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BACKGROUND OF THE INVENTION

The deleterious effects of tobacco smoking on human health have been extensively
20 documented. Among other things, such conditions as cancer and coronary artery
disease are dramatically elevated in incidence and severity in the case of smokers,
and such patients likewise present significant alterations in lipoprotein profiles and
increases in oxidized LDLs. Increased occurrence and severity of coronary artery
disease and dyslipidemia, among other things, have also been observed in patients
'25  having elevated levels of advanced glycosylation endproducts (AGEs), and the
coincidence of these observations set the stage for the discovery that underlies the

present invention.

The nonenzymatic reactions between glucose and proteins has been recognized for
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In the years that followed its initial discovery, food chemists studied the Maillard
reaction in detail and determined that stored and heat-treated foods undergo
nonenzymatic browning as a development of the initial reaction between glucose
and the polypeptide chain, and that the proteins are resultingly crosslinked and
15 correspondingly exhibit decreased bioavailability. At this point, it was determined
that the pigments responsible for the development of the brown color in protein

glycosylation (or advanced glycation) also possess characteristic absorptive spectra

and fluorescent properties.

The reaction between reducing sugars and food constituents discussed above was
20 found in recent years to have its parallel in vivo. Thus, the nonenzymatic
rearrangement of the initial Schiff base formed by addition of glucose to a free
amino group on a protein forms the stable amino, 1-deoxy ketosyl adduct known as
the Amadori product. (A parallel reaction involving a reducing ketose rather than
an aldose generates an early glycation product known as the Heyns rearrangement
25 product). Accumulation of this early glycation adduct has been shown to occur
with hemoglobin, wherein a rearrangement of the amino terminus of the 8-chain of
hemoglobin following an initial reaction with glucose forms the modified
hemoglobin known as hemoglobin A, a clinically important marker of glucose

control in diabetes. Glycation reactions have also been found to occur with a
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inhibiting glycation.

More recently, other advanced glycosylation products have been identified, such as
15 AFGP (Farmar et al., U.S. Patent No. 5,017,696, issued May 21, 1991); pyrraline
(Hayase et al., "Aging of Proteins: Immunological Detection of a Glucose-derived
Pyrrole Formed during Maillard Reaction in vive", J. Biol. Chem., 263:3758-3764
(1989)), and pentosidine (Sell, D. and Monnter V. “Structure Elucidation of a
Senescence Cross-link from Human Extracellular Matrix”, J Biol Chem.,
20 264:21597-21602 (1989)).

A large body of evidence has been assembled to show that Maillard products as a
whole underlie a wide variety of both normal and pathogenic activities and
responses that occur as AGEs accumulate in vivo. Such activities may be direct, as
a consequence of the chemical reactivity of glycation products and adducts; or

25 indirect, mediated by' the cellular recognition of glycation adducts and products via
AGE-specific binding proteins or receptors.

Although most studies describing the pathogenic role of AGE accumulation in vivo
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15 The "family" of AGEs includes relatively stable species which can be isolated and
characterized by chemical structure, while others are unstable or reactive and their
structural determination has therefore been problematic. Labile or reactive AGEs
can be "trapped" by specific chemical agents, and such reactions and trapping have
been used not only to gain structural insights but also to inhibit the glycation

20 process for therapeutic purposes. AGE-lipids may also be stable, unstable or

reactive,

An appreciation for the pathogenic potential of AGEs has suggested that
interference with, or inhibition of, advanced glycation chemistry .could be of
enormous therapeutic benefit. In this connection, a series of agents has been

25 discovered, as exemplified by aminoguanidine (also known as Pimagedine), that are
useful glycation inhibitors. This compound, and others like it, have been theorized
to react with the carbonyl moiety of the early glycosylation product of a target
protein {(or other biomolecule) formed subsequent to the initial nonenzymatic

reaction with glucose or another reducing sugar, and thereby prevent further
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process for therapeutic gur poses. .AGE-| i.gi ds nay al so be, st.ahl e, unstable
or r eact iQ;&c;r agents that may serve in a similar capacity, are those that includé a

conserved binding motif which comprises a common 17-18 amino acid cysteine-

bounded hydrophilic peptide loop domain, initially discovered and identified in the
antibacterial proteins lysozyme and lactoferrin. More particularly, exemplary

15 agents include molecules having an hydrophilic loop domain, which hydrophilic
loop domain has a structure corresponding to R,Z,Xaa Z,R, (SEQ ID NOS:1-6),
wherein Z, and Z, are residues capable of forming a cross-link; R, and R, are
independently a polypeptide, a C, to C,, alkyl, aryl, heteroalkyl, or heteroaryl
group, or hydrogen: Xaa is any L- or D- amino acid; and n = 13-18. Such agents

20 and their uses are set {orth in International Publication No. WO 96/31537,
published October 10, 1996 incorporated herein by reference. Yet other agents
such as certain thiazolium compounds, are particularly effective at preventing
advanced glycation, and even reversing the formation of advanced glycation
endproducts and associated cross-linking moieties, through reactions with late

25 glycation products.

The compounds, and their compositions, utilized in this invention are thought to
react with early glycosylation products. thereby preventing the same from later -
forming the advanced glycosylation end products which lead to cross-links, and

thereby, to molecular or protein aging and other adverse molecular consequences.
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dentified Ifrc])r tgta:&'u:,ring the history of such smokers, and also for monitoring their medical
condition and particularly, their predisposition to the conditions that are associated
with elevated levels of AGEs. Measurement of AGEs in tobacco would facilitate
15 the evaluation of tobacco crops, as well as providing an index of the amount of
AGE:s that would be transferred to a smoker during the consumption of smoking
materials prepared from the crops in question; in this regard, AGEs may also be
evaluated in tobacco smoke. Effective therapeutic strategies, methods and agents in
this regard may address the inhibition of AGEs in tobacco, in smoking materials,
20 and would include the development of filter devices and like materials for use in
conjunction with tobacco smoking, or in the protection or treatment of individuals
of the smoking or smoke-exposed populations. It is toward the fulfillment of all of

the above recited objectives that the present invention is directed.

SUMMARY OF THE INVENTION

25 The present invention derives from the discovery that tobacco and its combustion
byproducts such as smoke, contain advanced glycosylation endproducts (AGEs)

which are, as a group, reactive with amine-containing biomolecules, especially
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AGE levels and to thereby facilitate an estimate of the likelihood or history of

exposure of an individual to such AGEs during smoking, or to provide information
on the condition of the tobacco or tobacco products including, for example, to

evaluate the age, flavor and/or storage status (freshness) of a tobacco crop.

15 More particularly, the measurement and evaluation of smokers would serve both to
apprise the healthcare professiona} and the patient of any pathological conditions
that may either have a high likelihood of onset, or that, if present, bear close
periodic monitoring and/or indicate the need for therapeutic intervention, and to
assess the extent and consequent risk that the smoker assumes from the smoking

20 habit. The latter consideration would attend the evaluation of the patient as
participant in a program for the purpose of stopping smoking, as well as to assess
the extent of the test subject’s smoking history, for insurance or like investigative

purposes to confirm the cessation of tobacco use (or lack thereof).

The measurement of AGEs may be made by treating a sample of tobacco to form
25 an extract in which AGEs are suspected to be present, followed by the analysis of

the extract for such purpose. In one embodiment, the sample may be treated by’

combustion to form smoke, and the smoke is then examined for the presence and

amount of AGEs. Alternately, the extract may proceed from a chemical trcatment
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the fulfillnment of all of t he above recited objectives that the
present i nveRYABAIANS: di rect ed. SUMVARY OF THE
| NVENTI ON 25 The present invention derives fromthe discovery that
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15 a sample of ambient air or a biclogical sample taken from a patient. The dosimeter
may be used in conjunction with the diagnostic protocols and test kits set forth

herein.

The invention further extends to methods for detecting and measuring the levels of
advanced glycosylation endproducts in individuals who smoke tobacco, by

20 pgathering a biological sample from such individuals and thereafter examining the
sample for the presence and amount of advanced glycosylation endproducts. The
sample gathered may extend to cells, tissue, serum, saliva, urine or feces, and the
techniques for detection and measurement have been developed and utilized with

respect to AGEs in the past.

25 In a further aspect, the invention extends to the preparation of antagonists such as
antibodies, binding motifs and chemical inhibitors of advanced glycation that are
specifically directed against the AGEs found in tobacco and tobacco smoke.
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enhanced accunidatthénmtrof@onditions in individudle eehotkrs gbbaccd Bsers BY aflokers, wWRKMINi zes
the presence of AGEs in tohacco, .tobacco products for use as by .

snoki ng, and tREPEEAISICh Methody 3nd agents asarg wishdder thedinhibition of prateis iging

| es taken f ' t ' ' t ends .t
he easr et SRR Supt Radhes bl Bls ARESE or rbdinl MATELRBS IR BN 1o
byproduct s f t) @Basesact &idét formbtiod agd/6Rthesddlabnsust i@ty bf QGRIFATHR S, to

I dentify ACE | evels and to thereby facilitate an estinate of the
| i kel i hood or history of exposure of an individual to such AGEs during

snoking, or tQ_provi | t.1 08 R C I td op of .the.tgbacco or
t obacco produgllfaﬂhc&g%dl g?? ﬁr‘@ggﬁ% o Pet’%ggﬁg d?’g\c/!%fdﬂeafoén"[aﬂgn%él,gvﬂcﬁ or
and/ or st or agglydogyldtiod kfidirbdes inagfbesseleebicomahe group donsistig of
particularly, the neasyrenent, and eval uati on of snokers woudld serve both to

appri se the haeEipegusnKling: sganisisoaralogs, gongraersqacognates and mimigy thessasypad|

condi tions . IR ei ther have a high likelihood of onset, or that,
I f present, bérg#ug?%tshe f periodic nmonitoring and/or indicate the need
for therapeutic intervention, and to assess the extent and consequent

risk that the snoker assunes fromthe snoking 20 habit. The latter
consi der atlilon Sxel agents mayqalst mcdids) angs may, b selesied Stom gterials capable of

DRCLLCIPA0 | ol QHURS S HPASE b DB VA prbf T, 22
or |ike inveskngwhiasahe Amadorir fmisHeynsoprodudts) formbd be ¢he pdaction of ghrbssew use
(or Tack ther %?lfe)r reactive sugars, with a biomolecule presenting a glycation-susceptible moiety,
such as an amino group on a protein, thus stabilizing this early glycosylation
15 product, and preventing its further reaction to form advanced glycosylation end
products. Thus, for example, compounds or compositions having an active
aldehyde substituent. and more particularly, compounds such as acetaldehyde are
suitable. This activity is thought to arise by the reaction of such active aldehyde
agents with the glycosyl-amino moieties of glycation products formed in the initial
20 stages of the Maillard reaction, i.e., these agents react with the Amadori and Heyns

rearrangement products, which are early glycation products.

More particularly, these agents may comprise compounds that participate in the

formation of products having either formula I or 11

‘_(c"‘!z.g' OH
o TR o757 R
H Ho©H CH.R/
HOOH R

, i



The neasurenent of AGEs may be nmade by treating a sanple of tobacco to form

25 an extract in which AGEs are suspected to be present, wed by the -
anal ysi s WP ¥23783 e extract for such pur pose. In one enbogﬁ:@g?ﬁn e
sanple may be treated by conbustion to form snoke, and the snoke is

t hen exam ned for the presence and allbunt of AGEs. Alternately, the
extract may proceed froma chem cal treatnent WO 97/ 23783

PCT/ US96/ 205X¢eremn R 1s thg resi¢ie of piapmogastaningypepiids omproteinxprapared bye  body

fluids and ti . d Lhe t.he | evel d extent of
AGEs present &P%EHEE rﬂgés%!&? &g#”a?ﬁ%iﬁ%gﬁ § of e %@%g‘aﬁyf“é“’&w’@"‘%zﬁé‘b AFBd to
a standard dayeicopnridbsi @nHens profoctiFormed by Mk Madtic 6f gﬁ@@i{bﬁ ggeparing

t he sane nedical, profile as the patient under test. 5 he 1 nvention

i ncl udes t he "ACtaFeBArS Wil 2 Prpins With apeaant Penirining @ raghive eldeltiecgroup.
ot ® ACSD. TRHER ARl BRES b akola SRBRNGR ApeehSt SEASR00S! | °

AGEs f oun: paccO an CO Smo Pection
of tobacco-r 6b06d52, for “Mebfovad(Méthed end Asehi foR IRhibIthe Prowis Algis) 2t of
t obacco snmokers. Such_agents_ 10  woul d be incgrgorate into test kits and
the |ike for Neyember ihel998r whichen drcosporgigdthercin by geferangei ons. In a
rel ated aspect, dosineters nay be prepared with a substrate or carrier
r et ai ni ng and bearing a glycation target nol ecule, suCh as an
am ne- bear i nQtseiagents, fckadlcgrain thiaaslhan icahpduidic adpdriiculany effeaiil & of
reacting with AGES present in a sanple, be it,

preventing advanced glycation, and even reversing the formation of advanced

10 glycation endproducts and associated cross-linking moieties, through reactions with
late glycation products. Exemplary compounds and compositions that are effective
against pre-existing or late glycation adducts are thought to operate by reacting
with, and causing the cleavage of, a-dicarbonyl segments within existing AGEs,
particularly as such a-dicarbonyl segments occur within AGE structures that form

15 inter- or intra-molecular cross-links. The thiazolium-based cémpounds preferably
operate in this regard in a catalytic fashion which regenerates the original, active
thiazolium derivative that may then catalyze the cleavage of additional existing
AGE moieties. Typical agents of this class may comprise thiazolium compounds

having the following structural formula:

.,
20 ::j:\>z (I

wherein R' and R? are independently selected from the group consisting of
hydrogen, hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or
R' and R? together with their ring carbons may be an aromatic fused ring,
optionally substituted by one or more amino, halo or alkylenedioxy groups;

25 Z is hydrogen or an amino group;

Y is amino, a group of the formula



15 a sanple of anbient air or a biological sanple taken froma patient.
The dosi naw@w7/23783 may be used in conjunction with the di aghGEUSeS/ 584 ocol s
and test kits set forth her ei n. The invention further extends
to methods for detecting and neasuring thejj evel s of advanced

gl ycosyl ati on endproducts in individuals who snoke tobacco, by 20

gat hering a biol ogical .sanple f@om such individuals and thereafter

exam ni ng the sanpl e for tMe presence and amount of advanced

gl ycosyl ati on endproducts. ThEH,C-R sanmpl e gathered may extend to cells,

tissue, serum sali Ui Ne , t echni gues for .
detecti on and meas:}")r%lr‘%ﬁtR a%/g{%%gaﬂsg’ea\‘/]g pé’gaﬁ"ﬁ‘& %stfol gléanﬁy?rgmup, said
respect to AGaSlighoigéptitifally substiuted byaonk ritere 18eRealkyl, IbRer aKERY, o,
extends to the preparation of antagonists such as ant i bodi es, binding
noti fs and Schdiallkedamineh hydrosy snitp aiclkienadiafyygravpsn that are

specifically directed agai nst the AGES I.oun I n tobacco and tobacco snoke.
WO 97/ 23783 a group of the formula

PCT/ US96/ 20526 -CH,R’ 9 The
present invention also extends to a nethod and associ ated agents for use in
t he t r eat ment verein Rdiis hydrogem ormdlowed gyt lawer alkynylobnend areums or

snokers, which conpri se C S .agents as aré& useful for the
i nhi bition of protein aging °§%£8§§E’g§?ﬁf°2@ﬁ%r|y, such agents as are

capabl e ofjgpreacting with glycosyl ation products 5 to counteract their

formati on and/or the del eterious l{i"ctivity of such AGEs.

0]
CHONR
wherein R" is hydrogen and R*’" is a lower alkyl group, optionally
substituted by an aryl group, or an aryl group, said aryl group optionally substituted
15 by one or more lower alkyl, halo, or alkoxylcarbonyl groups; or R" and R’ are
both lower alkyl groups;
X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion;

and mixtures thereof.

The compounds, and their compositions, utilized in this invention are thought to

20 react with early glycosylation products, thereby preventing the same from later
forming the advanced glycosylation end products which lead to cross-links, and
thereby, to molecular or protein aging and other adverse motecular consequences.
Additiopally, said compounds and compositions are thought to react with already
formed advanced glycosylation end products to reduce the amount of such

25 products. These agents are described in greater detail in Application Serial No.
08/375,155, which is incorporated herein by reference.

The present invention further extends to methods for the reduction of the
accumulation of advanced glycosylation endproducts particularly in individuals who

are tobacco smokers or otherwise consume tobacco products, by treating such



In particular, agents for inhibiting protein aging due to the formation of
advanced L ycosyl ation endproducts may be selected fr :
[ mjo ’23q’8¥ 19 e&g&n@%’%nat es

consi sti am noguani di ne; agoni sts, anal ogs, conge
and m mcs thereof; and m xt ur es ther eof . 10 Such agents may al so
I'ncl ude and rmay be sel ect ed from materi all? capabl e of react| ng with

the gl ycosyl 0, NI, he e | ati.on prod (al so

known as the‘“iﬁﬁ&ﬂl?wﬁog §§n‘ atpﬁfsgﬂeg'ggof‘ ﬁédh‘by’r FREoR @ é‘tiYW‘é)f gl ucose,
or ot he Eﬁ&‘% t a

gl ycati on- suélg(%p | 1%%@?8?5}?38' mcthh.agﬁthﬁs aggggﬁgg{mfoﬁg{ &r%gg Heﬁn‘a S|81rdo elnﬁs,

t hus st abi | i findpattivular essility irgthe ceesrabdiseased ind pathdlug)rcal aﬁﬂltin’ne\tﬁé\ti ng its
further reaction to form.advance | ycosyl atj on end products. Thus,
For - exanpl o, IESRBHR PRICYGHOG b FHER S Heoh HoHE A ik t9kpeco EOmmpioRy de
substituegt . ¢ s?eekan%«; &@&&&&%@h » SRR QUARISvas LY, @&eﬁﬁﬁ%&hﬁ?%@e are
suitable. Thi§ activity is thought to arise by the'reaction of such active
al dehyde pergerd yasauﬂatr diseasey| ipclodinig; &oriinstamei, beareand torghyryadriepyn pr oduct s
formed in the initi st ages, of ,t he Mi IIard reactjon, i,e., these

agents reactdiiFase 4r ﬂmmame oflerosis, suoke. hyperignsion enkeranapt tdertios, whi ch
are early Ol yfahban FE&QQBG&?@S, riphetPoBCINBLE VAR diseald) 3G ARCOLRAABY
Pat 0 s havi ng

conprise conmpounds Chat partici eln ormat 1 on produc

ei t her for mulaudicasionldnd fesalr failure; pulnviDagy’ ARBRBY diseases such as chronic

PCT/ US9 6/ 0526
obstructive pulmonary disease, chronic bronchitis, emphysema, asthma, and
eosinophilic granuloma of the lung; various cancers including, without limitation,
lung cancer, cancer of the mouth, head and neck, mesothelioma, esophageal,
bladder, cervical, endometrial, pancreatic and renal cell cancer; peptic, gastric and
esophageal ulcer; hyperlipidemia and dyslipidemia; osteoporosis; scleroderma, spuff

15 keratosis and oral leukoplakia; immune suppression; and staining of teeth and skin.

In addition to the direct treatment of the individuals, the present method extends to
the treatment of the tobacco materials themselves to reduce the generation as well
as the passage of such AGEs to the consumer or bystander. In a first instance,
therefore, the method would comprise the treatment of the tobacco materials

20 themselves by chemical means or otherwise, to reduce the formation or presence of
advanced glycosylation endproducts. As certain tobaccos are cured with sugar,
such method could extend to the treatment of the cured tobacco so that a reduction
in the content of AGEs or their precedent glycotoxins as defined herein, is

accomplished.

25 A further embodiment of the treatment of the tobacco materials would comprise the
preparation of an appropriate filter medium for use in conjunction with the tobacco
endproduct or cigarette, which filter medium would be treated with agents such as
those set forth herein known to be inhibitors of advanced glycosylation. Such
agents would then be disposed within the filter medium in such fashion as to be in



| O wherein Ris the residue of an am no-containing peptide or
protei-n, pW/ﬁ% by reacting the glycosyl-am no noi et Wp@&fuédsosr | v
gl ycosyl ati on proé’uct (al so known as the Amadori or Heyns product)
formed by the reaction of glucose, or othe reactive sugars, with a
protein, with an agent containing a reactive al dehyde group. 5 Typi cal
agents of thi Soth@ AAFHil REdsth Wi Qi Keat3l ARGl el 1oNO-
60/ 006, 752, f%?m'l?énp? oved Met ﬁodé\%ngnAgent fgr I nhi afatsi ngadﬁggt?gﬁﬂeigtfng, "
filed Nowtherbey cdfiurel@gifor pravant thes farmatiop of atleahché gbycosylgtioref er ence.

O her agents, sych as certain thiazolium conpounds, are particularly

ef fective at ©n PrOSP%eﬁPitﬁ@ q%ﬁﬁf&ﬁ&%‘?f“&?yﬁ‘ﬁ{?rﬁﬁ,‘“ Hhgnuon sxteadsioss Bgfer he
formation of | ' nm@?é} angk cH| :
cross-|inki ng%%n}‘ﬁ)gltg?‘g’s%g(t)ﬁrggﬁgﬁﬁﬁ’act o[n?é?fvi\#?%ﬁ’c ) f‘gégﬁ%%élggtb }eorrrllatenals’
products. Bxenyhiali hasowhoieddn isnabtive spriscds| o mmantitytofameagehf ksdvay € inhibit
agai nst pre-existin r late glycation adducts, are thought {o operate b
reacting ngﬁﬁoég]ﬁg?’ﬁﬁyf’?@lb% %‘g\‘iﬁﬁ’én%m’ "f’%"‘tnto]’-tg?"&&’#‘go%@ﬁs $ ts
W thin existi R dam| I JrqO e ar iR SERENt S
occur within Z strﬁ%cinusrrg% ﬂ%taﬁ#ofgéﬁlﬁll%éaaﬁfu'gﬁhﬁs %ngﬁg%nlg?dg%mlgr
cross-links. Tbplitdtioaznit iouly inadiednishing aurtismipatafgethaAGEs in theoprémhadyesrekd hi s
regard in a catalytic fashio ich regenerates the origindat, active

t hi azol i um deﬁvmia?éeﬁa%%ynﬁvvgﬂw@hcng% 02 febacre tsge"r; srmeking ob

exi sting RinfhibeAg of YRRt IRY YRGS GhaREn(T e AR

t hi azol i un%ocor?gsgﬁﬁcﬁsﬂnﬁlk ﬁ%zgvi ng thlggf ol %@vﬁ%&dgr%%ura {T‘?%r mul a: eﬁ&ﬁo
[err] wRposarer ioRobacad fhake; fuchr & innthepmdddsnsthpkisg) cast thel ifhatation sy
group consisting o hydr ogen, .hydr oxy(/l.ower)al kyl, . .

Scet by (1 ower PARRTHETS P iy CRpE S IPOER R e SBpKin actipity ghgtherepsarby
together w thpbdghiheth Be GREDROTHe WEhinRfied forAhe PrédafatfonStsuch Hiter media are
optionally substituted by one or nore am no, hal o or al kyl enedi oxy groups;
25 Z otterwisdrkngem, end do netperosayformpa part of the present invention.

15" Naturally, to the extent that specific procedures will attend the application of the

agents of the present invention into active position on such filter media, such

techniques are, in fact, a part hereof.

A particular and important aspect of the present invention, is the discovery that
tobacco and its combustion byproducts contain reactive sugars much like those

20 observed in other foods as well as in body fluids and tissues, which exhibit toxic
effects on body systems of smokers and second-hand recipients of tobacco smoke.
As the curing of tobacco takes place under conditions that could lead to the
formation of reactive sugars, the present inventors examined and have consequently
determined that tobacco and tobacco smoke contain and disseminate these reactive

25 species which are known to increase AGE formation ir vivo. These reactive
materials have been named herein "glycotoxins." As used herein the term
"glycotoxins" is defined as reactive substances that may participate in, or may be
formed during the Maillard reaction, which are comprised of either carbohydrate
alone, or an adduct of carbohydrate and an amino-containing material, eg. protein,

30 DNA, lipid, and all such like materials.



Y is amno, a group of the fornula WO 97/ 23783

PCT/ US96/ 20526 11 [err].
wherei n W@ 87/237Bbwer al kyl, al koxy, hydroxy, amino or an aP§TAU§REs6 sai d
aryl group optionally substituted by one or nore |ower alkyl, Iower alkoxy,
hal o. 5 dial kyl am no, hydroxy, nitro or 13l kyl enedi oxy groups; _

a group of the formul a - CH2R wher ei n
R is hydrogen, or a |lower alkyl, lower alkynyl, or aryl group;

wher e’ R ertT dPBoREHT, Brreimaisplapins reect it Resteiny ehibiagtpsiBbpt i onal | y
SUbsti Ut od 15 by o py e pre¥ing it metapte, T3 Uafl Hesh O Bulier B0, 2.
or R' and Rdemgngtrate thatgiobgecosmekeoktpinsgrignifisant quantities of glytdtéxias,hal i de,
t}fi%’t?ggq Eﬁ@gﬁ %?wo{o%gst Sar dntiEk oA SS ahd RLE with Yerum and tissue pr%?eciins

to form AGEs. Increased glycotoxin exposure may contribute to the increased

atherosclerosis and high prevalence of cancer in smokers, and as set forth herein,

an effective therapy is believed to reside with the use and administration of

inhibitors of advanced glycation, such as aminoguanidine.

10 The invention thus predicated on the relationship between the formation of
advanced glycosylation endproducts and the preparation and consumption of
tobacco. The concomitant presence of glycation reactants such as reactive sugars
therein, in tobacco and tobacco smoke, and their transfer to smokers and bystanders
lays the groundwork for a variety of applications, including without limitation,

15 diagnostic and evaluative applications, therapeutic uses in connection with the
inhibition of the of the accumulation of advanced glycosylation endproducts and the
adverse sequelae thereof, and the treatment of tobacco materials both to potentiate
their organoleptic properties and storage status, and more importantly, to reduce the
deleterious effects of their use. The implementation of the principles of the present

20 invention is facilitated by the body of research and knowledge that has resulted
from the intimate investigation of the phenomenon of advanced glycosylation by

the present inventors and the specific findings and observations disclosed herein.

Accordingly, it is a first object of the present invention to provide a method for the
measurement of the extent and level of formation of advanced glycosylation
25 endproducts in tobacco and its byproducts, and in the individuals who consume

such products.

It is a further object of the present invention to provide a method as aforesaid that

is capable of application for diagnostic purposes, to monitor the medical history of



The conmpounds, and their conpositions, utilized in this invention are
t.nought t owdQd7asR3Ct With early glycosylation products, therelyusssRes2ati ng

the sane froml ater form ng the advanced gl ycosyl ati on end products
which lead to cross-1links, and therebys to nolecular or protein aging
and ot her adverse nol ecul ar consequences. Addi tionally, said conpounds

and conposi t i ey SndlRsighd ofter L6HS hnditd therdliyeAdyt the devéloprBrt RN e
gl ycosyl ati on end products to reduce the amount of such 25 products. These

agents are depathologital pomplications that attend the/gspumulatipn of 8dvangkd Btycosylation

08/ 375, 155, whigh is.incorpar.ated herein by reference. The present
i-nventi on fur??fﬁ’fo‘%a%? e?incfgs’g@“ 't hods for the reduction of the

accurrul ati on of advanced gl ycosyl ati on endproducts particularly in

I ndi vi dual s who are tobacco snokers or otherw se consune tobacco
products, by Hrisatstiigfusihenobject of theppesepringsgntion to provide a method as aforesaid
PCT/ US96/ 2052

i ndi vi dual V\ﬁ?‘f‘he’étﬁ’é?ﬁ to R svaliption REigbagse fordgterpying Hé%?%?ﬁ‘?‘a% *Z‘B‘F advanced

gl ycosyl ationo,%agaépﬁmgbgmiﬂuch as those agents set forth above herein.
Sai d agents find particular utility in the several diseases and
pat hol ogi cal conditions the I nci dence or severity of which has been

associ ated wi {h tobacgo,consunptd.on 5 .especially by clgarette snoking,
such as cardi \)5%@8‘%&?"%%?@5&8?%@8 M%?Fma’ﬁ’agn lonatoﬁéPY'éﬁéif DO RTPY and '
di seases i ncl ygirdiPmatediald hat efe@iveliErichtifNEbARLIBRAIA AVERSA glycosyBitipRase,

arrhythm a, atherosclerosis, stroke, hypertension, pulnonary infection,
t hr omboangi i térsipoisivctseanshtheir peesepere mapart ewlru tabaecoyprodudts andi likewise can

Raynaud' s, di s. . hcatl [ i lure; pulmonary and | ung
di seases éﬁc hl%§§t1 HY-O) IllIIaE‘. gﬁ%%gué%&nrs ggtclgg%"bﬁg%ﬁ%o?y di sease, chronic
bronchitis. enphysema, asthma, and

It is a yet further object of the present invention to develop modifications to

tobacco and tobacco products that serve to reduce the formation and transmittal of

advanced glycosylation endproducts to consumers of tobacco products.

It is a further object of the present invention to provide filters to inhibit, trap or
15 otherwise neutralize AGEs, and particularly glycotoxins, including reactive AGEs,

present in tobacco smoke.

It is yet a further object of the present invention to provide methods and associated
materials for evaluating the extent of risk, if any, that an individual may incur as a
function of the level of AGEs in the environment, to implement or adjust the

20 treatment of such individual to avert or diminish the deleterious effects to such
individual of AGE exposure.

Itisa yet further object of the present invention to provide methods and associated
materials as aforesaid, for use in the adjustment of the levels of said AGEs in said

environment.



eosi nophilic granul oma of the lung; various cancers including, wthout

limtation, | ung cancer, cancer of the nouth, head and neck,
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Figure 1 is a graph showing the AGE content of aqueous extracts of cigarette

10 tobacco. AGE levels in phosphate buffer extracts of cigarette tobacco samples
were quantified in a standardized competitive AGE immunoassay and calculated as
Total AGE Units per Cigarette. Cigarette brands were: Gau, Gauloises; Mar,
Marlboro; ML, Marlboro Light; Par, Parliament: Sal, Salem Ultra Lights.

Figure 2 is a graph showing AGE levels in serum experimentally exposed to

15 tobacco smoke. AGE levels in serum samples through which cigarette smoke was
bubbled were quantified in a standardized competitive AGE immunoassay and
calculated as AGE Units per ml Serum. Control = a similar serum sample exposed

only to an airstream, without tobacco smoke.

Figure 3 is a graph showing that glycotoxins, and reactive sugars and AGEs present
20 in aqueous solutions of condensates of tobacco smoke are reactive with proteins in
vitro. Collagen-coated assay plates were exposed to phosphate buffer-solubilized
condensates of cigarette smoke, and AGEs formed on the collagen-treated assay
plate wells were measured by an immunometric method whereby an increase in the
final absorbance (optical density or OD) reflects increased AGE crosslinking to,

25 and accumulation on, the collagen matrix of the assay plate.



surface contact and fluid registry with smoke as it transits through the
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obacco samples were extracted in PBS for 1 hour, filter sterilized and assayed for
reactive sugar (glycotoxin) content utilizing rat tail tendon collagen immobilized in

96-well microtiter plates (B).

20 Figure 6 is a further series of graphs showing that glycotoxins are found in tobacco
smoke.
(A) Glycotoxins were measured in cigarette smoke condensate in an in vitro AGE
formation assay. Serial dilutions of cigarette smoke was added to wells pre-coated
with collagen and blocked with PBS/0.05% Tween-20. AGE formation was

25 revealed using a rabbit anti-AGE polyclonal sera.
(B) Glycotoxins can be removed by passing smoke through aminoguanidine. Fresh
cigarette smoke was passed through a standard filter (black bar), a standard filter +
500 mg sodium sulfate (striped bar) and a standard filter + 500 mg aminoguanidine
(white bar)
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smoke; Triangles = RNAse A after incubation with cigarette smoke and 5 mM

15 aminoguanidine; Diamonds = RNAse A after incubation with cigarette smoke and

50 mM aminoguanidine,

Figure 7 is a graph demonstrating that glycotoxins are mutagenic. Salmonella
strain TA98 was incubated for 1 hour with serial dilutions of condensate of
cigarette smoke (Black bars), versus cigarette smoke passed through

20 aminoguanidine (white bars) and then plated. Forty-eight hours later the number of
colonies on each plate were counted. Each bar represents the mean of three plates

+/- standard deviation.

Figure 8 is a series of graphs showing that smoking causes increased levels of
apoB-AGE and serum AGE in vivo. Serum apoB-AGE (A) and total AGE levels
25 (B) were measured in healthy non-diabetic smokers and healthy, non-diabetic, non-
smokers who work at the Picower Institute. AGE-apoB levels in smokers (324 +/-
140 U/ml, n=9) were significanity higher (p <0.01, unpaired Student t-test) than
non-smokers (177 +/- 33, 0=10). [apoB-AGE > 300 U/ml in diabetic patients}
Serum AGE levels in smokers (202 +/-76 AGE U/ml, n=23) were significantly
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10
DETAILED DESCRIPTION OF THE INVENTION

The present invention derives from the relationship that has been identified between
the consumption of tobacco and the development of increased levels of advanced
glycosylation endproducts in such individuals. Initial observations resulted from

15  investigation of levels of advanced glycosylation endproducts in a particular test
population and particularly, the conjunction of increased levels of apoB-AGE and
coronary heart disease in such population and the discovery of a correlation or .a
link with the fact that the individuals exhibiting such increased levels were regular
consumers of tobacco products. The initial observation prompted the study of the

20  tobacco products themselves, which yielded the discovery that such products,
including the combustion byproduct, smoke, contained high concentrations of
advanced glycosylation endproducts and the glycotoxins that promote their
formation. The result of these initial discoveries has prompted further
investigations and has resulted in the development of the various aspects of the

25 present invention related to both measurement and treatment modalities with respect

to tobacco, smoke, smokers, and AGEs.

More particularly, the invention extends in its initial aspect to the examination of

subjects having a history of smoking to better determine their smoking history, by
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In similar fashion, the tobacco products themselves may be examined and evaluated
to determine their potential for the promotion of increased AGE and glycotoxin

10 levels in tobacco users. In such instance, both the tobacco product itself and its
combustion byproducts may be examined for the presence of such advanced
glycosylation endproducts and/or the glycotoxins that would form them. Ina
related aspect, the same products may be examined and the level of advanced
glycosylation endproducts indexed with a view to determining the storage stability

15 and flavor potential of a given tobacco crop. Such measurements would be
developed against certain benchmarks or standards taken from like samples or

populations as the case may be.

In this connection, a variety of specific implementations of the protein-browning
assay and an AGE-trapping filter that may be prepared in accordance with the

20 present invention, also provides and exemplifies the essential elements required for
a smoke-exposure dosimeter convenient for the estimation of the exposure of
individuals to environmental smoke, especially tobacco smoke, based on the
detection of AGEs that become cross-linked to protein amino groups or other
susceptible chemical glycation targets. Applicants recognize that the dilution of

25 tobacco smoke in the atmosphere can be estimated by dosimeter devices that are
formulated to capitalize on the covalent reactions that occur between tobacco
smoke-related glycotoxins, AGEs and proteins or other molecules with free amino
groups or other substituents that act as glycation target molecules, whereby said

glycation target molecules are susceptible to chemical reaction with tobacco-related
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quantitatively, by any of a number of AGE-identifying methods well-known in the
art including, without limitation, the AGE ELISA method utilizing anti-AGE
 antibodies as described supra, in steps that comprise the display elements of the
15 dosimeter. Suitable glycation target molecules for incorporation in the capture
elements of the dosimeter include not only various proteins, such as BSA, RNase,
collagen and poly-lysine that are well-known as AGE susceptible target molecules,
but also any other biomolecules or organic compounds that present amino groups

which are susceptible to reaction with AGEs.

20  Such glycation target molecules are preferably immobilized on the surface of a
substrate which advantageously presents them to the atmosphere to be monitored;
such as a paper surface derivatized to display amino groups, a nitrocellulose
membrane surface similarly derivatized, a polystyrene filter surface likewise
derivatized to present amino groups as glycation targets, or any other relatively

25 inert matrix that presents glycation target molecules and is disposed to interact with
the atmosphere of the environment to be monitored. Contact between the
atmosphere to be monitored for tobacco smoke and the matrix-immobilized
glycation target molecules, and circulation of said atmosphere over said capture

clements, may be effected passively, as by convection, or actively, by any means
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correspondingly indicate the exposure of individuals to secondhand smoke in the

environment.

Similar methods of measurement may be employed to monitor the presence and
15 amount of glycotoxins in tobacco preducts, and to thereby assess and rate their

proclivity for deleterious effect on tobacco consumers and bystanders alike. For

exa'mple, one may employ for such purpose the in vitro AGE formation assay

presented herein to measure glycotoxins in tobacco extracts,

The dosimeters and corresponding methods of measurement recited above may be

20 applied in a therapeutic context, to monitor and evaluate the course of treatment of
a particular patient whose malady is characterized by elevated levels of AGEs in
body fluids and tissues. Accordingly, a sample taken from the patient may be
tested to establish the extent of reaction of AGEs present in the sample, for
instance, by an AGE ELISA or like test, to apprise the treating physician of the

25 patient’s progress under treatment. The physician may then choose to modify the
treatment regimen within discretion, based upon the results of the test. Equally
relevantly, the measurement of both the sample taken from the patient and the
ambient air in which the patient spends a preponderant amount of time, may

suggest that the ambient should be remediated to reduce the exposure of the patient
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With regard to therapeutic strategies and agents covered by the present invention,
the correlation between increases in advanced glycosylation endproducts and the
use of smoking materials prompts the application of therapeutic methods already
identified with respect to the treatment of conditions in which the increase in levels
15 of advanced glycosylation endproducts is believed to play a role. Such methods,
therefore, would be applicable in the present instance, as where a particular
individual has a history of tobacco product consumption, and where accordingly, a
method of treatment might involve the administration of inhibitors of advanced

glycosylation endproducts for such individual.

20  Suitable inhibitors of advanced glycation have been identified earlier, and include,
for example, aminoguanidine (Pimagedine), its analogs, agonists, congeners,
cognates and mimics, and mixtures thereof where appropriate. Other suitable
inhibitors may be selected from among those active aldehydes, or compounds
bearing a correspondingly active aldehyde substituent, that are reactive with the

25 glycosyl-amino moiety of the early Amadori and Heyns products of the Maillard
reaction, as identified supra, and mixtures and combinations thereof where
appropriate. Additional suitable inhibitors may be selected from those thiazolium

derivatives and other compounds and compositions thereof identified supra, which
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10 the consumers.

Alternatively, the invention extends to the preparation of filter materials that could
be embodied in tobacco products such as cigarettes. so that the filters themselves
would be capable of inhibiting, trapping, or otherwise neutralizing tobacco-related
AGE:s or related chemical entities that promote increased formation and transmittal

15 of advanced glycosylation endproducts (eg. glycotoxins). The filter materials in
turn are those that are conventionally provided and are fabricated for use in
cigarettes, and are frequently fibrous material bundled together and bound into a
cylindrical form in the finally assembled cigarette. Such fibrous materials, of
which cellulose fibers are representative, could contain on their surfaces an

20  appropriate inhibitor or reactive agent that would serve to trap AGEs or to
otherwise bind to or neutralize other glycation products such as glycotoxins, so as

to prevent them from forming AGEs upon consumption.

In an alternative embodiment, filters active in inhibiting, trapping, or otherwise
neutralizing tobacco- or smoke-related AGEs or related entities that promote

25 increased formation and transmittal of advanced glycation endproducts can be
fabricated for use in general or environmental air purification, for instance to
diminish or eliminate the ambient atmospheric AGEs and/or glycotoxins that would

otherwise be undesirably consumed by indirect, passive or “secondhand” smoking.
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to both neasurenent and treatnment nodalities with respect to tobacco,

snoke, snokers, and AGEs. More particularly, the invention extends
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browning assay and the AGE-inhibiting, AGE-trapping or AGE-neutralizing filters
of the present invention also provide and exemplify the essential elements required
15 for smoke-exposure dosimeters convenient for the estimation of the exposure of
individuals to environmental smoke, especially tobacco smoke, based on the
detection of AGEs that become cross-linked to protein amino groups or other
susceptible chemical glycation targets. Applicants recognize that the dilution of
tobacco smoke in the atmosphere can be estimated by dosimeter devices that are
20 formulated to capitalize on the covalent reactions that occur between tobacco
smoke-related AGEs and/or glycotoxins, and proteins or other molecules with free
amino groups or other substituents that act as glycation target molecules, whereby
said glycation target molecules are susceptible to chemical reaction with tobacco-

related AGEs, causing said AGEs to become covalently cross-linked to said
25 glycation target molecules and thereby detectable by means described herein.

The following examples are provided as illustrative of the experiments that have
been performed to identify this relationship and to facilitate the implementation of

the above inventive embodiments.
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requi red f orserum albumin (AGE-BSA). From the assay results, Total AGE Units per
Cigarette were calculated as an index of the AGE content of the tobacco, and, as
shown in Figure 1, the extractable AGE content of these tobacco samples ranged
from about 50,000 to 150,000 AGE Units per cigarette. From this evidence,

15 Applicants concluded that extremely high AGE-like immunoreactivity is present in
aqueous extracts of tobacco. This suggested to Applicants that consumers of
tobacco products including, for instance, snuff and chewing tobacco, or the smoke
from combustible forms such as cigars, cigarettes or pipe tobacco, may be exposed
to AGEs in large amounts through their tobacco consumption. Furthermore, since

20 AGEs are known to accumulate over time in a temperature- and sugar-dependent
manner, and since AGEs are known to contribute to taste and flavor, this
information also suggested to Applicants that the AGE content of specific tobacco
lots or crops might be a useful indicator of the flavor potential, and of the storage
and curing history, of tobacco during its commercial processing into various

25 consumer products and subsequent marketing.

A competitive ELISA for AGEs is conducted according to general immunoassay
procedures that are common in the art. Briefly, a Master Stock of AGE-modified’
BSA (AGE-BSA) was prepared by incubating BSA (Calbiochem, Cat. #12657,
Fraction V, purity >99% by SDS-PAGE) at 50 mg/m!} in 0.5 M glucose prepared in
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qualitatively, sem -quantitatively or guantitatively, by any of a
nunber of AGE-identifying nethods well-known in the

The assay method of the present Example was initiated by addition of a 50 ul
aliquot of sample or AGE-BSA Standard Competitor to each well of an AGE-BSA-

coated assay plate, followed by the immediate addition 50 pl of an appropriately
15 ftitrated preparation of an anti-AGE antibody. The plate was then incubated,
covered, for two hours at room temperature, during which period AGEs within the
test sample (or the AGE-BSA standard) competed for binding with the primary or
anti-AGE antibody against the AGEs immobilized on the assay plate in the form of
AGE-BSA. Ultimately, in this competitive immunoassay format, higher amounts
20 of AGEs in the sample are reflected in higher competition against the coated AGE-
BSA with corresponding diminishment of the final readout signal, the intensity of
which reflects the degree of binding of the primary anti-AGE antibody to the AGE-
BSA-coated well. In this example, an anti-AGE monoclonal antibody, designated
4G9, was used at a dilution that provided approximately 1.5 optical density (OD)
25 Units after the two hour final incubation with the chromogenic substrate in wells
that received no competitor. A dilution series of AGE-BSA Standard Competitor
was prepared by diluting AGE-BSA Master Stock to provide a concentration series
ranging from about 0.1 to 2 pg AGE-BSA per well, and the equivalent
concentration of AGE-BSA Standard Competitor corresponding to the final OD of
30 each sample well could be interpolated from this standard competition curve. One



art including, without Iimtation, the AGE ELI SA net hod utili zi ng anti-ACE
anti bodi es as described supra, in steps that conprise the d| s a el errent s
of the 13¥O8u3¥7§ter. Suitable glycation target nol ecul es PHfor at i on
in the capture el ements of the dosineter include not onIy vari ous
proteins, such as BSA, RNase, col l ag¥h and poly-lysine that are

wel | - known as AGE susceptible target nol ecul es, but al so any ot her

bi onol ecul es ASFE Sinifalsi aperasiopatin definedaas the seneentratiomef Standard Competitaf ch ar e
bl nol |
SusCent 1 i e T, A S SR

advant ageousELIPAdeansts themto the at nosphere to be nonitored, such
as a paper surface derivatized to display am no groups, a nitrocellul ose
menbrane surface simlarly derivatized, a polystyrene filter surface

| i kew se I ation tar s, or
any ot nor 1 e S ShcySton B BERR" k@B Al GUBRGER (RASE or Hapiifigd he:
mol ecul essandells w&s piasetlsik Qinest witla Washi Buffer, inveitéPamd Bl Arpf A he
environment to be nonitored. Contact between the at nosphere to be

moni t or ed f oromBisEaally availeblepreparaionmal mcszndammnandzfe@zymc ccgmg@m {fon

ol cvant 5, mog e opau s pifholes R B AREPATPRAOEIARWERPHSD o1y

means iAQhSﬂ laddefBand mcubated according to the manufacturer’s recommendatzons
PCT/ US96/ 20526 t hat
forces the abpiiidsd 19D ul aligust &t atdrﬁ‘@tlelaﬁfdr1808|fehéﬁmnu@a@h3343 aOfan.

A ternat iyel doukds LA RHE RERSHSE SheloUBR! GR: pOEEhaTR! LAY D°
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dr awn or a mxxture thereof. as well as a variety of means of detecting the binding of these

primary antibodies, can be substituted in this procedure by relying on general

immunoassay principles well understood in the art.

In the present Example, the plates were then rinsed as above and a 100 pl aliquot

15 of substrate chromogen (in this case, para-nitrophenyl phosphate (PNPP)) was
added at a concentration recommended by the manufacturer and incubated,
typically at 37°C for 1-2 hours, to provide an OD of 1.5-1.7 Units in the control
wells assayed in the absence of any competitor. Absorbance (OD) in each well
may be read conveniently using a commercial microtiter plate reader, in this

20 instance set to read at 410 nm versus a reference wavelength of 570 nm. The AGE
level in any sample may then be interpolated as the equivalent concentration of
Standard Competitor AGE-BSA (in BSA mg/ml) from the standard competition
curve, and this value is then typically converted into AGE Units where 1 AGE Unit
is the concentration of Standard Competitor AGE-BSA that produces 50%

25 inhibition in this competitive AGE ELISA method.

Example 2

To determine whether the glycotoxins (reactive sugars, AGEs, etc.) present in
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15 experimentally treated serum samples were then measured by the standardized

competitive AGE ELISA described above (see Example 1). This experiment was
conducted twice independently, with comparable results in each case as shown in
Figure 2. Thus, while control serum samples averaged less than 25 AGE Units per
mi, smoke-exposed serum samples showed about 150 AGE Units per ml. From

20 this evidence, Applicants concluded that the AGEs present in tobacco smoke were
reactive and were likely to attach to human proteins during smoking (either active
or passive), increasing the AGE burden of smokers and bystanders, and providing
by reference to a suitable control sample from a smoke-free population, a ready
marker of the intensity of their recent smoking activity, or of their recent

25 environmental exposure to tobacco smoke.

Example 3

In a further test to determine whether reactive sugars, glycotoxins, etc. are present
in tobacco smoke, and to determine whether such glycotoxins can react with

proteins to form AGEs, condensates of tobacco smoke were assessed for reactive
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I nvol ve the adm nistration of inhibitors of advanced gl ycosyl ati on
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am noguani di feemaBbnagegitha)yses anti-HGE egbodicsowoi detest theosnyaleat attachment of
AGESs to an immobilized collagen layer. Briefly. commercially available 96-well
micro titer plates with rat tail tendon collagen immobilized on the surface of the
wells (Collaborative Research) were exposed to dilutions of the smoke condensate

15 extracts described above and incubated overnight, covered, at room temperature.
AGEs that become immobilized on the surface by interaction with the tail tendon
collagen are then assayed in accordance with the immunometric procedures outlined
above for the competitive AGE assay: smoke extract-treated collagen-coated plates
were sequentially rinsed, exposed to the 4G9 monoclonal anti-AGE antibody,

20 rinsed, exposed to a commercially available goat anti-mouse IgG/alkaline
phosphatase conjugate, rinsed, and supplied with an appropriate chromogenic
substrate (e.g. PNPP) to generate a signal measured by optical density at 410 nm
which quantitatively reflects the amount of AGE-like immunoreactivity that had
accumulated on the plate by exposure to the tobacco smoke condensate extract

25 relative to controls not treated with smoke condensate extract.

As shown in Figure 3, there is more AGE-like immunoreactivity in wells exposed
to tobacco smoke condensate extract, and the signal from these smoke-related
AGE:s decays with dilution of the extracts in close conformity with the dilution of

glucose-derived AGEs formed in vitro as a standard for such comparisons. This
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the filtersg0t hewsplevare of this AGE-inhibiting pharmacological agent is a further indication
that the AGE-like immunoreactivity that is apparent after experimental treatment of
tail tendon collagen with smoke condensates resembles in molecular detail the
AGEs that form spontaneously on proteins in vitro and in vivo with exposure to
reducing sugars, in that AGEs from all of these sources share immunochemical

15 determinants and their formation and/or crosslinking activity is specifically

inhibitable by Pimagedine. This evidence that the reactive AGEs present in
tobacco smoke can be inhibited by Pimagedine also suggested to Applicants that a
corresponding anti-AGE intervention by treatment eithér of tobacco, tobacco

smoke, or tobacco smokers would serve to decrease the excess AGE burden to

20 which smokers expose themselves by their tobacco consumption.

Example 4

A series of experiments were performed to further investigate and demonstrate the
the relationship between tobacco and its combustion byproduct, tobacco smoke, and
the incidence of elevations in the formation of AGEs. Particularly, and as set forth
25 herein, the experiments establish that tobacco .and its byproduct contain a
significant amount of soluble reactive glycation intermediates, named herein
glycotoxins, that promote AGE formation and the full menu of secondary

molecular and physiological complications associated with AGE accumulation in
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19 Aq'zwater-pgpe“ smolcuj;lgrzi%vxsce was &%?gne r;rﬁ)d operated to allow a stream of

smoke to come into contact with an aqueous solution. An aqueous solution (3
mls) was placed in a 25 ml glass erhlemeyer flask with a sidearm, cigarettes were
mounted in a 500 ul pipette tip that penetrated a hole in the stopper of the flask.
The tip of the 500 ul pipette tip extended down past the opening of the sidearm of

15 the flask, but did not penetrate the agueous solution. Once the device was
assembled a vacuum (approx. 20 mm Hg) was applied to the sidearm of the flask
and the cigarette was lit. In some experiments the pipette tip was modified: A 2
mm x 2 mm piece of commercial cigarette filter was used to plug the tip of the
pipette tip and then 500 mg of either nothing, aminoguanidine hydrochloride or

20 sodium sulfate was placed between the small piece of filter and the cigarette. The
pre-attached commercially prepareq filters were not removed from the cigarettes in
any of the experiments. Five cigarettes were smoked into each 3 ml aliquot of
PBS. Before use the aqueous cigarette smoke condensate was filtered through a
0.45 um Millex-HA filter unit (Millipore).

25 In vitro AGE formation assay.
Microtiter plates containing immobilized rat tail tendon collagen (Collaborative

Research, Cambridge, MA) were incubated with TBS (PBS/ 0.05% Tween-20) for
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ot her nolecules with free am no groups or other substifuents that act
as glycation for ganeraioneeiia sandags epmigyand data exirapoatipeat i on target nol ecul es
are susceptible to chem cal reaction with tobacco- rel ated AGEs,

causing said AGEs to becone covalently cross-linked to said 25 glycation

target noligculRgcaokintdresstibkingatéeityabl e by neans descri bed herein.

The foll ow ng exangl es are provided as illustrative of the experinents that
H

have beer piption pb & B antaining 3 mM EDTA viasi exnasrdpomigaretlte smoke as at e
the inplement gLl oReflabove. 46 Qt?g SPRYGA W AsbVEd %T?gglléﬁ?ksc'ontaining either 0,

5 or 50 mM aminoguanidine was exposed to the equivalent of § cigarettes and
incubated at 37°C in the dark for 0, 5, 8, 24, 48 and 72 hours. Unbound and low

15 molecular weight materials were removed using a Centricon 10 concentrator
(Amicon, Beverly, MA). To assess the formation of RNAse dimer formation,
samples were subjected to discontinuous SDS-PAGE under reducing conditions
using a 5% stacking gel and a 12% resolving gel [Nature 227:680-685, 1970] and
transferred to nitrocellulose paper. The blot was blocked with blocking solution

20 (PBS/5% non-fat milk/1% BSA/0.2% Tween-20) for 1 hour at 20°C, incubated
with rabbit anti-ribonuclease A antibody conjugated to horseradish peroxidase
(Biodesign International, Kennebunkport, ME) diluted in blocking solution for 45
minutes, washed extensively with PBS/0.2% Tween-20 and developed according to
the manufacturer’s directions. The resulting fluorograph was processed using

25 Adobe Photoshop and densitometric measurements of images (smoothed, sharpened

and contrast enhanced) determined using the NIH image program.

Fluorescence determinations
To assess AGE specific fluorescence the emission at 440 nm upon excitation at 370

nm using a LS 50B fluorescence spectrometer (Perkin-Elmer) was measured in the



WO 97/ 23783

PCT/ US96/ 20526 26 . .
Exanpl e |WO9723783To det er mi ne whet her AGEs are present in PEFAISSE2¢R6duct s,
t obacco sanples from several comercially avail able cigarette brands
were prepared in 0.02 M phosphate buger, pH 7.4, at a tobacco
concentration of 66.7 ng/m . After an overnight 5 incubation at room

t enper at ur e, samhples of RdbAseverposeel toatigatettey snok corfdepaitd (Prepdpstid@escribed

aqueous tobag[goql Fx:fr act was filter sterilized, diluted 1:800, and anal yzed
for AGE Do REUOTESCFTS YAUeSoYere acashisd (@ RreisHtL eencentrationt of Oér e
assayed for-fghnEont ent I n a standardi zed conpetitive AGE i munoassay

utilizing an anti-ACGE nonocl onal anti body (see below), which assay
measures Units of AGE i mmunoreactivity 10 relative to a reference standard

conpetitor pésgar at i.ontoi. AGE- nodi fi ed bovi ne serum al bum n ( AGE- BSA) .
Fromthe as iU al AGE Units per Cigarette were cal cul ated
as an i ndex Phe hiiRagdilei LS Nvadhe R . hawn i n Fi gure
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that consumegesiaPfilutions $fRB@E6E ﬁhawsdrﬁehﬁgoﬂxdb.@ %gig;;ﬂ&gﬁ@g%@ g,su%f‘ccu” and

chew ng tobacco, or the snoke from conbusti bl e r‘gars,
ci garettes qH gipdntidphcate fornaholreansxthes piated on niininAGigtudose pRtd@atamount s

t hr ough ei r _tohacco u ion. Furthernore, since 20 AGEs are known to
accumul awe1 o‘i?@?el{qfaﬁ?@niﬁﬂ'ﬁ%@?atﬂ’r"&mﬁﬁa"’% p Igr5ated epvernight at 3gRGer, and
since AGES ainG the QNbes of BVefthitUinBtah drf&ich Rd &ds%egﬁmd.t hi s

I nformati on al so suggested to Applicants that the AGE content of specific
t obacco |l ots or crops mght be a useful indicator of the flavor

potential, Y] f hﬁg SEPLade . and curing history, of tobacco during
its commerci 1 : i ous 25 consuner products and subsequent
mar keting. ' The amount of AGE-modified apoB (AGE-apoB) was measured in human serum

by sandwich ELISA employing a monoclonal anti-AGE capture antibody and an

15  anti-apoB-HRP conjugate as described previously (JBC, 267:5133-5138, 1992).

The samples were assigned a value from the standard curve and expressed in apoB-

AGE U/ml of serum. One Unit of apoB-AGE is defined as the activity of 1 pg of

apoB (LDL).

AGE Measurement

20 AGEs in human sera were measured by a competitive ELISA employing an AGE-
specific monoclonal antibody (IgG1 subclass) raised to a glucose-derived AGE
epitope as previously described in (PNAS US4 90:6434-6438 and infra). AGE-
immunoreactivity was determined in triplicate wells for samples which were
serially diluted to fall within the linear range of the assay. AGE Units were

25  calculated relative to a synthetic AGE-BSA standard. The assay sensitivity was 5
U AGE /ml and the intra- and inter-assay coefficient of variation was 5% and 8% '

respectively.



A conpetitive ELISA for AGEsS is conducted according to general imunoassay
procedures \{'B%fz?fsg comon in the art. Briefly, a Master StogkrRisvenosze

AGE- nodi fi ed SA (AGE-BSA) was prepared by incubating BSA (Cal bi ochem
Cat. #12657, Fraction V, purity >99%13>_§ SDS- PAGE) at 50 ng/m in 0.5 M
gl ucose prepared in WO 97/ 23783
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phosphat e- buf?é;?sé}lg's'sal ine (PBS), pH 7.4, containing 1.0 mM EDTA and
overlaid Auguidolus xtracts off evbae¢omrmbignrette snvkalcefitainipgsofoRkinsaviiibh Weeks

at 37 C Commercially avail abl e 96-well mcrotiter assay plates (NUNC
Maxi sorp) ar e REMOyAGE formagion in vitrat andard antigen by incubating 100 pl

of a solution : ' . / in.Coating
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th 0.05% Tween 20) using an autonated ELI SA

Buffer (Tris-buffered sali ] . \
pl ate washer, tPL&‘éPt"é?IF céPﬁg’?‘b\fl’%md@@"‘deghfonEmwﬂéq pquerus exisest iwassadded pl

Bl ocki g % 2% a7] H
7 ) and the pPaclskofiuphagiinls 465k, e ietnteERAVY REREAGE: o o,
a rinsing as ahevellagehaneclearenwds detected@singSAspeoitict MA%?My@ﬂoﬁileaﬂtﬁmﬂgady

for use in the_conpetitive ELISA, The assay nethod of~ the presen
Exanpl e was i Aig¥Et¥y SBOWa grmparisass ofths AQE formatiog induesd B eightrbrands of

AGE- BSA Stgnd m}ﬁ | t é%— - ed say
plate, fol ﬁj(;wea}%'ggy t gké&%sdi gﬁ&g&;g}&ﬁ %%Bé?%glt 0 éﬁﬁ\gﬁe& %lﬁrfﬁé}?%tf%f‘ it
titrated prepak@Eimeoietiés. dnisanteresfif tanbiehdybranth &, phatliphvaeqhivaleni sEubat ed,

covered, for two hours room,t erature, during which period AGES within
t he t est %WF%{;’@BSE?’Wé“ﬁ@ﬁgﬂ%ﬂaﬁﬁhr‘%‘ﬁ{e@@gé’&“w@y thanbrand Dwi t h

the primary Ofpis finding, which was consistently reproduced when other “regular” and “light”
brand pairs were compared, probably reflects a difference in the processing of the
15 tobacco and indicates that tar content and other measures of cigarette “strength” are

independent of glycotoxin content.

To determine if the tobacco-derived glycotoxins could be volatilized, we tested
cigarette smoke condensate in the AGE formation assay. To collect any volatile
glycotoxins, we set up a smoking apparatus in which smoke from a burning

20 cigarette was drawn into a flask containing a PBS solution. In an attempt to more
closely simulate the way in which lung tissue is exposed to cigarette smoke,
experimental smoke was permitted to come into contact with the PBS in the bottom
of the flask, but not bubbled through the solution. Immediately after preparation,
the smoked-exposed PBS (cigarette smoke condensate) was added to microtiter

25  wells coated with collagen and allowed to react overnight. Like the aqueous
tobacco leaf extracts, cigarette smoke condensate was able to rapidly induce the
formation of AGEs that were recognized by the rabbii anti-AGE polyclonal
antisera. The production of AGEs by the cigarette smoke was concentration
(Figure 5B) and time (data not shown) dependent and could be inhibited in a dose-

30  dependent manner by adding a soluble AGE inhibitor, aminoguanidine, directly to



anti-AGE anti body agai nst the AGEs i mobilized on the assay plate in the
form of AGE-BSA. U timately, in this conpetitive i munoassay format,

hi gher an®@m72328 of AGEs in the sanple are reflected i n FRCIHEI6/20526
conpetition against the coated AGE- BSA wi th correspondi ng

di m ni shnent of the final readout signal,3&he intensity of whi ch
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BSA- coat ed wétel welly(datd soteshawp) er barpassitg theGEokertbmughal calmmnlfdy
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optical densPinogag)idsie ¢ s@’ﬂ’f%gbi'h asNE Blﬁ?“’i‘FﬁléFP“S aioRtrrbrolfmeh t he
chr onogeni c it @i1f e t ¥ iRdsrhdk | aAsdid ution
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Mast er St ockglysotoxingitdorm BES an 1the target {Eiguess5C). The aiggrety smakw about 0. 1

to 2 ACE- BS | d th i val ent .. t ' f AGE- BSA
Standard onfrdebue 85 AERRRERAY B8 oHdoR e ePBRIOHRE AGE SRR wel |
337'23733 | Nt B1aRhEh§skohS BACH SxBAch) dHich GRIPRAS il RRREUSME: of 1R VO

PCT/ US96/ 205gkycotoxins are destroyed by the burning process or that the system fo28apturing AGE
Unit is operagtionally.defined e .concentrat.j.on . ot andar d, Conpeti tor
AGE- BSA (1 BSASHIIGEP %ﬁfb&séﬁ%"?ﬁﬂ?’fﬁ if Wﬁ? ?W&:B?FB’&Y%P% AGE
ELI SA for mat i poth the td¥ab&@ lebhegtrdcd GHOHd QFax@fte BfnbRBLYndRbAd ks 18816 it
conpetitor (sanple or standard), the 5 wells were rinsed six tines wth

Wash Buf fl8r , wasuedetedakindf thecwolusions avere {rozen at -20°C endwhavel beforevtestingh| e
preparation of, secondary. anti body-enzyne copjugate (for, I nst ance,
anti - nouse |a'd°§‘n ’ﬁ‘d’@a‘f%?er(’éiagéﬁalmﬁ“ﬁﬁ%l?‘,“r%g‘{frﬁq%"dert%‘aﬁlsk}éq‘ﬁrﬁe phosphat ase)

I's then added and i ncubated according to the manufacturer's

recommendati ons, ) ) )
The ability of cigarette smoke glycotoxins to induce AGE formation was also

assessed by measuring the characteristic fluorescent pattern of AGEs on RNAse A
cxposed to cigarette smoke condensate. As shown in Figure 6A, RNAse A exposed
15 to cigarette smoke condensate for increasing amounts of time exhibited a time-
dependent increase in AGE-typical fluorescence, (i.e., emission at 410 after
excitation at 370 nm), that reached saturation after 24 hours and was inhibited by

the presence of aminoguanidine during the incubation.

Glycotoxins can cross-link proteins
20 One of the hallmarks of reactive reducing sugars is that they promote the formation

of intra- and inter-molecular crosslinks between the susceptible functional groups.
To show that the reactive glycotoxins in tobacco and tobacco smoke also had this
property, we assayed glycotoxins for their ability to crosslink RNAse A. Samples
of RNAse A were incubated with cigarette smoke condensate for various amounts
25 of time, separated by molecular weight on an SDS-PAGE gel and then visualized
- with anti-RNAse A antisera. Using this technique, Applicants were able to
determine that RNAse A-RNAse A dimer formation was time dependent and
reached saturation within 24 hours. Dimer formation could be inhibited by

aminoguanidine in a dose-dependent manner, indicating that the crosslinking'



typically as a 100 pl aliquot at a dilution of 1:1200 for 45 m nutes at
37[err]C q,ogqn3ﬁgurse a variety of primary (anti-AGE) anti heqieenfilher

pol ycl onal nonocl onal or a mxture thereof. as well as a variety of
means of detectlng t he bi nding of these 37 primary anti bodi es, can be
substituted in this procedure by relying on general | Mmunoassay

princi ples welbrolidQpast naéwogecg?aghgl-co fain &SXIBEEI%%Q%: ggg”p'e th

pl ates were then rinsed as abov uot strate
chronmogen (in this case, para-nitrophenyl phosphate (PNPP)) was added

at a concentratjon recommended by the manufacturer and incubated,
typically at ut rs, to provide an OD of 1.5-1.7 Units in
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inhibitionin this conpetitive AGE ELI SA net hod.
Exanpl e 2 To determ ne whether the glycotoxins (reactive sugars,

ég/s USS:’S /sz)SggﬁiR@brés&lt experiméfs X4 n8mbBP of strains of Salmonella typhimurium (TA98,

TA100, TA1535 and TA 1537) were exposed 1o cigarette smoke condensate in the

10 manner of a typical Ames mutagenesis test. A brisk mutation activity was noted in
strain TA98, but not in the other strains. As can be seen in Figure 7, the exposure
of TA98 to increasing amounts of freshly prepared cigarette smoke condensate
resulted in a dose-dependent increase in mutations. When TA98 is exposed to a
mutagenic agent that is able to cause a frameshift mutation and thereby reverse the

15 original mutation in the histidine operon, it will grow on histidine-deficient media.
The passage of the smoke through a dry column of aminoguanidine prior to the
contact with the PBS (which apparently removed or neutralized the carbonyl-
containing glycotoxin molecules) decreased the number of revertant mutants.
Similar mutagenic activity has been seen in the reaction of DNA with reducing

20 sugars noted above. This is the first report of which the applicants are aware of a
mutagenic activity in cigarette smoke which does not require metabolic activation
by the P450 system. This activity may have been missed in the past, as previous
workers have prepared predominantly smoke extracts in organic solvents and
analyzed the mutagenic activity after considerable periods of time. The lability of

25  the glycotoxins in the aqueous extracts required the rapid analysis of the mutagenic
activity. Aqueous cigarette smoke condensates which were allowed to incubate-
either at room temperature or on ice for more than five hours were no longer

mutagenic.



29 t obacco snoke are reactive with the body's proteins, cigarette
snoke was drawn through a 1 mM sanple of normal human serum using a
"hookah" veo omza783 - pi pc snoki ng devi ce constructed frorceuUSYEos26g] ass
- sidearm fl ask which was desi gned and operated not only to bubble a
stream of snoke through the contained sedgm 5 sanple. but also to allow
snoke to accunul ate above, and in contact wth, the serum sanpl e,

whi ch exposuGhlycorinsairoinotenthe fotmidtivn ¢fhAGiEs whadeh@n ppeeingdn vive, fol | owi ng
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si dearm i\pﬁpng&ibﬁélépﬁeﬁhe sane volune of air was drawn t hrough a
separate serum sanpl e using an identical device except that no cigarette
supplied snoke to the airstreamfor this control reaction. AGE levels in

these 15 expiobi 3RMpRE fion beriwike heslthy ¢ SandBoe- sinbRérsneasur ed by the
st andar di zed conpetitive AGE ELI SA descri bed above (see Exanple 1).

Thi s experi nrfhisiiady AGE sspmursetein lexpks and raeisinepoR-NEE werhassayadar Bh e

lts i | Fi _ iJ |
Carpl s averagB i ELisf 1Y Bk ong A Rntl e HEre SBbERGR bER e G
sanpl es shows0ghanghirddStudeht tieit) shanetionrdmolkero (1 7270+/- B8] f=0)i ARINGE .serum
Febct | vel GndAEevel b Fpoksss 2 EEh78 (I U GO0 e SETIRISSIDHBheG (ei ¢ her
i v , i i
O ' . . ¢
byst ander s, Gry 82T Balihe skAlf AGE Rk if pbitnPAER140 TP HTE LOBD. AL

from a snokdndiviiuapoiputhesmokinggrogmeyicked mormthagrr! pdckigee dapf masithetwide t heir

recent snoking activity, or of their reé:ent 25 . envi ronnmental exposure to
t obacco snoKbelr smoking history was not controlled for. Similar studies wopld copelatesthe

amount of AGE attached to apo-B or other serum proteins present in the blood

15 with the degree of exposure to cigarette smoke. This integral of exposure will
allow analysis of exposure to first- and second-hand smoke. In effect, this test
would be similar to the hemoglobin A . test which gives an integral of the blood
-glucose exposure for the preceding 30 day period. It is interesting to note that the
levels of AGE-serum proteins and AGE-apoB in smokers are nearly the. same as

20 those seen in patients with diabetes [AGE-serum proteins 200-400 U/ml; AGE-
apoB 300 U/ml].

Example 5

To determine whether an increase in AGE-like immunoreactivity could be
measured after a defined exposure to tobacco smoke, blood samples were obtained

25 from a subject who habitually smoked. first after an 18-hour hiatus in smoking
behavior, and then after the subject smoked five cigarettes consecutively at the en;i
of the 18-hour hiatus. The degree of AGE modification of apoB was then

compared in LDL fractions from these blood samples, using a standardized



In a further test to determ ne whether reactive sugars, glycotoxins, etc.

are present i.,n tobacco snoke, and to deternm ne whether SuGhsosros26
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five ms of 0.02 hosphate buffer. This condensate extractwas filt'er
sterilized andpatificbinding taxactionawith ttho iramoptized anti- A GBfantibodies. 10 The
presence of glycotoxins in these extracts was then assessed in an AGE
formati on assay that uses anti-AGE anti bodies to detect the coval ent
attachnment of g . BNt N Sl : Lef
comercially g&?ﬁyég\@ggg\ﬁgﬁlb%&%@?g) '?ﬁl %@%ﬁgﬁgﬁﬁl?ﬁgﬁﬁ r%(paaier P%ndon
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procedur es outlGHedtibody, imBuy easecthe mmnocompkantibiody 445E is sumpbilizad loato the
extract-treat ggrfa(,:cgl cl:ta Dricro 4 éreglafél l%} ficubation at a titrated dilution, after which non-
specific binding is blocked by replacing the capture antibody solution with a2 1%
solution of BSA. LDL-enriched serum fractions (or appropriately titrated dilutions
15 of LDL standard) are then incubated in triplicate in the assay plates in a final
concentration of 0.05% SDS in buffer and incubated for one hour, at which time
the plates are rinsed and a titrated dilution of commercially available anti-apoB
monoclonal antibody/enzyme conjugate (in this case anti-apoB/horseradish
peroxidase (HRP) conjugate purchased from Biodesign International and used at
20  1:500 dilution) is added to detect any bound apoB. After a one-hour incubation the
plates are washed and a suitable chromogenic HRP substrate, such as o-phenyline
diamine (OPD) is added and, after an appropriate incubation period, OD is read at
450 nm versus a 570 nm reference wavelength. In general accordance with
principles well known in the art, optimal concentrations of various reagents (e.g.,
25 the coating antibody and the detector antibody) and the optimal pH, detergent
concentrations, buffer compositions, incubation periods, and other particular
features are varied one against the other in order to maximize the sample signal and
minimize interfering non-specific background “noise” in this sandwich-type

immunometric assay for AGE-modification of apoB.



were sequentially rinsed, exposed to the 43 nonocl onal anti-ACGE anti body,
20 rinsed, exposed to a commercially avail abl e goat anti-nobuse .
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appropriate chronogenic substrate (e.g. PNPP) to generate a signal
measured by optical density at 410 nm 40 which quantitatively reflects
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Example 6

To discover whether AGE levels in a readily sampled tissue or fluid compartment
reflect smoking history, Applicants examined serum samples obtained from

15 consecutive patients presenting for pre-surgical screening at the North Shore
University Hospital, Manhasset, NY. Some of these patients, by chance, were
smokers (Group 1), others were non-smokers (Group 2). In this survey, the patient
populations were not stratified or otherwise controlled for intensity of smoking,
sex, age, health, or other characteristics that might have accounted for some of the

20 variability in serum AGE levels. Serum AGE levels were determined by a
competitive AGE ELISA method using a monoclonal anti-AGE antibody to detect
AGE:s relative to a standardized preparation of AGE-BSA (as detailed above in
Example 1). Mean serum AGE levels were 200 + 80 for Group 1 (N = 16) versus
150 % 30 for Group 2 (N = 13). Comparison of this data set by t-test for

25 independent means revealed that this difference was significant at the 0.05
probability level.
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PCT/ US96/ 20528, paceo consumption, e.g. by smoking. Likewise. immunochemical de::)’tgction of
AGE epitopes on circulating and/or tissue proteins can be used to monitor the
course of treatment with agents of the present invention, which agents are directed
toward inhibition of the excess accumulation of AGEs through tobacco use by

15 reacting with AGEs in tobacco or tobacco smoke.

Various haptens, antigens, and conjugated immunogens corresponding to the
tobacco-related AGEs of the present invention can conveniently be prepared, either
by isolation of tobacco-related AGEs from tobacco or from tobacco smoke, for
instance by making an AGE-containing aqueous extract of tobacco or of tobacco

20 smoke condensate, as described above. This extract may then be used as an
immunogen to raise a variety of antibodies which recognize specific epitopes or
molecular features thereof. In a preferred embodiment, the AGEs of the extract are
considered haptens, which are correspondingly coupled to any of several preferred
carrier proteins, including for instance keyhole limpet hemocyanin (KLH),

25 thyroglobulin, and most preferred, bovine serum albumin (BSA), using any of a
number of well-known divalent coupling reagents such as a carbodiimide like EDC,
according to protocois widely circulated in the art. Irrespective of the source, the
tobacco-related AGEs whether alone or coupled to a carrier protein, and whether

pure or in partially purified form, may be employed in any well-recognized
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practiced in the art, and which describe conditions suitable for immortalization of
immunized spleen cells by fusion with an appropriate cell line, e.g. 2 myeloma cell
line. Said protocols for producing hybridomas also provide methods for selecting
and cloning immune splenocyte/myeloma cell hybridomas and for identifying

15 hybridomas clones that stably secrete antibodies directed against the desired
epitope(s). Animal species such as rabbit and goat are more commonly employed
for the generation of polyclonal antisera, but regardless of whether polycional
antisera or monoclonal antibodies are desired ultimately, the hapten-modified
carrier protein typically is initially administered in conjunction with an adjuvant

20 such as Complete Freund’s Adjuvant. Immunizations may be administered by any
of several routes, typically intraperitoneal, intramuscular or intradermal; certain
routes are preferred in the art according to the species to be immunized and the
type of antibody ultimately to be produced. Subsequently, booster immunizations
are generally administered in conjunction with an adjuvant such as alum or

25 Incomplete Freund’s Adjuvant. Booster immunizations are administered at
intervals after the initial immunization; generally one month is a suitable interval,
with blood samples taken between one and two weeks after each booster
immunization. Alternatively, a variety of so-called hyperimmunization schedules,
which generally feature booster immunizations spaced closer together in time, are

30 sometimes employed in an effort to produce anti-hapten antibodies preferentially
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gel [Nature 2zmumdrergdebacenyeipted fGE/KLH conjugate-immunized animal might be
tested against assays wells decorated with immobilized tobacco-related AGE/BSA

conjugate. Alternatively, the assay surface may be decorated by incubation with
the hapten alone. Generally, the surface of the assay wells is then exposed to a

15 solution of an irrelevant protein, such as casein, to block unoccupied sites on the
plastic surfaces. After rinsing with a neutral buffered solution that typically
contains salts and a detergent to minimize non-specific interactions, the well is then
contacted with one of a serial dilution series of anti-serum prepared from the blood
sample of interest (the primary antiserum). After rinsing again, the extent of test

20 antibodies immobilized onto the assay wells by interaction with the desired hapten
or hapten/carrier conjugate can be estimated by incubation with a commercially
available enzyme-antibody conjugate, wherein the antibody portion of this
secondary conjugate is directed against the species used to produce the primary
antiserum; e.g. if the primary antiserum was raised in rabbits, a commercial

25 preparation of anti-rabbit antibodies raised in goat and conjugated to one of several
enzymes, such as horseradish peroxidase, can be used as the secondary antibody.
Following procedures specified by the manufacturer, the amount of this secondary
antibody can then be estimated quantitatively by the activity of the associated
conjugate enzyme in a colorimetric assay. Many related ELISA or

30 radioimmunometric protocols, such as competitive ELISAs or sandwich ELISAs,
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sanples o (o) re tlon
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immunometric procedure in order to minimize non-specific signals in the assay and

to identify reliable determinations of antibody specificity and titer from false
positive and false negative results. The types of control incubations to use in this
regard are well known. Also, the same general immunometric protocols
subsequently may be employed with the antisera identified by the above procedures
15 (i.e., antibodies found to be of high titer and to be directed against specific
structural determinants of tobacco-related AGEs). Such latter applications of the
desired anti-tobacco-related AGE antibodies, whether polyclonal or monoclonal,
together with instructions and optionally with other useful reagents and diluents,
including, without limitation, a set of molecular standards of the tobacco-related

20 AGES, may be provided in kit form for the convenience of the operator.

Anti-tobacco-related-AGE antibodies generated as described, and particularly such
monoclonal antibodies, also find use in the identification, separation, enrichment
and purification of tobacco-related AGE epitopes. This may be accomplished by
techniques known in the art, for instance, by exposing preparations known to

25 contain the epitope of interest to immobilized antibodies specific for said epitope,
washing away unbound material, and then eluting the specifically bound material
and analyzing its chemical structure to determine specific molecular forms of '
tobacco-related AGEs.
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Resul ts collagen) surface on a convenient paper backing. Five mm circles are punched
from such photographic sheets, and several of these disks are then immersed in
10 solutions of tobacco extract or tobacco smoke condensate (prepared as described
above) that has been suitably diluted in an appropriate aqueous buffer (as described
above), with or without an AGE-inhibiting or AGE-reversing agent of the present
invention. Such experimental incubations are maintained, generally in the dark at a
controlled temperature between 20°C and 60°C, for a suitable time period which
15 may range from several hours to several weeks. At various times after the
incubation has been initiated, disks are recovered, observed for brown color and
photographed for record keeping. Attachment of reactive AGEs from tobacco or
smoke extracts causes the protein surface to become colored with yellow and
brown AGE pigments, in a manner analogous to the staining of skin, a mucosal
20 surface or the tooth pellicle of tobacco users. Prevention of the accumulation of
AGESs, as evidenced by the prevention of accumulation of yellow/brown pigments
with reference to control disks not incubated with the test agent, identifies AGE-

inhibiting agents useful in the context of the present invention.

In an alternative assay for AGE-reversing activity, protein-covered disks are “pre-
25 browned” by incubation with the diluted tobacco extract or tobacco smoke
condcnsaté extracts as described supra, and a candidate AGE-reversing agent of the
. present invention is added to the incubation solution for a further period of time.
Inhibition or reversal of the accumulation of yellow/brown pigments by test agents

of the present invention, by reference to control disks not incubated with the test



Aqueous extracts of tobacco and cigarette snoke contain glycotoxins which

pronote AGE formation in vitro. Initially, the water soluble reactive
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a PBS solution. In an attenpt to nore cl ose ate

whi ch | uh@ tussfldnimsordiopingeaivironmenjal shole expokae. experi ment al snoke
was permtted to conme into contact with the PBS in the bottom of the
flask, but not bubbled through the solution. Imrediately after preparation,
t he snoked-exposed PBS (cigarette srmlgga%ensat e) was added to microtiter
25 wells coated with collagen and al owe 0 react overnight. Like the
aqueous tobacco | eaf extracts, cigarette snoke condensate was able to

. rapidly indugg the . for i oan_of ,AGEs that were_recogni zed by the
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shown) dependent and could be inhibited in a dose- 30 dependent manner by
addi ng a solundedyinerthistaupal ccopnectinp rermeizringempletely kaewn.y Bogh chronic and

15 acute processes have been suggested to underlie pathogenic responses to tobacco
usc, but Applicants are the first to establish that tobacco consumption, particularly
by smoking, can lead to elevated AGE levels in blood and tissues. Noting in their
experiments that immunochemical staining with anti-AGE antibodies reveals that
the coronary arteries of smokers with vascular diseases are heavily decorated with

20 AGEs, Applicants also sought to confirm that chronic smoke exposure in vivo can

Jead to elevations in blood and tissue AGEs in a well-controlled animal model.

Using whole-body inhalation exposure chambers, six-week-old male and female
rats (e.g., laboratory strain F344) are exposed, for various lengths of time ranging
from a few weeks to 2 years, to an atmosphere of filtered air that is charged with a
25 . fixed burden of cigarette smoke particulates by dilution of mainstream smoke.
Exposure for six hours per day, five days per week, for instance, to such an
atmosphere carrying tobacco smoke at a level of 250 mg total particulate material

(TPM) per cubic meter results in tobacco smoke deposits equivalent to those in the
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welI's (data not shown) or by passing the snmoke through a colum of

am noguani di ne crystals (Figure 5C). Passi t he snmoke t hrough a control
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proteins 20 t]tht | | mar ks of reactlve reduci ng sugars is that they
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the suscepti blggftideds iRPRkInGT BHRstance, whole blood, are recovered and sampled for

anatomical, microscopic, and biochemical analysis such as quantitation of AGE

levels. In a preferred method, serum is diluted 1:5 in phosphate-buffered saline
15 (PBS) and Proteinase K is added to 1/100 the mass of total serum protein in the

sample. Serum proteins then are digested by incubation at 37°C, and Proteinase K

is inactivated by raising the temperature to 70°C for 1 hour. After a brief

centrifugation to clarify, the supernatants are collected and brought to 1 mM

phenymethylsulfonyl fluoride (PMSF) before analysis for AGE content by AGE
20 ELISA as described supra.

In preliminary studies conducted according to this procedure, serum protein digests
from rats exposed to cigarette smoke for periods ranging from 6-85 weeks showed
pooled mean (& std. dev.} AGE levels of 22.0 + 4.9 AGE Units/ml serum (N =
13), while control rats not exposed to cigarette smoke showed mean serum protein
25 AGE levels of 13.5 + 2.9 AGE Units/ml serum (N = 7). The above method also
provides a convenient assay by which to estimate the activity of agents and filter
devices of the present invention in inhibiting, preventing or reversing the
accumulation of AGEs due to tobacco consumption, as either the tobacco itself, the

primary or mainstream tobacco smoke, the smoke-laden atmosphere, or the smoke-
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i ncreased nutation rate. Simlarly, uses exposed to high bl ood
sugar concentrations due to maternal di abetes exhibit a doubl ed
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In order to assemble the cigarettes for this test the following items were placed into
10 a standard hand-held cigarette roliing machine, a standard commercial filter (cut off
from a Marlboro light cigarette), 500 mg of aminoguanidine or an equivalent
amount of sodium chloride, and a 3 cm length of a commercial cigarette in its
original paper. The items were then bundled together using a piece of rolling
paper. Rerolled cigarettes with additional filter material were indistinguishable

15 from each other by sight or touch.

In order to conduct the test the examiner.assembled pairs containing one of each
type of cigarette (i.c. aminoguanidine or salt) and marked one of the pair with a
small yellow dot. The cigarettes were then placed in a #10 envelope along with a
smaller sealed envelope that contained the code (i.e. which cigarette had the yellow
20 dot). In half of the envelopes the cigarettes with the aminoguanidine filter-add-in
were marked with a yellow dot and in the other half the cigarettes with the sodium

chloride filter-add-in were marked with a yellow dot.

Ten test subjects (including heavy smokers and occasional smokers) were each
individually given one of the envelopes described above and asked to state their '
25 impressions of both cigarettes. Subjects responses were recorded by the examiner

who then opened the inner envelope to reveal the code.
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G ycotoxins pronote the formation of AdEmpde dbrum proteins in vivo.
The possibility was next investigated that the reactive glycotoxins or AGES
could be absorbed in vivo follow ng exposure to cigarette snoke by
exam ni ng t he This example demofistidssthathihe phrtotoxin ( AGE) eamsedl iltgpriotblens as a
surrogate marker for, 5 tot El body burden. . .

10 prevent cigarette smoke from Staining of protein-coated surfaces. In this example

microtiter plates coated with collagen were used. but the findings applied to any

protein-coated surface such as teeth, nails or skin.

Test cigarettes containing aminoguanidine or sodium chloride filter-add-ins were
prepared described in Example 4 and smoked in the apparatus also described

15 therein. Five mls of PBS were placed in a 25 ml glass erhlemeyer flask with a
sidearm and 20 cigarettes with either of the two different types of filter add-ins
were successively mounted in a 500 ul pipette tip that penetrated the hole in the
stopper of the flask and burned. Approximately 20 mm Hg was applied to the
sidearm of the flask to draw smoke into the flask and into contact with the PBS.

20  After all 20 cigarettes were burned, 5 additional mis of fresh PBS were added and
then 2 mls of the mixture was added to each of three wells in a 6-well plate. Each
6-well plate had three wells with PBS exposed to smoke from the cigarettes with
the aminoguanidine filter-add-ins and three wells with PBS exposed to smoke from
the cigarettes with the sodium chloride filter-add-ins. Plates were incubated for 48

25 hours at 37°C in the dark. Wells were then washed 6 times with 'PBS containing
0.05% Tween-20 and the color in the bottoms of the wells was compared. The-
color remaining in the wells was the colored AGEs that formed as a result of the

interaction of the glycotoxins and/or reactive AGEs and the collagen-coated wells.
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following concentrations of aminoguanidine: 10 mg/ml, 1 mg/ml, 0.1 mg/ml. After

spraying, leaves were wrapped in aluminum foil and incubated at 37°C for 7 days.

Leaves were then rolled into cigarettes and smoked in the water-pipe device of

Examples 3 and 4, described supra. Glycotoxin content was then measured using
15 the in vitro AGE formation assay also described supra. As presented in Figure 9, a

dose dependent reduction in glycotoxin content was observed.
Discussion

The foregoing disclosure and examples demonstrate the relevance and role of the
biology and chemistry of protein glycation that has been elucidated earlier, with

20 respect to the organoleptic properties and pharmacokinetics of tobacco treatment
and consumption. Accordingly, since many of the vascular complications
associated with cigarette smoking are also seen in diabetic patients who have high
circulating and tissue bound AGE levels, the possibility was investigated herein that
cigarette smoking promotes AGE formation. More particularly, the data presented

25 herein includes the most recent showing that demonstrates and illustrates the '
presence and activity of a group of agents that are defined herein as glycotoxins.

Both aqueous extracts of tobacco and cigarette smoke contain glycotoxins, highly
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removed or quenched by aminoguanidine. Glycotoxins are probably a product of

the rearrangement of products formed during the Maillard reaction which is

initiated during the tobacco curing process. The instability of the glycotoxins
20  during isolation implies that they and other Maillard products, which likely are

responsible for the aroma and flavor of smoke, are constantly being formed and

lost as the tobacco is cured and then as it ages.

The formation of AGEs in vivo by tobacco glycotoxins, may be in part responsible
for the increased incidence of atherosclerosis in cigarette smokers. There is

25 abundant in vitro and in vivo evidence that AGEs play a role in the pathogenesis of
atherosclerosis: (1) AGEs have been shown to crosslink connective tissue collagen
which serves to increase connective tissue rigidity. (2) Collagen-linked AGEs serve
as reactive “foci” to covalently trap circulating serum proteins, such as lipoproteins.

(3) Binding of an endothelial cell’s AGE receptors will increase vascular
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10 been linked to the accelerated vasculopathy of end-stage diabetic renal disease. (7)

Exogenous AGE-modified albumin injected intravascularly into normal young rats
and rabbits causes vascular alterations similar to those seen in animals with age-
and diabetes-related vascular disease. Animals injected with exogénous AGE
albumin show increases in vascular wall permeability, increased mononuclear cell

""" 15 migratory activity in subendothelial and periarteriolar spaces and defective blood
pressure response after challenge with acetylcholine and nitroglycerin. [Vlassara et
al PNAS 89:12043-12047, 1992]. It is rcasonable to expect that the AGEs formed
by the reaction of glycotoxins with serum and tissue proteins would have the same

activities as the previously described AGEs.

20 Glycotoxins may also contribute to the increased incidence of cancer in cigarette
smokers. In addition to reacting with amino groups on proteins and lipids,
reducing sugars can also react with the amino groups of nucleic acids. /n vitro the
incubation of either DNA or single nucleotides with reducing sugars produced
absorbance and fluorescence changes similar to those observed for the AGE

25 compounds bound to proteins and lipids. The incubation of bacterial plasmid DNA
or mammalian shuttle vector DNA incubated with glucose or glucose-6-phosphate
displayed considerable increase in mutation rates. (Bucala et al, 1984, PNAS 1984,
81:105-109; Bucala 1985, PNAS 82:8439-8442; Lee AT and Cerami, A. 1987,
PNAS 84:8311-8314). Since the previously studied reducing sugars are unable to

30 cross the bacterial cell membrane, they do not cause mutations in bacteria if they
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directed mutagenesis marker, were transplanted into the uteri of streptozotocin-induced

diabetic and control surrogate mothers. The lacl mutation frequency was
significantly higher in the DNA from the embryos transplanted into the diabetic

15 mothers than in those transplanted into control mice.

Mammals with diabetes do not have a demonstrable increase in any type of cancer
even though they have elevated serum glucose levels. Glucose does not freely
enter mammalian cells; it requires the presence of insulin to stimulate its transport.
Therefore in adult mammals, the intracellular glucose concentration is independent
20 of the serum glucose level. It is important to note. however, that glycotoxins are
far more potent than glucose. Like glucose and glucose-6-phosphate they can cause
insertion and/or deletion mutants in an aminoguanidine-dependent manner, but

unlike these other reducing sugars, glycotoxins can readily cross cell membranes.

In summary, our findings argue that glycotoxins, found in cigarette smoke, are
25 responsible in part for the increased rates of atherosclerotic vascular disease and

cancer seen among cigarette smokers. During the process of smoking, high

concentrations of glycotoxins are inhaled into the alveoli where they may be both

absorbed into the blood stream and taken up into the lung parenchymal cells. Once
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1 4. A method for measuring the age and storage status of tobacco comprising
2 measuring the presence and amount of advanced glycosylation endproducts (AGEs)

3 in tobacco.

1 5. A method for determining the organoleptic potential of tobacco comprising
2 measuring the presence and amount of advanced glycosylation endproducts (AGEs)

in the smoke produced from the combustion of said tobacco.

1 6. A method for measuring the age and storage status of tobacco comprising
2 measuring the presence and amount of advanced glycosylation endproducts (AGEs)

in the smoke produced from the combustion of said tobacco.

I 7 A method for measuring the commercial value of a particular tobacco c'rcp

2 comprising determining the organoleptic potential of tobacco and measuring its age

M
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comer ci al | b8} Qe ti body
ort i on bf M o A AEUEL Qe e Uod AROUAT Far MR LDV, ¢
used to pr odmlpeochms @:GBsa)riyx an mdlvaduaﬂ sdhousmoles gobacto,t domppisimg@r y anti serum

- i sed i bi t t. f bpi t
Nt bodi 5o 1 ai ol i n Baleing A HRPSALTe Hogh stigAndgiAyan said Elologies) ros
such as horgey éﬁg'séﬂéctﬁérffafﬁ%?égmbg%@ngﬁx BS68samt BAIVACGARE ahd faRt; Rrdy -

Fol | owm ng procedures specifie t he manufacturer, the anount of this
secondar¥y B. examining said sample for the presence and amount of said AGEs.

—

11. A method for the generation of antibodies enriched for reactivity with

2 advanced glycosylation endproduct (AGE)-like moieties present in tobacco and its
3 combustion byproducts including tobacco smoke, comprising immunizing animals
4 with an immunogen selected from tobacco; tobacco smoke; the extracts thereof;

5 carrier proteins derivitized with any of the foregoing; and haptens thereof,

6 optionally using a bi-functional crosslinking bridge reaction.

—

12.  The tobacco-related advanced glycosylation endproducts that bind to the
2 antibodies of Claim 11.

1 13. A method for lowering the accumulation of advanced glycosylation

2 endproducts (AGEs) in an individual who uses or smokes tobacco, comprising
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: i Replaced . o
anti body can then beT Y aCt?tatlvely by the activity of the
assoct at edwgq 97/23660) U “i a colorinetric assay. Mayra$deRoss
ELI SA or 30 radi oi col s,spuch as conpetitive ELI SAs or

sandw ch ELI SAs, WD 97/ 23783

PCT/ US96/ 205@€ating the individual by administering an inhibiting amount of an agefif that is @l |
of which are well known in the art, may optionally be substituted, to
i dentify 4 capahie oferspeting withi gl¥gosylation ipgeducts tor countesactithe formatioarandérl ar

anti sera whi Y e . |tive result at high dilution (e.qg.
greater tﬁgng%lf‘%ﬁﬁgs %‘r;\ty#n?fesaﬁ?e £l y greater t han 1/ 10, 000). 5

Simlar imunonetric protocols can be used to estimate the titer of

anti bodies in cul ture supernatants from hybridomas prepared from
spl een cell sl4f i dniethoddfor inhibising the gccumnlation: pbadvaneed glyagsydatidnser a or

hybri doma, supeyr nat an il | Lable to . _epploy a variety. .of. control
i ncubat Fg%s, gréd.’p&)&%t{ EA(&F‘%* iéejaé%ﬁocg}erll‘sg rorp%ofkél%g?%bé in@n indivigual who
struct urag| yugts St tdbaben contprizingatiédtingnthie tetided® With A hhitsHih® W duBRBERES 1N
the 10 immunonetric procedure in order to mnimze non-specific signals in
t he assay#4anegent thatiip capablp pf (eagting witheglyeasylation produsts tof countaraesdheir

speci fici Ly Po@gxa 'bﬁ%dfo?% e%&lo?x?a tivi 8?§£B'%§E§md fal se negative results.
The types™ of control I ncubations £ L%e in this™ regard~are well known.
Al so, the same general immunonetric protocols subsequently may be

enpl oyed with the_antisera identifjed by the above procedures 15 (i.e.,
anti bodi ek fbund e eetaed pf githerjafdrlabmsi13 or 14, wiheren said agemtnistreagiivei f i ¢

of the o2 “GhfidR QR By Sosy TR ald P doalPrRlecicd iy A ERIupARRSISHRE) 007
or nonocl ®nadf aminoguhsigizieh agonists, analvgh) cotigendrs, coptatepahd ndibdiys thiekdofOhddr

useful reagents and, dil yents,
4~ mixtures thereof.

1 16. The method of either of Claims 13 or 14, wherein said agent comprises a

2 compound that participates in the formation of products of formula I or Il

CH, R/ oH
O’( o) N~R
'0 N-R o Te)
OH HO CH R/
HdOH g
I 1]

wherein R is the residue of an amino-containing peptide, protein, or other
biomolecule which products arise by reaction of the glycosyl-amino moiety of the
early glycosylation product (also known as the Amadori or Heyns product) formed

by the reaction of glucose, or other reactive sugars, with said biomolecule, wherein

~ N W

said agent contains a reactive aldehyde group.

1 17.  The method of either of Claims 13 or 14, wherein said agent comprises a

2 thiazolium compound having the following structural formula:

L]



including, without [imtation, a set of nolecular standards of the
tobacco-related 20 AGES, nay be provided in kit formfor the conveni ence

of the opwoR7R3783 Anti -t obacco-rel at ed- AGE ant i bodi ePIN62PRE as
described, and particularly guch norsgcl onal anti bodi es, also find use
in the identificationy separ@tion;s enri chnment and purification of

t obacco-r¥el at ed AGE ' TN his may be acconplished by (III) techniques

known in the art, for,inst né Hy exposing preparations known to 25
contain the epitope 812 rTit e t to immobilized antibodies specific for said

epi tope, 4 whetas m'%danaxreqaawgﬁ.g@ ea%&éd ﬁ%ﬂptﬂefﬁﬁuﬁky&m@g ‘f}ﬁt e to

specifically bound nateri al analyzing i1ts cthem ca
det er mi né spadidgen, hydroxy(lewerladkyls acdtoxy(loweriabad c pwee lalityd dlo@Eslkenyl, or WO

?,Z;/T,Z ?Jggg 50 gz' a@nd R? together with their ring carbons may be an aromatic fused rings

Exanpl e ; ittt ; b bk % nhi biting
and AGE- ?’evgpg??%lﬁgaieur%{ls bii%g? %?hig&gﬁleﬂé}gﬁ't h%l?}\k}ié%ﬁygﬁxe%ﬂgﬁgr eveﬁnsf t he

di scol or @t i on of Zischyirngonomnars amime grouptich as t hat which occurs on
t he toot surfac%{or on the skin g}rﬁ]?uco?al surfaces of 5 snokers, the
fol | owi ng surface’ Bt BRHIHG ERPR AL IO er f or med. As a substitute

for sking nmucosa or the pellicle-covered tooth surface, unéXposed and

devel oped phot ographi c paper is used to provide an inmobilized protein
(gelatinli.e., col | agenf, surface on a conveni ent paper backing. Five
mmcirclgs are punched Q& such phot ographi ¢ sheets, and several of
t hese di'$ks are then i mersed3dn

13 wherein R is a lower alkyl, alkoxy, hydroxy, amino or an aryl group, said

14 aryl group optionally substituted by one or more lower alkyl, lower alkoxy, halo,
15 dialkylamino, hydroxy. nitro or alkylenedioxy groups;

16 a group of the formula

17 -CH,R’

18 wherein R’ is hydrogen, or a lower alkyl, lower alkynyl, or aryl group;
19 or a group of the formula

20

21 OR"

22 -CHZ\ —\N—R”’

23 wherein R" is hydrogen and R’’’ is a lower alky! group, optionally

24 substituted by an aryl group, or an aryt group, said aryl group optionally substituted
25 by one or more lower alkyl, halo, or alkoxylcarbonyl groups; or R" and R’ are

26 both lower alkyl groups;

27 X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion;

28 and mixtures thereof.

1 18.  The method of Claim 14, wherein said tobacco or smoking material is

2 treated by contact with the agent.

L L L



10 sol utions of tobacco extract or tobacco snoke condensate (prepared as
descrt bed Wo,,,?ﬁgye) that has been suitably diluted in an apEf/ORSdAtR
aqueous buffer (as described above), 5yylth or without an ACGE-inhibiting
or ACE-reversing agent of the present i nvention. Such experi nental

I ncubati ons e gl , | Yokl . optrolled

t enper at u?e ggt mengt;lﬂkz Fglrgg] (E%;E@ﬁ 28[ gvrhrk%é Qﬁg%@éﬁgﬁﬁcgﬁ BOpY ?ﬁeﬁjﬁeri od whi ch
15 may range combusti®yef sdid hehacso oo shekinganateriglss. At various times after

t he i ncubation has been initiated, disks are recovered. observed for
brown col or and phot ographed for record keeping. Attachnent of
reactive AGEspfro [CVai S ; ; h 0,
urface t basons mu esgd o Glaim 185 ARER I Hh 26hBeCBURER ity BhtSidbing
manner and ogiseisombustiva oft aidiobgeaf ostmoking materdslal 20 surface or the
tooth pellicle of tobacco users. Prevention of the accunul ati on of

ACEs, as evidenced by the prevention of accunul ation of yell ow brown

pi gnent s W t : t | sk ' A he test
Dgent i ddnt P s AEEEHAS, CIRng 19 Whkrchh 453 cflect BEEPbE Soblitioh M R
present i 2veagemndirectly to saidrtobaccal griznrtatthey essambhy of suid AGHacte sfiokinzg
activity, protein-covered disks are "pre- 25 browned" by incubation with
the diluted 0 ¥ extract or tobacco snoke condensat® extracts as
descri bed supra, and a candi date AGE-reversi ng agent of the pr esent

I nvention is added to the incubation solution for a further period of tine.
| nhi bi ti ol o22r evé&ftranethbd tofiClaine i ivhatietm said cpaiatOvddurobn thie passagesodthet est
Aget S et 2vi okl B Bomb R s i et SHIBEE rhefertll birdbgt s Hilr ™"
PCT/ US96/ 305¢%-dium containing said agent. _ 46 _
agent, identifies candidates particularly suitable for use as AGE-reversing
agents in

1 23.  The method of Claim 22, wherein said filter medium comprises a porous
2 material containing a quantity of said agent uniformly therein, and said agent is

3 disposed for contact with the smoke that passes therethrough.

1 24. A device serving as a dosimeter for determining and monitoring the

[0S

presence and level of AGEs or their precedent glycotoxins or glycation
intermediates present in or derived from tobacco and/or its byproducts, said device
comprising a substrate or carrier phase, and a quantity of glycation target molecules
fixedly associated therewith and adapted to react with any AGEs, glycotoxins or

othe reactive glycation intermediates present a sample material suspected to contain

~ & Wn bW

same.

Syt

25.  The device of Claim 24, wherein said sample material comprises
2 atmospheric air suspected of containing AGEs or other AGE-precedent glycotoxins

3 derived from tobacco smoke.
1 26.  The device of Claim 24, wherein said substrate is a solid having a surface

This Sheet Has Been Reﬁaced T — o
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t he context of the present invention. AGE-inhibiting and AGE-reversing
agents so identified are particularly suitable for fornulation as an .
oral rinseew3ass a dentifrice to prevent or reverse ROT/ESH6208%6¢e
tooth staining and pignmentation of otherep5 oral surfaces that occurs in
conjunction with tobacco use, whether orally as with chew ng tobacco
and snuf 2, edapigd $orodipogurasto saidisanipde oeitérizs, andi gid AGE cargétiRolecules afghacco.
Test agents with activity in this protein-browing assay may al so be

fornul at dd iRMedHIzed AN saidsutacent s or the like for use on the stained-hands
and fingers of tobacco snokers. This nethod al so exenplifies a nethod
of dosimetry 10 wuseful in nmonitoring environnental snoke exposure.

Exanple 9 27. ThAetdevighofcChpim 24t evhensik isaid uamompﬂ:akeyccanpﬁmedh@.ﬁdamdi sk

L?Stegéefﬁrtcar A BB arest el “?ﬁ”%%htr%%? dheiny PEAEOY AR e PAI &2 on
remain ' ds%hl hit gl‘m:ax Jid GhtRdY dﬁgaﬂ@Egires Sulﬁrtfécﬁﬁé g& r%%%’ Gidheen

suggeste at hoge |c responSes to"tobacc

Appl i canus emd AGE thrges mdlecudest abl i sh t hat tobacco consunpti on,
particularly by snoking, can |lead to el evated AGE |l evels in blood and
tissues. Noting in their experinents that immunochem cal staining with

anti - AGE anﬁSbOd'A?SItEPY&atlrépﬂnkE‘End remoﬁﬁlgmﬁsomme@m% fSediint STOKEr s with

vascul ar d| seases are heavily decorated Wwth S, plicants al so
sought t@ cglybomnmsmnmmhacsmuhekepmedlﬂereﬂrough@on@msmg a pbmsl to

el evations in od and tissue avveJI- rol | ed anj nal

Usi ng whdl e‘-'"&b‘ﬁ?? CRRWRS Brﬂuéﬂﬁﬁ’%:}f@ agez faifam 3% T SPRtagh Wi ferral e
rats (e.g. 15&1@?5’N@B&E% s’%‘id %géht':s%éﬁabi?cr@f &&aﬁ@edszgwwyﬁahw§rd&e&tﬁs of
time ranging froma few weeks ears, to an atnosphere of filtered
air that3i scoergetlAGE formagién mdéoedebcm achvityi obsaid GBsoke particul ates

by dilution of mainstream snoke. Exposure for six hours per day, five
days per week, for instance, to such an at nosphere carrying tobacco

snoke at ja bavel Abystah oD filtefing tdbattd SMbRE & Bl {halformatior &RMedReé tigeubi C
nmeter results int obacco snoke deposits equivalent to those in the

2 -amount and activity of advanced glycosylation endproducts, said system comprising

3 a filter in accordance with Claim 28 associated with a source of said tobacco

4 smoke.

1 30. The system of Claim 29, wherein said source of tobacco smoke is a
2 cigarette, and said system comprises a filter fixedly attached to said source and in

3 axial alignment therewith.

31. The system of Claim 29, wherein said source of tobacco smoke is a pipe,
2 and said system comprises a filter disposed in fluid registry with the stem of said

3 pipe disposed between the mouthpiece and the bowl containing said tobacco.

This Sheet Has Been Re laced
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WD 97/ 23783

PCT/ US96/ 2

ai rways of Qﬁﬁ?;l%?sgnoki ng five packs of cigarettes per day. Kscqiéjesg?:’%‘f%%d
nor e fully in published procedupggs (e.g., J. Chen et al., 1989,

I nhal ation Toxicol. 1: 331- 347), mainstream snoke is generated from
type IR3 non-filter research cigarettes (Tobacco Health Research
Institute; Lexington, KY) using continuous snoking 5 nmachi nes. Control
animals are identically housed but exposed to the filtered ai rstream

only, without cigarette snoke. Snoke exposure |evels are determ ned by
reference to gravinetric analysis of filter sanples taken fromthe exposure
chanbers. The chem cal and physical characteristics of this snoke-exposure
at nosphere have been described in detail (vide supra and J. Chen et al.,

1992. J. 10 Aerosol Med, 5:19-30). After the desired exposure
period, test aninmals are sacrificed and vari ous organs and tissues
i ncluding, for instance, whole blood, are recovered and sanpled for
anatomical, nmic opi ¢, and biochemi cal analysis such as quantitati @ of
AGE | evel s. a prefefred nethod, serumis diluted 1:5 in °’
phosphat e- buf f erggpysal i ne 15 (PBS%ELM.&L.D&SLK_LS..&Q.@d to 1/ 10@ t he
mass of total s nprote'in in the - sanple. Serumprote#—ns t hen ge
di gested by inc .| on. a>37[err] Cl and Prot:ei nasée |nact|v§ ed by
raising t ;terrp fO[err] € for 1 hour.. Aft A0
centrifugdfion t qFf he super nat ants ‘are col -‘&°broughtoto 1
vl phenyne sul f fluoride (PI\/BF) before anal y5| s|for AGE d.ontent
by AGE 205 ELI ﬁ i bpd supr f. : A
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In prelimnary studies conducted according to this procedure, serumprotein
di gests fromrats exposed to cigarette snoke for perigeSussngs2wsg from
6- 85 weekgo shreanesl pool ed nean ( std. dev.) AGE levels of 22.0 4.9 ACE
Units/'mM serum (N = 13), while control rats not exposed to cigarette
snoke showed mean serumprotein 25 38 |evels of 13.5 2.9 AGE Units/m
serum (N = 7). The above nethod al so provi des a conveni ent assay by
which to estinate the activity of agents and filter devi ces of the
present invention in inhibiting, preventing or reversing the

accumnul ati on of AGEs due to tobacco consunption, as either the tobacco

itself, the primary or mai nstream tobacco snoke, the snoke-I| aden
at nosphere, or the snoke- WO 97/ 23783
PCT/ US96/ 20526 48

exposed ani nal g,,nmay pe treated accordin 0 the present invention, and the
ti ssues aMg bl opd:of the test ani Is'"'_thé\b ¢xam ned to determne the
degree to whi AGE | i accunul ation thergbyghas been dimi ni shed,
prevented or r &er sef )y conparison to u>_<1 umreat ed or unexposed contr ol
1
n renoval filter also

sanpl es. 5 Exanmpl e 10 The
g.cxi
' 5, and in particular,

foll owi ng exa cdemrgstrat es that the
I
8 Hitel fromthe taste of cigarette tobacco snoke resulting

renoves the

i mproves the ngl eptii ¢ potential of
In a "snoot her el

(Sheet 2 of 14)

Smoke-exposed

Figure 2
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In order to assenble the cigarettes for this test the following itens were
pl aced i nt owk®d97/23783 andard hand-hel d cigarette rolling machi ne, a standard

commercial filter (cut off froma Marl boro |ight cigaret?%&@mgﬁﬁsﬁb of
am noguani di ne or an equi val ent anHqt of sodiumchloride, and a 3 cm
|l ength of a comrercial cigarette in its original paper. The itens were
t hen bundl ed together using a piece of rolling paper. Rerolled
cigarettes with additional filter material were indistinguishable 15 from
each other by sight or touch. In order to conduct the test the

exam ner assenbl ed pairs containing one of each type of cigarette
(i.e. am noguanidine or salt) and marked one of the pair with a snal

yel low dot. The cigarettes were then placed in a #10 envel ope along with a
smal | er seal ed envel ope that contained the code (i.e. which cigarette had
the yellow 20 dot). Ip hialf of the envel cigarettes with the

am noguani di ne f+lter-add-in wer e a yellow dot and in the

Figure 3

other half the gygarettes with the sodiu £ Lnhloride filter-add-in were

marked with a y&p}ow dopt.: Ten tes{ s@bj &ts$ (including heavy snokers
and occasi onal $Uokers) were each i ndifi d@l Iy given one of the

envel opes descrrfed above and asked to stat® tfjeéin 25 inpressions of both

cigarettes. Subjgcts responses were recofd by. t he exam nek whoh t hen
opened the_ i nne™envehoped to reveal the ‘ WD 97/ 23783 S

PCT/ US96/ @526 & @ 49 5 Al
10 subjechsqagr%éd tﬁ%i tthe both cigarettes "tasted like a cigarette<
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ten subjects were able to distinguish a subtle difference between the two
cigaretteg, ﬁ?d all felt that the cigarette containi ng pd¥useszo526
Jane % [

am noguani ter-add-in provided snoke with less "bite" or were a
"snoot her snoke." One subject stated "It| 5 snoother the way an ol d red
W ne is snoother than a young one". 41/ %l ght subj ects who were able
to distinguish between the two cigarettes preferred the one with the
am noguani di ne filter-add-in.

Exanple 11 Thi s exanpl e denonstrates that the gl ycotoxin (AGE)
renoval filter is able to 10 prevent cigarette snoke from staining of
protein-coated surfaces. In this exanple mcrotiter plates coated with
col l agen were used but the findings applied to any pr ot ei n- coat ed
surface such as teeth, nails or skin. Test cigarettes containing

am noguani di ne or sodiumichloride filter-add-ins were pr epar ed

described in Exanple 4 ahd snoked in the apparatus al so described 15
therein. Five nl® of |PBS|were placed in a 25 ml glass erhlemeyer flask with
a si dearmlddd 2Q cifarettes with either of the two different types of
filter add-ins reisuccessively mounted in a 500 ul pipette tip that
penetrated the le ijn the sTopper of theftask—and—bur ned.

Appr oxi mat el y nm WAS a5pI|ed to the sidearim of he flask to draw
snoke into the fyask [and|intp confact with the PBS. 20 JAtrer all 20
cigarett mereggPQﬁ d, b adflitional nis of:fresh PESESEEE odded and

then 2 of t ture wap added to: each: of threﬁ . a 6-well

pl at e. E&ch +36-de! | bl at g had: threke wells with M psed to snoke
from theugi garefykeg Wi th t he: am noguani di ne: fil ter-adp |n§_and§?hree

wel I's witH PBS p dteé smakef:rom : t he cigarettes Wth tBe sadli um
chl onde.,\.fulter- ddBins. i Pl ajes were i ncubat ed for 48 25 ét [err]C
in the dark. re thenjwashed 6 tinmes: wth: PBS contaj ni ng
Tween-20¥nd the,cdkar i h the bottons of the D

4
col or remgi ni ng¥n-Ehe well sywas the col ored
of the & int %ion O

col | agenUaoat edepela s,

947-1-012 PCT
Aminoguanidine Concen

Effect of Aminoguanidine on Cros

3

A e s.d.
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WD 97/ 23783

PCT/ US96/ 20526 s96r20526 Vel | s
i ncubat ed WPM2PH3 exposed to snoke fromthe cigarettes with the sodi um
chloride filter-add-ins appeared brown in color while the wells incubated

wi th PBS exposed to snoke fromtheygagarettes with the am noguanidi ne
filter-add-ins were not col ored. 5

Exanpl e 12 Sprayi ng tobacco wi th am noguani di ne el im nates

gl ycot oxi ns In this exanple, tobacco | eaves are treated with

am noguani di ne, an inhibitor of AGE formation, and it is observed that
gl ycotoxins are unable to pronote the formati on of AGE nolecules in
vitro. Loose tobacco | eaves equivalent to the 10 anount in 5 cigarettes
were sprayed with 5 ms. of a solution containing the fol |l ow ng

concentrations of am noguanidine: 10 ng/m, 1 ng/m, 0.1 ng/m . After
spraying, |eaves were wapped in alum numfoil and incubated at 37[err]C

for 7 days. Leavés were then rolTed rnto crgaretjes and snoked in the
wat er - pi pe devi ce of Earptes—3—anre—4—deser-bed] supra. d ycotoxin
content was then neasyr¢d using 15 the in vitro AGE fordation assay al so
descri bed supra. As pfesented Tn Figure 9, a ao dependent reduction
in glycotoxin content|was observed. -
Di scussi on
_ O
<*
v—
°
L
0
pd
L
Q) .
= W v 5
<
@ Y O
N —
4] =
55 0 A=y
> e
x g
= 0
Q <
v
]
3 o
8)

0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0



The foregoing disclosure and exanpl es denonstrate the rel evance and rol e of
t he bi PHas d chem stry of protein glycation that has been )
eluci dated €arTi@ér,” with 20 respect to the organol eptic proB&T{ySa620536
phar macoki neti cs of -tobacco treatnment and consunption. Accordingly,
since many of the vascular conplication$/14 associated with cigarette
snoki ng are also seen in diabetic patients who have high circul ating
and tissue bound AGE | evels, the possibility was investigated herein that
cigarette snoking pronotes AGE formation. More particularly, the data
presented 25 herein includes the nbst recent show ng that denonstrates and
illustrates the presence and activity of a group of agents that are
defined herein as gl ycotoxins. Bot h aqueous extracts of tobacco and
cigarette snoke contain glycotoxins, highly WO 97/ 23783

PCT/ US96/ 20526 51

reactive reducing sugars or glycation internediates that can rapidly induce-
AGE formation on proteins in vitro and in vivo and cause DNA
nmutations in vitro. Both of these activities can be renoved fromthe
sanpl es by passing the snoke through a dry colum of am noguani di ne,
a potent and specific inhibitor of the formation of 5 AGEs.

G ycotoxins fromcigarette snoke have a nunber of unique characteristics

whi ch di stinguish themfromthe previously studied reducing sugars,
gl ucose a;?-glucose- 6- phosphate. Forenost is their extrene
reactivity:, In marked contrast to glucose or gl ucose-6-phosphate both
of which have been reported to take days to weeks to
Yy
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10 induce neasurable ACE formation, tobacco-derived glycotoxins can induce
AGE . f QU Bhsogy i n hours. Wile nost reducing sugars. SuUAMCHESHI20Es e,
require transpor to gain access to the cell cytoplasm gl ycotoxins
appear to readily cross cell menbr of bacterial cells. In

addi tion, glycotoxins can be absorbed through the |l ungs fromcigarette
snoke and in turn react with serumproteins in healthy people. 15 Al though
we have not determ ned the chem cal structure(s) of glycotoxins, we can
surm se that they have carbonyl groups and probably dicarbonyls since they

are renoved or quenched by am noguani dine. G ycotoxins are probably a
product of the rearrangenent of products fornmed during the Miillard
reaction which is initiated during the tobacco curing process. The
instability of the glycotoxins 20 during isolation inplies that they and
other Maillard products. which likely are responsi ble for the aroma
and flavor of snpke, are constan 0 and oSt as 1 he
tobacco is cured and then as it : The formation off AGES |n vivo

by tobacco gl ycotoxins, may be i for tlhe incfeased

I nci dence of atherosclerosis in ' 5 abupdant in
vitro and in vivo evidence that . genesi § of

at heroscl erosis: (1) AGEs have ive tissue
col | agen whi ch serves to i dity. {2)

Col | agen-ddinked ACGEs serve tly trap
circul at i% serum proteins, such] as | . ndi ng §f an
endot hel i cell's AGE receptorst will increase vascul ar WO 97423783

PCT/ US96/:420526

perneabi | Ry, decrease synthesis} of the anti-coagul ant thro
| ncr ease ~
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synthesis of the procoagul ant tissue factor. (4) Tissue bound AGEs can
chemcally yench cell-derived nitric oxide activity t
|nh|b|t|nd”9ﬁ@aﬁﬂ?rlc oxi de- depgpggnt vascul ar reIaxaPegﬁEW?%SnG
nodi fication of am ne-containing 5 phOSphO|IpIdS has been shown to

DL roceptors, and | S4dmbel b RbrFohaglSheat o OF 14bcepors,

Li pi d-1 aden vascul ar wal | nacrophages are the characteristic foamcells
commonly found in the fatty streaks and other lesions typical of early

at herosclerosis. (6) Markedly el evated vascul ar tissue and circul ati ng AGEs
have 10 been linked to the accel erated vascul opat hy of end-stage di abetic
renal di sease. (7) Exogenous AGE—nDdified al bumi n injected

i ntravascul gsrebtieite Sistiiossdpy of Ritive W
alterations simlar to those seen in anlnals w th age-

di abetes-rel ated vascul ar disease. Aninals injected with exogenous AGE

al bumi n show i ncr ed#8@ TS T » prin ] agsed nmononucl ear
cell 15 mgratory actifjvity in subendothelial and perlarterlnlar spaces and
defecti ve bl ood pjessure response after hal | enge wi th &cetyl choline
and nitroglycerin. assara et 3 MAS S9T1R043-12047, §1992]. It is
reasonabl e to expect that the AGE#FTor nmed by the tT¢n of

gl ycotoxins with s miand tissye proteins woul d have the sale

activities as th@ previjously gescri bed ACEs. 20 dycotoxigs may al so
contribute to th& i ncré¢ased A ncidence of cancer in cigarette snokers.
In addition to reacignd W¥h ami no groups on proteins and |ipids,

reduci ng sugars n al 30 yeact with the am no groups of nuclg¢ic acids. In
vitro the i @ubatifofof either DNA or single nucleotide$ with reducing
sugars produced & 80aksgrbance g grescence changes similar to those
observed for the 8GE 2% f conpaufids bound t o plotethe—ard |p|ds The

i ncubation of bagerialfnl a d DNA or mammual i an shuttl ¢ vector DNA

i ncubated with gl c 80 ) 8l ucose- 6- phosphat e di spl ayed{consi derabl e

increase in nmutag on rgtes. (Bucala et al, 1984, PNAS 1984,
81:105-109; Buca ;@8 PNAS 82:8439-8442; Lee AT and Ceramj, A 1987,
PNAS 84: 8311-8314). ¢aabhe previously studied reducing sugars are unable
to 30 cross the bacterife e e ane: EVOTT—ei—Gallae tations in
bacteria if they 20

o .2 - o -
L2 | § | ] 1 | 1 1 ]
o] 0 20 30 & & o 7 80
time (hr}
—~0— RNase A
-~ +C8

—b&— 3 C8 + Smii aminogusniding
=@ +C8 + 50 mM sminoguanidine

NB protsine ssagyey) 84.0.5 mgimi C8 = cigarette amoke

Figure 6A
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si mply add®® Y83 e bacteri al growt h nedi a. d ucose-6-phosphate, k?gmgzver

has been shown to induce nutations in an4egcont|c mutants of E. coli

f:?thgl :221 A cognz)gog‘:py‘fia(ﬁfgmgt t@h@f& g Iﬁtf4 netSQEis'[ udi es

is that the majority of mutations caused by the redu0|ng sugars were
either insertions or deletions. The nost conpelling evidence for the
mut ageni city of reducing sugars in manmmal s cones fromwork done by Lee
et al. (1994) FASEB Journal 8:545-550, on the ef fect of a maternal
hyper gl ycem ¢ environment on devel opi ng enbryos in m ce. Enbryoni c
cells, like the lens of the eye and red blood cells, do not require insulin

10 for transpw B!“PW‘W se enbryos
t hat contalned I ntegrated co the bactertal gene, lacl, a

wel | -characterized mut agenesi s narker ~were transpl ant ed into the
uteri of streptoZ¥ e GG Gh=arie S E~a- o=+ Ul I 0gat e

not hers. The | acl atlon frequency was significantly higher in the
DNA fromthe enbryos} transplanted into the diabetic 1 nof hers than in

t hose transplantgﬂginto control m ce. Manmal s /Mt h girabet es do not
have a denonstra i ncrease in any type of cancer evgn t hough they
have el evated serumigl ucose | evhs. d ucose does pbt freely ent er
mammal i an cells; it fequires the pwgsence of insdlin to st{nmulate its
transport. Tgprefore in gdult nmaxpals, thg'intracellujar glucose
concentration g% i ndependent 20 of thesgerugfglucose levef. It is
inportant to nde. hpwever, fhat gl ycotox™g are ar fore potent than
gl ucose. Like uags- and glfucose- 6- phosphate they cg cause

3 10

Figure 6B



insertion and/or deletion nmutants in an am noguani di ne- dependent manner,
but unl i ke these other reducing sugars, glycotoxins can readily cross .
cell nmenbr awe7/23783 In summary, our findings argue that glpﬂ'ﬂf%’ t§pge
found in cigarette snoke, are 25 respaonsible in part for the increased
rates of atherosclerotic vascul ar diseégzt%nd cancer seen anong
cigarette snokers. During the process of snoking, high concentrations
of glycotoxins are inhaled into the alveoli where they may be both
absorbed into the bl ood stream and taken up into the |ung parenchynal
cells. Once WO 97/ 23783

Figure 7

PCT/ US96/ 20526 54 in
t he bl ood stream gl ycotoxins may i nduce the formati on of AGE noieties on
bot h serum and vascul ar wall proteins and thereby accelerate the
devel opnent of atheraoscleraosis. (?lyrxlf oxins J:rmlzal so react_wth
nucl eic acids in thé nuclei of the | ung parenchymal cells to]induce
mut at i ons and possi@ly cancer. 5 This invention may be enbodi €d in
other forms or carrired out in other ways .Wi t hout departing fromthe
spirit or essential lcharacteristics thereof. The present di sql osure is
therefore to be condidered as in all respects illustrative-and not
restrictive, the scépe of the invention being indicated by the appended
cl ai ms, and all. changes which cone within the nmeaning and range of
equi val ency are inténded 10 to be enbraced therein. :
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WO 97/ 23783

PCT/ US96/ 20526 S55PCT/USISRRRP | S
'CLAI MED | WO 97733783 A nmet hod for neasuring the recent prior history of
t obacco snmoking, if any, 2 in a human subject, conprising nmeasuring the
serum | evel s of advanced 3 gl ycosyl at #tit4endpr oducts (AGES) in said

subj ect. and conparing the results of 4 such neasurenents to a pool ed
standard taken from non-snoking individuals of 5 otherwi se sim|lar nedical
hi story. 1 2. A nmethod for estimating the |ikelihood of exposure of
an individual to 2 advanced gl ycosyl ati on endproducts (AGES) during tobacco
snoki ng conprising 3 neasuring such AGEs in tobacco and in the volatilized
conmbustion products 4 thereof, or snoke. 1 3. A et hod for

determ ning the organol eptic potential of tobacco conprising 2 neasuring
the presence and anount of advanced gl ycosyl ati on endproducts (AGES) 3 in
sai d tobacco. 1 4. A nethod for neasuring the age and storage status

of tobacco conprising 2 neasuring the presence and anount of advanced
gl ycosyl ati on endproducts (AGEs) 3 in tobacco.

<
—
Sy
O
e
— 2]
bt |l
Q
g o %
é:) | o)
@D =
3 5 of
o 4
a o
G 2
: :
g % } 1 i w

+
o w0 o Ty o wn (-
4P N N - -

w/n) s3ov wnisg



1 5. A nmethod for determ ning the organol eptic potential of tobacco
ing the presence and anount of advanced g cosglation
5

gﬁgBFBZL2?$3?§ZE§§53 in the snoke produced fromthe conbust i BHIGP
t obacco. 1 6. A et hod for neasurgzﬁ%the age and storage status of

t obacco conprising 2 nmeasuring the preg and anount of advanced

gl ycosyl ati on endproducts (AGEs) 3 in the snoke produced fromthe
conmbusti on of said tobacco. 1 7. A nmet hod for neasuring the
comercial value of a particular tobacco crop 2 conprising determning the
organol eptic potential of tobacco and neasuring its age and
storage status, by neasuring the presence and anount of advanced

gl ycosyl ati on endproducts (AGEs) in a sanple thereof. 8. The net hod of
any of Clainms 2-7, wherein said ACEs are neasured by: A treating
a sanple of said tobacco to forman extract suspected to contain said AGES
or the correspondi ng precedent gl ycotoxins; and B. anal yzing said
extract to detect the presence and anount of any gl ycotoxins or AGES

cont ai ned t herein.
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9. The nethod of Claim8, wherein said sanple is treated by conbustion
to form sr{ﬁ@,,&mgefrom and said snoke is exam ned for thepprasesizos2and

anount of s and rel ated gl ycotoxi ns contai ned therein. 10. A et hod
for detecting the presence and anount ®3/14dvanced gl ycosyl ati on endproducts
(AGEs) in an individual who snokes tobacco, conprising: A

gathering a biological sanple fromsaid individual, said biological sanple
selected fromthe group consisting of serum saliva, urine and feces; and
B. exam ning said sanple for the presence and anount of said AGEs. 11
A use of an immunogen sel ected fromtobacco; tobacco snoke; the extracts
thereof; carrier proteins derivitized with any of the foregoing; and

hapt ens thereof, optionally using a bi-functional crosslinking bridge
reaction in a preparation of a nedicanent for the generation of antibodies
enriched for reactivity with advanced gl ycosyl ati on endproduct (AGE)-Iike
noi eti es present in tobacco and its conbustion byproducts including tobacco
snoke. 12. The tobacco-rel ated advanced gl ycosyl ati on endpr oduct s t hat
bind to the antibodies of Caim1l. 13. A use of an inhibiting anount
of an agent that is capable of reacting with glycosyl ation products to
counteract the formati on and/or deleterious activity of said
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57 AGEs in a preparation of a nedicanment for |owering the accunul ati on of
advanced gl ycosyl ati on endproducts (AGEs) in an individual who uses or
snokes tobag‘(%?m”&-’ﬂf. A nmethod for inhibiting the accunul atPemusds/20526
advanced gl ycosyl ati on endproducts (ACGEs) related to the use or snoking of
t obacco in an individual who uses such nggﬁco, conprising treating the
tobacco with an inhibiting anmount of an t that is capable of reacting
wi th glycosylation products to counteract their formation and/or

del eterious activity of said AGEs. 15. The use of Claim 13, wherein
said agent is reactive with an early glycosylation product, said agent

sel ected fromthe group,. St ] L di I sts, anal ogs,

congeners, cognates andjm mcs thereof, and m xtures therfof. 16. The
use of Claim 13, wherei p said agent conprises a conpound fhat participates
in the fornatioiuﬂ’ profucts of formula |I or |
o
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[err]_"'v_\herein Ris the residue of an am njo- %ﬁﬁ“gﬁ%{e Qééée
ot her “bi omel ecul e which products arise by } é‘b?y ngt |
moi ety of the early glycosylation product vvn é’ég‘f 0 '
Heyns™ product) formed by the reaction of ¢ W‘“SS oPResd re&bﬁ‘*ﬁﬁ@ 4
wi th said bionol ecul e, wherein said agent cGhébsleicta  @aged vet(alpéﬁ‘?ﬁ/de '
gr oup. 17. The use of O aim 13, wherggn said agent conprises a
t hi azol i um conpound having the fol | owi ng
58 ~ and storage status, by meh®irirlg the prbntd Bnd BRIk A :

I ndependent |y sel ect ed fromthe.group consisting of hydrogen

hydr oxy (| ov@g’};a §tpon %gEPhW?IsamP%Pm&fkyl | ower al kenyl, or
-Rlerr] and R err] together W|th their ring carbons nay be an aromatic fused
ring, optionally substituted by one or nore am no, halo or alkyl enedi oxy

gr oups; 8.  ZThe thethod génngprofaiaimns D, gvirngin said AGEsYré Snéddurd bya gr oup
of the fornula

A. treating a sample of said tobacco to form an extract suspected to
contain said AGEs or the corresponding precedent glycotoxins; and
B. analyzing said extract to detect the presence and amount of any

glycotoxins or AGEs contained therein.

9. The method of Claim 8, wherein said sample is treated by combustion to
form smoke therefrom, and said smoke is examined for the presence and amount of

AGEs and related glycotoxins contained therein.

10. A method for detecting the presence and amount of advanced glycosylation
endproducts (AGEs) in an individual who smokes tobacco, comprising:

A. gathering a biological sample from said individual, said biological
sample selected from the group consisting of serum, saliva, urine and feces; and

B. examining said sample for the presence and amount of said AGEs.

11. A use of an immunogen selected from tobacco; tobacco smoke; the extracts
thereof; carrier proteins derivitized with any of the foregoing; and haptens thereof,
optionally using a bi-functional crosslinking bridge reaction in a preparation of a
medicament for the generation of antibodies enriched for reactivity with advanced
glycosylation endproduct (AGE)-like moieties present in tobacco and its combustion

byproducts including tobacco smoke.

12.  The tobacco-related advanced glycosylation endproducts that bind to the

antibodies of Claim 11.

13. A use of an inhibiting amount of an agent that is capable of reacting with

glycosylation products to counteract the formation and/or deleterious activity of said

] 0 A



[err] wherein Ris a lower alkyl, alkoxy, hydroxy, amno or an
aryl group, said aryl group optionally substituted by one or nore | ower

al kyl, | ower al koxy, hal o, dialkylamno, hydroxy, nitro or al kyl enedi oxy

groups; a group of the formula

[err]: wherein Rerr] is hydrogen or a |lower alkyl, |ower alkynyl,
or aryl group; S%group of the formula

[err] wherein Rerr] is hydrogen d Rerr] is a |ower alkyl group,

optionally substituted by an aryl group, or an aryl group, said aryl group
optionally substituted by one or nore | ower al kyl, hal o, or al koxyl carbonyl
groups; or ApEsija @mpaﬁl‘tiona)fea oeditarhentefor liweying gheoageamulation of advaried

hal i de, tosyl ate, math qu .or | | enesul fonate ion, and
M xtures t rgiqzcé)aylatlon en pro ucts ?A(?lt:‘,sei in anqg IV% al wﬁo uses or smokes tppacco.

14. A method for inhibiting the accumulation of advanced glycosylation
endproducts (AGEs) related to the use or smoking of tobacco in an individual who
uses such tobacco, comprising treating the tobacco with an inhibiting amount of an
agent that is capable of reacting with glycosylation products to counteract their
formation and/or deleterious activity of said AGEs.

15.  The use of Claim 13, wherein said agent is reactive with an early
glycosylation product, said agent selected from the group consisting of
aminoguanidine, agonists, analogs, congeners, cognates and mimics thereof, and

mixtures thereof.

16.  The use of Claim 13, wherein said agent comprises a compound that

participates in the formation of products of formula I or II

’(%a’ OH
N
Lode 7,
OH HoOH CHR/
HOOH
i

wherein R is the residue of an amino-containing peptide, protein, or other
biomolecule which products arise by reaction of the glycosyl-amino moiety of the
early glycosylation product (also known as the Amadori or Heyns product) formed
by the reaction of glucose, or other reactive sugars, with said biomblecule, wherein

said agent contains a reactive aldehyde group.

17. The use of Claim 13, wherein said agent comprises a thiazolium compound

having the following structural formula:

llllllll IllIlI IIIIl lllll ll IIll



18. The method of Claim 14, wherein said agent is reactive with an early
gl ycosyl ati on product, said agent selected fromthe group consisting of
am noguani di ne, agoni sts, anal ogs, congeners, cognates and m m cs thereof,

“and m xtures thereof. 19. The nethod of C aim 14, wherein said agent
conprises a conpound that participateggin the formati on of products of
formula I and I OH

[err] wherein Ris the residue of an am no-containing peptide, protein,

or ot her bionol ecul e which products arise by reaction of the glycosyl-am no
noi ety of the early glycosylationg oduct (also known as the Amadori or
Heyns product) formeglby thegg®action of glucose, or other active sugars,
wi th said bionol ecul e, ei id agent contains a react § al dehyde
group. 20. The nmg2h g#Z aim 14, wherein said agent conprises a

t hi azol i um corrpound aving the follow ng structural fornula:
wherein R' and R’ are independently selected from the group consisting of

hydrogen, hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or
R' and R? together with their ring carbons may be an aromatic fused ring,
optionally substituted by one or more amino, halo or alkylenedioxy groups;

Z is hydrogen or an amino group;

Y is amino. a group of the formula

0
A\
"CH2C‘R

wherein R is a lower alkyl, alkoxy, hydroxy, amino or an aryl group, said
aryl group optionally substituted by one or more lower alkyl, lower alkoxy, halo,
dialkylamino, hydroxy, nitro or alkylenedioxy groups;
a group of the formula
-CH,R’ -
wherein R’ is hydrogen, or a lower alkyl, lower alkynyl, or aryl group;
or a group of the formula

-CH, E-N-R’ i
wherein R" is hydrogen and R’”’ is a lower alkyl group, optionally
substituted by an aryl group, or an aryl group, said aryl group optionally substituted
by one or more lower alkyl, halo, or alkoxylcarbonyl groups; or R" and R*** are
both lower alkyl groups;
X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion;

and mixtures thereof.

Hllllll IHIH IIIH lllll H llll



60 [err] wherein R and Rerr] are

I ndependentiy selected fromthe group consisting of hydrogen,

hydr oxy(| ower) al kyl , acetoxy(lower)al kyl, |ower alkyl, |ower alkenyl, or
Rlerr] and Rlerr] together with their ring carbons may be an aromatic fused
ring, optionally substituted by one or nore am no, halo or al kyl enedi oxy

gr oups; Z is hydrogen or an aniﬁ%’group; Y is amno. a group
of the fornula [err] wherein Ris a

| ower al kyl, al koxy, hydroxy, am no or an aryl group, said aryl group
optionally substituted by one or nore | ower alkyl, |ower alkoxy, halo,

di al kyl am no, hydroxy, nitro or al kyl enedi oxy groups;

a group of the fornula . lerr] wherein R is
hydrogen, or a | ower al kyl, |ower alkynyl, or aryl group;

or a group oi8.t heTheumtod of Claim 14, wherein said agent is rea¢tbierdith an early
glycosylation product, said agent selected from the group consisting of
aminoguanidine, agonists, analogs, congeners, cognates and mimics thereof, and

mixtures thereof.

19.  The method of Claim 14, wherein said agent comprises a compound that
participates in the formation of products of formula I and II

’(%RI | OH
o O N-R O S N-R
OH HOOH CH. R/
HOOH b
H

wherein R is the residue of an amino-containing peptide, protein, or other
biomolecule which products arise by reaction of the glycosyl-amino moiety of the
early glycosylation product (also known as the Amadori or Heyns product) formed
by the reaction of glucose, or other reactive sugars, with said biomolecule, wherein

said agent contains a reactive aldehyde group.

20.  The method of Claim 14, wherein said agent comprises a thiazolium

compound having the following structural formula:

_—
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wherein R err] is hydrogen and Rerr] is a |ower alkyl group, optionally

- substituted by an aryl group, or an aryl group, said aryl group optionally

substituted by one or nore |ower alkyl, halo, or al koxyl carbonyl groups; or

R' and R'' are both |ower alkyl groups;60 X is a halide, tosylate,

met hanesul fonate or nesityl enesul fonate ion; * and m xtures thereof.

21. The method of Caim 14, wherein said tobacco or snoking material is

treated by contact with thellagentxe

61 22.  The neth ) 21, wherein said cont act OK@ S prior to the
.gok| ng material s. thod of Claim

21, wherein said corgeas S S during and follow ng the conbustion of said
. tobacco or kJ ng (} 24, The nethod of Claim2 2 wherein said
cont act occ‘ﬁ %reg'y Blb %Eélﬁ gﬁieg?ncgegﬁa selected from the group consisting of

hydrogen, hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or
R' and R? together with i:heir ring carbons may be an aromatic fused ring,
optionally substituted by one or more amino, halo or alkylenedioxy groups;

Z is hydrogen or an amino group;

Y is amino. a group of the formula

O,
W
'CHzC"R

wherein R is a lower alkyl, alkoxy, hydroxy, amino or an aryl group, said
aryl group optionally substituted by one or more lower alkyl, lower alkoxy, halo,
dialkylamino, hydroxy, nitro or alkylenedioxy groups;
a group of the formula
-CH,R' -
wherein R’ is hydrogen, or a lower alkyl, lower alkynyl, or aryl group;

or a group of the formula

-CH }I-N-R’ >
wherein R" is hydrogen and R’ is a lower alkyl group, optionally
substituted by an aryl group, or an aryl group, said aryl group optionally substituted
by one or more lower alkyl, halo, or alkoxylcarbony! groups; or R" and R”’* are

both lower alkyl groups;

X is a halide, tosylate, methanesuifonate or mesitylenesulfonate ion;
and mixtures thereof.

21. The method of Claim 14, wherein said tobacco or smoking material is

treated by contact with the agent.
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agent directly to said tobacco prior to the assenbly of said tobacco
snoki ng mat-eri al s. 25. The nethod of C aim 24, wherein said contact occurs
by the passage of the snoke fromthe conmbustion of said tobacco snoking
materials through a filter nedium containing said agent. 26. The met hod
of Caim25 ,wherein said filter medi uelconprises a porous nateri al
containing a quantity of said agent uniformy therein, and said agent is

di sposed for contact with the snoke that passes therethrough. 27. A
device serving as a dosineter for determ ning and nonitoring the presence

and | evel 9% AGCThe efiethtdof QMias 2dowhely S4E @¥hAst 6Ecuds Yok t@fhd Nt er medi at es
present in or derived fromtobacco and/or its byproducts, said device

conpri si ngeembustionrofisaidytobaesa prpmekinganatsralsa quantity of gl ycation target
nol ecul es fixedly associated therewith and adapted to react with any AGEs,
gl ycotoxi ns or othe reactive glycation internedi ates present a sanple

mat eri al s@3pec Thd mehaodof Qlains augwheredB said cohmctlevdite dafinglaadfoldwingher ei n

said sanmple material canpyises atnospheric air suspected of containing AGES
or other Al -‘iﬂ‘é&‘@&%f’?g&%@gWﬂ%" ﬂg&f‘%d“q‘t?% t obacco snoke. 29.  The
device of Claim27, wherein said substrate is a solid having a surface

24. The method of Claim 22,wherein said contact occurs by application of said

agent directly to said tobacco prior to the assembly of said tobacco smoking

materials.

25. The method of Claim 24 ,wherein said contact occurs by the passage of the
smoke from the combustion of said tobacco smoking materials through a filter

medium containing said agent.

26. The method of Claim 25,wherein said filter medium comprises a porous
material containing a quantity of said agent uniformly therein, and said agent is

disposed for contact with the smoke that passes therethrough.

27. A device serving as a dosimeter for determining and monitoring the
presence and level of AGEs or their precedent glycotoxins or glycation
intermediates present in or derived from tobacco and/or its byproducts, said device
comprising a substrate or carrier phase, and a quantity of glycation target molecules
fixedly associated therewith and adapted to react with any AGEs, glycotoxins or
othe reactive glycation intermediates present a sample material suspected to contain

same.

28.  The device of Claim 27, wherein said sample material comprisés
atmospheric air suspected of containing AGEs or other AGE-precedent glycotoxins

derived from tobacco smoke.

29. The device of Claim 27, wherein said substrate is a solid having a surface

L L



62 adapted for exposure to said sanple material, and said AGE target
nol ecutes are i mmobilized on said surface. 30. The device of O aim
27,wherein said carrier phase conprises a liquid and said AGE target

" nmol ecul es are entrained therein, whereby said sanple material nmay be
passed through said liquid so that any AGEs present would be able to react
with said AGE target nol ecul es. 3PZ  Afilter for t rappi ng and
renovi ng AGEs or ot her AGE-precedent glycotoxins present in tobacco snoke
passed therethrough conprising a porous material containing a quantity of
an agent uniformy therein for contact with said snoke, wherein said agent
I's capable of reacting with glycosylation products to counteract AGE
formati on and/ or deleterlous activity of said AGEs. A system for

filtering rmke t ibit.the fo rrat I on reduce amount and
activity @g%%ﬁgfﬁeeépw% gtwleembqr %2&%@%’6%’&% ¥eng a
filter inigeesbilaeden $hidhsefagkm 31 associ at ed vm th a source of said tobacco
snoke.

30. The device of Claim 27, wherein said carrier phase comprises a liquid and
said AGE target molecules are entrained therein, whereby said sample material may
be passed through said liquid so that any AGEs present would be able to react with
said AGE target molecules.

31. A filter for trapping and removing AGEs or other AGE-precedent
glycotoxins present in tobacco smoke passed therethrough comprising a porous
material containing a quantity of an agent uniformly therein for contact thh said
smoke, wherein said agent is capable of reacting with glycosylation products to
counteract AGE formation énd/or deleterious activity of said AGEs.

32. A system for filtering tobacco smoke to inhibit the formation and reduce the
amount and activity of advanced glycosylation endproducts, said system comprising
a filter in accordance with Claim 31 associated with a source of said tobacco

smoke.

33. The system of Claim 32 ,wherein said source of tobacco smoke is a
cigarette, and said system comprises a filter fixedly attached to said source and in

axial alignment therewith.

-34. The system of Claim 32, wherein said source of tobacco smoke is a pipe,
and said system comprises a filter disposed in fluid registry with the stem of said
“pipe disposed between the mouthpiece and the bowl containing said tobacco.

A
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(57) Abstract

Methods are disclosed for measuring the accumulation of advanced glycosylation endproducts (AGEs), and for {owering the
accumulation of advanced glycosylation endproducts, which are predicated on the discovery that such AGEs and their precedent glycotoxins
are present in tobacco and its byproducts. More particularly the methods focus on the observation that individuals who smoke or otherwise
use tobacco have increased levels of AGEs relative to non-smoking individuals. The present methods relate to the measurement of AGE
levels in both individuals and in tobaceo and its byproduct, smoke, and to the treatment of such individuals with agents capable of reacting
with glycosylation products to either avert or diminish the accretion of AGEs in the body. Methods are also disclosed for the evaluation of
the tobacco products to determine their storage status and organoleptic capacity and potential, for the treatment of the ambient atmosphere
to lower AGE levels, and for the treatment of the tobacco products and combustion byproducts to lower AGE levels therein. For example,
air or other samples may be taken and evaluated by a dosimeter or like device, to determine whether AGE levels exceed notmal, after
which measures could be implemented to remediate the ambient condition. Likewise, filters and similar devices for removing AGEs from
tobacco smoke are disclosed. All such methods and corresponding materials are contemplated and included.




