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(57) Abstract

Disclosed is a class of compounds which inhibit the enzymatic conversion of fructose-lysine into fructose-lysine—3-phosphate
in an ATP dependent reaction in a newly discovered metabolic pathway. According to the normal functioning on this pathway,
fructose-lysine-3—phosphate (FL3P) is broken down to form free lysine, inorganic phosphate and 3-deoxyglucosone (3DG), the latter
being a reactive protein modifying agent. 3DG can be detoxified by reduction to 3—deoxyfructose (3DF), or it can react with endogenous
proteins to form advanced glycation end—product modified proteins (AGE-proteins), which are believed to be a contributing cause of diabetic
complications. Also disclosed are therapeutic methods of using such inhibitors to reduce formation of AGE~proteins and thereby lessen,
reduce and delay diabetic complications, as well as methods for assessing a diabetic’s risk of developing complications and for determining
the efficacy of the disclosed inhibitor therapy by measuring the ratio of 3DG to 3DF in a biological sample following an oral dose of a
fructose—lysine—containing food product.
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BACKGROUND OF THE INVENTION
The present invention relates to therapeutic
agents and their use for the treatment of diabetics
and in particular for preventing, reducing or delaying
5 the onset of diabetic complications and other
disorders of related 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 assessing a diabetic patient’s risk of
experiencing diabetic complications, 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 pafticularly 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
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The similarities between the pathologies
arising from diabetes and those resulting from aging
have been extensively reported. Studies have shown
15 that many diabetes-associated pathologic condltlons
are clinically very similar to the pathologies
normally associated with aging. It has been shown,
for example, that in diabetes arteries and joints .
prematurely stiffen, lung elasticity and vital
20 capacity prematurely decrease. Moreover,
atherosclerosis, myocardial infarction and strokes
occur more frequently in diabetics than in age-matched
non-diabetic individuals. Diébetics are also more
susceptible to infections, and are more likely to have
25 hypertension, accelerated bone loss, osteocarthritis
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 hypothééis most strongly
supported by data from human subjects is premised on a
35 non-enzymatic glycosylation mechanism. This
hypothesis states that the éging process and
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cause and
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fluorescent ymi&®Bate in the multi-step reaction sequence
leading to AGE-protein formation. 3DG is a glucose-
derived metabolite that can react with proteins

15 leading to the cross-linking of both intracellular and
extracellular proteins, such as collagen and basement
membranes.

. In the case of diabetic complications, the

reactions that lead to AGE-proteins are thought to be

20 kinetically accelerated by the chronic hyperglycemia
associated with this disease. Evidence supporting
this mechanism includes data showing that long-lived
proteins such as collagen and lens crystallins from
diabetic subjects contain a significantly greater AGE-

25 protein content than do those from age-matched normal
controls. Thus, the unusual incidence of cataracts in
diabetics at a relatively early age is explainable by
the increased rate of modification and cross-linking
of lens crystalline. Similarly, 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
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irreversibly occurred during the period of early
hyperglycemia, before clinical symptoms wére evident.

Diabetic humans and animals have been shown
15 to have higher than normal concentrations of early and
late sugar modified AGE-proteins. In fact, the

increase in AGE-proteins is greater than the increase
in blood glucose levels. The concentration of AGE-
proteins can be estimated by fluorescence measurement,

20 as somé percentage of sugar molecules rearrange to
produce protein-bound fluorescent molecules.

The pathogenic role of AGE-proteins is not
limited to diabetes. Protein glycation has been
implicated in Alzheimer’s disease (Harrington et al.,

25 Nature, 370: 247 (1994)). Increased protein
fluorescence is also seen with aging. Indeed, some
theories trace the aging process to a combination of
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
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years in chpgpig:ifliaBeiStdind S Mese modified proteins then

continue to react to produce irreversibly modified
AGE-proteins. It is clear that AGE-proteins are not

15 identical to proteins containing glycated-lysine
residues, as antibodies raised against AGE-proteins do
not react with fructose-lysine. It is also clear that
AGE-proteins exist as multiple chemical species;
however few have been identified. The chemical

20 species (e-Amino- (carboxymethyl)lysine has been
identified as one important final AGE-protein
structure in recent studies (Reddy et al., Biochem.,
34: 10872 (1995) and Ikeda et al., Biochemistry, 35:
8075 (1996)). This study failed 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.,
Biochemistxry, 35: 4645 (1996)). However, this study

30 suggests that ribose may play an important
physiological role in AGE-protein formation,
supporting 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



10 surprising that their concentration does not correlate wth-either

t he preserwsgglr“s%pe severity of diabetic retinopathy... Sorgfsdoiisizgar!y
gl ycosyl ation products on collagen and other |ong-lived proteins of the

vessel walls do not dissociate, howgver. Instead, 15 t hey undergo a
sl ow, conplex series of chem cal rearrangenents to formirreversible
advanced gl ycosyl ation end products”". M Brownlee et al., New Engl and

Journal of Medicine, 318: 1315 (1988). The only route for production of

t hese nodi &hddApadcaiin przgluctapansh Heachest dinhdwuns tansl sesedesi fic
literatur erbgégk:‘fﬂ%eq J NigHeAly AR P -EAR BY Qe Ikt i Sr1gar _
nol ecul es. Nufrerous réferences point out, that the fornmation of AGE-proteins

occurs t hr 68ghYa giycasyd@di o produghsahe dPantants. Resaugeicbdsone (3- DO

is a key i neanhge@halte the dotalpainsiait df sichpriudigbaivasn &8: 836
(1994); M _ Browgl ee

Diabetes .Care, 15: 1835 (1992). T. Niwa et al.,
Nephr8n, 6Y8¥¥3 °P§g§'§)‘€e%ﬁ°tﬁ’ﬂss', rﬁ’?"?“eﬁma f%eéf‘?yn‘.sﬁﬁﬁ‘?., 58: S779
(1993); H. plateauYanmdein & skort perdicgl ofChHeEme . .269.Si20%7 X HdD994) ; N
| gaki et al LA, gfgsm 3 ooty SRS ccept ed pat hway
for format Fgﬁlg‘ 91}58 orﬁtt %21 Feact | on oo sf;t?g}grs and pérz)‘:tdgi ns i s
i | | ust r at edccumpilgdee on ol lagerhansk @ther Etahle tissugigar 35

(gl ucose) pRleeuh® idvdd aldard Aol fdidrsegy tit aprpiei n-1ysine
am no group (1). The resultin WO 99164561

PCT/ U899/ 1 §WrPriping gt L% GGRGeRETAHER 4988 Mt &PTR AR e- | ysi ne
modi fi ed pwate edthdn .theh@resmnideo e |tdadigwyanity df |disbetic eel y

reverSiblere&kkkﬁgyhff¥¥§éﬂg“%f‘%he early glycosylation products
on collagen and other long-lived proteins of the
vessel walls do not dissociate, however. Instead,
15 they undergo a slow, complex series of chemical
' rearrangements to form irreversible advanced
glycosylation end products". M. Brownlee et al., New
England Journal of Medicine, ;;g;'1315 (1988). The =
only route for production of these modified proteins
20 which is described in the scientific literature
involves 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., Am. J. Clin. Nutr., 58: S779 (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
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| nsof ar as is known, it hasS‘fiiever been reported t hat 3DG can be produced by
al ternative pathways, or indeed, tha¥ the najor source of 3-DGis 10
froman enzynme catal yzed netabollc pat hway, rather than fromthe

uncatal yzed reactions shown in Figure 1. Diabetic patients have
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to 3- dgoxyffﬁaéeisn(ﬁ%he | b anef fﬁ:&itﬁﬂ!ﬂ Vi @4t £6bp Urine (Takahashi
et al Bi oc 1995)é| Anot er de OX|f|pat|on reaction oxidizes

3DG to 3- de6¥§329r§épéﬁlﬁgﬁﬁiéna WEPFde dehydr ogenase 25
(Fujii et al., BiochemnsBifaghys. 1I§e:kn<£ammt2ﬂ£)s B&?er1886n) . Results of
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(1995)). Si hband Expet thep ancated yzed rermfelwghféhOMt iBsFagugkeydat ed
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3DG in serum than do non-diabetic patients (12.78+2.49
UM versus 1.94+0.17 puM). (Toshimitsu Niwa et al.,
15 Nephron, 69: 438 (1995)). Nonetheless, this toxic
compound is found in normal healthy individuals.
Thus, it is not surprising that the body has developed
a detoxification pathway for this molecule. One of
these reactions is catalyzed by aldehyde reductase
20 which detoxifies 3DG by reducing it to 3-deoxyfructose
(3DF) which is efficiently excreted in urine
(Takahashi et al., Biochem, 34: 1433 (1995)). Another
detoxification reaction oxidizes 3DG to 3-deoxy-2-
ketogluconic acid (DGA) by oxoaldehyde dehydrogenase
25 (Fujii et al., Biochem. Biophys. Res. Comm., 210: 852
(1995)) . :

Results of studies to date show that the
efficiency of at least one of these enzymes, aldehyde
reductase, is adversely 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
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I nhi bited by al dose reductase inhibitors (ARI's) (Barski et al., Biochem,
34: 11264 (1995)). ARIs are currently under clinical investigation for
their potential to reduce diabetic conplications. These conpounds, as a
cl ass, havhigber leNeds &nBDEf paG apregdusied hiditivadw idetewpiycati ons.
mwever, thaﬁsg@e&clgﬁkrait ﬁ@le@:ﬁh@c}[byo&édﬁ&r:]ikﬂ{] reaii'a?'i@.t i g_ c?rrplAiSca_t : ?ns and
ey worsen ki dney ction.in.,rats fe | rotein diet. Wi appear
her ei nbel ow, this fi &&enﬁ'efzgm fo'eﬁﬁdaﬁ"yd% \ﬁpq(ﬁ-lq%es%elﬁfi, bgeRover ed
met abol i ¢ paulded.f oThege studdesy detemderdd) ittt rhiy eampdrtamventi on. A
hi gh protej ' L LN he . 3 t - [ ne, which
undergoes §§ﬁ§§?§ﬁ§h‘tﬁﬁb o(é%%%ﬁ%yatéh&;‘%&z)ﬁe@% ‘1 ?/4511 %alér%%%vxg$c§1%%%+1€my. The 20
det oxi f i catnbabdtorse (PRIG)t i(Barshd ©f mdductBimrhem3DE4 13124 nhi bited
by ARI's thgqggy))whi aR160B3R1RANH1§AGMdE ¥ ididLASe i n Kidney danage,
as conpared to rats not receiving ARIS. This is because_jnhibition of the
al dose red&BVESEigptipe ARKs thediry Pefentisdy f@ xaddefiakstis al dose

L educt ste Eefnp%edugiimS?:DGmMelSBSmmedsql asfa '?clazslsimbm ributi 'ngdt ]9
umap di sease has been preyi qus i_nvest.i d as. w e appreciated from
a regpew OF’RPH'B BRREnEE ?ﬁ*ﬁﬁ’?‘i fg’é’rgco%emgglcﬂ%e%%. Patent 5,476,849 to
Urich et ebmgdicathensa miioweweaf, itheybiliaaky dlhismifaalresfectofon

long term diabetic complications and they worsen

kidney function in rats fed a high protein diet. As
will appear hereinbelow, this finding is consistent

15 with the newly discovered metabolic pathway for lysine
recovery underlying the present invention. A high
protein diet will increase the consumption of
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



AGE- prot ei ns -usi ng am no-benzoi c acids and derivatives. These conpounds
presunmabl y WO 9%6456@5. reacting with 3-DG and removing i t f rroTViS®e/13123t em
before it can react with prooteins to begin the ‘WO 99/ 64561

PCTI US99/ 13122 -9- irreversible steps® of AGE-protein formation. U.S.
Patents 4,798,583 and 5,128,360 to Ceram et al describes the use of

am noguani dine to prevent ACE-protein formation and di abetes-induced 5

terial Is I Qg 'n ' Ami uapi di ne,was shown to react
\?\nrtﬁr;ﬁ ear F)%rglg’%%s%l%tlon r'oé(}tjrc}%m’r%’r'%{l%g §°6W8868f1 is 3DG as defined
herein. These patent sm@-ntﬂatt:mn%nlbl 728,582 andssbn.lzewsof tonhi biting the
formati on ofa3ak$ eEheM &scr{l&@é‘sﬁ S CLAS! t\f(gl ¥mgﬂo§8ggg_8§hng this toxic
ra es

nmol ecule. U S. Patent 5,468, /// to nce &S et ﬁ8ds and
agents for BFeVERti ndGETPLALE N kporatben handudéabeyeshandurednzymt i

browni 8g of apteireans walll iraieéin Cavbsy-1HRighNe amgnsgaaﬁaasn@
derivatives are ?xp cribed as tpar,tl cularly useful in thi3 application. U S

Pat ent 5, 3582868 59 Ffaqt Aith R | %YHS%KBHSYE)PtP'ﬁHI bi ti ng
AGE- pr ot ei nprodueti.on Tlhmswg:aarﬁm@wd\hd:t uied3pg] dagolegindhese conpounds 20

'S hade in PRFESES (Metebaids NTRSY SonewBlste G o st his
pat ent enV|Pp§ﬁsgﬂﬂa¢Y3DG|¥nhwhk£xnglthévﬁbymasian ofit 3rpedi arheyn t he
non- eggymat ke clsOWRNGAvAY on RIGHSI dRind! thiFat6RE SndBdcfiL to Urich
et al U.S. Patent 5,468,777 to France et al
describes methods and agents for preventing the
staining of teeth caused by the non-enzymatic browning
of proteins in the oral cavity. Cysteine and cysteine
15 derivatives are described as partlcularly useful in
this application.
U.S. Patent 5,358,960 to Ulrich et al
describe a method for inhibiting AGE-protein formation
using aminosubstituted imidazoles. These compounds
20 were shown to react with an early glycosylation
product (3DG). No mention is made in this patent that
a metabolic source of 3DG may exist. This patent
envisions that 3DG is made exclusively as an
intermediate in the non-enzymatic browning of
25 proteins.
U.S. Patent 5,334,617 to Ulrich et al
describes amino acids useful as inhibitors of
AGE-protein formation. Lysine and other bifunctional
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



describes am no acids useful as inhibitors of AGE-protein formation. Lysine

and ot her Risfddfs konal am no acids are described as particup oHsphul in
30 this regar These ami no acids are described as reactﬁ,gygvmﬂtﬁ

early glycosyl ati on product from+heoreaction of glucose and proteins. I t
appears that the early glycosylation product described in this patent is
3DG. 35 U S Patent 5,318,982 to Urich et al describes the
i nhi bition of ACE-protein_formation WO 99/ 64561

PCT/ US99/ 13¢ing1@8s the dgbdditiery Rgent g2 Agditiagales: riTh®l es. The

I nhi bi t or s { @S &\ icled Idédd}lﬂ;e[@tleﬂttlﬁ_@‘l e &8dtgisybstituents that are

p03|t|oned to reacté,gth and co X 3 The ,pat ent descri bes, t hese
conpounds & S %tlsnrég’ﬁ‘%e Sy@dﬁﬂ ith 1Hark¥itBDG as

def i ned heamidnomglsx BmGant The? patkst tdeddimihés'eih&ée dmmduhﬁist he use of
2-al kyl i de e f tion. The

I nhi blgt orsg%o%ggg'%gn El A %ﬁr'sl@pglé%rossﬁe sal dq{]%ag'{&h g‘{#@ reactive
with 3DG Ré defined mﬁrﬁﬂd@ .of inhibiting the netabolic formation of 3DG
in this patent. U S. tPaf eplatentts, by th,-SUItrd A Slcrletdescri bes the use of

am drazones and derivatives to 15 i'nhj bit AGE-protejn formation. The
compounds GE€SSEibes ithe mse of Sralind idene -aminaquanididies \BP. Jencks,
3rd ed., Mighawilddrs, d\ﬁewc;m@rot@m)md&uﬁoﬂ hi sTiRAtiagorpL tases known to

g?ggéo\é%ahfigl %%ﬁ?:gﬁyéfx E:{H)Ound%en?: %re saleQ:o be highly U.S. Patent
reactive with 3DG. No mention is made of inhibiting
the metabolic formation of 3DG in this patent.

U.S. Patent 5,262,152 to Ulrich et al
describes the use of amidrazones and derivatives to

1s inhibit AGE-protein formation. The compounds
described in this patent are a-effect amines. W.P.
Jencks, 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.



descri hes the use of 2-substituted-2-imdazolines to inhibit AGE-protein
formati on. Wieomeasgpounds described in this patent contain adjmadsoasizRo
groups that can readily react:w th 3DG 25 fon U. S. Patent
5,243,071 to Urich et al describes fhe-use of 2-al kyl i dene- am noguani di es
to inhibit AGE-protein formation. The conpounds described in this patent
are highly reactive with 3DG and function by conFIeang th:sdreacthve,th
toxic 30 nol ecule. U S. Patent 5,221,683 to Urich et a escri bes e
use of diami nopyri di n& COmRARRRE t2r 330i P37 BeEUbraehi ftf 8dmati on. The

di ami nopyr i dieserdtreEo witks uiss of el dtapenés cahar Bgrivatived Ito react 35

wiih 306 1ot Aoty "BIRRL {409 CpBLALOLIg eamRl ex. VO

Pat ent 5, 13@1e$3—‘r:¢h¢dJ|:m dthis mtemscaraea -efifeaseanfinesi éhizdneasand
der | vati ves 510 kidh bid MO A1 ORI AR)- rdbEe! PILRI bes Agscri bed Tn

this patent "are a-effect amne’s know'in theart, wll
rapidly rea@PﬁMtﬁ?%ﬁi?eﬁﬁﬂﬂ%ﬁ*ﬁ%table conplexes U. S. Patent 5, 130 324 to

Urich et al descrl besu lde peerd 2; ﬁéé()/iiz@lees giyReguari dhnes to inhibit
AGE-protein forma The co unds described in this patent

function bydﬁgﬁﬁﬁ \HQQ1?§ﬁa r?ya£ﬁ¥%%§??%fFBH“BSB&B&@1P§§UFﬂ ng from
the reacti odndfikgltugmee-mrdte i of @rmst {GH0G) . The Scopbanlss, 114, 943 by

Urichoet algdesqdfSid hils Siled AMSHDPSE' byt 8daRYE LT $5178° 12
early gl?cosylation product resulting from the
reaction of glucose with proteins (3DG).

U.S. Patent 5,114,943 by Ulrich et al
describes the use of amino-substituted pyrimidines to
15 inhibit AGE-protein formation. The compounds
described in this patent are said to rapidly react
with and detoxify 3DG. .'
None of the above-mentioned patents suggest
inhibition of the metabolic formation of 3DG as a
20 means of therapeutic intervention to prevent diabetic
complications. Indeed, none of these patents even
suggest the involvement of an enzymatic pathway in the
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.



15 i nhi bit AGE-protein formation. The conpounds described in this
patent arengidofkedey "apidly react with and detoxify 3DG No

above- nentlonegnpatents suggest inhibition of the nmetabolic 'gpﬁ% ?g% of
3DG as a 20 means of therapeuttcl®ntervention to prevent diabetic
conplications. Indeed, none of these patents even suggest the invol venent
of an enzymatic pathmay in the production of 3DG U. S. Patent 5,108,930 to

Urich et al 25 thod for detectlng the |l evel s of

ami noguani di ne in bi gf%l %zﬁsteg’é:;% LR SFwergkd 8t BY as havi ng

potential deiskirtipeisn ad atetthadifioy Iasb’@singlwh@nrbskrmﬁsurl ng the

am noguani gi, I| t rJnC| ufility intended for 30
RiApsT st adRosdpddd T g aftions dnd

t he assay ne urenent of tissue
| evel s of dntn@gumm e ﬁﬁmcm@léstmapm@rtorothm bit AGE-protein

formaki on eap: F&%a&%&%@ Neahy s %t‘f@ﬂt 8&&&% D&Q'xﬁéas lon is made

in this paten of using urine 3 3DF 35 rati1 os eterm ne
di abetics ﬁiﬂﬁM (ﬁgmpoundﬁg;qupgﬁh;ocytes Of

PCT/ US99/ 1313.Bet1b2patl:!eﬁté°at qrﬁes% Ao om &rﬁzy\ewa@é thet al describes a
met hod for assess A efic- 500|at athologlc condi tions
and det er n ﬁl F:Jfg'%eﬁ'ﬁ%&%#l@gt P3N he Tronplications.

Thi s patennedebemib@mpdundﬂé&summgnnu 3ﬂF1\depthhmmeyéaand conmpounds in
er Yt BROCY! s aBluAPe Wi Bal el e T&a%éa&&omg&ﬂﬁex\?fgf Nghe Chemi cal Iy

identified 1nt atent .
present 1nvent10n

Methods for monitoring metabolic control in
diabetic patients by measurement of glycosylation end-
products are known. The concentration of glycosylated

15 hemoglobin is known to reflect mean blood glucose
concentration during the preceding several weeks.
U.S. Patent 4,371,374, issued to A. Cerami et al.,
describes a method for monitoring glucose levels by
quantitation of the degradation products of

20 glycosylated proteins, more specifically non-
enzymatically glycosylated amino acids and peptides,
in urine. This method purports to utilize the
affinity of alkaline boronic acids for forming
specific complexes with the coplanar cis-diol groups

25 found in glycosylation end-products to separate and
quantitate such end-products.

U.S. 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 derived 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



nei t her. conpound is 3DG or 3DF, whose levels are 10 nmeasured in urine in
‘the di agnosweeneiserdi nrent of the present inventi on. Methods fmmsyg;lmml ng
nmet abolic control in diabetic:patients by neasurenent of glycosylation end-

products are known. The concentrat i"ortof" gl ycosyl ated 15 henogl obin is
known to reflect mean bl ood gl ucose concentration during the preceding
several weeks. U S. Patent 4,371,374, issued to A. Ceram et al., describes

a met hod for 1 {.0r] . ev Nt .t at,l t degr adat i on
products of Mi’gﬁ%g%%g‘? fe%g%%'gt gli‘%s,g&#g,rﬂ% sg’ Cl fﬁc%qﬁeyteno _neq{
enzymat i cal IBY gneaeying cehenaneunti 8f she pbovieddesdnihed ne. This net hod

purports to dlrdhdshéhe #hf LRkt ¥ambial kalk ReRORRITa TSy forning
specific cogﬁéexes wi th the copl anar .ci,s-diol groups 25 ound in

gl ycosyl at | SHPRTRFHIHRILCES RoSEBpIREfe (AnBTQLEAN SAMPladirwmg Broduct s.
U S. P& ent ahoifiit 368 FESsUeHith HasCheefil cdegeliates ithe tholaigon and

purificatio f C ore present in browned pol ypeptides, e.g., 30
bovi ne seru%%ltblﬁemgn&gﬁgggbl y-L-1ysine. The chronophore,
2-(2-furoyl)-4(5)-2(f UFlbgte- is- amldagekbeanBing,i sinfiddrjdigateat] et er ocycl e
derived fro Pgt depsati o] | ecu . ] t
Iysine-deri\r}%IE aﬁgﬁg groﬁ%ﬁeﬂ%h%gbggfg%tg?ub?%g%kégJgﬁﬁgggﬁ%%gggy?he use of
FFI in a nethokPeolverengars ngo" AdpRGifyt khogegpse xdfskadfanced

gl ycosy ati ddevéloping AaBILE458dsociated pathologic conditions, _
PCT/ US99/ 13122 - 13 - ' in the sanple "age" 1s determ ned

: protgln sanpl.e_wher
by neasuri nd? RXSYooht BPIMRE 9bodela¥stPepepset of such
conditions by therapeutic intervention and to
determine the benefit of such therapeutic
intervention.
15
SUMMARY OF THE INVENTION .

The present invention arose from the
discovery of a metabolic pathway that involves the
enzyme-mediated conversion of FL to FL3P and produces

20 relatively high concentrations of 3-deoxyglucosone
(3DG) in organs affected by diabetes. Subsequent
research into the biochemical function of this newly
discovered pathway tends to indicate that it has an
important role in the etiology of diabetic kidney

25 disease. It is also 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



chronophore in the sanple and then conparing this neasurenent to a standard

(a-protei having an 5 anmount of FFI which has b ted to
bRl g

t he "age" sanple). There is a long-standing, unfill nee

exi sting treatnment regi mens of di-alati-c patients for effective nmeans to

i dentify those at risk of 10 devel opi ng di abet es-associ at ed pat hol ogi c
conditions, to prevent, reduce or delay the onset of such conditions by
therapeutic intervention and_to determ ne the benefit of such therapeutic

i nt er vent i BRUCUSSEUAKRRRC oFadpROSARENEY RhPERhaEesdATP) nvant i on arose from

the di scovgsureé @fnetabebéé-mﬁbmnayugnbsbnaeéminhhé anay ge- nedi at ed
conversion_of FL %o EL@E&and groguces g.. relatively high concentrations
of 3- deoxyTPTRIEBATE 3 Phe8rBans™YPRELPRIIBY 2B aBeBBE. " Subsequent
resear ch ismffitbent otbedenahstratei inhbdbitbry aewvhyidiyscovered pat hway
tendssto i Qo : Lt | At role i t.i ol ogy of diabetic
kian@ 25 gﬁgiﬁ%géé€?£h%trggﬁ%?ggéggg%ég?éa ?hafbgﬁﬁgggg%hmay contri butes
to the devereppehagothentovmatrsan rfofinugtasetdysineodrphegppatiol ogic

condi ti onsand hhgedlbs£A¥ €aYpHaSphat8UaB BeblGat saBp! taation in the present
I nvention which, ip one - aspect [ ovi eﬁia cl ass of conpounds which
c

30 , .
have enzymPFeFaerion,OLcEhe; fhokagmentione @Sy LHHFEPEerhe enzymatic
conver si onlpéie ush@sadeyssiret briphobphateysand- meabazphgt eheThe rel evant

T a1 PSR BRLPE BY eakh one Be BURn REbHBEE e E Eses provi ding an
aqueous sotompound$é of the present invention reducing the amount
of such products, as compared to an aqueous solution
of the same relative amounts of fructose-lysine,
adenosine triphosphate and source of fructose-lysine-
15 3-phosphate kinase, without the addition of a compound
of the present invention. The assay method just
described is also within the scope of the present
invention. L |

According to another aspect, the present

20 invention provides a pharmaceutical preparation for
preventing, reducing or delaying the onset of diabetic
complications in a diabetic patient, comprising, as an
active agent, a compound of the invention, as
described above, and a pharmaceutically acceptable

25 vehicle.

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.



WO 99/ 64561 PCTi US99/ 13122 - 14 -
fructose- Iywmgmgdenom ne tri phosphate (ATP), a source of PCT/US99/13122
fructose-1ysine-3- phosphate ki nase and a conpound..of the present invention
in an anount sufficient to dénonstraf@ inhibitory activity, 5 subj ect i ng
the resulting solution to conditions pronoting the formation of

fruct ose-1ysine-3-phosphat e and adenosi ne di phosphate as products of the

i nteraction of the ab QNEs &H}énﬁ% &{If 8 Fﬂ(é‘l'ro% o c;els and adenosi ne
pro

tri phosphate, and nmeasurin I'on O one of such
product s, tiparaaﬁqxowrméen#mmepm*es@ﬁs anmenhpdnfpedmaﬁgam @mount of

such prOductaa&%fco%f@héosaﬁéﬂU@fUé@@H@h@an@f d R e d el ative

amounts of fructose-lysine, adenosine _triphosphate™and_source of

fruct ose- | ysgfacigted patIRLeBLE coppdition, t Ahde methadtition of a
conpounyl of dduprihse idmivwEstéping The aﬁéapamibh&dal EurRs @f bed is al so
within the S%JFG of ti#F resent.Lnvention. Accor %.ta not her aspect, the
present 20 RRSGHT %v¥3%§ B haPnile AMCUE f or

preventi ng, pmﬁﬂgnegmxmeﬁedagengfthheogigbaahdmbyumna:nﬂzmﬂu&suions in a
di abetic pat thy d; of the

I nventi on, égﬁgégﬁgggpgﬁibggg fflét%‘gaé‘ﬁhg ﬁgge qﬁ accep table 25

vehi cl e. ;NxﬁﬁQ#YﬁFQQtQ§¢u;@h@rbagbégicéﬁ ﬁﬁ@péﬁeg&ﬁamnﬂﬂnﬁrqmuthmere is

provi dgd a nptdhahd OrwPERVEEELPEncECEHCERR arde) @ RY the onset of _
di abetic corplicatjons in a patient at risk of .devel opi ng sane, 30 whi ch
met hod conprd@PEYIHIFPPQRe FRg3 r 8ePR¥LFHCEOSE 40 AnRFRAbEURIEHr esent

i nvention ini 2 aruidn-diabetic subject or one having no clinical
symptoms of diabetes. The higher ratio of 3-
deoxyglucosone to 3-deoxyfructose in the diabetic

15 patient sample, in comparison to that of the
asymptomatic subject is indicative that the diabetic
patient is at higher risk of experiencing a diabetes-
associated pathologic condition. '

The present invention also provides a method

20  for assessing the efficacy of therapeutic intervention
in preventing diabetic complications. The method
involves measuring the concentration of 3-
deoxyglucosone, 3-deoxyfructose and fructose-lysine in
biological samples obtained from a diabetic patient,

25 both before and after initiation of the therapeutic
intervention. The sum of the 3-deoxyglucosone and 3-
deoxyfructose concentrations are then compared to the
concentration of fructose-lysine in the samples. A
decrease in the sum of 3-deoxyglucosone and 3-

30 deoxyfructose concentrations 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.



effective to inhibit the enzymatic conversion of fructose-lysine to
fructose-|ygd9gassaPhosphate. This sane method may be used fQipt&@/13122

prevention or 35 treatment of other etiologically- S|n1lar dI séase
states, as will be further describedsherei nbel ow. WD 99/ 64561

PCT/ US99/ 13122 15 According to still another aspect, the present invention
provides a nethod for assessing a diabetic patient's risk of experiencing a
di abet es- associ ated pat hol ogi c condition. This nmethod 5 conpri ses

admi ni stering to the3AsatietnEnethan aéspectylof dthel-pryesent r esi dues in an
amount pr oY ph¢ieR® 1 dndl YURLA m&%&mfe&f o 1Y Cfémfdaégfi eé' dues, and

measuring the ratio ‘of 3- detxy ucosone tq 3-_deoxy ose | a bi ol ogi cal
sanpl e obt SEARELALRETFO™ @ Bokantigl 1Pf & ot PrAUGe $Ati o of 3-
deoxyg| uco&aner&bu%edt@(ﬂfwtﬂeﬁmdpm@mwm dildyetic-dssoaiatd@n- di abetic

sb'etor a l,i.ni cal di ahetes. The hjgher ratio of
3u Jde xygl 83@5’8& VI gcéfl)?‘folfhct géé'r%) c%l’é’lové:f Vces_Léneas’“bﬁ:{t‘g%nt sarr;:)l e,
in conpari tbe 'conttleaztt @ff gie’casbﬁﬂﬁlqmamec mﬁqdm&s ifn |tmh cBdode that the

di abetic pgg_.ba bel St ?lygg}&%ggnqghlg 1@%_1[!{ cdrpq__da 0ol £5- associ at ed

pat hol ogi c con I'tion. I nvent on efr% ovides a method 20
for assessPA§iERESef £i-Sacy BF thfePaskade qmtt&ﬂ/ Qb Predygevent i ng

d| abetic cegpki @ﬁbﬂg@;&tlﬂgﬁ inRiehIdd Ped (e BAGdvLide, concentration of
fgxygl ucosog d ruc 1351,) nd freuct ose | ysine in bial ogical
sarrp s obtai ne nff‘&l‘ﬁ&' eRresant inyantigRorit HRE af t er
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Thus, an. additional embodiment of the invention
15 provides a method for assessing a diabetic patient’s
risk of experiencing a diabetes-associated pathologic
condition based on measurement of the 3DF present in a
biological sample of a diabetic patient with reference
to one or more predetermined baseline level of 3DF as
20 an indicator of the likelihood that the patient will
develop diabetic complications, or not.

BRIEF DESCRIPTION OF DRAWINGS
FIGURE 1 shows the initial step involved in
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
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FIGURES 7A and 7B are graphical
15 representations of fasting levels of 3DG in the urine
of normals and diabetic patients plotted against the
fasting level of 3DF.

DETAILED DESCRIPTION OF THE INVENTION
20 - The following definitions are provided to
facilitate understanding of the present invention, as
described in further detail hereinbelow:
1. Glycated-Lysine Residues - The
expression “glycated lysine residues”, 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



20 an indicator of the likelihood that the patient will devel op diahetic
conpl i cat i @osye not. BRI EF DESCRI PTI ON OF DRAW NGS FI GU he
initial step |/r?€5(rﬂved in 25 the nulti-step reaction Ieﬁ#f%ﬂﬁ@u&
irreversibly- nodified AGE-proteinsgg FlIGURE 2 illustrates the reactions

i nvolved in the lysine recovery pathway. 30 FIGURE 3 is a graphi cal
representation of a urinary profile showing the variation over tinme of 3DF,
3DG and FL froma single individual fed 2 g. of FL and followed for 24
hours. 35 PkGIREt4thenaugdergoesl thepamdard: ireardangendtd9/6d561

PCT/ US99/ léfl_,géugel; ngppgakgtg 9‘&5@ %ﬂg’é%ﬁél nme of 3DF from seven

vol unt eers uctose ySi ne ‘5 shows a graphica
conpari son of 3DF 5 Thigngemigserfl reactiogisucesamianwasetiNAG) bet ween a

ot B o, B30k Yo e o o R e IR T e e 1 near 10

cont apni ng 3% t Fl QU
rel at PonshF P%Eéﬁi %thﬁ% gB@ﬁlBF@ﬁ?‘Fn“Bﬂinénypﬁﬁﬁx%mkﬁﬁelther a
control di Ebrmatdma betiwebadthe glldehyded modletiyn onflcGIREE theand 7B are

or ral 5 anddcegs: RS SReC Y8 eCte aine drcli o e ARgd el of SoF.
DETAI LED DES@RF?ﬂB@NeGF WHEllmszltCNn formation of lysine
coupled to the C-1 carbon of fructose, 1-deoxy-1-

10 (e-aminolysine) ~-fructose, herein referred to as
fructose-lysine or FL.

" Similar reactions will occur with other
aldose sugars, for example galactose and ribose
(Dills, Am. J. Clin. Nutr., 58: S779 (1993)). For the

15 purpose of the present invention, the early products
of the reaction of any reducing sugar and the e-amino
residue of protein lysine are included within the
meaning of glycated-lysine residue, regardless of the
exact structure of the modifying sugar molecule.

20 Also, the terms glycated-lysine residue,
glycated protein and glycosylated protein or lysine
residue are used interchangeably herein, which is
consistent with current usage in scientific journals
where such expressions are often used interchangeably.

25

2. Fructose-lysine - The term
“fructosé-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 specifically not
limited to the chemical structure commonly referred to
as fructose-lysine, which is reported to fofm 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
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sequence involve the crosslinking of proteins and the
production of multimeric species, known as AGE-
proteins, some of which are fluorescent. Proteolytic
digestion of such modified proteins does not yield

15 lysine covalently linked to a sugar molecule. Thus,
these species are not included within the meaning of
“fructose-lysine”, as that term is used herein.

3. Fructose-lysine-3-phosphate - This
compound is formed by the enzymatic transfer of a high

20 energy phosphate group from ATP to FL. The term
fructose-lysine-3-phosphate (FL3P), as used herein, is
meant to include all phosphorylated fructose-lysine
moieties that can be enzymatically formed whether free
or protein-bound.

25 4. Fructose-lysine-3-phosphate kinase -
This term refers to one or more proteins which can
enzymatically convert FL to FL3P, as defined above,
when additionally supplied with a source of high
energy phosphate.

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
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not. It w l(hdbanvedeciyeation End-product modified proteins) has

been used in scientific journals, and is used herein,
to refer to the final product of the reaction between
sugars and proteins (Brownlee, Diabetes Care, 15: 1835

15 (1992) and Niwa et al., Nephron, 69: 438 (1995)). It
is clear that the reaction, for example, between -
protein lysine residues and glucose does not stop with
the formation of fructose-lysine. 'FL can undergo
multiple dehydration and rearrangement reactions to

20 produce non-enzymatic 3DG, which reacts again with
free amino groups, leading to cross-linking and
browning of the protein involved:. Indeed, there is
reasonable evidence that 3DG, as defined hereinabove,
is a central intermediate in this modification

25 reaction; _ )

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 concentrations of sugar modified
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evolved from the discovery of a previously unknown
metabolic pathway which produces 3DG in an enzyme-
catalyzed reaction. This enzymatic pathway is capable
15 of enzymatic inhibition, thereby reducing the
production of toxic 3DG.

During the course of a series of studies on
diabetic kidneys, examination of 3P NMR spectra from
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 assume 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



above. 6. FL3P Lysi ne Recovery Pathway - A |ysine recovery pathway exists

i n -human Kkﬁ@ggﬁmpnd 5 possi bly other tissues, which regRHfidbE22
unnodi fied ['ysine as a free anmino acid or incorporated in a pol ypeptide

chain. As will be further explai ned2betow, this pathway is an inportant
factor contributing to the conplications of diabetes. 10 ' 7.
ACGE-Proteins - The term "AGE-proteins" (Advanced d ycati on End-product
nmodi fied proteins) has been used in scientific journals, and is used
herei n, topesti&iono afhdhe Fughasa@omgonant + eacti on bet ween sugars and

proteins (Brownl ee, Hiahetifer®atcatfion 8afks Gonfikdd®2n ko N wa et al .,
Nephron, 69: 438 (1995))., It is clear that the reaction, for exanple,

bet ween pr ¥8¥En I%Hﬁ%gghiﬁ(ﬁﬁ¥9§ﬂﬁf' Xﬁiﬂﬁf%ﬂéﬁ? atg ofF13%h t he

formati on efast ycitbhesized by tHe gatoasdiarg@isdldigid® elmehimpieon and
rearrangengnt . r [ t oduc -enzynat i,¢ whi ch reacts
agai ngvm' th 'rggei%%}'n%%?r 53‘;?5&’ Ité)a |°n§%tsg°rgaﬂg%s“'i i_ g nnga browni ng of the
protei n i nepecsdun widdd thenmeak din atishetie b doidneyshat 3DG as defined
her ei nabov gy ir$ed 1¢8 Hi@dle dgd -G hiad Hidd SiARdidd | 25 reaction
9. "d yc?iygg Di é't'" - As usedy%grei n, t%%%?pressé%‘%%% ers_.to any given
di et in whnem-digbetds Iftsf ThHeRs IHH ahrved pFukeepnkial gl ycat ed
protein. TheceasRsSithed lsailed off efL3mndh "tHeatietiddys protein diet”

are used interchangeahl.,y herein.. At |east some, and possibly all, of the
compfcat | %ﬁglﬁ“ﬁ’i =5 lé’r:'c?cgifémt'o the coval ent nodification of proteins

by gl ucose and ot her Tweactipex isneyetrss . wdte Bramvhiazed Diabet es, 43: 836

(L0 o P° ghongt e AROY sl AP UL IR AU PHLB S Doen shovn

to have higher concentrations_of sugar no
an enzyme catalyzed reaction. ' Fructose-lysine labeled

with deuterium at the C3 position of the fructose

15 moiety was synthesized and injected into rats. Three
hours after injection, the kidneys of these rats were
removed and extracted with perchloric acid. NMR
spectroscopy revealed that the FL3P material isolated
from these rats contained the deuterium label at the

20 C3 position of the fructose'moiety.' In addition, rat
kidney homogenates demonstrate the ability to produce
FL3P in a reaction requiring both ATP and fructose-
lysine. This last-mentioned experiment confirms the
presence of a specific FL3P kinase, as no FL3P is

25 formed when only fructoselysine and ATP are incubated
together under physiological conditions. Further
experiments which involved the fractionation of kidney
cortex have demonstrated that this kinase activity is
not distributed 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
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molecule. The resulting FL3P then decomposes to form
3-deoxyglucosone (3DG), inorganic phosphate, and
unmodified, free, reusable lysine, which is available

15 for utilization in protein synthesis. Aldehyde
reductase detoxifies 3DG by reduction to 3-
deoxyfructose (3DF), which is excretéd in urine.

Although Figure 2 illustrates this pathway
using the most prevalent glycated-lysine, 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
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lysine recovery pathway than non-diabetics.
Additionally, from preliminary observations on the
ratios of 3DG and 3DF in the urine of diébetics and

15 normals, diabetics appear to have a reduced ability to
detoxify 3DG that is produced via this pathway. These
two factors combine to produce higher urinary
concentrations of 3DG in diabetics (See Figure 7; also
Lal et al., Arch. Biochem. and Biophys., 342(1): 254-

20 60 (1997).

" The agents involved in the lysine recovery
pathway have been identified in other tissues besides
kidney, specifically red blood cells, lens, and
peripheral nerve tissues. Aall 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
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is not distributed uniformy in the dney but is 30 concentrated in the
proxi mal tubular region, which is one of the earliest anatomical sites to
denonstrate danage in hunan and -ani mal di abetic kidneys. FL3P is not stable

i des to f 3DG, |ysgi i i

35 “ 1 DhospHabLeleTres Bty rolids gt crest hLak ba, #Siﬁﬁﬁ%‘&qzh??re%??'yc
knorbgggﬁggigggb&éaskﬂm,@ﬂd@ﬁﬂ%nﬁy\n\m) WD 99/ 64561 t
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strongly suspected, ho enzyna I'C ca 52T nvo
product i on ptOSBGtMQMnhumanaxQ;Odgﬂﬁrhpthcmﬁg &edy3EEpfnby onalmyact

kidneyg 5 jpgested groT:@rf@%ﬂt‘Hhﬁr?%Sglﬁ:i@édﬂfgglh¥sfggl{iﬁﬁgvery

pat hway are p! esented in Figure 2. fructose-Tysi ne and
ATP react tBheEEnErPERIFENYS,siwhlah AwR feseriredpinadatabb in a reaction

catal yzed byefbdf? bw@qmclﬂylgpfu&mdﬁtméothatognw§y9mnéhe 3-position of
t he fructose npi et stablllzatlon t he fructosel ysine
nol ecul e. ?ﬁ&°?§§&’§1 )g R SHRRRS - to BFth S¥BEEXPGREEosoNne

(3D, inorgasic srmledsrflhgl'ﬂ; ca'nda _Lpunilingchhémemenonusnbhelyysthat which is
S B Mg, AL S MO SO agse et see,
urine. Alt ho&@l&rlsllgm@m thass timtpeer mhycpemhwagontrol do not

develop such complications. The reason for this

phenomenon is apparent from the data presented herein.

Diabetics have a differing ability to detoxify 3DG. 2

15 subset of the diabetic population appears to have
relatively higher aldehyde reductase activities than
does the majority of diabetics. Consequently, these
individuals are capable of handling the increased flux
through the lysine recovery pathway by efficiently

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



usi ng the nost preval ent glycated-Iysine, fructose- 20 lysine,. it w.ll

be readi | ywﬁ@?@fﬁi‘t to those skilled in the art that a w dePévﬁ%'gg;%gngf

simlar nolecules can flux through this pathway. |ndeed, as

explained in further detail below. gge_substrate selectivity of the FL3P

| ysi ne recovery pathway is 25 quite broad, warranting the broad
definition of the terns given above. Additional experinents have shown that
the lysine recovery pathway is found in a wide variety of aninal species,

i ncl udi ng stsydawifpr dgg imabthe pB¥ictice ot thie imdenbiockenas This

pat hway i s al4§0 d g]%)g’@p L oL S: pr ) .1 he FL3P
| ysi ne recé@&? ‘%;t vvaya:f'crgn e u?]fcféggf%%%g %ﬁa%ﬁf;éﬁ%%éf‘gean
essenti al a-rﬁhié’léfcﬂiﬂ maateh thess awpiiierin r o|Gandidate opinaseent rati ons in

most food_s-irmlbi&qfsmtdw,i@mﬁwmé@ﬁmrmaﬂ&v@ﬁ%% | ysine
residues in fo%d will exist in the gl catqe#i f orm and VWO 4561
PCT/ US99/ 1883 e aatux 48 Fpkated LrRmiBlaRts Q¥ ne will increase

when the fadércorepnidaths S KltdieaeiwMeatiatkey idycos esyatRst g¢an not be
i1ty andodbURd GIVIE o 1 REIGREL Wil e 16t "Bhe oh possecs
i t. Diabet enzymativo nsfdaision engd Hds ysschaniomoy erInipthibvays @hpod proteins
i abet ] co Choe FRY SHCIRAINT By Rt oyl el D0 Toe ar e sub ect
to gh@at er Compinatyiigd tidyarian nak ke geparated £¥em acrandemet i cs.
starting point. Furthermore, combinatorial methods
can be utilized to generate a wide variety of
compounds related to previously identified inhibitors
of the target FL3P kinase. |
15 Regardless of the source of the putative
inhibitor, compounds that do not meet all of the
criteria listed below are not considered useful
therapeutic agents capable of inhibiting the IYSine
recovery.pathway and thereby preventing, reducing or
20 delaying the onset of diabetic complications or
disorders of related etioclogy.
1. The inhibitor should be a small
molecule and readily taken up by cells. In order to
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 suicide 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 gM and more ideally, about 40 gM or
less. If the inhibitor shows suicide or other
irreversible inhibition, this requirement for
35 inhibition constant is rendered moot.
3. The inhibitor must be both soluble in



Additionally, fromprelimnary observations on the ratios of 3DG and 3DF in
the urine afodé/ed38t i cs and 15 normal s, diabetics appear tBCTEHS/13122
reduced ability to detoxify 3DG that is produced Via this pathway. These
two factors conbi ne to produce hi gheg7uri nary concentrations of 3DGin

di abetics (See Figure 7; also Lal et al., Arch. Biochem and Biophys.,
342(1): 254- 20 60 (1997). The agents involved in the |lysine recovery
pat hway have been identified in other tissues besides_kidney, specifically
red bl ood celqlt@OUJSerwlwrp@nQ)mﬁ@blenemeaqugguessohutlon ghese tissues

are 25 abh ogidde ;ﬁprmlmhtféltfémlféméheb%fs ollﬁﬂheg?abon inred

bl ood ceIIs c relates wi.th the mcrovascul ar conplicatiogns di abet es,
e.g., di abe!“le(’;; PEdYnddatiie ifuihd oy PHcat ﬁﬁ%tCBQ’EbSt eshibikogi.abet i c
nephr opat hYa.sV\’@delHl@ JJqu:ﬁ'iymrb]Ldgf:&hl s@mnehef:abeaamvatcarrel ates with

di abet Lc peripheral__neuropat These a en s_arge_al fou n_pancreas.
Exper i ﬁents g?lg Q; s%q‘{%l det i e?ﬁﬁrpﬁgggnig BP‘ thgbé Sagents in
skin. If foshdhmiﬂﬂy[neguwnement|xstmétecnﬂythﬁtatbelutdehebér|ous effects

may be 35 %'l't%a éyl@eé%f@kﬁi&f&&%&bggégggyge 3Hopd tory

conmpounds of" e invention in a su
PCTI US99/ 13rezaings graatiar |than Ieveht its| aagéwityoséErrki ng, and thereby

i mprove ski §peh®3iidn YeorDdies I HEE S hpy&aDEsn Eﬁadhlﬁiﬁﬁﬂ:B%t muged to prove
t hat humans produce both 3 and_ 3DF from oraf | ly 5 sted pr ot ei ns

cont alfi ng FEFeTe@ISARSRe & cﬁ&%.aqﬁégétXXBEPPnéﬁFgPa PBhER%e descri bed

in detail one day or more.

4. The inhibitor must show acceptable
pharmacokinetics. That is, it must remain at a
therapeutically effective concentration for at least

15 one hour following administration of the agent.
Ideally, it should maintain effective concentration
for at least eight hours. More ideally, once per day
dosing should be all that is necessary in order to
maintain a therapeutic concentration of the inhibitor.

20 This requirement does not mean that the inhibitor must
be able to establish a therapeutic concentration after
the first dose. Numerous examples of successful
pharmaceuticals exist 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 therapeutié
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 tissue

35 levels of twice that needed for therapeutic effect.
More ideally, there should be no appreciable toxicity
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Descri bed oW I'S extensive criterra that a suitable enzyne
i nhi Pt or shoul d #ocdudedsemong the compounds useful in the

PCT/U599|1§%33t1036of this invention are those of the formula:

CH, - X - R

15 '
(1)

20

wherein X is -NR'- or -0-, R' being selected

from the group consisting of H, and linear or branched
chain alkyl group (C,-C,) and an unsubstituted or

25 substituted aryl group (C,-C,,) or aralkyl group (C,-
Cyo); R is a substituenﬁ selected from the group
consisting of H, an amino acid residue, a '
polyaminoacid residue, a peptide éhaih,'a linear or
branched chain aliphatic group (C,-C,), which is

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

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



di splay for use in the practice of this inventi-on, as well as certain tests
f or "det er md Bgledsr any put ative inhibitor nmeets these criterpecrusimadiaiat e
ki nase inhibitors for use in‘accordance with this#invention 5 may be
natural products isolated from plant2® or mcroorgani sns. Alternatively,
they may be synthetic nol ecul es derived fromthe rational know edge of the
enzymatic reaction and its nmechanism Inhibitors may al so be synthesi zed by
conbi nat ori al net hods. 10 Conbinatorial libraries nmay be generated from
a random stREregeRorhen Ear WhdFhotleYcahs RtAThed ndtddvRL8@n be utilized
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or Zohé de %ﬁanﬁl{lﬁé %%:slgt %‘g)fﬁd%g%glh Yﬁ%o%ﬂqi ggﬁiaglr%i&l és%%%ers of

rel ated eti (Cpdss,) 1and Faidi hatpreovcdhcurdnige substaltiuentisdgingind readil y

taken up byséf{eééed' Er%ﬁ\d%het‘%r% doiss HidfrdBm ! h§ldlk3'?f' bitor nust have

a 25 nmol ecul ar wei ght of | é&ss than_ 2,000 _and nore_ideally approximtely

1,000 dal t okS:t%) Ledatlogen, ffs,i kM bNPeraRdsrOshblvaortferFelive,
nonconpetitRves id YBySl bheietysHa¢ifdg wLnbbbut lehedh tda@Hdm3P ki nase. |f
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conpet,i e or_ 3 no
i nhi bt?i on 36R%Fan¥, 1R[ &F‘F}‘,ernﬁstcaﬁ‘ s ¥bout 1 mM ldeally, it nust
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i nhi bi tor skowe) soircadbydroxtyimethylemeemmiiwtey | (HGiQHbn, Zthes requi renent
for 35 inhibition constant is rendered noot.

15 selected from the group consisting of -H, -0O-alkyl (C,-
Cs) ; -halogen -CF,, -CN, -COOH, and -SO,H,, and
optionally -OH; and the isomers and pharmaceutically
acceptable salts of said compound.

Illustrative examples of nitrogen- or:

20 oxygen-containing “R” substituents include those
derived from y-amino-ao-hydroxy butyric acid (- (CH,),-
CHOH-COOH), 1,2,4 triaminobutane (- (CH,),~CHNH,-CH,NH,),
3,6-diamino-5-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 Although 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.,
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PCT1US99/ 1@éadsaser ! - adqueous sol ution and stable in aqueolcrigdodhsd at
physi ol ogi cal' pH The requirenent for-solubility is met only if the

inhibitor, or a salt of the inhibiLtgp, i s soluble in physiological saline
or serum at asb concentration equal to or greater than 10 AM This
stability requirenent is nmet only if a solution of inhibitor dissolved in
physi ol ogi cal saline at 370C retains greater than 50%of its activity after
i ncubat i on Jlarcowes, yalkactahes] Ingnridiese Nhibibhoéos, Niglodd, orretain greater
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Y=-CH(-OH)-). The reactive moiety of an amino acid
reactant, when used, may be the amine group on the
alpha-carbon, or the amine group or hydroxyl group on

15 the acid side chain. Suitable amino acids encompass
the essential amino acids. Specific examples include
without limitation, glycine, alanine, valine, leucine,
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-mentioned 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 wm-methyl-, p-



30 , . 5. The inhibitor nust be non-toxic. This criteria
requires tkadobdkssei nhi bitor not denonstrate human toxicity wWAeERHUS99/13122
adm ni stered at the:-therapeutic dose. ldeally, toxigity should not be
evi dent when the inhibitor is presemn§yat blood and/or target tissue 35
| evel s of twice that needed for therapeutic effect. More ideally, there
shoul d be no appreciable toxicity WO 99164561
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The inhibitor compounds described herein can
form pharmaceutically acceptable salts with various
inorganié or organic acids or bases. Suitable bases
include, e.g., alkali metal salts, alkaline earth

15 metal salts, ammonium, substituted ammonium and other
amine salts. Suitable acids include, e.g.,

hydrochloric acid, hydrobromic acid and
methanesulfonic acid.
The pharmaceutically acceptable salts of the
20 compounds of formula I can be prepared 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
homogenafe 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 millimoles, 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-phosphate. The incubation should be
conducted within a pH range of 4.5 to 9.5 and ideally
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subst i tut% béddet | east one nitrogen- or oxygen-containi pgrijsesisibiient
and 35 errupted by at least one -0-, -NH, or -NR'- noiety, R' being

| i near or branched chai n al kyl groy Lerr] and an unsubstituted or
substituted aryl group [err] or ara Kyl group [err] with the proviso that
when X represents -NR -, R and R, together with the WO 99/ 64561
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represent gt fiditirdlutes ﬁaﬂrﬁé@&al Usred mgrﬂﬁdﬁbaelbhnsheayang from5 to
7 ring atgons, with at |east one nitro the only

b
het er oat o€ {GREF1e sﬁH?qurﬁ;t?ﬂP?F%59¥ g? E f%r¥$m8?t§$3gk group [err]
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I's eis her t&ﬂmmwenm Eel(clﬂequbatholhydﬂibﬁquﬁyi@nelﬁm ety (HCGOH); Z

Lgnglstlnf(a by acid priﬁ# atlon of dRe pré@é?ﬁtﬁﬂdfﬁﬁg‘Eggkﬁroug
err] - , an

[err] andiﬁﬁ¥*%ﬁﬁﬂ9%r9§}ﬁ£%#l C% ﬁ%Y “gnHMBhﬁPﬁEEEBFFEQVIy accept abl e

salts of saixp qﬁmmmwhoﬂhbmsl rlﬂélﬂ@d@ded’pbfsebimﬂnhtédeiln or 20

oxygen- cont ai "R’ substituent 1nc ude those derjved from

[err]- amrﬁ?@? ck?ﬁﬂpﬁﬁﬂﬁﬁ$c et ) S , cqupazed
tri ad nobwtarmrtre) |sBuslels aphatb- 5reyﬂreayhépiahmbmtarkd (-CH err]-CH(OH)

-CHerr]- [err] E”“jééﬁéfiggéays have utility for the rapid
determination of enzyme inhibition. One such assay
involves the use of fructose-lysine and y-labelled 32p
or 33P-ATP. Since FL3P does not bind to Dow-1 but ATP

15 and most other phosphates do, it is possible to
separate the product FL3P from the remaining reaction
mixture by passing the assay solution through a column
of Dow-1 resin after a predetermined reaction time,
typically 10 minutes. The resultant solution is added

20 to a container of scintillation liquid, e.g., Ecoscint
A, and counted to determine the amount of
radioactivity produced.

As it is difficult to obtain large
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 cDNA 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
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produci ng antabhebist ocapdetsy @ildlscohwldragessy, (orecanYoe CHLIDER-). The
reactive noi gLyt ' ' achatyt gwE%P be, t am ne
group on thegglg %ngg%ghg%g%gt gkgnine gf%up giﬁ%?bg€¥fg?%ugﬁgn 15

the act@ si deaggaPf. suspengdcdsynifid ed dnten St heR8s48R8i al ami no
aci ds. Speci hbeegNaMPbiarmadeits IS Hedeptdlfl é OPargiyei Rediahani ne,

val i ne, | euci,ne : .
includes any and all solvents, diluents, or other

liquid vehicle, dispersion or suspension aids, surface
active agents, isotonic agents, thickening or

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 techniques 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 :



| sol euci ne, serine, threonine, nethionine, aspartic acid, phenylal anine,

tyrosi ne, Riodojsdere and 20 tryptophan. Qher suitable rgacheshsia’ e
fromthe. broader cIass of am nocarboxylic acid, for exanple, pyroglutanc

acid, beta-al ani ne, gama-am nobutyric acid, epS|Ion am no caproic acid and
the Iike. N-acyl derivatives of the>hbove- nenti oned ani no acids, such 25

as fornyl lysine, may al so be used if desired. OQther appropriate reactants
i nclude, without limtation, unsubstituted or substituted aryI (C6- C10)

conmpound e al koXx car boxy,
(7o or- hEloBer g s SR o ol (0 R

nitro or halo r oups

wher ei n thég§GE§F tuéﬁtaﬁﬁy b@:&ﬁewabéwvoﬁ@eapnmypnymmnaoﬁn unsubst i t ut ed

or substitgtedval hyeaenvaeikd Beltelsl §58CYC osE %9}'%1@%: n the
substituents nag bgealkyl [err] aryl [err] al koxy, car oxyfﬂﬂllgb 35 - or

hal ogen gr 8BPECS FiPlstrative exanpl es of the last- nentioned group of
react@ants include n}Pméﬁﬁhredpsupplﬁﬁeﬁﬁéﬁ@5ﬁbtlve agents are

PCT/USQQ/lgé%goungé 5hg%t%¥hgbgn20| §§y 1vo QX [&gg%%n} itro-

am nobenzenes;, - butyl am ne,
3- nethoxypﬁ@ﬁ?Pﬂﬁﬂﬁelnﬂéuénéb|W@thndtpﬂpmndaMeonS

Repr esent aginy BhBi c n n e .aho re set forth
in the attachgd)g?ablatlﬁé Qﬁgﬂeeggo?eého%ﬁagbﬁpQUﬁ%gagﬁgﬁkﬁﬁi be used as

i nhi bitors hﬁrﬁchtFEFﬁﬁlpﬁl§nﬁn@§ﬁﬂvéﬁlvﬁélGh@reﬂﬁb h@mind-nit ati on,
negl Lo ne, sﬁbébltﬁteﬂyim&daaadeé() 1,2°8ABubgkikueede. The inhibitor

conpounds ggﬁ%&ﬁ?ﬁazo Egtns% stituted 1,2,4-triazoles,
diaminopyridine and derivatives thereof, amino-
substituted pyrimidines, aminoalcohols, diamines énd
the like. Anti-hypertensive drugs, including

15 particularly the angiotensin-converting enzyme (ACE)
inhibitors, may also be included as supplementary
active agents in the pharmaceutical preparations of
this invention. '

Auxiliary agents, such'asfcompounds that

20 will protect the active compound from acid destruction
in the stomach or facilitate the absorption of the
active compound into the bloodstream can also be
incorporated into the pharmaceutical preparation, if
necessary or desirable. Such auxiliary agents'may

25 include, for example, 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 (g) may be
"administered, using any amount and any route of

35 administration effective for inhibiting the FL3P
lysine recovery pathway. . Thus, the expression



form pharmaceutically acceptable salts with various inorganic or organic
aci ds or baggsregeessit abl e bases include, e.g., alkali nmetal sadrgseehiati ne
earth 15 netal salts, anmmonium substituted amoni um and ot her am ne
salts. Suitable acids include, e.g., jJydrochloric acid, hydrobromc acid
and net hanesul fonic acid. The pharmaCéutically acceptable salts of the 20
conmpounds of formula I can be prepared follow ng procedures which are
famliar to those skilled in the art. The ability of a conpound to inhibit

the FL3P ki n&&m@emdﬂpﬁr né fApgctis8Jamowhie , Vakl flbdPhedRin, ki nase
activity assays. e usef L{? ass i nvol ﬁes,l ncubating the potenti al

_ i nhi bi tor quﬁfq:rﬁj QD& - AREQELG Rt TRUE R LERENS, é§\9h‘é’g &F Ehghey honogenat e
or ot her enenmm@lirrﬂﬁ.bjﬁtmolwipﬂo?idéhehésaélﬁi%@ap;&m&ﬁfa@y ﬁc_cg_r_tepared,
which typically.containg. 30 ,. 1 mllinole or |ess of, . nhi.bitor
conpound of %u?hsF e%n%vcg:ntéllo%e%}lca%%%ilS? +PHE: 8§e%f’y§’i"‘%’é’%(lﬁ)t_hfen_the range
of 1-16 ni | metaheliqproductiolt ¢fF3DGE fbrfoahge mbdﬁchdl&eaddnimﬂes and
an anmount ofg {die RS ' P LGls 0 R o]
fructose 358, If%inne- 3- phosp aétgwe]#ff%ﬁgsi &n;tcfulﬁlg#l?1 noé:hgu %\égélhc“ganlnduct ed
within a pHESRRSSHISLRLLS Jhexe AGET Bratejn fowmagdosubes a

PCTI US"/ 131 %2usative atoX@Ut I'Phe O&xA8E" afBuhtakeBldi rE¥e maRc Wak} on shoul d
erature that is conpatibl'e with enzynme activity,

Bgt ween i?e%ﬁpe‘ﬁﬁ‘%e ! Ghi APGCIERe AgEubaRfodersTad: oRidiont
physi aloogi calf The gadniEntat wrlee ndftee obficuhat complikationt,i &hd S
particular enzyme inhibitor and its mode of

administration, and the like.

The compounds of 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
kg 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



stopped by acid precipitation of the protein and the production of FL3R
neasur ed byd @feaderSpect roscopy. FL3P production will be redycpd i,
elimnated in sanples containing an inhibitor conmpound when conparedzlo

to control sanples that are free ofggnhibitor. Qther assays have utility
for the rapid determination of enzyne inhibition. One such assay invol ves
the use of fructose-lysine and [err] [err] or 33P-ATP. Since FL3P does not
bind to Dow 1 but ATP 15 and nost ot her phosphates do, it is possible to
separate t e€fpctduct FL3P. from the remaining reaction m xture by passing

t he assay solution thy I f _Dow 1 resin after a predeterm ned
reaction tinme, typi cglr%yliq‘%%n%%ﬁi#%n%me rlé'éh‘r’?’a %M ion is added 20

to a cont apAastistlezily prefisrned,i qrayided) . theccwsal dosge imd counted to
determ ne tBBaBIBUGE GlrldUitddy iilddd RIRAMGCLaried leddedd TF1 cUlt 10
obtain | arge antitiés of human tissue, 1t I s preferable to use a 25
reconBi nan eVgE§i8ﬁ e ' et are thaxpreeieat Bxpr essi on system

suEh as E. aeeﬁkre.Th]ft‘hﬁls@n@EiEJIIé@?.rpajheb%.ﬁl‘tﬁg!ﬁﬂ }réﬁa%'f'ﬁﬂ?iél)&ﬂthe

"shot gun” onin ti.ssue _specifi.c ¢ Ji.hraries., Suc i braries are
readily avgk‘ﬁagﬁgeﬂlsoﬁ c &ialm%cu%mt°¢&n exanpl e they may be
obt ai ned f depréteindced Bamplélst of ©loole ksidegurard astilvgy envi si oned may
be perfor kLng s l.anb Cl RN 5 _cf:ﬁg_y*rrgﬁ[ d yvail able from
Strat agen,nggg %Fe l%%%gasﬁ D@So,&@eﬁél%f or m?’?ﬂ I S c}flo%én%r% ‘contains 35
det atPed i kBepacERIRI epocan bey sompared withadda ipredefrexmined ons of the

WD 99/ 6456inhibitory constant. Tissue levels that"@d/F2H Y

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 tissue. 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. Subjects 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 adwministration
of the compounds and compositions described herein



- 33 -.present invention conprise one or nore of the conmpounds descri bed
above, as tyw@o99siseye i ngredient, in combination wth a phar necRuUSyeBiL2y
acceptabl e carrier nediumer yauxiliary agent. 5 .. - These

i ngredients may be prepared in variars forns for administration, including
both |iquids and solids. Thus, the preparation may be in the form of

tabl ets, caplets, pills or dragees, or can be filled in suitable
cont ai ners, such as capsules, or, in the 10 case of suspensions, filled

into bottl esillAgegssdaddyt be dependentutdrcdihy needptablebearrier nedi unt
| ncl udes any,g8g; alih1Sphrarht. H@in«g,erﬁzseaega,ota% ¢yl e vehicl e,

di spersion or suspensi Oon aids, surface actiyve_agent’s, isotonic agents,
t hi ckeni ng B¥eabmenteagmindstered and the gudapentyef 8¢ d binders,
| ubri cants apdehlént bhysdeisu.t ehd add awrdiwll e dosage form desired.

Represent at | ve,_exanmpl es aof uigggﬁgkfarrier di a, i ncl ude gel ati ne,

| act os®, staPehi® gné‘&cgﬁ\dssetse ayuans Gt And ani mal 20 fats

and oils, gum polyal Ryeedimhjlbjidglr, comgdinds kiesdeibedtbeteiRharenceut i cal

Sci ences, FibEagnt By e ind atddilk JBckoRUbl d 50l age Co., Easton, PA
rriers used I'n I'n

1975) discl oses Various carri, or nul pharnfceutica
conposi t i onespRgirAdINN diebetiquaephyopesthy witkchy aE$ cBreabesof .

Except !nSQEﬁénaio%E&-?@Eﬁaﬁﬂ<afﬂdiéﬁééfﬁsfE%ﬁLE%iéhéﬁﬁPﬂH§£&b|e with the
enzyne inhibitors of "the invention, such as by produci ng,any undesirable

bi ol o¥Pcal ERHEEt Obr eHGhELAISe KAy A4FIRFT FOIYRr BRSr b3LYAARner with any
30 ot her aganpeaasplanteit idie. plal additicn) thepar shhobitbks use is

I d be_ w thi f, fhis i ion.. | h
phar maceut | B4 BRoBAFR it 1S BBV G T RERHBERG cOBGRRPEE) may be

present in 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, osteoarthritis, cataracts and the
general debilitating effects of aging. '

Preliminary experiments have shown that

20 gserious 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.



35 amount of at |east 5% and generally not nore than 98% by wei ght ;

based on t‘g? gﬁgﬁg wei ght of the WO 99/ 64561 PCT/US99/13122
PCT/ US99/ 1 29 - 34 - preparation, including carrier nedi um and/ or

auxiliary agent(s), if any. Prefer +y, t he proportion of active agent
vari es between 65% - 95% by wei ght the conposition. 5

Preferred suppl enentary active agents are conpounds that bind to 3DGin
vivo. This class of conpounds includes, without |imtation, am noguani dine,
am no benzoic acid and derivatives ¢ahgmeqf . cysteine and derivatives

t hereof, am no- 10 substituted i mdazoles, 1,2-disubstituted

benzi m dazol es, substituted 1,2,4-triazoles, diamnopyridine and

derivativeg d1gic@tfed am no- syEIFP tabmdl pyri MpE/BDF Eshdewal cohol s,

di am nes an;i?t:o%e | i ke. Ant iﬁﬂ{p.er cfr%]ve) drug I-ncl ufi ng_ .5

particul arl 248 5i ot ensi AR Y enzyn ( ACE)PTH tors, may al so
be insl uded as osuppl enentary ac@?ve agents in thel phé® @&euti cal
preparations of, this inventionggAuxiliary agents, such as conpounds that 20
will protect the active conpound from acid destruction in the stomach or
facilitate the 2a¥sorption of t&f5 active conpound into the bl oodstream can
al so be incorpgrated into the gghvarmaceutical preparation, if necessary or

desirable. Such auxiliary agents may 25 i ncl ude, r.exanpl e, conpl exing
agents such ast%horate or othef9&&lts which partia"h?}‘gf"fget the acid

condigtgi ons i n Zche stonmach, armksde |ike. Absorpti®wmtambe increased by
del i vering theaoact Ive corrpourﬁéa.; : 6.2/0.28

Since stimulation of the newly discovered
lysine recovery pathway leads to substantial increases
15 in systemic 3DG levels, an investigation was carried
out to determine whether a glycated diet would cause
significant effects on pregnancy. The results
obtained so far suggest there is a very strong effect
due to this pathway, as will appear in the examples
20 that follow.

Furthermore, it is well known that in
susceptible strains of rats and mice the diets on
which the animals are maintained in early life
(following weaning), can have a marked effect on the

25 incidence of type 1 diabetes, with the incidence
ranging from 10% to 90%. ' Considerable effort has been
put into investigating this phenomenon over the last
10 years. See, for example, Diabetes, 46(4): 589-98
(1997) and Diabetes Metab. Rev., 12(4): 341-59 (1996},

30 and references cited therein. An investigation has
been undertaken by certain of the present inventors
with respect to two diets which are at the extremes
for induction of diabetes. AIN-93 (Dyets, Inc.)
causes the least incidence of diabetes and produces

35 the lowest ratio of urinary 3DF/creatinine (1.0) yet

' observed. Purina 500 induces the highest incidence of



the salt of a fatty acid (in those cases where the 30 active conmpound
cont'ai ns ongy@yyeméc basi c functional groups). The conpounds RET/U$99/13122

i nvention, along with any supplenentary active ingredient(s) may be

adm ni-stered, using any amount and_agy route of 35 adm ni stration
effective for inhibiting the FL3P |ysine recovery pathway. Thus, the
expr essi on WO 99/ 64561 _

PCTI US99/ 13122 - 35 - "therapeutically effective amount”, as used herein,
refers to agicibevds danld producesns 200udblaf :thﬁreaﬁéyﬁm itMa bitor to

rovi de the red thera oun t be tions or to
Pnh?”bi t the 3%?/ ?%y:f)é'gﬁébgl %ﬁn‘g% ggéaf o?b§t ﬁ%&ﬁ\?&ag}q *S easons,
such as r_edmbsn}‘\téda HifmespmﬁctagaagOﬁrratber1humn1d.|3®éaese:l'1atat es wher e
AGE- Prot el ”d€ st é’{}ré‘f&e%fﬁéﬂéétéfiﬁ EglaemeIQS §4eCs YPYHid equired may

vary, dependi e species, age, enerar condi t1on of the

pat i ents, th@mbmel@fp@mwan@rechwghge t A8 . fhet deyedormented nhi bit or

and its nodergie afrafuséEat i ONAnaREl shank ke arthause@@aunis afo t he
i nvention are preferabl ornulateggln dgu ge fo n1fon ease of 15

admi ni strati %UEVRFH? hetes jbaayee % used herein
refers to ad&p@t&aﬁﬂ:yoﬂl'sypete dﬂabeﬂésemﬁyﬁﬁmalﬁlﬁ;l)biﬂaife appropriate for

2ctive mat ertSno L oPiufine 878 SR AT FRoRe s HER Per R o et ect
ei t hertGas suah,umwknown aasvigeni whiaght detrhéopel dnt ¢hephfrageddauitoftal carrier
medi um  TypiGal | YandPE2§OMPOERTERE 1HCahN¥ERbiMhune attack by the
animal’s own immune system on its f-cells. this
results in their subsequent destruction, thereby
depriving the animal of the ability to make insulin.

15 It is well known that 3DG reacting with proteins can
make new antigenic sites. Thus, the source of the
antigenic properties of the various diets appears to
be the 3DG created by the decomposition of
fructoselysine-3-phosphate in the pancreas.

20 Also, because 3DG is known to interact with
amines generally, it may be able to interact with DNA
and show mutagenic and carcinogenic potential, as well
‘as crosslink proteins.

The discovery of the FL3P lysine recovery

25 pathway makes it practical, for the first time, to
differentiate the diabetic population and to determine
which subset of the population is likely to dévelop to
diabetic complications. This determination can be
conveniently carried out on a bioclogical fluid of the

30 test subject, such as urine, blood fractions
(particularly plasma or serum), lymph fluid,
interstitial fluid or the like.

After an overnight fast, a human subject is
fed a food source containing a relatively high

35 concentration of glycated-lysine residues. By way of
example, this food can be in the form of a



will be adm nistered in dosage units containing fromabout 1 ng t«0 about

2,500 ng gogﬁfnsﬁorrpound, by 25 wei ght of the preparati pgrngbdisige r ange
of about ng to about 250 ng being preferred. The conpounds of the

i nvention may be adm ni stered oral ¥, _parent erally, such as by

I ntramuscul ar injection, intraperitoneal injection, 30 I nt ravenous

I nfusion or the |ike, depending on the nature of the diabetic conplication
bei ng treated. The conpounds of the invention may be admi nistered orally or

par ent er aldkedtn /ARRARGE YEi e 0f Alhtad ded@FidadtDn AlRathp2® My and

pr ef er abl )ré’ froT about 30 err'.][l%eéo 35 about 3.5 {rg/fg‘,é of .patient body
wei ght pePdBF1Be W % 95 spitaPle SUESE ot R ¥ER_YRd t her apeut i ¢
WD 99/ 645@¥sines or synthetic fructose-lysine. Wh&CTp1i30€id8122 - 36 -
effect. Orally. ive i-nhi .l : L CU re red,

provi ded W@%ﬁ%ﬁs}&)%l%%%d aﬂge%%_%%%ﬁg??%}%%gi%%% 'or{: %rget tissue
5 sl evelcontfenthef giytatedtiyaing showldpegtprefeyablyi ve. Those skill ed

in the ar i SIFE S by ! Srofefn SERiho "REEQYI 8ri Nhibitor in
depr ot ei n?ozeg%&sélﬁrarp edsyo bl ood, ki dney a% ozxggr tar%et tissu]és The

concent r aticsie Graharanoetvesn abolesl. 2RHed-4%n HERRORBERRD with the
pr edet er NMigedritdhigBfyatadsipdine Theésiduéeveh sthdabral edbse bel ow t he

| ever of B O 1L $5e o PTRESEREHY el OF LPE HRBLB) “aceay o
t he 105 ifd 3Kl estsed | lmade | consampeiprcof vehe i gtyecatednlybineases,
therapeutig actd Vidye faly bSr@SSERred Maf £80e"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



the hunman or -ani mal subject a food rich in glycated |ysine residues or
fruct ose-| ywoe9/edsét neasuri ng the anmount of 3DG and 3DF in thecr/ossvse2
bot h before and 20 after._ feeding. Subjects that have therapeutically
active inhibitor in their systems wilgy experience ‘decreased secretion of
both 3DG and 3DF and increased urinary secretion of fructose-Iysine when
conpared to levels secreted by these same subjects prior to 25 I nhi bi tor
therapy as will be described in further detail hereinbel ow. The conpounds
of the invertavslsibefoyeiand) yobe:!-mdhimsﬁégear omgeSo qitemglﬁzw anum{:/n;htlo 4-5
ti.mes per d SBRendd t he exact inhibitor chosen ile a
d05|ngpsche§¥?e of onegggyﬂgeels preferred, diabetic patients are
accustomed to paying cf®%ee%eafRke; oRorwalhsrbigicseadave & Easteti so wil |

readily aCCaDG ey SSIHF egdeid ﬂ@siéﬁgnécagdgbgﬁtl f, orzggﬂuw@i,etasso as to ]glglrl ver
t he abqve-ne e.d d osa exact regjnen
admini strati %EﬁﬁigﬁhggeﬁnﬁagbﬁﬁosW&ﬁ&ﬁ%“ﬁ@%§¥% éi

99164561 fold hlgher, or more. This is borHGTbUSQ%lCﬂ%Z dat?ag - Wi II
necessari | t e S |dual i_ent_ bei ng
Y I FERENORN PR bRCeRERES AL ! RO B il e P vt PP

treated, the )3 t r eat nent mnls ere
att endi ng prﬁlﬁf/ AR raigsed ‘he@%ﬁin(lz’hé &) mﬂith q“Upa:tel @ritght ncl udes bot h

humans and s R 0 Sl are useful in
count eract.?ﬁ%@aﬁtﬁﬁ@“‘éﬁt.%ﬁzﬁﬂ%@éiﬁé O R St ity i ch

af f ecttd gr ed¥We 1 fdr e%%heroavaraeet F’é‘é’rl&ndai"@l’[alg@ ;9r|0rﬁ£r)y 10
cause of endvitilageucicrmbreli seateer eqrbuhadtlcabyehrage .

As demonstrated herein, diabetics have
increased production of 3DG. Therefore, resistance to
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. In 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



and transplantation. In addition, these inhibitors may be used for the-

prevent i ORyQbedsgat Ment of ot her pathol ogi cal conditions a@h&hggyggbf to

the formation of AGE- prot ei ns, such as hypertension, stroke,

neur odegenerative disorders, e.g.., genle denential of the Alzhelners type,

circulatory disease, atherosclerosis, osteoarthritis, cataracts and the

general debilitating effects of aging. Prelimnary experinments have shown

t hat 20 serious adverse health effects result fromstinulation of the
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bed further 10, below. Transient
el evat i on Bt™ %fﬂfﬁnas3EEelBF&W?rgolnpuﬁeFQ §h§oE§HggP@@&Ysﬁthe uri ne of
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99164561 PCT/ US99113122 - 38 - TABLE
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Ki dney) lafgerawmbuntppfskh) i6 absorbe@ from the ultragiltrate,
ibggO'OS 1lead:.ng to Eh ﬂﬁgﬁ Yocal levg%s @Q5B5deoxyglgcoson 937 10
5 2/3014 (3DG) in the kldney, 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
1s 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 sumned 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



30 . . 1267 6.2/0.28 Since stinulation of the newy
di scover ed wasvaasélecovery pat hway | eads to substantial increaImssedasi22 in
system c 3DG | evels, an investigation was carried:Qut to deternine whether
a glycated diet mould cause significagt -effects on pregnancy. The results
obtained so far suggest there is a very strong effect due to this pathway,
as will appear in the exanples 20 that follow. Furthernore, it is well
known that in susceptible strains of rats and mice the diets on which the
ani mal s ar e 9faitheiksineg xeeovery fpathvayoni Fhewratingpf the have a narked
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of urinary 3DF/creat|n|ne rved. Pur
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3DF/ cr, at|n| Sin L3P, 3DG an were gbserved in the pancreas
of rat® 33§h/§é§iF9%ﬁﬂ X?%&?d%%?&%lﬁ%lk?Wé§€ ARAtiREipB: Mol i tes of
this 5 nn:rlmtmipyc. patthviay msteewowthy ethat tbendevellameesy of

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. 1It is
reasonable to caution individuals at risk for kidney

20 ~disease, 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-lysiné residues can be substituted
in place of the assay method exemplified below.
Examples of assay methods 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
residues in prepared foods and to apprise individuals

35 at risk for developing kidney dysfunction of these
determinations, so that such individuals may refrain



Type | diabetes. Aninmals which are susceptible to this type of diabetes (a
useful nodglg gfeskgisul i n dependent or Type | diabetes in hunpapyss@spaan
abnormal inmune system whi ch nmakes them sensitive to 10 an unknown
antigen which develops in the [err] Eells of the pancreas, resulting in an
aut oi mune attack by the animal's own I nmune systemon its [err]-cells.
this results in their subsequent destruction, thereby depriving the aninal
of the ability to make insulin. 15 It is well known that 3DG reacting
Wi th prot eieRpemC ARGEREA N Wodldld BARIC Sl (S cabiih-1)dihe Wbitcer . t he
antigenic propertices of ‘the various diets appears'to be the 3DG created by
t he deconposition of fructosel ysine-3-phosphate in the pancreas. 20

Al so, because 3DG is’IilieO\ﬂaalﬂ.@vdiJﬁgereacthpMddﬁm paowielel ady, it may be

abl e to i nt < W .show ni 0 rci enic potential, as
wel | as crgggggéPep&%FggﬁgQH%%§ T?E?%% 4%%343_ #héﬁ Ge recovery 25
pat hway maksemplesr age palovikded ﬂfm* fmlrlsxsunamwret (ptmpdseesammhye t he

di abetic pgaul %hb 5& 1o SRNeHE Rendded WS ali e Ak dgpul ation is

i kely to deve Iabetic conpllcatlons ThIS eterm nati on can be
conveni ent Fyvéﬁ‘ltllio@d odtl 1o teppsratygiesa givan dibftheexamples are subj ect

such as uripedebhreesd dedtiiigtade( Ritilldssl|lctiHarwllsts nhdicagsd) , | ynph fluid,
interstitial fluid or the I|ke After an overnight fast, a human subject is

fed a food source containing a relatively high 35 'concentratlon of
gl ycabed- | ysine residues. By wayEXaMPIEl e, this food can be in the form

of a WD 99/64561 7goLATION AND IDENTIFICATION OF FL3P: N@/#599/ 13122
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 10.3 Hz, whereas P-0-C-D has no coupling aﬁd'produces
a singlet both coupled and decoupled, as was found for
3-deuterated FL3P. A unique 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-
phosphates.



- 40, - casein/sugar "cooki e", such as described in Exanple 5, below, or

sone ot her 99}8{'/% source of glycated- |ysines or synthetic pcr/us9913122
fruct ose- IyS|n en protelns containing glycated:|ysine residues are
utilized, the 5 content of ‘glycategsl ysine shoul'd’ be preferably between

0.02 and 10% of total protein amno acid, or nore preferably between about
0.2 and 0.4% The total anpbunt of glycated l'ysine residues in the oral dose
shoul d be about 0.3 grans. Preferably, a urine sanple 10 is collected

bef ore consunptlon of the gl ycated- IBAMBPLEQ2Ir ce, then at one, three and
five hours, - such ot ol [res y ~lpe ed by the
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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 37o. 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 radioactive assay was developed. This
assay was designed to take advantage of the lack of



35 . significant aspect of the present invention. This nethod involves

t he neasurenent of FL, 3DG and 3DF WO 99/ 64561

PCTI US99/ 13WXP99/64861 - | evel s before and, optimally, after inBEEUSHA22
source of glycated |ysine. For exanple, normal subjects have a fasted 3DG
to 3DF ratio in urine of about .025 4ghereas 5 di abeti cs have hi gher
rati os, which may 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 3DG 3DF ratio
of 0.025 (1/39.77) with quite tight scatter around this value, whereas

di abeti cs halinding to Revelt ARAOR eyrhangghiesipcbygFLAR:i o Thiwer age
0.069) with snshadBeLiscdtt 8F BL.9PNHakhaidvevaged AnrdespRsiraked herein,
di abetics have |ncyreased, proguction of 3 JTherefore, fesistance to
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descri hed hegein, . ppe S t ficienc t he
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resistant tobaendl opeaygingaBbBPcin0scluténpli cTheofidrst! mtepi dasl s with

hi gher rathfo aoctHaing £abi ga ﬁflet. éfngés%_t %aub&%dng%g‘%lemb%ge, are mmore
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at risk, while individuals with el evated ratios above normal range are

particul ar| ytB® ATRKIRoEhEeFEFBY ngThAESHABoASCPERLAShed by
Recent neasuppedt sngf the ueireak¥sineo( ELpubpehBeopl agmaoandgur o¥e of four

R SRR Y S A R
the resin. From this 0.8 ml. of supernate was
pipetted onto 200 mg. of fresh dry resin, 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 40. The
assay contains 10 mM y33P-ATP (40,000 cpm), 10 mM FL,

20 150 wM KCl, 15 mM MgCl,, 5 mM DTT 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 minutés'at 370. 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 (1limm61es), a-carbobenzoxy-lysine
35 (10 mmols) and NaBﬁng (15 mmoles) were dissolved in 50
ml of MeOH-H,0 (3:2) and stirred at 250 for 18 hours.



blood. In twa of the four strains (Long Evaris, Brown 30 Nor way)
virtually I the FL filtered by the kldney appeared in tperhishesibased
upon ratios of ﬁls conpound and its netabolites with creatinine. Wth the
other two strains (Sprague Dawl ey, F % cber) 10-20% of the FL in the plasna
appeared in the urine, based 35 conparisons wth creatinine
filtration. These neasurenents strongly suggest a major variability in
WO 99/ 64561 PCTI US99/ 13122 - 42 - FL
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ki dney fail yre in and ki dney carci noma. Therapeutic efficacy of the
kinasg %he é&f%%lne y P y

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



inhibitors of the invention can be easily and safely determ ned using a

test of thgdomidsg recovery 25 pat hway. The test prot ocﬁ%,%,sc”}lgﬁgtical

to the one presented i nmedi ately above, with the exception
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This powder contained 60% protein as
determined by the Kjeldahl procedure.

b. Measurement of glycated lysine content:
1 g of the powder prepared as in step a., above, was
hydrolyzed by refluxing with 6N HCl 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
furosine, the product obtained from acid hydrolysis of
fructoselysine. 1In this way, it was determined that
the cake contained 5.5% (w/w) fructoselysine.

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

d. Measurement of FL, 3DG and 3DF in
urine: FL was measured by HPLC with a Waters 996
diode Array using a Waters C18 Free Amino Acid column
at 460 and a gradient elution system of aeetonitrile-
methyl alcohol-water (45:15:40) into acetonitrile-
sodium acetate-water (6:2:92) at 1 ml./min.
Quantitation employed an internal standard of



concentrations of glycated-lysine residues will lead to the production of
ki dney and weygogustPC. |t i s reasonabl e -to caution individual $CaUSsy/sR2E or
ki dney 20 di sease, for exanple diabetics, to avoid food with these high
concentrations. Concentrations of glygated-lysine residues can be neasured
using a wde variety of nmethods. One such neasurenment nethod is described
i n Exanpl e 4, bel ow. However, any suitable 25 measur enment’ net hodol ogy

t hat accurately determ nes;the |evels of glycated-lysine residues can be
substi t ut edmeglpmde® .of the assay nethod exenplified bel ow. Exanples of

assay net hods .specifi cont enpl_at i e are.not _limted to
colorinetric and 30 %ﬂ}’l sod'fecaghlﬁ%(fﬁ%%gﬁﬁégg?igg%ﬁsge%fmﬁﬁgkﬁ'@f’hod of
measur enent oénphey edmplte . s Anglyses weseogperbdrnbd pnesebtionexention to
determ ne theg_ t f t ed- vsi hdu LB P, f s and to
apprise i ndlB\s/tI g&?l gﬁé'g sﬂéﬁif&%ﬁirﬁvéele%%?ngéﬁPﬁﬂe (ﬁgéég :’}r)lctQ ?%n of
these Bet er plpgimgh¥itdy 32, M spdiymdiydeestdenay temla/min. wo 99/ 64561
PCT/ JS99/ 134 ant i44tidd Gid Reestdrfed OPESmhsgaAndAral ¥aaied- | ysine content.

The foll ow ng exanp] es are pr.qvided to describe the invention in further

det ai | . The?g’tﬁ‘lneéeé%%ﬁ’a&é %W%I‘éﬂcfgﬁFi'l | ustrative purposes only,

and should in no way D& ovst megswsed | byt GagMEhaficeyedeionizAltlion

t enperatures giyen jn the e I | es.eentigra nl ess
Se0iyen Jh e, Ol s %t PaleOLach; EENL dnateain!

ot herw se i ATl ON AND
| DENTILBI CATle@kte@E RI3RigminoniphrateneyinsPBE.a pehyll ecetasei d extract

of diabetiCegxtyaction gave a salt free fraction which was

converted to the trimethyl silyl ethers with Tri-sil
(Pierce). Analysis was pexrformed on a Hewlett-Packard
5890 selected ion monitoring GC-MS system. GC was

15 performed on a fused silica capillary column (DB-5,25
mx.25 mm) using the following temperature program:
injector poft 2500, initial column temperature 150¢
which is held for 1 minute, then increased to 280c¢ at
16c/minute and held for 15 minutes. Quantitation of

20 - 3DG employed selected ion wmonitoring using an internal .
standard of U-13C-3DG.

The graph shown in Figure 3 represents
production 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



rat ki dneys showed a new sugar nonophosphate resonance at 6.24 ppmwhich is
not obseryved |&6{lon Ki dney tissue 15 and is present at gEpakdopsigduced

| evel s i nW¥fd abetic kidney. The conpound responsi ble for the observed
resonance was i sol ated by chronatography_of the extract on a

m crocrytalline cellulose colum™u Png 1- but anol -acetic acid-water (5:2:3)

as eluent. 20 The structure was determ ned by proton 2D COSY to be
fructose-1ysine 3-phosphate. This was | ater confirned by injecting animls
with FL, prepared as previously. L,Qede (Fi not and Mauson, Helv. Chim

Act a, 52 1488 (1969)), and showing direct phosphorylation to 25 FL3P.
Usi ng FL speC|f|caJI@EEEIN@rEK%ERIMEEBS|tNoﬂCQtEbnﬁrrned t he position of

the phosp @c@éarffﬂimsé (ﬁmés&@slgeaﬁOéﬂsgméyeﬁaééuéanﬂneae [err] NWR

spectra b cou d, and deco%g ed. The noy é% coupllng produces a
doubl et i rFIF?_SFW? hin elewrte ‘F°%93ntri'619nl-&n abeticP: o ED has no

?Ouph;' 39 &l ﬁ&i&i&!@@St@ 15é Ngh eéa by hmaoket edf aﬁdbdmaﬁﬁdhmdgeas was found

or 3-deuter.at FL3P. A uni gue ro ert I S.t ep _treated with
sodi um borBHy dr Eh%kp??h?%e%%ﬂ%%r? at ﬁf%g?ﬁé ﬁ%é??%s%ﬁan%ééha ®5.85 and 5. 95
ppm whi cm@&5 welkoundepstdodo nEhei intreasedonpinaryl gutpyt3ofphosphat es.
WD 991645

Y, 13122 - 45 -
" EXAMPLE 2%%5}% %i:all)—'f%})cs has ee %r%gose -tgcﬁéo@éSg%hosphate and
0.25 ol aﬁt{@t}%a@%obﬁﬁ%wyemys.aﬁomgalewmeéesu Angycel BY MeOH for 3
hoursg Thed?abeté@'#itHnaM/ainétéaééd BirtpuiO9ntb vRkeurand chronat ographed

on a Domfgggggégnnhgn éestructgzn of cells
The results obtalned 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'giYCated protein excrete
excess NAGase intO'their“uiiné; similar to results
obtained with diabetics. There is an approximate 50%
increase in NAGase output cémpared 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 glomerhlar filtration rate,
with no reabsorption. " |

25

EXAMPLE 7
SDS GEL OF KIDNEY PROTEINS: Two rats were

injected daily with S'umbls. 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 KC1l, 15 mM
MgCl, and 5 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



the pyridiniumformand eluted first Wi'th Wt er (200 M) and then with 600

m buffer (0&%099%?6 dine and 0.3M acetic acid). The target comgﬁﬁﬁied
at the 10 the water wash and the begi nning of the buffer wash

Renoval of the cbz and benzyl blockln% groups with 5% Pd/ C at 20 psi of
hydr ogen gave FL3P in 6%yield. 15 - 31 - EXAMPLE 3
ENZYMATI C PRODUCTI ON OF FL3P FROM FL AND ATP AND ASSAY FOR SCREENI NG
INHIBITORS: Initially [err]. NMR was used to denonstrate kinase activity in

horogent sad” S Epck T 3 A RhRy gLl ERaR! B EOURVRTY B B2 She
mM [err] pH AmMl Ihi20%egradient foghkd. atImoaQQOCgSB@n Agwemut es, and t hen
the supernat g genhiyfUged; A?ﬁt 1199:189%&1:%0&11@9155“6&8% E}Ium sulfate was

added to 60% saturati on. our O.the precipitate was
col l ect ed by nadiqed fjeen orhankidnexoevbyark ofntheopndmadi daiiaamadr. A 2

nM aliqeot ofyitH 15 ahhéh OfoMBaréacwehedhw thi M 1NMVIAERtiad WM of FL
(prepared as in Eﬁﬁggle 1, above) for 2 hours at 37[err]. The reaction was
30 quench&F W+ 00 uL of perchloric acid, centrifuged to renove
protein, and desalted on a colum of Sephadex G 10 (5 x 10 cnm). [err] NWR
anal ysis of the reaction nixture det opmation of FL3P. Based on the
proof of kinase activity thus 35 obtarned, a radioactive assay was

devel oped. This assay S¥NTHESI§nOE BoOrMETEIIFRVCTQASELYSINBack of VO

99/ 64561, spension of 19 RCH! WRAY bxl22 - 46 -
bi nding to Dow_1 ani on excﬁaﬂge %e5|n FL38 : Thi s )
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 u-carbobenzoxy-lysine and 4 ml of

15 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

20 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-

25 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
starting material, which maybe an amino acid,

30 polyaminoacid, peptide or the like, with a glycating
agent, such as fructose, which may be chemically
modified, if desired, according to procedures well
know to those skilled in the art.

35



characteristic of FL3P was discovered during efforts to isolate it. Since
nost phospg’g‘gegg %i {1d to this resin, it was suspected that the bul k of all
conmpounds B8 react with ATP as wel |l as any excess ATECIOHOY 1342
bound, |eaving FL3P in solution. The first step was to determ ne the
anount of resin required to renove tife 'ATP in the assay. This was
acconpl i shed by pipetting the m xture into a suspension of 200 ng. of 10
Dow1in 0.9 mM Herr]O vortexing and centrifuging to pack the resin.
Fromthis 0.8 m. of supernate masEgAﬁgﬁFeg onto 200 ng. of fresh dry
resin, vortexed and centrifuged. A 0.5 m volune of supernate was pipetted
into 10 nl of Ecosci nBPRIZTAANAL ASSAY FOR FLARSKANASE: SGTIYIMY e 85 cpm
Thi s procedure was usad fopreparation. oENStBERCEBLLEESN:0M 60% anmoni um
sul fate precipitation,of _the c#ﬁggscort honnﬁenaté was redi ssolved in the

X, b
honogenate buffer at APefPFaY §s§:9E35ﬁPﬁi 881 BXRRATES PhAAR 000 cpm,
10 "ML, 2¢as 1060mM\HEPES pB &M MyOD[ @Mr ATPS aMnMTHgcd,p. 3 wh of 50 mM
Tris HC1, . 5 T, ti Opsh] ge of,,.FL3P. _producti on and
enzyne conggﬁ fa?f%naﬁhgﬁggferﬁiﬁ%ﬁcgg%ﬁg EP%%%?égtétgggefﬁgﬁ %hs with
1,2 and 4 ra3fppepatedl vBichowaengt ¥ frugypsyispermike Hed .25A

concur rent | gpaihiRet cbht Pl essuit 184t REsapdebliedalih i bBCHaECG mine Observed
activity corresponds an approxi mate FL3P synthesis rate of 20

t
nnol s/ hr. / nifPE b’[’%iﬁ‘?g?,o ' EXAMPLE 4 | NHI BI TION OF
THE FRVATI ON OF 3- DEDXYGLShEhREL BYo BERELdEyANBpEARLeES POLYOLLYSI NES a.

Corr] -car o oise T8, SY ERGEESev] 18p8kRThe oR REEESERSELEYIA® os) vere
di ssol ved iad@ptation &ECH kRowi3pepcaduret i(dr eHodge2Bhdr B. for 18 hours.

Fisher, Methods Carbohydr. Chem., 2: 99-107 (1963)) .
A mixture of spermine (SOO.ng, glucose (500 mg) and

15 sodium pyrosulfite (80 mg}_was prepared in a molar
ratio of 8:4:1 (spermine:glucose:pyrosulfite) in 50 ml
of methanol-water (1:1) and fefluxed for 12 hours.
The product was diluted to 200 ml with water and
loaded onto a DOW-50 column (5x90 cm). The unreacted

20 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

25 fructosyl peak in a quantitative 23C 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

30 10 pl of the enzyme preparaticn, 10 ul of assay
buffer, 1.0 uCi of 33P ATP, 10 pul of fructosyl-spermine
stock solution and 70 pul of water and incubated at
370C for 1 hour. At the end of the incubation 90 pul
(2x45ul) of the sample is spotted onto two 2.5 cm

35 diameter cellulose phosphate disks (Whatman P-81) and
allowed to dry. The disks were washed extensively



WO 99/ 64561 - PCTI US99/ 13122 - 47 The
sol ution was_treat with an excess of Dow50 (H) i.on exchangg, 5}15132
deconpose ex YO/ r] This mxture (liquid plus resin) was trans erre
onto a Dow50 (H) colum (2.5 x 15 cn) d washed wel | with 5 water to
renove excess sugar and boric acid. %
eluted with 5% NH4 OH. The residue Upon evaporation was di ssol ved
in wat er-nethanol (9:1) and reduced W th hydrogen gas (20 psi) using a 10%
pal I adi um on 0y wg@@fcoagfggga ¥? F%bk @Pgﬁg SR i 90 yi el ds
a

t he ponoIIyS|ne . per i, ment protocol_ for reduction of urinary and
pl asma 3- deox%%ﬂ%%b%%%ﬁlﬁp ¥6PBFt§Pﬁy§PH§tQQ&nnltolIyS|ne and

galactitollysine. 15 gach enzymeUEra@ﬁmah<wy§eg§ggyéd(1ﬁ5|x rats for

th h bt d._ Th I th
10 [orr ) mot - SPLECAEs “EEPhC ph ApBrRer IRk MRSy EOB Rk act | L of | ySl o

by intraperitoneal injection. Uine was collected for 20 anot her three
hours, and a plasma sanpl e obt ai ned of the three hours.
3-deoxygl ucosone was neasured in these sanples, as described in Exanple 5,
bel ow, and vari abl e vol UREBNREr BAREORAGCY; OBSERVE: AN (WERE The 25

average reduction of unlyyiugb NS HELFED CpRESE PR YD RErsor bi t ol | ysi ne,
35% by mannitol |l ysi ne and 35% galactltolly5|ne Pl asma. 3- deoxygl ucosone
was reduced 40% by sor b?PBFPyé‘P%@ wexs, BRiRiAiRes 2 R SWETRt by

gal actii®! | ysppete$R diet (20% tot@al pridaeeinl; nEgld4lydecdd) resicg urinary

3- deoxyglucosggghs 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

15 observed in these animals were segmental sclerosgis 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

20 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

25 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

30 develop a series of histological lesions similar to
those seen in the diabetic kidney.



Three rats were treated as in b), imredi ately above, except negl um ne (100

[ err] nol s) Injected intraperitoneally instead of the a -
W%?’ 4 béé‘l?u§9%ﬁslzz

nment i oned erivatives. Three hours after the injection e average
3- deoxygl ucosone concentrations VIO 99/ 64561

PCTI USQ9/ 13122 - 48 - in the urire XMere decreased 42% EXAMPLE 5 ELEVATI ON
OF URI NARY FL, 3DG AND 3DF IN 5 HUMANS FOLLOW NG | NGESTI ON OF GLYCATED

PROTEI N:  a. Preparation of glycated protein containing food product: 260
g. of casein, 120 g. of glucose 3RGMPiE iz of water were mixed to give a

honbgeneous m xture. This mxture was transferred to 10 a netal plate

and cooked at 65[ eEFFECHS OF GHNCATED RIETLS QY  BREGMANCY\as t hen pul veri zed

to a course powder. fRig Eg@dgﬁigagyagggérﬁﬁ%nmnoEehﬁdgsp&ﬁﬁgrﬁned by the
Kj el dahl procedu

e. h. asurenent .of gl ted, l ysine . cantent;: 15 1
of the pomﬂ%?epPiﬁS?ad°Bsai ﬂigf:@ﬁea. filﬁﬁoéé?%m&?q%'dlp(ﬁ%é‘d”b;}g‘r ef | uxi ng ’
Wi tﬂ §N2|O|:I|q;1?6at36) handsbréle sigs tlitmesgovelruta peniasl adj Wsted to pH 1.8
W t SQ on Ll 0 0 f iﬁﬂﬁﬁl ' ontent was
nmeasur ed oﬂogtﬁjhsw ngﬂgcgﬁsaﬁéigg?%erd%spgj&gngp‘%&é)é;i ne, t‘%? prgriloeguct obt ai ned
from aci d fiplilowingslévef pupsesdlyslde. 1Bn ©hi $ wad A+ vis Wed¥er ni ned t hat
the cake cgapt Ehﬁ!@dsﬁag%éz/ Qe 16 19besplipsl BFter thebutpnigrental prot ocol:

Vol unt eers spent two s oh a fructose yslne-fQ§§ diet and then 25

consumed 2preegibg.t kWOt GOROFFEARE threPAtES ST MTIDERY &I n, thus
ef f egpi vel yitReei Wi Glyeaked 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 438/20

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. 1In all four animals on the diet, kidney
carcinomas of size greater than lmm were found,



dose_ of. fruct-oselysine. Urine was collected at 2 hour intervals for 14
hours and awo 9945610! | ecti on was nmade at 24 hours..-30 PCT/US99/13122
Measurenent of FL, 3DG and 3DF in urine: FL was neasured by HPLC with a
Waters 996 di ode Array using a WaterB85Ci8 Free Amino Acid columm at 46[err]
and a gradient elution systen1of acetonitrile- nethyl alcohol-water
(45:15:40) into acetonitrile- sodlur1acetatedma¥er (3{398%%42;11

/[ mn. a tltatlon ed an. infernal standard_o
ng/USQ/l%ﬁY ﬁé@':ﬁaiﬁéi?ﬂ%%éﬁ?ﬁﬁ g?“PﬁLEPaFP@r dei oni zat i on
of the sarrpbentmaJ ymemaﬂesr.e pehd qiraishiohl #tyi ofeghDX- hAPpEhi y>§,tem

enpl oyi ng ag ols d 2
h;groildg at c% gmi onSQ%% %%r%ogﬁ%ﬁ %ﬂ%ﬁ]gngdard curves
obt ai ned daﬁﬂ?vﬁﬁﬁﬁ VQJSHNaHSEiSbMStheasucedsby GC-Ms after

dei omgatloera&tb%%ls@meec g"ﬁt;:&lﬁréﬂé‘t 2pdatbfp2ol@ifolg 1.  excess

f d i n PBS. acet at xtrac ave a salt free
?rac{?ghnaﬂg 5&%&u€§9¥4(}4rﬁb%rkh%%ﬁy|t§bu§are¢ﬁé § Wknpwiyri-Sil
(Pi erce). Aﬂal pei smas:qaer foft reasi pih cotanb St tk Paskyr da289Homakgct ed ion

I tori te rfo d,on_a fused silica capillary
ggrhngrkgg-ggéw§ﬁ§%% :Eﬁé%iﬁMﬁ}?rﬁf%% ﬁ@gt%ﬁ$@+%9uFe Brogram injector
port 2500, Wvarie&y od smtagsrpiar and mﬂﬁﬂﬁ@telyv\baﬁblnégéﬁh.d for 1 mnute,

t hen crea 29 or 15 mnute

Cyant??atloﬁggPtg q@%ﬂéOégﬁéﬁﬁiﬁgq#é g%ngﬁén%ﬂf?oPFﬂﬁeﬁglﬁﬁ an

i nt er nal 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. Individuals
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 logBDF/urinary
creatinine ratios compared to non-progressors (n=15)



standard of U 13C-3DG The graph shown in Figure 3 represents productioen of
FL,” 3DF and 3DG |‘H the urine of one volunteer after consum pgr ,bggg(ghﬁcat ed
pr ot ei n. TIVO s rapi d appearance of all three™netabolites I's clearly
evident. Both 3DF and 3DG show a slight elevation even after twenty-four
hours. The graph shown in Figure 4 ngresents the formation of 3DF in each
of the nenbers of a seven 30 person test group. A simlar pattern was
seen in all cases As appears in Figure 4, 3DF excretion peaks about 4

hours after bol é{g&@ 0f .3 S eabl e even
24 h after 9%e Yo Ls %EF %%#%g% §e€¥hiA8a%in thik sEﬁh&C
PCT/ US99/ 13¥eze -approxinahgl ¥ &. ?EHBM@E)@ER# MVERgatipanet n- Fb@r]

gl ucosam niase-d KPS Ss | SapPr SRZNABe By COCL8d male/&xbeoarl ne in el evated
concentration 1n, dj abefics ??& Yy # nmar ker of

t hou
t ubul ar daﬁﬁﬁ?t¥ﬂﬁn?rkPp%?%dﬁ%ﬂé@?ggﬁ?sgﬂfgeasé Eﬂ?egﬁh/éFﬁﬁg i s not
vel | under sdxedt idige i rat bos edidrhotr dipfiepubebwesiiGake guodpsbet i cs has
been propo to be duet i SQg§0 [0 » tubules
I nduced by§¥g3 tTﬁ%%é?%seﬂggﬁé%%i#ﬁgrg%gé% §gtﬁ§§“ﬁnfg tﬁt Uri ne rat her
t han destrLﬁtamanm cf| gtycanbyvated| hemogiabiny ﬂhdtﬁp§ exanpl e show t hat

in all comgy ﬁ?f:ignglé\lé@aéﬁeéé\/fiﬁdﬁﬁgsel eygbad irBshesexperimental
group relatlve tot cont rol %s ani nal s .feq %I cated protein
excr et e provide additional evidence o the associatio etween
10 urinary 3DF and progression of kidney complications in
diabetes.

A. Quantification of 3-d¢oxyfructose'
1s Samples were processed by passing a 0.3 mL
aliquot of the tesﬁ 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 consisting of 16% sodium hydroxide (200 mM)
and 84% deionized water. 3DF was detected
electrochemically using a'pulsed amperqmetric
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-A) modified for use with a plate reader.
Creatinine concentrations were assessed to normalize



excess.NAGase into their urine, simlar to results obtained wth diabetics.
There is arygPmEssl et e 50% i ncrease in NAGase output conparPOrASeg3tznt r ol
animal s. These ani mals al so have a five-fold increase 20 in urine 3DF
conmpared with controls. UWinary 3Dg7carrel ates extrenely well with 3DG as
can be seen in Figures 5 and 6. Both conpounds appear to be renoved from
the plasna at the glonerular filtration rate, wth no reabsorption. 25
EXAMPLE 7 SDS CGEL OF KIDNEY PROTEINS: Two rats were injected daily with 5
[err]nols. wfirs theluthés oforameasuripgsedtaboditenileviel sf premedmys. The

ani mal s vere sacrificed and the kidneys renoved and di ssected into

the cortex %ﬁ&hﬂla. Ti ssues were honogeni zed in 5 volunmes of 50 nM Tris

HC contalnlng 150 MM KA, 15 MM wd 2 and 5 M DIT, pH 7.5. Cellul ar
debris was remyed We&&ﬁéﬁéﬂgaéfoglﬁhmlﬂ Qﬂota Qrihe Mnutes, 35  and

t he supernate was then centrlf uged at 150,000 g for, 70 m nytes. The sol uble
proteiPns were arkd \3%%e®y albypinolevwets in the urine of the test

PCT1US99/ 1A ectdd, -spbS WiA{Ie®Nwd 280 pollyactrbaainde gels as well as on

4-15 and 10 20% els. In.all cases mol ecul ar wei ght bands
were nissing" ‘%f%&é?f?‘“%éﬁ%c@ﬁrf?ﬁﬂ‘? 8nkfidhg&/mq8 traé’(&ar@f%uﬁwe ani nal
i nj ected 5 withwithe RI-ahbuminnkat edBehrhnghe adntd!-alijumdired wi th nmannitol .

DUNPLE S UTHELS O 36 ML I BEL TG Omtbumin. A

suspensi on 0
10 levels in urlne 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
asgessing 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.



anhydrous 3-O - nethyl glucose and 1 g of sodiumbisulfite in.30 m- of -
met-hanol of glycerol was refluxed for 30 m nutes, by the
addi tion g‘pﬂgfgggi nol of [err]-carbobenzoxy-lysine and 4 mpég%dfg%qzacetl C
acid. This solution was refluxed for 3 hours. The solution was treated
with 1 volune of water and chromatographgd-on a Dowex-50 col um (4x50 cm
in the pyridiniumform and eluted first with water and then with

pyridi ni um acetate. Fractions containing the 20 pure material were

conbi ned and evaporated. The resulting material was dissolved in 50 m of
wat er- nethanol (9:1) and reduced with hydrogen gas (20 psi) using a 10%
pal | adi um on charcoal catalyst. Filtration and evaporati on gave 3-O nethyl -

25 fructosel ysine. O her specific conpounds having the structure of
formula (1), abov% may be made e.g. by glycation of a selegted nitrogen-
or oxygen- cgnt ai nlc?g starting matgh al , ich maybe an ami acid, 30

pol yam noaci d, pepiide or the I|ike, vmth-a gl ycati ng agent,tsuch as

fructose, whi ch may be chemically nodified, if desired, according to
procedures well know to those skilled in the art. 35 WO 99/ 64561

PCT/ US99/ 13122 - 52 - EXAMPLE 9 ADDI TI ONAL ASSAY FOR FL3P KI NASE ACTIVITY:
a. Preparation of Stock Solutionms: An assay buffer solution was prepared
which 5 Was 1005 MVl HEPES pH 8. & 10 n‘MATP 2 grM MgCl [erm] 5 mM DITT,

0.5 mV PMSF' A fridctosyl - sperm‘né"S'tock sol uti ofP
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was prepared-which was 2 mM fructosyl -spermne Hcl. A spermnine control
sol uti on wawgoser@asered whi ch was 2 nM sperm ne Hcl. 10 PCT/US99/3122
Synt hesi s of Fructosyl-sperm ne: Synthesis of fructosyl-sperm ne was
performed by an adaptation of a known procedure (J. Hodge and B. Fisher,
Met hods Car bohydr. Chem, 2: 99-107 (1963)). A mixture of sperm ne (500
ng). glucose (500 ng) and 15 soBampyrosulfite (80 ng) was prepared in
a nolar ratio of 8:4:1 (sperm ne: glucose: pyrosulfite) in 50 m of
met hanol -water (1:1) and refluxed for 12 hours. The product was diluted to
200 M with water and | oaded onto a DOM50 colum (5x90 cm. The unreacted
20 gl ucose was renoved by 2 columm volunes of water and the product and
unreact ed spernmne weye renmoved with 0.1 M NH40H. Pool ed peak fractions of
the prdguct were | yohi | i zed and concentration of fructosyl-spernine was
deternm®Wed by nea®eY%g-Ohe integial of thenC2 25 fructosyl peak in a
quantitative 13C NVR spectrum of the product (NVR data collected with a
45[err] pulse, a 10 second rel axation delay and wi thout NOCE decoupling). c.
Assay of Kinase for Purification: An incubation m xture was prepared
i ncl udi ng 30 10 [err]l of the enzyne pr%)aration, 10 [err]l of assay
buffer,0l.0 [err]C of 33P ATP, 10 Al of frlctosyl-sperm ne stock sol ution
and 70.HL_of water ardl i ncubatedSt 37[err].C for 1 hour. At the end of the
i ncubation 90 [err]l (2x45[err]l) of the sanple is spotted onto two 2.5 cm
35 di aneter cel |l ul ose phosphate di sks' (Whatman P-81) and allowed to dry.
The di sks were washed extensively WO 99/ 64561
PCT/ US99113122 - 53-
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with water. After drying m Mllﬂmumpl aced in scintillation=vials and
count ed. C ynme fraH“I I“ in duplicate W tpcPisspBiRpPri ate
spern ne 6((.3) .~ 5 EXAMPEE 40 'KI BNEY PATHOLOGY OBSERVED | N TEST ANI MALS ON°
GLYCATED PROTEI N DI ET Three rats werg naintained on a glycated 10 .
protein diet (20%total protein; 3%4Qrycated) for 8 nonths and conpared to
9 rats of the sane age mai ntained on a control diet. The primary finding
was a substantial increase in damaged gloneruli in the aninmals on the

glycated diet. Typiqal |@§h@'ﬁﬁoé5for ane.&g@H g QE%&%' mal s wer e
segnental sclerosis of the % oner.ul ar, tuf ? adhesion to Bowran's

capsul e, PabdeRt’ ﬁetr&ﬁlkagﬁa EfPeFFlénﬁ&PB'ePaiiléEPPﬁérPEﬁPﬁhét?ﬁt estitial

fibrosis. pAh:hotngee ebndlie i2hi, rTBb.S.dthethedgbﬁﬁﬁi‘iﬂlﬁé‘ohéhéﬁﬁb.ﬁ??)(yagd onl é
nmor.e t o damage

one of th di. et
gl oner ul i SD%hg i‘b&ﬁl ﬁg' 181aSP:h Eehh iﬂ?ﬁﬁa%yséﬂg 8eCFsSREgs than 2% In
addi tion patnleatpawh(bhog'yefeb‘eapeedm att heagtooeeupredetarminedof hylinated

casts witfhge &uﬁ]u-_' g8t fogﬁs\rvsgoal}{b&ﬁ QEaEB§SSfV\§PStI?1§r orf OUNd i N

animal s on the |et ese wer e no uant I T at ed.

| ncr easean§v§ﬁ§doPaNAG§§e1\ﬁeﬂ-ék8ﬂ¥o ghdevedap ﬁa@ﬁecanﬂhﬁngn@n t he
glycated diet. Fromthe results of this exper| ment, the glycated diet
appeared to cause the tegt an rrglts to.30 deve a_serjes of

hi st ol ogi cal | esi oné si RSsE1adlRY A f agf“aﬂzeti" SEkPdRey. VO
99/ 64561 said biological sample is urine. PCTI US99/ 13122

3. A method as claimed in claim 1, wherein
said pathologic condition is microalbuminuria.

4, A method as claimed in claim 41,
wherein said pathologic condition is proteinuria.



- 54 - EXAWPLE 11 EFFECTS OF GLYCATED DI ETS ON PREGNANCY In a prelimnary
experi nent, WO a/6¥s6lpai rs were placed on a glycated diet (18%Rrci/as$9ofsnein;
3% 5 gl ycated) and bred six tines over a period of 7 nonths. The
resulting six pregnanci es produced tHE f ol | owi ng live pups; 17, 23, 13, 0,
3 and 0. In viewof this Zharp drop in live pups after the third breeding,
two cohorts of ten pairs eachywere put ?n @0 ei g“uer a glycated diet (13%
total protein; 3% gl ycate@_q';__a&gg(_)@t__r_q_,_d{',et (13%total protein; 0%
glycated). Thus far, the two groupswof pupg have been bred four tines
obtaining similar results in both gF“ouﬁ'g 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 pregffancy is currently underway. The nce
pairs have been tested for hyper egm m a. The bl ood glucose levels are 120
and 112 ng/dl in the experinental amg control groups, 20 respectively.
Prel im nary neasur ement§} of the 3DF‘5‘I gvels in the mce urine indicate, as
expected, a substantial &l evation (,g @roxi mately 5-10 fold) of the systemic
3DF when on the glycat eE;Edi et descrﬂ md herein. 25 EXAVPLE 12 CARCI NOGENI C
EFFECTS OF FRUCTOSELYSI PATHWAY TO|dnvestigate the carcinogenic potenti al
of nmetabolites formed i B the fruct o8¢llysi ne pat hway, 30 experinents have
been conducted on a str&n of rats #h a high susceptibility to kidney
carci nomas. Four rats e put on a\g ycated protein diet and three rats on
P

a control di et.mAfter t diet, the animals were sacrificed
and their kidneys
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35 examned. In all four aninmals on the diet, kidney carcinomas of -size
greater t %m@s re found, WO 99164561

PCT/ US99/ 2@?29 -~ 55 - whereas no lesions this |arge were fol’uCr']TéUSPg/l% 2%
control animals. The probability ofz} i s happening by chance is | ess than
2% The data show that the el evated | evel s caused by the excess 5
fructosel ysine comng fromthe glycated protein in the animals diet found
in the kidney tubular cells (known to be the cell of origin of nost kidney
carci nomas) can i Hz aeN wik¥sdmecel | ul ar DNA | eadlafg NolySdReety of

mut ageni ¢ and ultimafely carcinogenic 10 events. |The possibility exists
that this process isci_ ortant in the devel opnment of Jairan cancers in the
ki dney and el sewherey EXAMPLE 13 15 URI NARY EXCRE OF

3- DEOXY- FRUCTOSE |'S fNDI CATI VE OF PROGRESSI ON TO M LBUM NURI A I N

PATI ENTS W TH TYPEHIOCH ABETES As set. forth herei rRbO® serum |l evels of the
gl ycati on i nternedi age, three Igfﬂé}é'él ucosone (3DG 230 and its reductive
det oxi fication produédt, three 'deoxy- fructose (3DF), 'are elevated in

di abetes. The rel ati#6R%hi p bet ween baseline | evel s BCQHese C'Bzhlagunds and
subsequent progressi 4>n of m'cr?i—beé nuria (MA) has 4een examned in a
group of 25 39 ingi~¢t dual s from a prospective COF@’dHof patients at the
Joslin Diabetes Centgr with insulin-dependent diabe e[s mellitus (1 DDM and
- mcroal bum nuria (based on nmultiple nmeasurenents durilng the two years of

. baseline starting beCkgON 1990A®P3) and not on ACE CH,OH

Fructose-lysine FL3P
HC=0
C=0 ' Lysine
FL3P ———>» H(I‘.'H +
HCOH Inorganic
| Phosphate
HCOH
CH,OH
3DG
FIG. 2
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and 84% dei oni zed wat er .

arrper onet I’WB 9Qﬁ£5%ft or.

concentrationsS were run both before 30

Measurenent of urine creatinine U
determ ned by the end-point colori
555-A) nodified for

3DF was detected el ectrochem cally using a puksed

Standard 3DF sol utions spanning the glgsebpsbed 3DF
and after each unknown sanpl e.

5,

use with a plate reader.
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creati nine concentrati ons were
ic nethod (Sigma Diagnostic 35
Creati nine concentrati ons were

ki t

assegset—to—mormatitze VIO ITO400ZI
PCT/ JS99/ 13122 - 57 - wurine_volunmes for neasyring netabolite | evels present
thergin. C. Measurenent of apﬁ!ﬁfﬁﬂﬁ'ﬁ'ﬂﬁdsurT'ﬁEBS To assess fl bunin
levells in the urine of the test subjects, spot urines were collected]|and
i rurone etZ ip kit
(Behrii ng . n 10
l evells in urirle may §e assessed by any suitable assay inclpding but pot
limtled to ELI{SA assays, radi oi mmunoassays, Western and dof blotting] Based
on the dag Ebﬂ Qt ai ned in the study of the Joslin D abetes nter patignts,
it agpears thgt 15 el evated levels of urinary 3DF are associated pth
progriession tdq mcroal bum nuria in diabetes. This observat)on providps a
new dqi agnosti d paraneter for assessing the likelihood of progressionjto
seriqus kgdy@y conplications in patient's affli cted with 20 di abef es.
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AY

i nventiion have been described and/ or exenplified above, various other
enbodi ment sydlebkesge apparent to 25 those skilled in the aPCT/USW3122e
foregoi ng disclosure. The present invention is, therefore, not limted to
the particular enbodi nents described,and/ or exenplified, but is capable of
consi derabl e variation and nodification wthout departure fromt h(ca) scope of

30 t he appended cl ai nB. WD 99/ 64561 )
PCT/ US99113122 -.{58 - [erH] WO 9P164561 . Q
PCT/ US99/ 13122 - B9 - [err] WD 99( 64561 cTUSP9/ 13122 8) 1. A
met hod flor assess|ng a dialletic patipnt's risk of experiencing al|®™
di abet e4- associ at ¢d pat hol dgi ¢ condition, said nethod cenprisingjneasuring
3DF levgl in at |gast one hiol ogical|sanple off said patient, with reference
to at | dagt onegpfedeterm rijed baselipe level gf 3DF, asjan indicgtor of
whet her Jor not s§fd patient] is |ikely to develjop said céndition. |2. A
nmet hod ds cl ai med\{d\n claimi{l, whereip said bigl ogical s@anple is drine. 3.
A nethod as claimedin claijm1. wherein o}
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sai d pathol ogic condition is nicroal buninuria. 4.

A nmethod as ¢ ai rréd.i n

claim4l, whebpises sai d pathologic condition is proteinuriaperusoonsize
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