?%H%%gv%ngy%gﬁ%?%%kﬁz *
fruct osel ysi neamtppepakprcei f eltahpoungidradingdudes st«dcture of formula
(1), above, mayyQ8cBRISrEeclachl, dhya2bbeBmik acie esied nitrogen- or
oxygen-contalnlng start%Eg naterLa , Whi ch maybe an am no acid, 30
pol yani noaci d, "BEPRRGRULIORAE RFRE: with a gl ycating agent, such as
fructose, which nmay be cheeil phbipacediicadly hodesitraddl e agirsli of) tloe

procedurga “B'EOKB8Mh&Q 5?0f8r§5iglfdcgﬂ B@eﬁ@épaéﬁé following
procedures which are familiar to those skilled in the
art.

The ability of a compound to inhibit the
FL3P kinase can be determined using a wide variety of
25 kinase activity assays. One useful assay involves
incubating the potential inhibitor with
fructose-lysine and ATP in the presence of kidney
homogenate or other enzyme source. A solution of the
assay components is prepared, which typically contains
30 1 millimole or less of the inhibitor compound of this
invention, an amount of fructose lysine (FL) in the
range of 1-10 millimoleg, an amount of ATP in the
range of 0.1-10 millimoles and an amount of the enzyme
source which is sufficient to convert FL to fructose
35 lysine-3-phogphate. The incubation should be
conducted within a pH range of 4.5 to 9.5 and ideally



- 52 - 28/11/ 2002 EXAMPLE 9 ADDI Tl ONAL ASSAY FOR FL3P KI NASE ACTTVITY: a.
Preparation of Stock Sol utions: An assay buffer solution was prepared which
5 was 100 mM HEPES pH 8.0, 10 mM ATP, 2 mM Mg 2, 5 mM DTT, 0.5 nM PMSF. A
-f ructosyl -sperm ne stock solution was prepared which was 2 2éM111/2002
fructosyl-spermne Hcl. A sperm ne c6ntl” sol ution was prepared which was
2 MM spermne Hel. 10 b. Synthesis of Fructosyl-sperm ne: Synthesis of
fructosyl -sperm ne was performed by an adaptation of a known procedure (J.

Hodge and B. Ei_sher, t hods bohydr.. Chem , (~: .99-107.(196 A

m xture of sp rtmb’ﬁeélt(‘%o %%)?g%{fu@%égr?%ﬁﬁhg) Téﬁd“ﬂ%“éégilé& ﬁg%%i}l fite
(80 ny) was phkepsearried cowbl ak aatewpefaBustelthat is compatible

(sperm ne: glu . ZQ%lﬁ_Lf' Ep,5 th I er : nd
refluxed for %§§ﬁ65¥£. Theé%§%33§¥'35§£3?FﬁP§d ?§8263@Ef.mﬁéﬁ;%% ér and

| oaded onto atDONMSEURA kPN (5896AER}edTRBt UAE cRBYEdO2094FBk0se was renpved
by 2 col gmn veldnipesaafum@l er aapdrt pRcpadu6eh, afHeupegacti g $pernine vere
renoved with 0. 3. N%EH4OH. Eﬁoled gea& gractlgnﬁpof t he grodua: wer e

| yophi | i zed aRFPETELAY aiFbH BFSFHRLEBEIPRsBEr i RePRRESHB: BR RBE by
measur i ng t hepradegrtdlorofof hELEP 2m@éstradt bgy PpédR ispeatavarcbplat i ve 13C
NVR spectrum \ Delle a e Ltk pul se, a 10
second rel axa }gﬁhggﬁgy an%?é{pﬁ%gtE%Kﬁ?éé%%ﬁpﬁfﬁ%?ngPégggayhof Ki nase for
Purificati on: sanplecuenbainirgure wabibibpar edmbpunddivhgnioompared of the

enzyne ppepar dld bntddI dafblasSeiabUhier frdeOof: thhobi83F. ATP, 10 ~1 of
fructosyl -sperm ne stock solution and 70 ul of water and 1 ncubated at 37C

ul o1, :
for 1 hour. At the end JPtRRE PASEYBE: haKeoptilityokay therrapddsanple is

spotted onto Qaredwlirae BondbaneheymeelihtibseiphospbakesdeEkasgdrat man
P-81) and al | qued tC)ckqﬁ?The di?kgrﬁehgsggzhed extensiv
ng, [

I
28/ 11/ 2002 wi CANHYES ePS8r § YE1Rg, atin| Xooabehled %ﬁ Il ation
vial s and coumtred*PALR. enSymeef FA3Pi doewanoss bayed tion Douwplli bateABPt h an

appropriate s i . K Y. OBSERVED | N
TR RN R s BB A e e R E A8, ?gyggmgréé?%?% gfgr?ed' on a

gl ycated 10 pESRsLRtH dihe opvedueh| FERBt Eram Shegremalvdnas spagtidnt hs and
conmpared to 9nfiditref BhepsasengdehavhBbayned1a8ianCeAtba§hdhetoldhf

primary findin S substantial increase in damgged_gloneruli in the
Bl & on't &t PR LR, SEOBT oAl PFBOFbRETBSALEERCEIoTNEE B So ani mal s
wer e segnent altysdlaarldsy s1@f mihetgboneThearesultantt Boddhdéenohst ad@ednan’ s
capsul e, 4t ubul 2. of -the.npati . _ephthelium.and i bila
i brosi 20 AT Ehibe At #Ehexrbr BB BEL TR LR L 20T BLBBELRLT,
one of the anifmlahdbrronted tondetermine Shewamonvteofhan 13% damaged

glomeruli. Thegyiehalti+yteof ptBhacBappeni ng by chance is leas than 2% In
addition to the pathol o obsenvea,igéthi gIoneguIL, nunber of hylinated
1Efhrulss e

casts within tubul es wer2®obketfe tene gawgriarg
quantities of human tissue, it is preferable to use a

25 recombinant version of the kinase that is cloned into
an expression system, such as E. Coli. The cloned
kinase can be readily obtained from the “shotgun”
cloning of tissue specific ¢DNA libraries. Such
libraries are readily available from commercial

30 sources. For example they may be obtained from
Clontech, Palo Alto, CA. The shotgun cloning
envisioned may be performed using the lambda cloning
system commercially available from Stratagen, located
in San Diego, California. This cloning kit contains

35 detailed instructions for its use.

The pharmaceutical preparations of the



25 found in animals on the glycated diet, although these were not
quantitated. Increased |evels of NAaase were al so observed in the aninmals
on the glycated diet. Fromthe results of this experinment, the glycated
_diet appeared to cause the test animals to 30 devel op a serpgg10f2002

hi stol ogical lesions simlar to those-s®en-in the diabetic kidney. - 54 -
28/ 11/ 2002 EXAMPLE 1.1 EFFECTS OF GLYCATED DI ETS ON PREGNANCY In a
-prelimnary experinent, 5 mce pairs were placed on a glycated diet (18%
total protein; 3%5 glycated) and bred six tinmes over a period of 7 nonths.
The resul ting Erﬁsﬁﬁgghaﬁépéﬁoﬁr SQUPEd S ORI WAe [dfvdhsups; 17, 23, 13,

0. 3 and 0. TneympBuAlst Bescehided ERRrd N dd WP Wt 18fd %.,rnéhxtlﬁiféﬂtlr d
breedi ng, two cohorts,of ten 33% er a glycated

rs each were put %_ 10 eit
di et (13% t ot al™ pFEREFRALIGNGMIES: Sy PrETr™ma YAy @&ceErialist al protein;

0% gl ycat ed) . dansitar methient wor gaids aofy pygenthave been bred four tines
obtaining.simlar results,in _bqoth _arQups.. The first pregnanc r oduced

49/ 20 15 {gl ycat ed/ cont rgp Sgug?;g { dgleglz-‘csoﬁ‘zfy iasi) ffepqar%(flﬁa/dp?ﬂ%‘ﬁ and
the fourth 20/83rm&Fhéoki Athipdiegratdyn s iowluhity hatderlisguidiheard ce pairs
have been testgd fak NYRGLG YeHD frefhe U000 WlHep5ad Rl $Ap JP0 and

112 ng/dl in the exggrlnenta and co égrou respectively.
Prelimnary met@bieREnt Sabletfe IR YRy dyagasfy wcean ibfke fiddiehte, as

expected, a supstgnitablel evaltiadmher@PsdiRiLldagruli@d oldd), af tdige System ¢
3DF when on the

| ycated di et .descri herein. .2 MPLE 12 | NOGENI C
EFFECTS *¥ FR LDy SPREPBRFARKS 'Tﬁsﬁxféfﬁ‘&act P &8sy c:%ﬁbd’(ﬁﬁ pot ent i al
of metabol iteshévemnd i*phireafceutticsdllysiawqpEttabilay ca3G isgperddinmi’s have
been conduct eds gny gastr ahy ahd 313 Wchilydhdll O SURGRRET Bl Idopd0 ki dney
carcinomas. Four rats werée put on"a gl'ycated protein diet an Fhree rats on
a control di etligeidr vebdckeekdigpeatrian @ Aurpenting s idere smfade ced
el horgs b "IELTE SRS AR B ol ORI o o 1
15 emulsifying agents, preservatives, solid binders,
lubricants and the like, as suited to the particular
dosage form desired. Representative examples of
suitable carrier media include gelatine, lactose,
starch, magnesium stearate, talc, vegetable and animal
20 fats and oils, gum, polyalkylene glycol, or the like.
Remington'’s Pharmaceutical Sciences, Fifteenth
Edition, E.W. Martin (Mack Publishing Co., Easton, PA
1975) discloses various carriers used in formulating
pharmaceutical compositions and known technigques for
25 the preparation thereof. Except insofar as any
conventional carrier medium is incompatible with the
enzyme inhibitors of the invention, such as by
producing any undesirable biological effect or
otherwise interacting in a deleterious manner with any
30 other component (s) of the pharmaceutical preparation,
its use is contemplated to be within the scope of this
invention.
In the pharmaceutical preparations of the
invention, the active agent(s) may be present in an
35 amount of at least 5% and generally not more than 98%

by weight, based on the total weight of the



whereas no lesions this large were found in the control animals. The
probability of this happening by chance is | ess than 2% The data show t hat
the el evated 3DG | evel s caused by the excess 5 fructosel ysine comng from
.the glycated protein in the animals diet found in the kidneygsyububao2cells
(known to be the cell of origin of oSt Ki dney carci nomas) can interact
with the cellular DNA leading to a variety of nutagenic and ultimtely
-carcinogenic 10 events. The possibility exists that this process is

ExAvPhe 13 1P P H R et an O Eat BEER, et e A R R o
PROGRESS| ON I CRENL BURTARRI A PrepParablys WhEHPTeRRHt iDInARETES As set

forth herei naghovseve segeft! o4l 8s0bet B8efll ¥EQL LORB SNt RS RRAIAIE, o f LGS
deoxy- gl ucosone éBEE%aZO and its reductive detoxification product, three

deoxyfruct os€q PB-el evated in diabetes. The rel ationship between
basel i n& | evel s of theserebappeddsupplienehseagyenctivegbersite He

m croal bum nur h e X I .group.of. 25.39 individuals
froma prospé%%l %&%% o?gagfggﬁﬁigﬁlgﬁgtlphelggéli#ﬁﬁ%aﬁgfgggéﬁ ter with
i nsul i n- depertepoundseinsivéesi t wit hoDDML imatasiiongal bumi nuria (based on

mul tiple nea fﬁgﬁ% G 1 ; :Raselq d bet ween
1990- 1993) aﬁﬂﬁnot oﬁngéébgg %ﬁﬁ?%r§8¥gaiga§gﬁﬁnE%Féagﬁ?fﬁéﬁgﬁband 3DG in
random spot Uihekecher eYREaine candydepivabivesctigrenfdi Amiusts t hat

progr e?_%eg4§ Qahtﬁ%jég_gﬁuéebi ?{ﬂfﬂa%?](éé,Oﬁ,b/ggﬂéulﬁ_éﬁti.eiu'ﬁwdi a ip lthegggt four
years (n= a .significan | gher. baseline levels of |og urinary
creatinine|%ﬁ??%l%b§ﬁg?éﬁstos B%ggFgﬁ?ga§0§$4(ﬁ§i§Faie§'56 - 28/ 11/ 2002

(p=0.02). Baskiaminbdpyeldidetandi dedivatifes shedpofer andp-oxi mately 0.24
oL g Of @A RECk el D PAOHLES SRR Enkar BARARY HLEINLL Yha D! €/ MO

of creatinine i n ogressors. Base - i ne cr i Ni ne
rati os di d ndtheli¥ike. behnpinhypergenapve Anpgst mimelofdimee basel ine | eve

of HgAlys (th L PEuiB2e) BReO YAL8Enk i |
substantialI3?§?$e$uthggg f?ﬁd%%giaegﬁésﬁ reguﬁggg%%gvidgqg%d?§¢%%wﬂ

[ S,
evi dence of tHehHLbErEri BAYhRLGRRe 15n6LPA8Ay agDEURRI aFted®S%i on of

ki dney conpl ig@tieasagantsalbat ehe phathabbiutiecali prepfardtdeme/fsict ose 15
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30 and After pACH,HEKNEWD §30Rb%e, complexing agents such as borate
or other salts which partially offset the acid
conditions in the stomach, and the like. Absorption
can be increased by delivering the active compound as
the salt of a fatty acid (in those cases where the
30 active compound contains one or more basic functional
groups) .

The compounds of the invention, along with
any supplementary active ingredient(s) may be
administered, using any amount and any route of

35 adwminigtration effective for inhibiting the FL3P
lysine recovery pathway. Thus, the expression
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TABLE ARRzaC ®articyd arqoﬂnzmzelm @-@Oﬁﬁdpfa@ﬁl 6l |ysine do do
3-deoxy sor bi tz@minisitiatdendo asrdate/-15xKd uoro- do do xylitol |ysine

3- deoxy- 3- cyano Sorbitoghgy%hw%é%%égjof the invention are

preferably formulated in dosage form for ease of

15 administration and uniformity of dosage. Dosage unit
form as used herein refers to a physically discrete
unit of enzyme inhibitor appropriate for the patient
to be treated. Each dosage should contain the
quantity of active material calculated to produce the

20 desired therapeutic effect either as such, or in
association with the selected pharmaceutical carrier
medium. Typically, the compounds of the invention
will be administered in dosage units containing from
about 1 mg to about 2,500 mg of the compound, by

25 weight of the preparation, with a range of about 5 mg
to about 250 mg being preferred.

The compounds of the invention may be
administered orally, parenterally, such as by
intramuscular injection, intraperitoneal injection, .

30 intravenous infusion or the like, depending on the
nature of the diabetic complication being treated.
The compounds of the invention may be administered
orally or parenterally at dosage levels of about 0.7
#g to about 20 mg and preferably from about 30 ug to
35 about 3.5 mg/kg, of patient body weight per day, one
or more times a day, to obtain the desired therapeutic



do do CHOH CH20H i CHOH CHOH CH20HY j =0 HCOHd do do do Z ~3 -OH -H -F
-CNti NNOON 3-carboxy xyul ose |ysi nedo doCHOHC=0

- C00- CH20H 03-sul fonic acid C Cfructose Babado ( Hz) 3HOHdo
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effect.

Orally active enzyme inhibitors are
particularly preferred, provided the oral dose is
capable of generating blood and/or target tissue

5 levels of the inhibitor that are therapeutically
active. Those skilled in the art can readily measure
the levels of a small molecule inhibitor in
deproteinized samples of blood, kidney and other
target tissues. The concentration of inhibitor in

10 these samples can be compared with the predetermined
inhibitory constant. Tissue levels that are far below
the inhibitory constant suggest a lack of therapeutic
activity. In the case of irreversible inhibitors,
this lack can be confirmed or refuted by assay of the

15 FL3P kinase levels in the respective tigsue. 1In all
cases, therapeutic activity can be assessed by feeding
the human or animal subject a food rich in glycated
lysine residues or fructose-lysine and measuring the
amount of 3DG and 3DF in their urine, both before and

20 after feeding. Subjectes that have therapeutically
active inhibitor in their systems will experience
decreased secretion of both 3DG and 3DF and increased
urinary secretion of fructose-lysine when compared to
levels secreted by these same subjects prior to

25 inhibitor therapy as will be described in further
detail hereinbelow.

The compounds of the invention will
typically be administered once per day or up to 4-5
times per day, depending upon the exact inhibitor

30 chosen. While a dosing schedule of once-a-day is
preferred, diabetic patients are accustomed to paying
close attention to their disease state, and so will
readily accept more frequent dosing schedules if
required, so as to deliver the above-mentioned daily

35 dosage. However, the exact regimen for administration
of the compounds and compositions described herein
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baseline | evel of 3DF, as an indicator of whether or not said patient is
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di sease. 3. Airetihddiwaxl opdtbgntobeliagmtiearted, aithe? tyieeciofi n sai d

bi ol ogi cal sa [ . h a r 2N ne of clains 1 to
3, wherein saiq%J t%iIﬁ%g#@%fﬁ%%ﬁﬁ???b%g$%%%g%Sogﬁﬁl nﬁ%%% . A net hod
according to @mWQnﬂ;ng ehysheianto 35 wsedeihersdind ﬁéﬁh@anmc:condltlon is

pr ot ei nuri a. tient” 1ncludes both humans and an
. Af U. AGAY. AM A A{ 3. A A9UFI AhY A F A{3 AAI A3. A&Y. AF. A{I'| .
F.AY.AII A AY. Ahl . AF. AUFY EFl bitor compounds ‘described herein are

. AY. AU3. AUS. A&éﬂixﬂFﬁpMEoMé’rA&Emﬁ@ H{l&?;eﬁlilé AduplAdatAlr|, 3. Ah. A{. AL A A

Al . AY. AhY. A 1Y, As. A&l F. A AY
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10 cause of end stage renal disease requiring dialysis

and transplantation. In addition, thege inhibitors
may be used for the prevention or treatment of other
pathological conditions attributable to the formation
of AGE-proteins, such as hypertension, stroke,

15 neurodegenerative disorders, e.g., senile demential of
the Alzheimers type, circulatory disease,
atherosclerosis, osteocarthritis, cataracts and the
general debilitating effects of aging.

Preliminary experiments have shown that

20 serious adverse health effects result from stimulation
of the lysine recovery pathway through long-term
consumption of glycated proteins. As was the case
with FL, elevation of FL3P, 3DG and 3DF was observed
in test animals that were fed a glycated protein diet.

25 See Table B. After eight months of such a diet clear
evidence of kidney pathology, resembling that found in
diabetic. kidneys, was seen in the animals on the
glycated protein diet, as described further in Example
10, below. Transient elevation of 3DG and 3DF levels

30 were also observed in the urine of human volunteers
who ate a small amount of the glycated protein.
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lysines or synthetic fructose-lysine. When proteins
containing glycated-lysine residues are utilized, the

5 content of glycated-lysine should be preferably

between 0.02 and 10% of total protein amino acid, or
more preferably between about 0.2 and 0.4%. The total
amount of glycated-lysine residues in the oral dose
should be about 0.3 grams. Preferably, a urine sample

10 is collected before consumption of the glycated-lysine
source, then at one, three and five hours, or such
other appropriate times as may be warranted by the
individual clinical situation.

The 3DG and 3DF levels in these urine

15 samples are measured and the ratios of these
metabolites calculated. The particular methodology
utilized in this measurement is not essential to the
practice of this invention. The GC method described
in Example 5, below, may be utilized, if desired.

20 Alternatively, colorimetric or immunological assay
methods can be used, as will be apparent to those
skilled in the art.

It is clear that the major risk factor faced
by diabetics is glycemic control, as was clearly

25 demonstrated by the recently completed Diabetes
Control and Complications Trial. However, the
incidence of diabetic complications cannot be
explained solely by blood sugar levels; a fairly wide
scatter is seen when the incidence of diabetic

30 complications is compared to historical blood sugar
levels.

One method for determining that subset of
the diabetic population which is most at risk for
developing diabetic complications is a particularly

35 significant aspect of the present invention. This
method involves the measurement of FL, 3DG and 3DF
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diabetic complications requires highly efficient
15 removal of this toxic metabolite. The ratio of 3DG to
3DF, calculated by the method described herein, allows
one to assess the efficiency of the 3DG detoxification
pathways. Those individuals with low ratio will be
generally resistant to developing diabetic
20 complications. Individuals with higher ratios,
including ratios contained within the normal range,
are more at risk, while individuals with elevated
ratios above the normal range are particularly at risk
for developing these complications.
25 Recent measurements of fructoselysine (FL)
in the plasma and urine of four different rat strains
have demonstrated considerable variability in the
manner in which their respective kidneys process FL in
blood. 1In two of the four strains (Long Evans, Brown
30 Norway) virtually all of the FL filtered by the kidney
appeared in the urine based upon ratios of this
compound and its metabolites with creatinine. With
the other two strains (Sprague Dawley, Fischer) 10-20%
of the FL in the plasma appeared in the urine, based
35 on comparisons with creatinine filtration. These
measurements strongly suggest a major variability in
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!f\’Fnlow&l(yﬁhbstantially stimulated in those humans in whom a
large amount of FL is absorbed from the ultrafiltrate,
leading to the high local levels of 3-deoxyglucosone

10 (3DG) in the kidney, as well as systemically
throughout the body. This observation may serve as
the basis of a diagnostic test in which the comparison
of a sample of plasma or serum contemporaneously
obtained with a urine sample would determine the flux

15 of FL into the kidney, and the fraction of that flux
which appears in the urine. Those individuals in whom
this ratio is substantially lower than one (1) would
then be at risk for developing a variety of kidney
pathologies including, but not limited to, diabetic

20 nephropathy, kidney failure in old age and kidney
carcinoma.

Therapeutic efficacy of the kinase
inhibitors of the invention can be easily and safely
determined using a test of the lysine recovery

25 pathway. The test protocol is identical to the one
presented immediately above, with the exception that
urinary fructoselysine levels are measured in addition
to urinary 3DG and 3DF levels. It is useful to
conduct this test both before and after initiating

30 FL3P kinase inhibitor therapy. The urine levels of
3DG and 3DF are summed at each time point and compared
to the levels of fructose-lysine measured in the same
sample.

The peak levels of 3DG and 3DF found in

35 urine following ingestion of food rich in
glycated-lysine residues are derived from the activity
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therapy. It is noteworthy that urine volume or
metabolite concentrations are not a factor in
interpreting this assay, as only a ratio of
metabolites is considered.

15 It will be appreciated from the foregoing
disclosure that orally digested food containing high
concentrations of glycated-lysine residues will lead
to the production of kidney and serum 3DG. It is
reasonable to caution individuals at risk for kidney

20 digsease, for example diabetics, to avoid food with
these high concentrations. Concentrations of
glycated-lysine residues can be measured using a wide
variety of methods. One such measurement method is
described in Example 4, below. However, any suitable

25 measurement methodology that accurately determines the
levels of glycated-lysine residues can be substituted
in place of the assay method exemplified below.
Examples of assay wmethods specifically contemplated
include but are not limited to colorimetric and

30 immulogical methods.

Regardless of the method of measurement
employed, it is within the scope of the present
invention to determine the content of glycated-lysine
regsidues in prepared foods and to apprise individuals

35 at risk for developing kidney dysfunction of these
determinations, so that such individuals may refrain
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10~~ ISOLATION AND IDENTIFICATION OF FL3P: A 3P
NMR analysis of a perchloric acid extract of diabetic
rat kidneys showed a new sugar monophosphate resonance
at 6.24 ppm which is not observed in non-kidney tissue
15 and is present at greatly reduced levels in non-
diabetic kidney. The compound responsible for the
observed resonance was isolated by chromatography of
the extract on a microcrytalline cellulose column
using l-butanol-acetic acid-water (5:2:3) as eluent.
20 The structure was determined by proton 2D COSY to be
fructose-lysine 3-phosphate. This was later confirmed
by injecting animals with FL, prepared as previously
described (Finot and Mauson, Helv. Chim. Acta, 52:
1488 (1969)), and showing direct phosphorylation to
25 FL3P. Using FL specifically deuterated in position-3
confirmed the position of the phosphate at carbon-3.
This was performed by analyzing the 3P NMR spectra
both coupled and decoupled. The normal P-O-C-H
coupling produces a doublet in FL3P with a J value of
30 10.32 Hz, whereas P-0-C-D has no coupling and produces
a singlet both coupled and decoupled, as was found for
3-deuterated FL3P. A unigue property of FL3P is that
when treated with sodium borohydride it is converted
into two new resonances at 5.85 and 5.95 ppm, which
35 correspond to mannitol and sorbitol-lysine 3-
phogphates.
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the pyridinium form and eluted first with water (200
ml) and then with 600 ml buffer (0.1M pyridine and
0.3M acetic acid). The target compound eluted at the

10 end of the water wash and the beginning of the buffer

wash. Removal of the cbz and benzyl blocking groups

with 5% Pd/C at 20 psi of hydrogen gave FL3P in 6%
yield.

15 EXAMPLE 3
ENZYMATIC PRODUCTION OF FL3P FROM FL AND ATP

AND ASSAY FOR SCREENING INHIBITORS: Initially 3P NMR
was used to demonstrate kinase activity in the kidney
cortex. A 3 g. sample of fresh pig kidney cortex was

20 homogenized in 9 ml. of 50 mM Tris ‘HCl containing 150
mM KCl, 5 mM DTT, 15 mM MgCl,, pH 7.5. This was
centrifuged at 10,000 g for 30 minutes, and then the
supernate centrifuged at 100,000 g for 60 minutes.
Ammonium sulfate was added to 60% saturation. After 1

25 hour at 4o the precipitate was collected by
centrifugation and dissolved in 5 ml. of original
buffer. A 2 ml aliquot of this solution was incubated
with 10 mM ATP and 10 mM of FL (prepared as in Example
1, above) for 2 hours at 37¢. The reaction was

30 quenched with 300 uL of perchloric acid, centrifuged
to remove protein, and desalted on a column of
Sephadex G 10 (5 x 10 cm). 3P NMR analysis of the
reaction mixture detected formation of FL3P.

Based on the proof of kinase activity thus

35 obtained, a radiocactive assay was developed. This

assay was designed to take advantage of the lack of
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|11s n10% 10, , the, ATP in the assay. This was accompllshed by
ég;&: '()msé?‘l’(/o g)i?pégtﬂhéo‘io{ﬁ&eﬁ h&tdﬁé%&%?g}él%gbéﬁ%oﬁ) oi(};bab’ﬂln Lsbg "10%
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0%BB& () - s00r P. 11petteép % degﬁé: ggoggéé%'élblresin, vortexed and
centrifuged. A 0.5 ml volume of supernate was
pipetted into 10 ml of Ecoscint A and counted.
15 Residual counts were 85 cpm. This procedure was used
for the assay. The precipitate from 60% ammonium
sulfate precipitation of the crude cortex homogenate
was redissolved in the homogenate buffer at 4c. The
assay contains 10 mM y23P-ATP (40,000 cpm), 10 mM FL,
20 150 mM KC1l, 15 mM MgCl,, 5 wmM DIT in 0.1 ml of 50 mM
Tris+‘HCl, pH 7.5. The relationship between rates of
FL3P production and enzyme concentration was
determined using triplicate determinations with 1,2
and 4 mg of protein for 30 minutes at 37o0. Blanks run
25 concurrently without FL were subtracted and the data
recorded. The observed activity corresponds to an
approximate FL3P synthesis rate of 20 nmols/hr./mg.
protein.

30 EXAMPLE 4
INHIBITION OF THE FORMATION OF 3-DEOXYGLUCOSONE
BY MEGLUMINE AND VARIOUS POLYOLLYSINES
a. General polyollysine synthesis.
The sugar (11 mmoles), a-carbobenzoxy-lysine
35 (10 mmols) and NaBH,CN (15 mmoles) were dissolved in S0
ml of MeOH-H,0 (3:2) and stirred at 25¢ for 18 hours.
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carbobenzoxy-polyollysine was eluted with 5% NH,
OH. The residue obtained upon evaporation was
dissolved in water-methanol (9:1) and reduced with
hydrogen gas (20 psi) using a 10% palladium on
10 charcoal catalyst. Filtration and evaporation yields
the polyollysine. -

b. Experimental protocol for reduction of
urinary and plasma 3-deoxyglucosone by sorbitollysine,
nannitollysine and galactitollysine.

15 Urine was collected from six rats for three
hours. A plasma sample was also obtained. The
animals were then given 10 umols of either
sorbitollysine, mannitollysine, or galactitollysine by
intraperitoneal injection. Urine was collected for

20 another three hours, and a plasma sample obtained at
the end of the three hours.

3-deoxyglucosone was measured in these
samples, as described in Example 5, below, and
variable volumes were normalized to creatinine. The

25 average reduction of urinary 3-deoxyglucosone was 50%
by sorbitollysine, 35% by mannitollysine and 35% by
galactitollysine. Plasma 3-deoxyglucosone was reduced
40% by sorbitollysine, 58% by mannitolysine and 50% by
galactitollysine,

30 c. Use of meglumine to reduce urinary 3-
deoxyglucosone.

Three rats were treated as in b),
immediately above, except meglumine (100 pmols) was
injected intraperitoneally instead of the above-

35 mentioned lysine derivatives. Three hours after the
injection the average 3-deoxyglucosone concentrations
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homogeneous mixture. This mixture was transferred to
10 a metal plate and cooked at 65¢ for 68 hours. The
resulting cake was then pulverized to a course powder.
This powder contained 60% protein as
determined by the Kjeldahl procedure.
b. Measurement of glycated lysine content:

15 1 g of the powder prepared as in step a., above, was
hydrolyzed by refluxing with 6N HC1l for 20 hours. The
resulting solution was adjusted to pH 1.8 with NaOH
solution and diluted to 100 ml. The fructoselysine
content was measured on an amino acid analyzer as

20 furosine, the product obtained from acid hydrolysis of
fructoselysine. In this way, it was determined that
the cake contained 5.5% (w/w) fructoselysine.

c. Experimental protocol: Volunteers
spent two days on a fructoselysine-free diet and then

25 consumed 22.5 g of the food product prepared as
described herein, thus effectively receiving a 2 g.
dose of fructoselysine. Urine was collected at 2 hour
intervals for 14 hours and a final collection was made
at 24 hours.

30 d. Measurement of FL, 3DG and 3DF in
urine: FL was measured by HPLC with a Waters 996
diode Array using a Waters Cl8 Free Amino Acid column
at 460 and a gradient elution system of acetonitrile-
methyl alcohol-water (45:15:40) into acetonitrile-

35 sodium acetate-water (6:2:92) at 1 ml./min.
Quantitation employed an internal standard of
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“9OF+nT 10% $>ﬁ%ééué£10n of FL, 3DF and 3DG in the urine of one

volunteer after consuming the glycated protein. The

25 rapid appearance of all three metabolites is clearly
evident. Both 3DF and 3DG show a slight elevation
even after twenty-four hours.

The graph shown in Figure 4 represents the

formation of 3DF in each of the members of a seven

30 person test group. A similar pattern was seen in all
cases. As appears in Figure 4, 3DF excretion peaks
about 4 hours after the FL bolus and a slight
elevation of 3DF is noticeable even 24 h after the
bolus.

35
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1 10%lede8s5 () - s3x~kKBPugh¥F-10Vd& @n early marker of tubular damage,
but the pathogenesis of increased NAGase in urine is
not well understood. The increased urinary output of
NAGase in diabetics has been proposed to be due to
activation of lysosomes in proximal tubules induced by

10 diabetes with an increased output into the urine
rather than destruction of cells.

The results obtained in this example show
that in all comparisons 3DF and NAGase levels are
elevated in the experimental group relative to the

15 control. Thus, animals fed glycated protein excrete
excess NAGase into their urine, similar to results
obtained with diabetics. There is an approximate S50%
increase in NAGase output compared with control
animals. These animals also have a five-fold increase

20 in urine 3DF compared with controls. Urinary 3DF
correlates extremely well with 3DG, as can be seen in
Figures 5 and 6. Both compounds appear to be removed
from the plasma at the glomerular filtration rate,
with no reabsorption.

25
EXAMPLE 7
SDS GEL OF KIDNEY PROTEINS: Two rats were
injected daily with 5 umols. of either FL or mannitol
(used as a control) for 5 days. The animals were
30 sacrificed and the kidneys removed and dissected into

the cortex and medulla. Tissues were homogenized in 5
volumes of 50 mM Tris+‘HCl containing 150 mM KCl, 15 mM
MgCl, and S mM DTT, pH 7.5. Cellular debris was
removed by centrifugation at 10,000 g for 15 minutes,
35 and the supernate was then centrifuged at 150,000 g
for 70 minutes. The soluble proteins were analyzed by
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SDS PAGE on 12% polyacrylamide gels as well as on 4-15
and 10-20% gradient gels. 1In all cases, lower
molecular weight bands were missing or visually
reduced from the kidney extract of the animal injected
with FL when compared with the animal injected with
mannitol.

EXAMPLE 8

SYNTHESIS OF 3-O-METHYLFRUCTOSE LYSINE:

A suspension of 19.4 g (0.1 mol) of
anhydrous 3-O-methyl glucose and 1 g of sodium
bisulfite in 30 ml of methanol and 15 ml of glycerol
was refluxed for 30 minutes, followed by the addition
of 0.035 mol of a-carbobenzoxy-lysine and 4 ml of
acetic acid. This solution was refluxed for 3 hours.
The solution was treated with 1 volume of water and
chromatographed on a Dowex-50 column (4x50 cm) in the
pyridinium form, and eluted first with water and then
with pyridinium acetate. Fractions containing the
pure material were combined and evaporated. The
resulting material was dissolved in 50 ml of water-
methanol (9:1) and reduced with hydrogen gas (20 psi)
using a 10% palladium on charcoal catalyst.
Filtration and evaporation gave 3-O-methyl-
fructoselysine.

Other specific compounds having the
structure of formula (I), above, may be made e.g. by
glycation of a selected nitrogen- or oxygen-containing
gstarting material, which maybe an amino acid,
polyaminoacid, peptide or the like, with a glycating
agent, such ag fructose, which may be chemically
modified, if desired, according to procedures well
know to those skilled in the art.
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EXAMPLE 9

ADDITIONAL ASSAY FOR FL3P KINASE ACTIVITY:

a. Preparation of Stock Solutions:

An assay buffer solution was prepared which
was 100 mM HEPES pH 8.0, 10 mM ATP, 2 mM MgCl,, 5 mM
DTT, 0.5 mM PMSF. A fructosyl-spermine stock solution
was prepared which was 2 mM fructosyl-spermine Hcl. A
spermine control solution was prepared which was 2 mM
spermine Hcl.

b. Synthesis of Fructosyl-spermine:
Synthesis of fructosyl-spermine was performed by an
adaptation of a known procedure (J. Hodge and B.
Fisher, Methods Carbohydr. Chem., 2: 99-107 (1963)).
A wixture of spermine (500 mg), glucose (500 mg) and
sodium pyrosulfite (80 wmg) was prepared in a molar
ratio of 8:4:1 (spermine:glucose:pyrosulfite) in 50 ml
of methanol-water (1:1) and refluxed for 12 hours.
The product was diluted to 200 ml with water and
loaded onto a DOW-50 column (5x90 cm). The unreacted
glucose was removed by 2 column volumes of water and
the product and unreacted spermine were removed with
0.1 M NH,OH. Pooled peak fractions of the product were
lyophilized and concentration of fructosyl-spermine
was determined by measuring the integral of the C-2
fructosyl peak in a quantitative 13C NMR spectrum of
the product (NMR data collected with a 450 pulse, a 10
second relaxation delay and without NOE decoupling).

c. Assay of Kinase for Purification:

An incubation mixture was prepared including
10 pl of the enzyme preparation, 10 ul of assay
buffer, 1.0 uCi of 3P ATP, 10 ul of fructosyl-spermine
stock solution and 70 pul of water and incubated at
370C for 1 hour. At the end of the incubation 90 ul
(2x45ul1) of the sample is spotted onto two 2.5 cm
diameter cellulose phosphate disks (Whatman P-81) and
allowed to dry. The disks were washed extensively

+1
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with water. After drying, the disks were placed in
scintillation vials and counted.

Each enzyme fraction was assayed in
duplicate with an appropriate spermine control.

EXAMPLE 10

RKIDNEY PATHOLOGY OBSERVED IN TEST

ANITMALS ON GLYCATED PROTEIN DIET

Three rats were maintained on a glycated
protein diet (20% total protein; 3% glycated) for 8
months and compared to 9 rats of the same age
maintained on a control diet. The primary finding was
a substantial increase in damaged glomeruli in the
animals on the glycated diet. Typical lesions
observed in these animals were segmental sclerosis of
the glomerular tuft with adhesion to Bowman’s capsule,
tubular metaplasia of the parietal epithelium and
intestitial fibrosis. All three of the animals on the
glycated protein diet, and only one of the animals on
the control diet showed more than 13% damaged
glomeruli. The probablity of this happening by chance
is less than 2%. In addition to the pathology
observed in the glomeruli, a number of hylinated casts
within tubules were observed. More of these were
found in animals on the glycated diet, although these
were not quantitated. Increased levels of NAGase were
also observed in the animals on the glycated diet.

From the results of this experiment, the
glycated diet appeared to cause the test animals to
develop a series of histological lesions similar to
those seen in the diabetic kidney.
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EXAMPLE 11
EFFECTS OF GLYCATED DIETS ON PREGNANCY
In a preliminary experiment, 5 mice pairs
were placed on a glycated diet (18% total protein; 3%
S glycated) and bred six times over a period of 7
months. The resulting six pregnancies produced the
following live pups; 17, 23, 13, 0, 3 and 0. In view
of this sharp drop in live pups after the third
breeding, two cohorts of ten pairs each were put on

10 either a glycated diet (13% total protein; 3%
glycated) or a control diet (13% total protein; 0%
glycated) . Thus far, the two groups of pups have .

been bred four times obtaining similar results in both
groups. The first pregnancy produced 49/20

15 (glycated/control) pups; the second, 18/41; the third
37/27; and the fourth 20/33. The fifth pregnancy is
currently underway. The mice pairs have been tested
for hyperglycemia. The blood glucose levels are 120
and 112 mg/dl in the experimental and control groups,

20 respectively.

Preliminary measurements of the 3DF levels
in the mice urine indicate, as expected, a substantial
elevation (approximately 5-10 fold) of the systemic
3DF when on the glycated diet described herein.

25
EXAMPLE 12
CARCINOGENIC EFFECTS OF FRUCTOSELYSINE PATHWAY
To investigate the carcinogenic potential of
metabolites formed in the fructoselysine pathway,
30 experiments have been conducted on a strain of rats

with a high susceptibility to kidney carcinomas. Four
rats were put on a glycated protein diet and three
rats on a control diet. After ten weeks on the diet,
the animals were sacrificed and their kidneys

35 examined. In all four animals on the diet, kidney
carcinomas of size greater than lmm were found,
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whereas no lesions this large were found in the
control animals. The probability of this happening by
chance is less than 2%. The data show that the
elevated 3DG levels caused by the excess

S fructoselysine coming from the glycated protein in the
animals diet found in the kidney tubular cells (known
to be the cell of origin of most kidney carcinomas)
can interact with the cellular DNA leading to a
variety of mutagenic and ultimately carcinogenic

10 events. The possibility exists that this process is
important in the development of human cancers in the
kidney and elsewhere.

EXAMPLE 13
15 URINARY EXCRETION OF 3-DEOXY-FRUCTOSE IS INDICATIVE OF
PROGRESSION TO MICROALBUMINURIA IN
PATIENTS WITH TYPE I DIABETES

As set forth hereinabove, serum levels of the
glycation intermediate, three deoxy-glucosone (3DG)

20 and its reductive detoxification product, three deoxy-
fructose (3DF), are elevated in diabetes. The
relationship between baseline levels of these
compounds and subsequent progression of
microalbuminuria (MA) has been examined in a group of

25 39 individuals from a prospective cohort of patients
at the Joslin Diabetes Center with insulin-dependent
diabetes mellitus (IDDM) and microalbuminuria (based
on multiple measurements during the two years of
baseline starting between 1990-1993) and not on ACE

30 inhibitors.

Baseline levels of 3DF and 3DG in random spot
urines were measured by HPLC and GC-MS. 1Individuals
that progressed to either a higher level of MA or
proteinuria in the next four years (n=24) had

35 significantly higher baseline levels of log3DF/urinary
creatinine ratios compared to non-progressors (n=15)
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(p=0.02). Baseline levels determined in this study
were approximately 0.24 umole/mg of creatinine in the
progressors vs. approximately 0.18 umole/mg of
creatinine in the non-progressors. Baseline 3DG/urine
5 creatinine ratios did not differ between the groups.

Adjustment of the baseline level of HgA,., (the major
fraction of glycoslyated hemoglobin) did not
substantially alter these findings. These results
provide additional evidence of the association between

10 urinary 3DF and progression of kidney complications in
diabetes.

A. Quantification of 3-deoxyfructose
15 Samples were processed by passing a 0.3 mL
aliquot of the test sample through an ion-exchange
column containing 0.15 mL of AG 1-X8 and 0.15 ml of AG
50W-X8 resins. The columns were then washed twice
with 0.3 mL deionized water, aspirated to remove free
20 liquid and filtered through a 0.45 mm Millipore
filter.
Injections (50 uL) of the treated samples were
analyzed. using a Dionex DX 500 chromatography system.
A carbopac PAl anion-exchange column was employed with
25 an eluant congisting of 16% sodium hydroxide (200 mM)
and 84% deionized water. 3DF was detected
electrochemically using a pulsed amperometric
detector. Standard 3DF solutions spanning the
anticipated 3DF concentrations were run both before
30 and after each unknown sample.

B. Measurement of urine creatinine
Urine creatinine concentrations were determined
by the end-point colorimetric method (Sigma Diagnostic
35 kit 555-2A) modified for use with a plate reader.
Creatinine concentrations were assessed to normalize
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urine volumes for measuring metabolite levels present
therein.

C. Measurement of albumin in the urine
5 To assess albumin levels in the urine of the test
subjects, spot urines were collected and
immunonephelometry performed on a BN 100 apparatus
with the N-albumin kit (Behring). Anti-albumin
antibodies are commercially available. Albumin
10 levels in urine may be assessed by any suitable assay
including but not limited to ELISA assays,
radioimmunoassays, Western and dot blotting.
Based on the data obtained in the study of the
Joslin Diabetes Center patients, it appears that
15 elevated levels of urinary 3DF are associated with
progression to microalbuminuria in diabetes. This
observation provides a new diagnostic parameter for
assessing the likelihood of progression to serious
kidney complications in patient’s afflicted with
20 diabetes.

While certain embodiments of the present
invention have been described and/or exemplified
above, various other embodiments will be apparent to

25 those skilled in the art from the foregoing
disclosure. The present invention is, therefore, not
limited to the particular embodiments described and/or
exemplified, but is capable of considerable variation
and modification without departure from the scope of

30 the appended claims.



1+ )+ -.9  0bU4+10  #3gl0%AGE ()-102102102& ~ <$109%R& ()-vy

T<$109R& () -y T<$109R& () -y | : L109R&' ()-t9@8|[: bUs+10 #10%6AG () -
T10%AGK ()-f& 910%AGK () - 10%AGK () - gl0%AGE () -

1S 10%AG ()-_8|[:bW+10 #109%6AGK' () - T10%AGK () -T& 29 0UAGES () -
10%AGK () - gl0%A () - , ) 10%6AG ()—- 9or+ml " "Headi ng 13]c" "Headi ng

23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font";

) XO( 7= DIQX_f 9Ol rxsy! ~- }#6*07) >DIpQGM®"cR pwW a}-_ BY O 0y38<8AEWM dOS\ kspuyl g
r|"z710* c& Ms& _  !"#$%& () *+,-./0123}

CH
N

| o i i
. o o= 0 ¢
o
b4 Ul ? 9) 0 0
—0— —0— o o’ o
o
- o i
mom G 5o oz 33
0 (o]
i B BB § 8 B8 _B_5_8
P
3 AL
a ¢ 58 0 2
[ 2 B ] -——v-——-(‘J—-U o Lol Ll Le
o
:‘F 0 0 0 0
o] Z' g o) T Y]
()}
4 o
)
2, 4
- :
] —
m [(}] |
o) =] - o
3 o 2 8 o 2 8
¢ a > R, 3d @ -
5 — 0 el >0
[ H W o 0 >
A — ! O (- t
™ (o) 0 o '
o g o ' (!
g 4 o ;« ?r—i Q‘o
] o o) o
: 58 o B
@) ~t o - T K
1 m ] ] ? 1 0
Q ™ o)) o '3 ™m0



d% :, / 23086: =@F@HDKMORTWY[ _bgj n: oqGs#ux{ bLvI *| 8y!

~+70LN&r ~y~?" Y&* S- | 141 9s;

?* AC. GHLMVRgTUBZ[ _af gCkQmo~suyKz _} FQs: Q{ #>Yz9 _456789: ;

<=>? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kI mmopqr st uvwowzfal1} Zpbores
New RomanAri al Courier New' h Root EntryWr dDocunent

" #$9&' ()*+,-./0123456789: 59 -

<= >’7@\BCDEFGHI JKLM\ICPQRSTUVW(YZ[ \] ’\_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~
I"#$UR' ()*+,-./0123456789:

<:>’?@\BCDEFG-|I JKLNNCPQ?STUVV\XYZ[ \]~_"abcdef ghi j kl mopqgr st uvwxyz{| } ~

]
O

§
8 ! 1
(l) O=C{J——O (9 fas)
o
Q
O —u—
It @]
—_—) — e} '8 o
o o o o
o o} and
o S (o] 8 ON "8 8 % o ©Q
B8 _E_F_§ B F 8 8
™ « ™
"Q : i U ™ ’T‘i ‘.(\ﬂ N
Q a O ()] ;1'? s
o] O —_—t e D
&8 & g—E-8-E-B-F
~ —~
(o]
&
Q
& -
o 0 3 o
T 1 o
> Lol
' -
)]
@
~
4
8 2
orf U
()] t [0\
> 0 - Q
o~ HO (o) g
os IX} U-AT
Q o LT o "32;‘,""
) — FE) < (0}
(o] o] Y4 O o} e
~ o [ =] qQ 03I -
(o0 ] m& o 9 .Q
“ 2 O 3 Mo
L b ;‘E Q [V =]
§~< ot o] w0 l:‘.--lE
go [TIN)) « Q - E
0 on T 0 an: nao o
el WO -~ O o SRy
Y ~ T OE —~ >~n
] 30 t © Q
18] ma ) T o to
{ 1 - (@ [ e
o ™MW Ak ™M 0 |.Q 0



28/11/2002

WHAT IS CLAIMED IS:

1. A method for assessing a diabetic
patient’s risk of experiencing a diabetes-associated
pathologic condition, said method comprising measuring
3DF level in at least one biological sample of said
patient, with reference to at least one predetermined
baseline level of 3DF, as an indicator of whether or

not said patient is likely to develop said condition.

2. A method according to claim 1, wherein
the diabetes-associated pathologic condition is

diabetes associated kidney disease.

3. A method according to claim 1 or claim

2, wherein said biological sample is urine.

4, A method according to any one of claims
1 to 3, wherein said pathological condition is

microalbuminuria.

5. A method according to any one of claims
1 to 3, wherein said pathologic condition is

proteinuria.



