METABOLI TES FOR ORAL HEALTH AND USES THEREOF FI ELD OF THE | NVENTI ON | he
present invention relates to the differential expression profiles of

met abol i twe 201/peF3rodont al di seases and net hods of di agregiusgoop@stisdont al
di seases based upon these differential expression profiles. The present
imention further relates to nethods of predicting and/or evaluating the
efficacy of therapeutic agents for periodontal diseases based upon the
differential expression profiles BACKGROUND OF THE | NVENTI ON Peri odont al

di seases are anong the nost common infectious diseases in humans (Pihlstrom
etal.. 2005). AsiMETABONTHLS PORIORAIOHENALITHSSNBS SESAHKRIOME al di seases have
al so been associated with various system c di seases (Sevnour et a/., 2007).
G ngivitis, the mld form ofgithg H BERSSSENITROGhar act eri zed by host tissue
i nfl anmati on and bacterial plaque accunul ation around the gingival margin.
Treatnment of gingivitis by inproved oral. hygiene practices can.
significantly ré @’F@émﬁ]ﬁ‘é‘o’afeggfég}eﬁ%%‘ S‘F‘Etiag%‘%m% r‘éf?f" ‘ﬂfg‘f’rtab“ﬁ'ﬁ‘tg%at ed,

gi ngi Vi ti ger@bhtdl @RehsésQindl REhoIBIE dia@lobiog Serdatichtdl @y bsieb igonpiesd odont i ti s,

whi ch i.nvql ves progressive laoss of the alveqglar bone around the teeth, and
if left u ??Eﬁ’f%ﬁ‘fp%@%{%n ?rgﬁlﬁ“'ﬁ?)lef}ﬁ%e’# 186%@?1‘? ﬁugtheéﬁeé‘g g”E%?g[é‘ﬁ‘gﬁ | oss of teeth.

The maj or pteyicofe dhiiver calngping xheiefiiceryad tlicopsutib eganedrr paostontui Ewwesbanid bacteri a
in peri odgnotnahl]e a%fe%ﬁ%ﬁﬁ%g%%%w (Bhethe junctional and crevicular epithelia.
Many substances rel ease >'bacteri a, such as endot oxins, proteases,

| i pases and sial i dases, have been denpnstrated to play significant roles in
host tissue damage (Smal B&FKGRAENDIYGENE INVESTLPN i ncreasi ng evi dence
suggests that the di seases are al so nediated by the host's inflamuatory
responses to hbacbdniabdifcvan abykenghdmSe cdranen iRROR)s dikdaskein lmotinsvat i on of

vari oy chignical . st ohals hOR NGl SIUESOLENASHLALE.A LaNgS of compl ex
responses 't 0 conbat’ bacterta. Pol'y norphonucleéar | eucocv tes produce
i ncr easi ngedhewetigeditlr waiotd systenig\iscagenSepeui e gl.. CROS) Caaditisrtht midd yti c

enzynmes. Byperactiv. ity . LS \S€ j LentilkeGontribute to
t he nost H%gg)lti %ghh%%% Qdfﬁcw hg b???? Sg?%tglenﬁ%?m%t%gq}ggkigd{cﬁg%lipgiq%(r)ld bacteri al

e.
pl ague is a@paslnﬁm@mwgé@ gigiehvgfimaagin.cFreymertobzingivits by ireomyd orBdedese GCF can
be col | ect,gei 000 LNASIME N erde liSeastd RS FlofvbCer, 11t untreated, gingivitis
15 can lead to the more serious and irreversible periodontitis, which involves progressive loss of

the alveolar bone around the teeth, and if left untreated, can lead to the loosening and

subsequent loss of teeth.

The majority of the complex interactions between host tissues and bacteria in
periodontal diseases occur at the junctional and crevicular epithelia. Many substances
20  released by bacteria, such as endotoxins, proteases, lipases and sialidases, have been
demonstrated to play significant roles in host tissue damage (Smalley et al., 1994). However,
increasing evidence suggests that the diseases are also mediated by the host’s inflammatory
responses to bacteria { Van Dyke and Serhan, 2003). Under activation of various chemical

signals, the host tissues orchestrate a range of complex responses to combat bacteria.
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Polvmorphonuclear leucocytes produce increasing levels of reactive oxygen species (ROS)
and proteolytic enzymes. Hyperactivity of this response can inadvertently contribute to the

host tissue damage.

At the interface of the epithelia and bacterial plague is plasma-derived gingival

crevicular fluid (GCF)Y. Because GCF can be collected non-invasively and is site specific, it
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is an ideal matrix to study host-bacteria interactions (Embery and Waddington, [994). Using



is an ideal matrix io study host-bacteria interactions (hrpbery and

Waddi ngton. 1994). t singAttorney Docket No 8207-00-CC a variety of

t ar get ed woaotvermi#zsal anal yses, many potential GCF nmar kePsTiuseoopmsdiedont al
di sease have been proposed, including: host and bacterial enzynes,
endot oxi ns, nucleic acids, proteins, carbohydrates and Iipids degr adati on
products from col | agcns and bones, i mmunogl obul i " (and hor nones
(Cnbery and Vaddi ngton, 1994; Prapul | a ctuf“m"ﬁbgﬁ“eﬁg? ékeyan and
Pradeep, 2007: Akalin ct al, 2007: Pradeep et al , 2007). However, despite
t he weal tElwﬁfmidﬂfﬁe@ﬂaicﬁiﬁknﬁ@b&da&ﬁﬁdﬂarﬁ hetehi0adr extientiorgridstk bacteri a

interacti nd the nech th detai ] s of di sease, progressi on,on cell ul ar
o hon caranSe b aRrer MeRag RS by Bomaar PR E RO o The
present i@menﬁuﬁnmmMthmdﬂthakoadmﬁhhmdumﬁﬁdﬁagaﬁﬁsmgkﬂmal health in a
subj ect 1 QTHHUHOFiObig ’19 ?gkmes cmc? hoerr\tlxorgzy L@“b‘-ﬁ“ ﬁ%d%a%g‘ npto l!)‘il 91%6‘1 ﬁcf E‘7d fromthe

subj ect an avel ¢revicul ar
fluid sanphig; k&%ﬂeﬁﬁ@tiearad&hdﬁéhb’jkemcz‘us udih@n@@edf za{s ”(Piﬁmfrkgwraml odont al
di sease of, aspgtﬁaé DR bAoA BuBARA O L1 chY Byt BLeudid 8, ARk BAL RY
nmet abol i Fesent 1 nvention also discloses a met é |agn05|ng

or al heal tha mﬁd'idalbwb}aée@f disgaspiiogtysséonginmglf %lbl%begwabmttabﬂ #mgildadanpl e is
col l ected ffomthe subject and a | evel of one or nore netabolites in the

gi ngi val crevicular fluid sanple is detected. The |level of detected
metabolite in the gingival_crevigu d..S e is conpared to a
netabolite reference | evelsk%égmégfl’&%%}%@ di ffereﬁi al level. The
net abolite reference | evel corresponds to one or nore of the foll ow ng:

peri odont al r éfhepenoeinvaiied proyiddyderlatnipghord of dpganges ¢rahhedlth in psubivet ienbodi nent
the diffeg itk h?Jnml\Q\éf%kwggxtmﬁcﬁﬁmﬁ)ﬁ% Qﬁ&?&ttﬁ% tn@mp&laha £180dr e, per i odont al
reference [evel correlates wth periodontal disease. |n another enbodi nent,
t he di ff emerstieaibolitesiatheiginiveleaievidiler B svtndads Auecaidollhe whiseds diseosidal t hy

ref er ence,d 1gvak pGRASRL AL8Se Wikt eal fhs mtalon Sicatwsof tiegtich enmbodi ment s,

t he detected nefabo lite may be chosen from a conpound generated by am no
aci d met aBsiPdi a conmpound generated in urea cycle; a conpound generated
in glutathion conversion: conpound generated in Kpii netabolism a conpound
generdted i n clebekhydinadngomstcalioloss mmethod dmpaemding enéhealteid abunest| ei ¢ aci d
met abol i s

M which a gingival crevicular fluid sample is collected from the subject and a level of one or
more metabolites in the gingival crevicular fluid sample is detected. The level of detected
metabolite in the gingival crevicular fluid sample is compared to a metabolite reference level
to thereby generate a differential level. The metabolite reference level corresponds to one or
20 more of the following: periodontal reference level or healthy reference level. Inone
embodiment, the differential level between the detected metabolite and the periodontal
reference level correlates with periodontal disease. In another embodiment, the differential

level between the detected metabolite and the healthy reference level correlates with healthy

oral status.
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In such embodiments, the detected metabolite may be chosen from: a compound
generated by amino acid metabolism, a compound generated in urea cycle; a compound
generated in glutathion conversion: a compound generated in lipid metabolism; a compound
generated in carbohydrate metabolism; a compound generated by nucleic acid metabolism;

vitamins; and co-factors.

30 The invention alse provides a method for predicting a subject’s response, e.g.,

responder or non-responder, to using a therapeutic agent for periodontal disease while



vitam ns, and co-factors. The invention also provides d nethod for
predicting a subject's response, e.g., responder or non-rcsponder. to using
a t her apew0i2eo10aigessy f or periodontal di a e whil eAttor nepChDarskeny/obios4s
8207-00-0OC followi ng a standard care protocol. A netabolite profile of a
gingival cre\ icular fluid sanple collected froma test subject is
generated, wherein the netabolite profile includes the netabolite identitv
and netabolite level. The netabolite profi I‘AgmgFf’ fe”)rs?{éi\epgg{g?é'd@ﬂétc“:t is
conpared to a reference netabolite profile. The reference netabolite
profile majilokinghydeiaan@regiottodr. eA aftabdite ebide efncenghesponidérn flokitsabgti t e
profile and, a reference .non-responder netabolite profile.  The results of
t he conpai“‘glé’ghg fg%{ﬁabeét DEEVRE nﬁr‘g‘éﬁf&ﬁtﬁf}%ﬁgw “qgie gﬁ%ﬁgé’%{h%gssﬁ?es ponder or
non- r espondeboltoidttierapeutabditaigent She daboliteperiend denet @bottit e profil e can

b e obt ai ng(()jm fa!*c%rt% Sr‘é?@'re%% Iﬁet%li{%%gu%flé. t’ﬁxg rcffgrg{ye E)@Eb«ﬁﬁ&ﬂ%g ?\at E@Lﬁ;@ap&x‘ét I C agent,
with regress‘i on of periodontal "di sease, or prevention o ben odont al

di seasé. Thigenktareldresoutsdoer mgew!itordidt ad pirdaenmp eeherroadd est subject is a
sui tabl e ﬁxlégh&f& L orb@le PALLEGHPELR: dopfisEh daibE Blea td i@hinQhe £8SIniibar apeuti c
agent( s). e Invention also pertains to a nethod for predicting a test
subj ect ' s reseasge s eon-respgnder ogkgrpRdBRLEEs dopfegsomeatolitiRdew@Pepment of

peri odont ghy,idlSEAsbiMYk 8o FOLEONAE 1R sehARdAsth-0RN el SitREatarabs A

met abolite profile of the gingival crevicular flujd sanple collected from
the subj et odaydngrarerev et dirHdadal fistanol bt Bepror 'gg’e FYieéiUdes t he

met abqbi t getki@RtvHetheNest B0k biti@blk bRkt to barh@pdiehaknhitd eiapstadst | e of t he
test subject is conpared to a reference netabolite profile, wherein the
refer ence%"r@?%f‘)%e{’ Slorofile is generated froma reference responder

subj ect and reference non-responder subject. The reference netabolite
profile incl udés imhaioneherenve torenab fptreediciont festypubigrds feafopicenge net abolite
level . Th?eséo%ﬁ&'o{" Qs pb R, GOTRAbA RN GRA R MER e WPtk BRBLINEY the test

subj ect as responder or non-responder to periodontal disease devel opnent. 7
he pr esenttaidgtdenpicsn Plogeelh drmesgholite gecdils e theginghiplarevicalelltidsamad t whi ch may
provi de t R&ekis@fro thelsitilicEBlob Rl whdAGn 1 Bletabol & @beilB @RILEE tsd AdeabSlite The kit

may include one or nore gi ng‘l vitis Crevi cular fluid collection strips and a
di agnosi s 4ruty prl regidipliigfevel. dhemgipbaliterefte ofiths 16 subjeqls G304 s crevi cul ar
fluid col k@glicomebdlitsothe virsRth thomkfeeatd meitong priigiinginvaled ecev i cul ar fluid
fs ?Elp l:le angefgrgnrce 1[621:():0(1)'1 eerrsgbjgc{ an ré[’aa‘rgrcl)clcIngne-rsesyg:o%crl]ér%llb?e%g 1th retfg'rgnc Imgg!aovlf’tie! erevicul ar
profile includes the reference metabolite identity and reference metabolite level. The results
20 of the comparison can be used to identify the test subject as responder or non-responder to

periodontal disease development.

The present invention further provides for an oral care test kit which may provide the
user an indication of the user’s oral health status. The kit may include one or more gingivitis
crevicular fluid collection strips and a diagnosis of the subject’s oral health status. The

25 gingivitis crevicular fluid collection strips may be used for collecting a gingival crevicular
fluid sample and for recovery of metabolites contained in the gingival crevicular fluid
sample. The diagnosis of a subject’s oral health may be based on the methods of this

invention.

The present invention further provides for a dentifiice composition. The composition
30 may include an effective amount of a metabolite therapeutic agent. The therapeutic agent

effects a change in metabolite levels over a time period of at least one month wherein the



sanpl e. The diagnosis of a subject's oral health may be based on the

nmet hods of this invention. e present invention further pro\ ides for a
denti fri c®Ocompiasi3ri on lhe conpos ion inav include an efcCrastowssaspunt of
a netabolite therapeutic agent The therapeutic agent effects a change in
nmetabolite |l evels over a tine period of at | east one nonth wherein

t heAtt orney Docket No. 8207-00- CC change ne&g@glb &xé V%L GQreater than a
correspondi ng change in netabolite reference evel } Q y a contro
dentifrice conposition. In accordance with yet another aspect, t he present
inventionaphgmﬁﬁﬁﬁ‘é@ﬁeas@Eﬁﬁ@@hhtamﬁmmﬁmgbmmgﬁdemmbﬁnéeénaadehﬁs met hod of
use mhereun th% g Lce 1nc u%ﬁﬁ a nmetabolite indicating conposition

whi ch pr e¥&ie aaﬂg”?iﬁléc%Tha. ©'1'ndi cator upon exposure to a metabolite
and a netabolite | evel associated with periodontal disease. In one

enbodi ment, t Heagsgrncgivee eetragihes aipadi lbarrernidarcprlespondss o2 acgbiitge in col or
of the demj btk Gl R TR k@t%%@@leﬁ)ﬂm tg:de;l;ﬁ%ué PMENTL GRbAiused

t hroughout, ranges are used as shorthand for describing each and every

val ue £ hat'dicgingicompaitienahich pgeents Apger éa‘feﬂebW‘NWW tRY8 S¥RRge°dan be sel ect ed

as the tenbhbiig £f atRRLSIANGR adstliaddiith RAodoakl didetfereneesb&dihed herein are

hereby incorporated by reference elr. ireti Definitions: As used
herein, ﬁ%”Fé?ﬁ$“ﬁﬁf¥@F§WE?%T“P@%§?“Cﬁﬁﬁanﬁgﬁ§6@Fﬁ?@fﬁﬁy i ncl ude any
increased or decreased |level. In one enbodinent, differential |evel neans a

| evel that is increa®ddAMUEDNESEUETIGVOFORMHRINYIRNEON0% by at | east 20%
by at least 30% by at |east 40% by at |east 50% by at |east 60% by at

| east 70% by mtusdd@RSbeh80%ankY adtusdd@agort @R dor RYscatind @a8indl0QY4aity at | east
110% b> at | east 1200/g | east 130@6r§%éagﬁleast 140% at | east

at
150% !8r H%Vew“mﬁ“aﬁ%ﬁhe?%”ﬁﬂﬁﬁ‘ Ae e £ %V“F@Qﬁwﬂwegﬁéga | evel that
is decr ea&age by addaton] Bastrem¥% cilkd hatin heasteblB86rpdoytedily rtleasde i2B%y by at | east
30% by at | east 40% by at least 50% by at |east 60% by at |east 70% by
at | east @B/% “b> at least 90% b at |least 100% (i.e.. the netabolite is
absent). A netabolite is expressed at a differential level that is
statistical!} D¥figitipisi cant {i.e.. a p-value less than 0.05 and or a g-vai ue
of less than 0.10 as determ ned using either Student T-test, Wlch's T-test
or W coxon's Asapktriekm, theSdimh “differential level” of a metabolite may include any

15  increased or decreased level. In one embodiment, differential level means a level that is
increased by: at least 5%; by at least 10%: by at least 20%; by at least 30%:; by at least 40%;
by at least 50%: by at least 60%; by at least 70%; by at least 80%; by at least 90%; by at least
100%; by at least 110%; by at least 120%; by at least 130%; by at least 140%; by at least
150%; or more. In another embodiment, differential level means a level that is decreased by:

20 at least 5%; by at least 10%; by at least 20%; by at least 30%; by at least 40%; by at least
50%; by at least 60%; by at least 70%; by at least 80%; by at least 90%; by at least 100%
(i.e., the metabolite is absent). A metabolite is expressed at a differential level that is
statistically significant {i.e., a p-value less than 0.05 and/or a g-value of less than 0.10 as

determined using either Student T-test, Welch's T-test or Wilcoxon's rank-sum Test).

25 As used herein “gingival crevicular fluid™ means fluid found around the gingival
including the gum: the mucous membrane, with supporting fibrous tissue, covering the tooth-

bearing border of the jaw.



A used herein "gingival crevicular fluid * neans fluid found around the
gi ngi val including the gum the nucous nenbrane, with supporting fibrous,
ti e, cowspi2np/tikB7t oot hbeannt xborder of the iavv. Lt| orogusDuokad1sNo.
8207-00-OC As used herein "gingivitis' nmeans an irritation of the guns
caused by bacterial plaque that accunulates in the small gaps between the
guns and the teeth and by cal cul us that for on tl’L Lest O(ﬁ% used herein
"heal th) oral status" means the absence of ° ‘“}mt? Yi°s and’ or peri odont al
di sease. As used herein, the term"level"” of one or nore netabolites neans
t he absol ute ofs kel Ridnvgirmlnheok a€ Da@ntar alicons afisdibe bmetriaboddute it he

sanpl e. used herein an b tance produced
by met abéﬁ*i“‘s?‘r‘r‘ﬁ‘?u W‘éé’é@"ééﬂ}% *faB%’QBVeeggflgH’Bb %13%%6 TR aé)%b ?uctﬁlt}gl?ﬁﬁ%% abol i c
process. dheeteethm does not include | arge macronol ecul es, such as |arge
proteins (e.g., proteins with nol ecul ar wei ghts over 2,000, 3,000, 4,000,

5, 000. 6. 000. . QO0hcrefh A0y BraPus~ Wea;ﬂs@he 18Qhee di%fn@@nf@‘dﬁd &l Cc acids (e g.

nucl eic acids with nol ecul ar wei ghts of over 2,000, 3.000, 4,000, 5,000,

6, 000, 57, 0O0dogl doese-9, 000, or 10.000); or |arge pol ysaccharl des (e.g.

pol ysaccharl des with a nol ecul ar weights of over 2,000, 3,000, 4,000,

5, 000, 6,000, Ak R&Mered, 00G:rm9I) e@&)@g}fcﬁ]é orliBorO BBk boliThenchiertm avetlabol i t e i ncl udes

si gnal i ng S an he ¢ em' cal reactions that
transf or meg;gxé?amauat orrc Teryant?agmn Of rduta%ol[& mt’f %afng forms including, but not

limted to: sugars, fatty acids, am no aci ds nucl eoti des, anti oxi dants,
vitanins, co- fAscbethsrein, fisites "mprbaiaTerprtaes siyriee aroduted Rymeabdlishar

processes o ARds. At RE6r HHR dart WPL SEHLBS methbdis RcREN BicermRRES REROLA  di sease”
means an i nflammation of the periodontiumincluding the g];]fn ival, or gum

tissudd thHecdurerelay! e‘oﬁ*‘%?ﬂ‘%ﬁg‘* Pl (o W%%“%Vb’&r’é“’lﬁ’l‘“‘]af WEEH 9Yhe al veol ar
bone, or theo bony 4906 kevs. aaooommlmo,td:@ot@ebbocar erganm@dmag\d t he

peri odontal |iganen ich t

et D AR R R R R R
herei n, theoq, efm()br))ebeia@nm»daeahaﬁdes @efe. @olmabn«ﬂastwethmtwularw@yﬁlofof t he

met abol i te Lhay q Qd Q%b&%to' %0%6 ?qoﬁas’ 60'0%‘6 Fordh 6 @S%?m%l { QeraQil status

phenoty p8 T thereo i nat’i sease states,
phenotly pes],ud@mghamg mtokeeul @cﬁ‘hd nttemmgh@es in the chemmal reactions that transform

energy derived from food into usable forms including, but not limited to: sugars, fatty acids,
amino acids, nucleotides, antioxidants, vitamins, co-factors, lipids, intermediates formed

during cellular processes, and other small molecules.

As used herein “periodontal disease™ means an inflammation of the periodontium
20  including the gingival, or gum tissue; the cementum, or outer layer of the roots of teeth; the
alveolar bone, or the bony sockets into which the teeth are anchored; and the periodontal
ligaments which are the connective tissue fibers that run between the cementum and the

alveolar bone and includes gingivitis.

As used herein, the term “reference level” of a metabolite means a level of the
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metabolite that is indicative of a particular disease state, oral status, phenotype, or lack
thereof, as well as combinations of disease states, phenotypes, or lack thereof. Innone
emhodiment, a periodontal reference level of a metabolite means a level of the metabolite
that is indicative of a positive diagnosis of periodontal disease in a subject. In another
embodiment, a “healthy reference level” of & metabolite means a level of a metabolite that is

30 indicative of a positive diagnosis of a healthy oral status in a subject.



enbodi ment, periodontal reference |evel of a netabolite neans a | evel of
the nmetabolite thai is indicative of a positive diagnosis of periodontal di
ea e in swbj2emy11433n anot her enbodi nent, a 'heal th) referemas200084184 of a
nmet abolite neans |evel of a netabolite that is indicative of a positive

di agnosis of a healthy oral status in a subj ectAttor ney Docket No.
8207-00-OC I n one enbodi nent, a reference |gvel' t ljte ma> be an
one or nore of the follow ng: absolute or FRICEEY ?8“%%5‘%@%@ concentration
of the nmetabolite; a presence or absence of the netabolite: a range of
amount or Concﬁﬁkr&%b@mema‘tnlsfae:m:eteazblobi‘iﬁuata) 1ipd vy r'ed B aecht @ remEdicmum anount
or concentration of t concentration 5 of the
net abol i t IJ’O%u”iﬁell ﬁ?“igeﬁ%ﬁ[‘gg CWWrﬂ’ “%‘Fen&%%‘ ‘EH% "lt{ag?l "G THe et abol i te. In
anot her emhedt ok netifoéifees engethevet s'coh@ntrgionbi thameemsitecof mmetabol i t es ma)
o e P PR PR R el BN S HRUBHILS ol GONGRALLALIANG, OF | v0 of
negati ve oiefenanotel mﬁéalrsmefﬁtarrmm(aibmrwresmrﬁmntai?}?ammbem? an agiteease st at e,
phenotypeafm Wiinh AEKrkNGLE Q\esnw@prﬁblgﬁgoﬁsrgpn{}%go h& fRARYLE Rdod gvel s of desired
10 net abo es I n one or nore appropriate subjects, and such reference

| evel s magbsbletctaiclagFednunts spoihirgiopogitivar s Terbdihjebrerst§. a ref erence

| evel mye@ﬁo@@e %?xto rhﬁgpo%i@i\$mtnu%@@@f&&%@vémnﬁﬁbm‘i@erbi%%@& met abolite
| evel s in sanp rom su]j ects of a certain age and reference | evels for a

parti cul aﬁ‘“ﬁ?es*é?&% ahagpiype of I3rkabrotoy pay botetayiprd ‘%’@i’aé‘t‘.ff“g Isyely olspitedi n age

group)ip NpaRRdiNeghn mgﬂb@%ﬂimprfaﬁ%m@&i@ﬁ@ﬂﬁﬁ rbRdeBleIe IR YNaP ®e tadbkOed t o
specific 15 techni ques that ar e used t(? yre | evel s of metabolites in

bi ol ogi cai’p"s‘éi’rﬁ?pég‘“?‘e OfSubJepis - ARG e‘gf B “%@?‘éh‘gﬁ‘e Mevel s of

met anI [ teﬁlﬁlﬁm%ndmfnf e mdiasadcomddel ns p:eels fri :,emt)efcﬂfmmqmectt h‘aic,ertan used. In
anot her suc net ab at | east one
conpound %@gi%@?ﬁ%v% %B?T%agﬁcﬁgf?rd‘ erzliSeQrSé teeah"B"“ %1m°r l%cng%:lre M atce'g%?l sm a
conpound 2& wgeperiatecher emwdemencyelre“g:retatcdmmpouﬁde gémettatedificn gl ut at hi on
conver %I Og,ahnel" u%sot unug lﬂgﬂl%gs% c%(;tels%t Jndt%o%teg%t k@ggé %ﬁ@mp ﬁ gmlq_u , gener at ed
in car boh or's enerate nucl ei't aci

met abol i sh?L -NB tesomi wlsefe @ﬁthébcf nflf&“é)@kﬁlﬁﬁsma\’l %fffar‘?eieﬁel’rthéﬁﬁeléﬁ freitque thak

"referencg pgetabolite "' may include one or nore of conpounds listed in
Tabl es 1. 2 3, 4 and 5. In still another enbodi nent, the "reference

nmet abol i tes i
xant hi ne guandgIawéhrg:(r:gﬁgﬁm@ngq?\gu%{eﬁéence metabo%tcrr%%y%glsudn art]:?alstggé hypoxant hi ne,

compound chosen from: a compound generated by amino acid metabolism, a compound
20 generated in urea cycle; a compound generated in glutathion conversion; a compound
generated in lipid metabolism; a compound generated in carbohydrate metabolism; a
compound generated by nucleic acid metabolism; vitamins; and co-factors. In another
embodiment, the “reference metabolite” may include one or more of compounds listed in

Tables 1, 2. 3, 4 and 5. In still another embodiment, the “reference metabolites” may include

S
(]

one or more of compounds inosine, hypoxanthine, xanthine, guanosine, guanine, leucine,
isoleucine, lysie, methionine, phenyllalanine, proline, serine, threonine, tryptophan, tyrosine,
valine, phenylacetic acid, a-hydroxyioscaproic acid, 5-amino valeric acid, choline, glycreol-
3-phosphate, N-acetylneuraminic acid, uric acid, reduced ghitathione, oxidized glutathion,
ascorbic acid, and glutamine. In stili vet another embodiment, the “reference metabolites”

30 may include one or more of unknown compounds listed in Table 5.

As used herein, the term “sample” or “biological sample” means biological material

isolated from a subject. The biological sample may include any biological material suitable
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i S-acetylneuram nie acid uric acid, reduced gl utathione. glufathion.

ascorbic acid, and glutamne. In still yet another enbodi nent the reference
net abol i tes LD may i nclude one or nore of ted in Taole
As used herein, the term anple" or blologrggpwwgocet QﬁggﬁgJ%fologlcal
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bi ol ogi cakor paE@RE Ak dSubd MRk lites, and ALt @hpEje Boaketd ‘Nmonaaaﬂm- 00T for

detecting_the desired me Lse cell &k, a / or

non- ceIIuﬁQ?ﬂﬁéP%V? I”W?Hﬁ?gWB“%ﬁ%S%QgNAPﬁtgﬁgB% Oditment ?%gyggnple can be
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met abol om ¢ profiling techniques. Such netabolomc profiling techniques are
descri bed in nore peateaintialifRptRien Pxaimpl es set forth below, as well as in

U S Pat. No. 7,005,255 and L .S. Patent Appln. Ser. Nos. 11/357,732,

10/ 695, 265 (Pub||Cﬁth%WM% 05/0014132). 11/ 301, 077 (Publication No.

2006/ 0134676), 11/301,078 Pu%llcation No. 2006/0134677) 11/ 301, 079
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peri odgnt a u he i dent Lie f abolites and
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1dc§rpora1cd herein by reference.

15 Tables 1-5 tabulate a series of metabolites which correlate with healthy oral status or

periodontal disease.

Although the identities of some of the metabolites and non-metabolite compounds are
not known at this time, such identities are not necessary for the identification of the
metabolites or non-metabolite compounds in biological samples from subjects, as the

20 “unnamed” compounds have been sufficiently characterized by analytical techniques to allow
such identification. The analytical characterization of all such “unnamed” compounds is
listed in Table 5. Such “unnamed” metabolites and non-metabolite compounds are
designated herein using the nomenclature “Dental” followed by a specific compound number.
Table § lists a group of unknown metabolites which correlated with healthy oral status or

25 periodontal disease.
B. Expression Profiles

Generally, metabolite profiles were determined for biological samples from human
subjects diagnosed with a periodontal disease, as well as from healthy human subjects. The

expression profiles for biological samples from periodontal disease subjects were compared
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met hods of tr dasemgrmpedingaonbairesgndeanion relapdo eér ey kel diggiodiie enbodi ment
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15 A. Methods for the Diagnosis of Oral Health or Periodontal Disease

An aspect of the present invention relates to the diagnosis of periodontal disease
development. In one embodiment, the diagnosis may be made prior to the appearance of
clinical signs of disease development. In one embodiment, the present invention provides for
a method for diagnosing oral health in a subject in which a gingival crevicular fluid sample is

20 collected from the subject and a level of one or more metabolites in the gingival crevicular
fluid sample is detected. The subject is diagnosed as having periodontal disease or healthy
oral status based on the level of the detected metabolite(s). In one such embodiment, the
detected metabolite is at least one compound chosen from: a compound generated by amino
acid metabolism, a compound generated in urea cycle; a compound generated in glutathion

25 conversion; a compound generated in lipid metabolism: a compound generated in
carbohydrate metabolism; a compound generated by nucieic acid metabolism; vitamins; and
co-factors. [n another embodiment, the detected metabolites may include one or more of
compounds listed in Tables 1, 2, 3, 4, and 5. In one embodiment. a diagnosis of periodontal
disease corresponds to an up regulation of one or more of the following compounds: inosine,

30 hypoxanthine, xanthine, guanosine, guanine, leucine, isoleucine, lysie, methionine,

phenvilalanine, proline, serine, threonine, tryptophan, tyrosine, valine, phenylacetic acid, u-

V8-
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the detected metab
the oral cavity of a subject. In one such embodiment, the detected metabolite may be a

20 compound chosen from: a compound generated by amino acid metabolism, a compound
generated in urea cycle; a compound generated in glutathion conversion; a compound
generated in lipid metabolism: a compound generated in carbohydrate metabolism; a
compound generated by nucleic acid metabolism; vitamins; and co-factors. In another
embodiment, the metabolites may include one or more of compounds listed in Tables 1, 2, 3

25 4ands.

In another embodiment, the comparing step may include comparing the detected
metabolite level to periodontal reference levels or healthy reference levels. In one such
embodiment, the detected levels of the one or more metabolites in a sample which correspond

o the periodontal reference levels maybe one or more of the following: detected levels that
30 are the same as the periodontal reference levels; detected levels that are substantially the
same as the periodontal reference levels; detected levels that are above and/or below the

minimum and/or maximum of the periodontal reference levels; and/or detected levels that are
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In one embodiment, determining levels of combinations of the detected metabolites

may: allow greater sensitivity and specificity in diagnosing periodontal disease or healthy
oral status; aid in the diagnosis of periodontal disease or healthy oral status; and allow better
20 differentiation between periodontal disease and healthy oral status that may have similar or
overlapping metabolites. In one embodiment, ratios of the detected levels of certain
metabolites (and non-metabolite compounds) in biological samples may: allow greater
sensitivity and specificity in diagnosing a periodontal disease or healthy oral status; aid in the

diagnosis of periodontal oral status; and allow better differentiation of healthy oral status,

[
I

gingivitis oral status or periodontal disease from each other and from other diseases that may

have similar or overlapping metabolites.
B. Methods tor the Identification of Subiects for Clinical Trials

The inventicn also pertains to a method Tor predicting a subject's response, e.g.,
responder or non-responder, to using a therapeutic agent for periodontal disease or a lack of

30 using a therapeutic agent for periodontal disease.
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20 The method of the invention, described below, provides for identification of
responder subjects and non-responder subjects to a therapeutic agent. In one embodiment,
the method includes generating a metabolite profile of a gingival crevicular fluid sample
collected from a test subject while following a test protocol, wherein the metabolite profile
includes the metabolite identity and metabolite level and comparing the metabolite profile of

25 the test subject to a reference metabolite profile. The reference metabolite profile may
include one or more of: a reference responder metabolite profile and a reference non-
responder metabolite profile. The results of the comparison can be used fo identify the test
subject as responder or non-responder to therapeutic agent. In one embodiment, the
comparison may be made using a simple comparison (e.g., a manual comparison). In another

30 embodiment, the comparison may be made using one or more statistical analyses (e.g., t-test,

Welch's T-test, Wilcoxon's rank sum test, random forest).
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nunber of da>grhefefdrbrec stndarschjcame/ opreéracohontrrspamiot ueiectentpbddbpment t he
reference non-re der b romthe
gi ngi val %?%V?gﬁfggn?Wﬂ?& fé‘%fré%?ﬁ&%t&%?dﬁ%%gggé gﬁﬁﬁgégﬁgﬁ r esponder
subj ect s mhaushﬂmedhnbmmnaﬁgéﬂvwubéwnbweﬂhmwhdﬁéeﬁ@eﬂmﬁeﬁHEBWhg a
dentifki CSmﬁz i Qrefagu e 240 ngégrg))erchﬁﬂ/%px%ﬂkn& ARG RECAb i Entifda standard
care protoco uring t e nunber days of the standard care protocol. The
st andar d edweﬂaﬁéweeeb%ﬁ%W“WﬁéﬂGﬁemﬁﬁ%?w%@Fl%ﬁ@ﬁgﬂ@hm%§rﬁ?ﬁ§ﬁlng dur ati on,

nunmber of rersgﬁoﬂ'@é? stflet Ser re@%ﬁ@@ﬁorﬂ@sp@ﬂﬁéﬁsubj‘é&@dcﬁiﬁ fitab RdvirRrpadiodeomtie products,
etc. The reference responder subj ect and/ or reference non-responder subject

rnav be ofjecase based on clinical evaluation by’a dental professional.
In one embodiment, the standard therapeutic agent down-regulates at least one
20  member chose from: inosine, hypoxanthine, xanthine, guanosine, guanine, leucine,
isoleucine, lysie, methionine, phenyllalanine, proline, serine, threonine, tryptophan, tyrosine,
valine, phenylacetic acid, a-hydroxyioscaproic acid, S-amino valeric acid, choline, glycreol-
3-phosphate, and N-acetylneuraminic acid for the reference subject. In another embodiment,

the standard therapeutic agent up-regulates at least one member chose from: uric acid,
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reduced glutathione, oxidized glutathion, ascorbic acid, and glutamine. In vet another
embodiment, the standard therapeutic agent up-regulates or down-regulates at least one

member of unknowns listed in Table 3.

In one embodiment, the test subject’s metabolite profile may be generated from one or
more gingival crevicular fluid samples which may be cotlected from the test subject ina
30 single collecting step prior to initiating a standard care protocol. In another embodiment, the
test subject’s metabolite profile may be collected from one or more gingival crevicular fluid

samples which may be obtained from the fest subject in a single collecting step after the test



or nore of the followi ng: a reference responder subject and/or reference
non-responder subject identified as having a healthy oral status based on
clinical woabwati#s3n a dental professional; a reference PeTas2AN3E8H] ect
and/ or reference non-responder subject identified as having gingivitis
based on clinical evaluation by dental professional; and a reference
responder subject and/or reference non-responder b C 7d(§1n(5 fied as
havi ng peri odontal di sease based on clini chl(%mne%lpm |§%%b(§/ a dent al
professional. In one enbodi nent, the standard therapeutic agent

down- r egubidfeeishadfol Ib\%ﬁiﬁista@ﬁlﬁd mﬂn&mm hﬁsercfxmma@ nintesdéfeys. ygexant hi ne,

xant hi ne, nosi ne, n|ne Ci cihe i e hi oni ne
phenyl! al afﬂ%ﬁ’ imes g]e t‘;‘h rsln?leé‘ﬁbf’tJI oﬁfer?]ea} Sel{er{mne% S Y VoS Er‘le val i ne,
phenyi acetingivaciedicula- thxybhamxw ebiclaprobecobciad, troB}-fMﬂ@ttlwt emiuipkci d chol | ne,
gl ycreol - 3 phosphat e, 7 Uk 2BHOIG Al d: QT L 6 Leher ence

subj ect . O?heghm‘t BT e iﬁbﬁggr{r}g %ﬁ‘&%}nﬂgt an%]g?lé t era;:r)gahgteibcS aéént up-regul ates
at | east 6flewneniyedard hoserofordfiar awrdsgiva indnber édiaced gl ut at hi one, oxi di zed
gl utathion. ascorbic acid, and glutam ne. In vet another enbodi ment, the

standard t her apeitdih KURMmekPhE ﬁ}gﬂdi)cﬂ'&tﬁaer@@ ANnMest REutiatesoddspdr@ast one
menber f unknowns |isted in Table 5, "ﬂ% e enbodi nent, the teL?t subj ect '

s met abol P EUMRSHRSESIPET AT B PR EGHE "’cf’fﬁ“?ﬁ)r?é'dd’?"t%?“@i §rHgIVAT crevi cui ar
fluid aﬁpkﬁﬁﬁra%hrﬁhndfﬁy{e bﬁ‘oﬁl@d)dneQérﬁﬁﬁt&dfr@gﬂhﬁaﬁh@nk%’&rs@ub’j @coipoind si ngl e

COl ! eCt In St eg r{) flll‘lgthtg} {Iglg.ltat(?b%tg(lﬁgglgetﬁra? i (yaall“bc(i)hc(ﬁTtL m@tae h?l%Ol I'n anot her

embodi nenfS P! Be ‘ol | ected from
one orl 0m)bcen@umggmahtccl:w}eumkemmaﬂ nfelabdldmay ltaew15Wchfm ble ao3bai ned from the

test subj eclgéiﬁt}enggle d!gﬁi[l;)tg erlltﬁhétl Stﬂe?toﬁ Ji»%ul:cﬂ m. 1t10re-otj' 1 _Attorne)

Docket No ect a st an care protocol for a
prescri bedomynististed md“ay)s%.l ErB. dned ianbodl ment, the test subject ' s
nmetabolite profile ma} be determined fromone or nore gingival cre\icular

fluid S?rrpl es Whideher BRM RN Be L&ﬁﬁ&iﬂg, f,tépﬂrmi)l lhﬁudeﬁbsﬁqpeﬁrm@jtlﬁ@ﬁetdbﬂlLLEYU| tiple
collectin ste&g each col ] ecting step rr.in day after

nt,
the test LYHOEELF RHEDIFHq BivEGeL P%Fﬁ‘d‘SYe 3(9 Fer bP‘B‘érproP%F E:?ﬁ r8scri bed
nunberisof otayish dnfbodiRRnSE MebdiedE VeIl thetBesuhettathddhintag cmd:emmmtcy of the test

ZtranJngc;CIrrg ﬂ‘é‘?é{%‘%‘? Pg me;goht lcxéeﬁraa} :g(ﬁngelho?ﬁl%% off‘l{hurp)ﬂo%m of tgk'f{)ﬁl% lg%ﬁg:)ﬁ}[qu by
gener at ed tharurgihttaatehi on rdomwe rcspcmldw ngetabolitp twfdd metabollte levels that are

substantially the same as the reference responder metabolite levels; metabolite levels that are

above and/or below the minimum and/or maximum of the reference responder metabolite

20 levels; and/or metabolite levels that are within the range of the reference responder
metabolite levels. Such metabolite levels maybe indicative of an identification of the test
subject as a responder to therapeutic agents. In another such embodiment, metabolite levels
of the test subject which may correspond to reference non-responder metabolite levels may
be one or more of the following: metabolite levels that are the same as the reference non-

25  responder metabolite levels; metabolite levels that are substantially the same as the reference
non-responder metabolite levels; metabolite levels that are above and/or below the minimum
and/or maximum of the reference non-responder metabolite levels, and/or metabolite levels
that are within the range of the reference non-responder metabolite levels. Such levels maybe
indicative of a diagnosis of an identification of the test subject as a non-responder to

30 therapeutic agenis.

In one embadiment, metabolite levels of the one or more metabolites that are

differentially expressed (especially at a level that is statistically significant) of the test subject

[



generated in lipid netabolism a conpound generated in carbohydrate

nmet abol i sm a conpound generated by nucleic acid netabolism \itam ns; and

co-fact orwo 2bw/amsrher enbodi nent, the netabolite identiPCy/uskomioadiBest

subj ect may include one or nore of conpounds listed in Tables I, 2, 3. 4

and 5. In another enbodi nent, the conparing step may include conparing the

metabolite |evel of the test subject to refgrenc r~1§§ﬁ8ﬂf§5-06-8 el s and

ref erence non-responder |evels. In one such SbodihEnt, the netabolite

| evel s of the test subject which nmay correspond to reference responder

met abol i t @s ¢@peles raybriconer@te Bofangbe inhieatfvo bl oMiag icaret abobibjte | evel s

that are the xsarr_gx as. the tr«efaer‘:eﬂce Lespon en;np?ntﬁ%%g{ei 1%%19' «:‘?\ﬁ%lo%é o TEt abolite

level s t hdt ® BPR"ST BP0 985 B TARE RO YEY FEFeY Ehe s T RSB Shadr

net abol i t exdrevehts|itembtaboliiftrentiabvelpssteth atpeaniy @bdarvel thndysotistbellxow t he

m ni mum and/ or maxjmum of. the ref responder. nmet.ahol.ite |evels; and/or

nmet abol i teSiéi}ie’\‘}‘ié}@{ lh%@ Sgé%&\?\,ise‘fﬂﬁ?)ﬁsg E"g‘%ﬁégﬁg%ﬂ%?g‘% I%ré&ﬁévf” g?“e‘}:ﬁ]%e r esponder

met abolsi t éndiceyel of an Bergtiicaren abotubiee ab evetsspredebe thaneeetagwds. of an

identification of the test subject as a responder to therapeutic agents. In

anot her such efrbodivi@pl fareiabQlisRelRNE&: S 0dn-kHSESE PSURHRE Disdch may

correspond to reference non-responder netabolite | evels may be one or nore

of the foll¥dPMY™ netabolite |evels that are the same as the reference

nonresponder netabolite levels: netabolite |l evels that are substantially

t he same as t h&cwelfrerenceasponhr espondentioretrabdt ifdre nlethpdsichmay abol i t e

| evel s th Han! -bel. Wtk : mat aum of t he

refer ence%%legﬁ{; ?eé%%g%gg%ﬂ%g?g%%?sbggtal%g\?%ﬁggﬁugﬁg? ggg{rlrcg{tg ol :w{% | evel s t hat

are vuO hitrrapheicrgmie fofrepimsnog paioderid diseme. respBniterbipgisabsertie P evel s.

Such | evel s m@nd diRdl GakiobReRf ol RURRSY 8 cBficalial daRLi hbgalion.af th test

subj ect as a non-responder to therapeutic agenb. |In one enbodi nent,

met abol i t ey by egndugyid by Hisst gperagne g dlinB rabBIMaescirat! ethingistiet enti al | y

expr essed (£sRACT Alid Maye aBedhPUled bh@inglaSostat polotaalnky aahitliif last t of the

test subjectAttornej Docket No. 82%,7-0(1-,(‘1@:‘%5 con’gag edh%)o responder

r ef er ence OVEVE We AEPHE STRYAF CLEFD & B8t e rleh e EAr BH" & 11 ¥ bj ect as a

re&pongder ahpfokhef @peygite. sgesdusnt th fingniat hetlopndodicreljtc maetehbadsi t e | evel s

of the one or nore net agol itte§_ t ha%t‘ ?trgaqit,ﬁ.\foer?!a}qi al gl(% Sxpressed

(especi al I REUHCE8Bf AFHEPE foF QEedr e QAT Y S Ghi i CantY "6 T tHe test

subj ect asulg@npay @dsitow avalhrceesgogides durief e éme erdcdwélhs noraydoeprptadil.cat i ve of

an identification of a subject as a non-responder to therapeutic agents
In one embodiment of the present invention, a method includes generating a

metabolite profile of the gingival crevicular fiuid sample collected from a test subject while
20  following a standard non-care protocol, wherein the metabolite profile includes the
metabolite identity and metabolite level and comparing the metabolite profile of the test
subject to a reference metabolite profile. The reference metabolite profile may include one or
more of} a reference responder metabolite profile and a reference non-responder metabolite

profile. The results of the comparison can be used to identify the test subject as responder or
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non-responder to periodontal disease development. In one embodiment, the comparison may
be made using a simple comparison (e.g., a manual comparison). In another embodiment, the
comparison may be made using one or more statistical analyses (e.g., t-test, Welch's T-test,

Wilcoxon's rank sum test, random forest).

I one such embodiment, the reference responder metabolite profile can be obtained
30 from the crevicular fluid sample of one or more reference responder subjects who followed a

non-care standard protocol and developed periodontal disease during the length of time of the



2. Method for Identifying a Responder or Non-Responder to Peri odontal
Di sease Devel opnent According to one aspect, the present invention provides
for a netwodowhilei37nay be used to determ ne whet her a s®bjraskovs3ssdtabl e
to participate in a clinical trial of test therapeutic agent(s) for
treatment of periodontal disease, wherein the subject is susceptible to
peri odontal di sease devel opnent. In sone instances cl trial of a
test therapeutic agent nay be conducted byfﬁ&mmk §gﬁ§?aérﬂg&§#ng|V|tls in
one or nore sections of teeth in a subject's oral cavity. This my be
acconplisb@dx@yhu&bmgwﬁdnmnmmama;@é@ﬁﬁ@@émmmeﬁemarmaw&hdpk@i@Maced over the
ﬁg? :,)re cei sgobz%g[d;i%?nrsﬁw Lr?vz%lfdéﬁma ganljpés.n%f t)tn h?ejrbﬁzcgé rlejzléeg«%engf r%o%crgsl. 3821«{%? %ub ;.tl‘i teeth do
developnemhgrﬁhﬁoﬁu@h@@tnmﬁM&usﬁwﬂdmu]:%etM@napeumi@%a@@ﬁmoagcmrding to a
care protQ )%wt ?hég srta%%}udg}?%rag ﬁmx m&u&“o(g;% 0! lqute%f‘] g?o OQ'mSUb] ect maj not
show evi defice peri o he non-care
pr ot océl . aMNm@n@nemb@@mwenbuﬁﬁﬂﬂhéfpf@%%ﬁ@MPm@ehﬁkﬁmf%vawm@d i ncl udes
gener ati ng. g, 18F @Qf?kw'hﬁ BcaEE@fﬂ h oﬂgr :»,Ethﬁmbgdf@&%hv‘ﬁéor@ﬁ@twa%wt&rol {hit d sanpl e
collected froma test su I owi ng a standard non-care protocol,
wher ei n t Hescrifss hrb@niatct@ruﬁ@wpm%ﬁr phw%ééw@h@efg@t awoler piegtyamtihe yeand
netabol|tgf%§xgkdagg}?gggaﬁh@g the metabolite profile of the test subject
to a reference netabolite proflle The reference netabolite profile may

i ncl ude one or, erence respo e and a

ref erence non- ngﬁﬁﬁﬁgpmﬁéWéggFm ’mnfm?FOng g%Fggsﬁ‘ﬂgcgeﬁ @Lconparlson
can beaouselghs¢ Do :d@ntine b’ypbktmthhzesian&mb; @etdosias guagpokdere, ooleywon-| vieﬁsponder to
peri odont an'ah?dn%ﬁ% mﬂﬁ)a’r%'] Pﬂﬁé‘é enké‘ tﬁ?&%m% W’ﬁ%:pﬁ'ﬁ”& rosihfl§aGRPAr i son may be

made usin arison | n anot her
enbodlnenbmmth@ucmmpaﬁwéwnm@whEMﬁu@b5@@Mﬁgﬂbp@&6$CMﬁﬂ%gb?@ﬂrst|cal anal yses
(eg . g%ph }ééjmﬁm ;ce{“v'ﬁébra Yid dRQYQR t%fe{eﬂ&ksuﬁw [eRbthercABAGMfor est) . In
one such I ment e reference responder metabolite profile can be

obt ai ned fheswmdarnogrcareipeatteakdopppaylaiss AFist BE MSHBSTGRORHPE: Wisfsience

responder Syl eatidie, flile@ VR ifonNABor6idhad Shdnd@mthe Biratcaelen@nd devel oped
periodont al di Sease during {he Iengﬂh of time of theAté?rne Docket No.
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non- r espopgeheiRianoht hemp: of inkeovwB]jlisteinalablasned fromthe crevicular fluid
sanpl e of one or nore reference nort-responder subjects who failed to

periodontal di R %ﬁese?angimeﬁ't,gthg Q@t slﬂ%&gg Iﬂle&{mmé Iﬂf@ﬂlgtna? b§g§e@x§l‘g@5 ﬁorﬂ 3R &are

more gingival crevicular fluid samples which may be obtained from the test subject ina

20  single collecting step prior to initiating a standard non-care protocol. In another embodiment,
the test subject’s metabolite profile may be generated from one or more gingival crevicular
fluid samples which may be obtained from the test subject in a single collecting step after the
test subject has followed a standard non-care protocol for a prescribed number of days. In
one embodiment, the test subject’s metabolite profile may be determined from one or more

25 gingival crevicular fluid samples which may be obtained from the test subject in multiple
collecting steps, each collecting step occurring on a different day after the test subject has

followed a standard non-care protocol for a prescribed number of days.

Irn one such embodiment, the metabolite identity of the test subject may correspond to
a compound chosen from: a compound generated by amino acid metabolism, 2 compound
30 generated in urea cvcle; a compound generated in glutathion conversion; a compound
generated in lipid metabolism; a compound generated in carbohydrate metabolism; a

compound generated by nucleic acid metabolism; vitamins; and co-factors.  In another
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protocol. The standard no-oral care protocol may include one or nore of the
foll ow ng: absence of brushing for a prescribe nunber of days, wearing a
shi el d owe0 20m¢11¢837n0r e secti ons of teeth while caring Por/ush@osdies
section* of teeth according to a protocol which describes brushing
duration, nunber of brushing times per day, nunber of day and the use of
mechani cal oral hygi ene devices. In one enbodi nent, the.s d non-care
protocol up regulates at |east one nenber 6H8@E>??§W%V?§Sgﬁ2gﬁf
hvpoxant hi ne, xant hi ne, guanosi nc, guani ne, |eucine, isoleucine, |ysie,

met hi oni ngmbdabeRy irlnanibaee idefdd bNEs s erbjdiemat ikdle@nin e, mdré yipt ophan,
tyrosine, \aline eny aceglc a a- hydr oxyi oscaproi ¢ acid, 5-am no

val eric a&ﬁﬂmu%ﬁbﬁgﬂ@qééF?Ereo §;gphosphate and N-acety | neuramninic acid
for the reference subject. In another enbodi nent, the standard non-care

pr ot ocol doann@gﬂwav§®d@uﬂtéasmnmweéﬁﬂmmewm@hbsémﬁﬁmaﬂmdﬁﬁ@Oé@ld r educed
gl ut at hi opg, t@eémenzee@mgw AL Q0 re@SGONBI G5 R0hE 1 R0 ﬁ'oHé agine for the

ref erence subj ect anot her enbodi nent , the st andard therapeutic
agent @p- ?@@,mwe@e@m@m leegupabaisst atbiacenlaeh BreOFRRDENC FETEiknowns | i st ed

in fable Rq,difrANEHONPRUITERALe ofd® nloRSIT 1RUBIRGHS: SeflBl @eh@\lelstt@n@f’éOH le may be
generated fromone or nore gingival crevicular Tluid saqg g wg ch nay be
P 15‘?“i

obt ai ned ¥ é%wwéhetfétg&en%mp@@ff efabglitg fleyglp:engplite el

i nitiati Nghedarsd ANLaEGreR@NespEder iﬁé’tﬂbﬁt@ Wvels: |vﬁbt@ﬂm'& hetls eptbediboRnind /ot he t est
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crevi cul aP'?Y HE RIYRHEI ‘Wﬂﬁﬁﬂvﬁgﬁieb SBBEATIRRY T PO et EstYlbj ect in a
si ngl aoco lnleﬁﬁctl iLcﬂ@V chttep a@fvtidm thd”tengfzess the safirec tespraseriigtabonedvas. Suetndar d
non-care %oq %eﬁlg e;baeﬁvg% dma w an tdenpg%(taon &j thedtga)( ?ub&c?asgrl]ﬁgg&ﬁgqgg ms::]t the

t est sum
gi ngi val nmeumquwamlk@uﬁdekamghesHwhwchMﬂnyp@QdQWﬂaﬁﬁ@@Iﬁﬁmﬁwthghtest

subj ect in, E@'&!ilnt\éfnf lm%ta%ﬂ‘té REL (Qghcstés‘?gl%jec% ﬁ LIOS%B&QIQO REEROGHUrring on a

di fferent test subject has T standard non-care
pr ot ocol ﬁﬁwméxpﬁﬁéaﬁrbé@%mmm%%megﬂmdayﬁhbﬁ%o“@&émﬁﬁeﬁeéwﬁbﬁﬁmﬁht t he

met abgki t gcigenksintoe@fendeRBnt8Rdnd S WRkB6Hte 087 n@%a;]%mwmhgt@ma conmpound
chosen from a conpound generated b am no acid lism a conpound

gener at edsibstgptslly gy eqngs as edﬁﬁbﬁﬁﬁ@*@@ﬁ@?ﬁﬁ@ﬁm?HebfﬂﬁéFﬁP%WﬂéﬁﬁV@FS|on

conpound gg @@J\@%ﬁgoﬂb@lo{vhl&' HinfRadelt SMimam G)Dtm{@ Eﬂﬂdﬁ@wc@ ehetgbedr i n
carbohydrat e metabolis npound ener.a | ei ¢ acid nmetabolism

vitanins: maﬁaoiﬁ%]e\feéscfw% me‘idhﬁ 6¥‘?|J1SetP are Wl n t}gje range o(f\‘the reterence non-

responder metabolite levels. Such levels maybe indicative of a diagnosis of an identification
20 of the test subject as a non-responder responder to a non-care protocol, e.g., fails to develop

gingivitis and/or periodontal disease.

In one embodiment, metabolite levels of the one or more metabolites that are
differentially expressed (especially at a level that is statistically significant) by the test subject

as compared to responder reference levels maybe indicative of an identification of a subject

)
L

as a responder to a non-care protocol. In another embodiment, metabolite levels of the one or
more metabolites that are differentially expressed (especially at a level that is statistically
significant) by the test subject as compared to non-responder reference levels maybe

indicative of an identification of a subject as a non-responder to a non-care protocol.
C. Methods for Evaluating the Efficiency of a Test Compound in a Dentifrice

3G The present invention also provides for a method of determining an efficiency of'a

test compound useful in treating periodontal disease development in a mammal. In one



- | ;Attorney Docket No. 8207-00-CC enbodi ment, ihe netabolite identity of
the te t subject may include one or nore of conpounds listed in Tables 1,
2. 3, 4 amo2B10/1ms3anot her enbodi ment, the conpari ng st epCra®oM0M3418de
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non-responder |levels, In one uch enbodi nent, the netabolite |levels of the
test subject which ma> correspond to reference res olite levels
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(especi al Hyiecii? APFEFRIT REEOTE ISELtfodT e4vy can gHPT PELIPECREEast subj ect
as conpar @dmtie s0gekt a@ﬁmg@dmf mrtiﬁlfeeF\Qﬂ@ﬁiﬁri&e&%ﬁthﬁm@"ﬁ%b@t m@b@r@tma\y @cof an
identification of subject g non-r esponder Eo a non-care rot.o col

applied to an oral cavity of the subject according to a prescribed protoco Ata second point

in time after applying the dentriface, the post-treatment metabolite level of a second gingival

20 crevicular fluid sample is detected. The pretreatment metabolite level may be compared to the

post-treatment metabolite level. Based on the comparison, the efficiency of the test

compound may be determined. In one such embodiment, a decrease in post-treatment

metabolite levels compared to pre-treatment metabolite levels may be indicative of the test

compound having cfficacy to treat periodontal disease. In another such embodiment, an

3]
A

increase in post-treatment metabolite levels compared to pre-treatment metabolite levels may
be indicative of the test compound having efficacy to treat periodontal disease. In still
another such embodiment, the absence of a decrease or increase in post-treatment metabolite

levels may be indicative that the test compound lacks efficacy to treat periodontal disease.

I another embodiment, the post-treatment metabolite levels may be compared fo one
30 ormore of: periodontal disease reference levels and healthy oral status reference levels. In
one embodiment, the comparison may be made using a simple comparison (e.g.. a manual

comparison). In another embodiment, the comparison may be made using one or more

E
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C. Methods for Evaluating the Efficiencv of a | est Conpound in a Dentifrice
| he present invention also provides for a nethod of determ ning an

ef fi ci encwoabisa1ss3t conpound useful in treating periodecraiS2avssase

devel opnment in a mammal | n oneAttone) Docket No. 8207-00-CC enbodi nent, the
met hod i ncl udes detecting a post-treatnment netabolite Ievel from a gingival
erevicular fluid sanple collected froma sub ect after é) t wth a
test compound. The post-treatnent netabol i t%“f”évgf"“% t§e ¢ 02% red to one
or nore of the follow ng pretreatnment netabolite | evels of the subject:

peri odont ahisief @8RG b eved swan heal vyoxoe! anieneerclawelbs thidstpone such

enmbodi nent hod include the step of deter her the test
conpound W&%ﬁﬁ‘&%sﬂg@% téélg ' SHPAHRSAEEY PR HGEENF f’g] f[}g‘qo‘éloﬁ 5N

hypoxant htesteommaaﬂﬁ hhmm guaﬂnmsmnemawm nels alegue bnegre bisiod ‘éﬂmme | ysie,
met hi oni ne, ser|

an,
tyr osi ne, \78.{) clra?mmt mﬁt o0 zieleléxepz. that “u‘e %ie damc: athee’ opmogc 8p rcﬂ?“’mc uc 5 gcpsp

d, 5-am no
val eri é atrq:adpemfmethbqﬁm: ewa:,;aeerssbdhmsa bhbsq@tmatafethe Mﬁéwié@@wuﬂéw am ni c acid.

I'n anot he S?nggngﬂmotgﬂ)ﬂggv S anf bg%talﬂ@/gx m\' tli’lgli%lﬂld'glﬁﬂ Exnfeor%d%&u f fdet er m ni ng

whet her t conpound up- regu ates at | east one nmenber chose from wuric
aci d, r edieediagbnial atfbrenyn éeyveloxindprzvdt-upauteat ihitdnlit deyels pgivéthmdharangsnd

gl ut ani nemh@@@%@%a@éﬁ@@féw@ns anctREs UBLRQRIBRY wenGliidg che step of
det erm ni ng whet her the test conmpound up-regul ates or down-regul ates at

| east onecHBHDHER MHY beimkkEE & e gifigasy Phthighicampound Whei{Bt PRSI @Hali nent, t he

pre-t rngat pEAboIfELRRQk &n@ of @8 bt MBY61BRINGDHRIL- a&@lmb,ym&@&ﬂicetmg tidut peet r c at ment
nmet abolite |l evel of a first gieﬁql val erevi cuI fluid sa cfol | ected from

the subj et safe a3 treihedihy FEFTaRes 1onClE: Pl [r‘%@ﬂ%m“f ]it‘& VLot dP fmﬁ‘@ XHe test
conmpound gy abeec aghy &d:retnee lafbl@b&slt—tré‘eamhﬁ measo frdhievesui) z&ﬁte‘a&ﬁﬂﬂs&hmg to a
prescribed pratocol a paint. int g the

dentri facg‘ QY’?‘\’@‘”‘B&E‘E/ Ortr?"é‘ﬁ?%% “Q%ﬁg@g&ftﬁ"%c“ BVl ang/]tp ' lC’Os‘tatl%ot(ﬂ‘}lnedpg| ngi val

er evi cul amehbdlitde ®ampl \eithisthd ehgcdfae. hedlthe rperedce @atiment net abolite | evel may
be conpared to the post-treatnent netabolite | evel. Based on the

conpanison, thgeghlloh RGY Plvidederr bk §Rtho& OMBQURSh MY RenAeiakMNgd. I n one
such enbodi nent, a decrease in post-treatnent netabolite |evels conpared to

pre-t r eat HEWAS PRECAST Hiswsq ‘é\‘)@f}dg“%? fBlattingiacelt vV igsthe festicp@reiad £dc onpound
havi ng ef fidiGRaGing vhethe@BE 1cR6IhRAANEEIn-Ak8LASIcad BnARAIHIEMoSUESM: embodi ment ,
an increase in post-treat qent met abol i te | evel s co%a]red t re-treat rrent

net abol i té‘%*%@l@"ar?ﬂweb?“? Wi 419 Pe YN ST R PRS0 HY "RV YNy effi cacy
to treat penjiedantgroltt,Searethrebiing tripibphan, tyrosine, valine, phenylacetic acid, -

20 hydroxyioscaproic acid, S-amino valeric acid, choline, glycreol-3-phosphate, and N-

acetylneuraminic acid.

The invention further yet provides for a method of identifying a test compound useful
in treating periodontal disease in a mammal by contacting a cell with the test compound and
determining whether the test compound up-regulates at least one member chose from: uric

25 acid, reduced glutathione, oxidized glutathion, ascorbic acid, and glutamine.

The invention further vet provides for a method of identifying a test compound useful
in treating periodontal disease in a mammal by contacting a cell with the test compound and
determining whether the test compound up-regulates or down-reguiates at least one member

of unknowns listed in Table 5
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anot her such enbodi nent, the absence of a decrease or increase in
post-treatnent netabolite |levels be indicative ihat the test conpound | acks
ef fi cacy wo 20rogias3per i odont a di sease I n anot her ertbodi FeEmUS2600839184
post-treatment netabolite | evels may be conpared to one or nore of
periodontal di ea e reference |levels and healthy oral status reference
level s in one nmbod nment, the conparison nayu‘ﬂ& Q§\H§%qﬁ(ﬁ(ﬁtnple
conparison ( . a manual conparison). In an&th nbodi rent, the conpari son
maj be maae using one or nore - 1*ttorney Docket No 8207- 00 OC statistical
anal yses (e. D. t-o@stareVlkh's T-test. WIcoxon's rank sumtest, random
forest). In one such enbodi ent the results of the conparison ma\ be

i ndi cative of ﬁt?@reﬁ o ih &A% Bfind Pr%wtdgst‘gr &%W% fé\z\ﬁ’ﬂ%;&u y BRS ke te€at ment
nmetabolite le\els are one or nore of the follown post -t reat nent

met abol i t el avedigtiohetthease scoe heélheta@s ity sHEneSIOr POREMEAES | evel s:

post t r eat nBALLBLARIALS shif¥ 8hSr BERosHIsteantbak bh fdhen sane Tas t he
perlodonta reference | evels; post-treatnent netabolite | evels are above

and/ or 5 betiBaiitihge i U Auhcalrar s xinhmed o rileg B P sHshe e iuler ence

level s apdd {@pIdRS fortde8atyBHedbelidohiined tlnetéezh@uartemwtltahnmdt he range of
the periodontal_ reference |evels. In anot h g n@Pg nt, the results
of the cotphFi d8nIARYSHY 4HYFE AT B MEnke 8?6 |08 Ey' &t est compound

when the maﬁhoﬁneamﬁﬁathEﬁahﬂtwtenamenmmesmmnmmmenmhmnmmegm@kmmnng
post-tr eg{{g‘?‘f‘ﬁ a{daﬁglﬁﬁ\tg 1t ehf‘fi{‘gg ecg hat r % Emoﬁtus iCI% en ()d nheﬁ It’ht%%tt hy reference

| evel s; s are sub he sane as the
healthy rememenmﬁhmevei@yxmmsgﬁmgeamm@ntwﬂévébommﬁ®H@EWHﬁSM@re above and/ or
bel ow t he lkg rquhléy%mHBX|nuntof the healthy reference |evels; and/or
post-trea Tent e levels are within the range of the healthy
reference levels. lhe invention further provides for a nethod of identify
ing a test corpounBeidiErGomPeitPeati ng peri odontal di sease in a manmal by
contacting a cell with the test conpound and determ ni ng whet her the test
conpound down-The gmﬂ;eat i@senddn fuglas proones fimendetifrichesgofitiamThe eomiosigon

T AN e SHANOS R Grot AN OG0 EHELDGC L3O BC e, 1 YS

nethlonlne ani n I ne, seri reoni ne, tryptophan tyr05|ne
val i nés phenapduacacntoeﬁam duhaegu rhmdnab»hye ﬁ*@@@am&mn@ PaBodP! aBleashenso val eri c

aci d, cholng wh&LM R Fle FeRBARPDA R wrARADRREIUDRHARLL G aci d. [ he
i nvention further rovi d a nethod of identify ing a test
conpound wrstepajite reterence levels atfmtcd by a contro | dentifrice composition. In one embodiment,

the change in metabolite level is greater than 1% than corresponding change in metabolite
reference levels affected by a conirol dentifrice composition. In another embodiment, the

20 change in metabolite level is greater than 5% than corresponding change in metabolite
reference levels affected by a control dentifrice composition. In yet another embodiment, the
change in metabolite level is greater than 20% than corresponding change in metabolite
reference levels affected by a control dentifrice composition. In one embodiment, the control
dentifrice is substantially free of a standard therapeutic agent. In another embodiment, the

25  control dentifrice contains a standard therapeutic agent. In another embodiment, the control
dentifrice contains Triclosan. The control dentifrice also may include ingredients typically
found in dentifrice compositions as described in U.S. Patent No. 7,402,416 which is

incorporated herein by reference in its entirety.
. Metabolite Indicating Compositions

30 In another aspect, the present invention provides for an oral composition for

indicating the presence of metabolites indicative of periodontal disease. The oral
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in treating periodontal disease in a manmal by contacting a cell with the
test conmpound and determ ni ng whether the test conpound up-regul ates at

| east onewoenmern4sshose from uric acid, reduced gl utathipomaS2exiosdized

gl ut at hi on, ascorbic acid, and glutam ne. h invention further yet provides
for a nethod of identifying a test corrpound useful in treating periodontal
di sease in a mammal h} contacting a ceil d nd
determ ning whether the test conpound up~n é{}"ﬁ' %Oék“§l\'0§8gmﬁ8¢1 dgul ates at

| east one menber of unknowns |i t d i laMe 5.Lttornc> Docket No. 8207-00-COC
D. O al Ca#epoliEst migi tic ﬂd’fh&ie@ﬁ&ﬁiﬁBﬁexitiﬁ%@ﬁdh&m tdolut ;ﬁalaergepﬁmwhd@smﬁenaian oral
care test kit %cb F}g t&] er.an |Ind cagumnaofinJ e user's oral
heal th st &PUsPO ™ PHeY0 {4 RN °F WC o8 gr“(%}ﬁg“ Orf’ e gPRGIVITEY §¢Fevi cul ar f1 ui d
col | ecti omesbalitpsdianidg sondiosigmosi sncodmktohreksmﬂhp eaeitabéxmnatauhgal th status. The
01 ngivi 4 S eMl At UhE pEOLLETLAOR AL RS TN RE SR, Lor s ol | ect | ng
gi ngi val crevicu f e an recover) ‘met aboli t'es cont ai ned
in thesgi ngi v dh agtieyérohydarent, m@lmdffdéeértpiﬂékaﬁﬁﬁeordmiaignm@%bqﬁmaﬂ@wbjfect s oral
heal t h ma}ﬁ ap]%%%gcat%pu (‘sh% F%E[Q@%%fglfxe Jrh!o?e df'ﬁ'}é%&wx&rﬂz 111'0511@”6 such

enbodi nent Kit may |ncF e instructions for using t gingivitis

crevi cul athHOF\:ﬁﬂt nee Hintheet §URESEErJupEng suges. selgtcing, lsamté“‘)ﬂl"‘r‘r anot her such

enbodi mentypent M@ankiet prdBY, sbittel HAenidl, E&‘&B;&Qﬂﬁ)rgéﬁe sﬁ*n@lpnawtqt@gu@% vitis
crevicular fluid collectlon strips wth collected fluid to a test site. E.

Denti fri cé‘%‘%ﬁ‘s‘?‘t@icoihldmé‘mﬁ?é@%rﬁt‘%idnﬂ;‘éh‘i“r grersd therhgyr- W Yes for a

denti fipi C@ce@ﬂlﬁﬁ@&hﬁd Q. [THRICOMmRRInfchOMe H%Mbé IRchddeinatorgfobiast e amount  of
an oral althrre abolite thera i.C agen "lhe th a}Qeutlcaent effects
S hange PLIHEL BB 8 TEOUrE. BUBE RSt PRgt Aot TSRt SRS mont h

wher ei n tIgmtadwl‘tmng;eormeham&hditzetahemeln dnbengb@aﬁ@r tﬁehmbameomrce@@ondl ng change

in netabolite r.efer enc? § q 1y ntrq dentifri %e
LOIT}DOSIUOH mcés result m d US(:‘I' (tlbceliﬂﬁb ¢ iy ICBtO when < FPE d (4] ime or orc Oi
conpositio 'non evel 7is greater

than 1%+t hanpoum:tsmetsquﬁ“dblngl Eharged p. nlnmrect atﬁm)timteet ﬁeheraemcemﬂnealelgs af fected
by a ggnt r%po%{iﬁ hg,rz'e&ﬁ‘t &9@&?8%&&%@ thd RenfR08 DRE l%@g@ﬂbm‘r‘ﬂ&wmokﬁ change in

met abolit & |'eve reater than an correspondi ng change in netabolite
r ef erencetﬂtevréﬂ’@n@ﬂﬁ@étfe@bby1 & édrwqﬂél dentifrice conposition. In yet

anot her enbodi ment, the change in netabolite level is greater than 20% t han
cor respondi ng 16 Bang@obimehethabekitiice may include a gel which adheres to the gingival

margin and contains a metabolite indicating composition. In one such embodiment, the gel
may be applied to one or more teeth quadrants of a subject’s oral cavity wherein the

20 metabolite indicating composition may result in appearance of a user discernable indicator
when exposed to one or more of the compounds listed in Tables 1, 2, 3, 4 and 5. In one

embodiment, the user discernable indicator may correspond to a change in color.

In another embodiment, the dentifrice may include dental floss coated with a

metabolite indicating composition. In one such embodiment, the metabolite coated dental

2
LA

floss may be passed between adjacent teeth of a user, wherein the metabolite indicating
composition may result in the floss showing a user discernable indicator when exposed to one
or more of the compounds listed in Tables 1, 2, 3, 4 and 5. In one embodiment, the user

discernable indicator may correspond to the floss showing a change in color,

fn yet another embodiment, the dentifrice may include mouth wash containing a
30 metabolite indicating composition. In one such embodiment, a user may contact is teeth
with the mouth wash, wherein the metabolite indicating composition may result in an

appearance of a user discernable indicator of the mouthwash when exposed to one or more of

230 -



reference levels affected by a control dentifrice conmposition. In one
enbodi nent, the control dentifrice is substantially free of a standard

t her apeutwo 2agen#337l n anot her enbodi nent the control demCirfuse@e/030st ai ns a
standard t herapeutic agent. In another enbodi nent, the control dentifrice
contains "lriclosan. The control dentifrice also nay include ingredients
typically found in dentifrice conpositions d Jj.n.t.) Pat ent \o.
7.402.416 which ;<; incorporated herein Oy ?3?@“3%%& ﬁ j¢p§&e%'irety F.
Met abolite Indicating Conpositions Iti another aspect, the present
inventionnmn@mbaﬁ&>h@ﬁi@nﬁmﬁaiaepnnasihi@mcﬁa&whadkMﬁkﬁm@h@hempresence of
netabollte% i ndi cat i W% pegiodonjpl q sea§ Jhe oral Attorney Docket No.
8207- 00- EEBIHBY ?”%ﬁm IS8R B GEEY %" dentifrice such as tooth
paste, gel, nouth wash, dental floss, pomder, gum adhering strip, tooth
brush, etc. 1lhe oral conposition I MHdiude nmet abolite indicating
conposition. In one enbodi nent, the netabolite indicating conposition nmax
indi cate the prieseneengkadne f@tﬁwm&i’s@ttﬁQﬁﬂl&ﬂf@dbtﬂaitﬁbrﬁ@lerﬁEbdfn&lﬂ{s@&hﬂa, 2, 3, 4

and 5 In other nbodlnent > Jret abol it e |nd|%a; qg 2|t|on may be
present a ' lSEPedl t@fﬁﬁﬁpeﬂ*%b af&%mﬁﬁﬁﬁméa@Péé P& ﬁm?fe8 e or nore of
t he foIIommﬂQMmhmﬁswmmnuhypamaﬁmhmnanmxanmhmnﬁ%agmaamsmnemmguanine,
![ ﬁ:ﬁlglogﬁ_]el gr?a{lmnﬁfkr SOt an, p?ss}bg,sxwl[égvut de Oal%n%e%fonﬂﬁ 5 %L?(% ?Q;!éxrl]tgdéi rpQJstlane SEerine,
hjdroxyiosmammolc aC|d 5 amno valeric aC|d chol i ne, glycre

ul - 3- phosphat e, and Nacety | neuram nic acid. |In another enbodi nent, the
met abol i te indj cat ipRGriGRMRASIIQR My be down regul ation of one or nore of
the follow ng: uric acid, reduced glutathlone oxi di zed gl ut at hi on.
ascorqlc acid, and g |UH? tLB 1l odi ment, the netabolite indicating
conpOSItlon may resul t \?@f%?a C%ﬁ§%ernab§e |nd|cator when exposed to one
or nore of the conpounds listed in Tables 1, 2, 3, 4 and 5. In one
enmbodi nent, t hEvangtiaedld) clronipeirivdetfigsubsppoid Paades) piedy 1@ @5xsks of #2ea col or

change of (¢hey 1<§ev@kk£r&t&ﬁraﬂhe&aex p&§rﬁ§:r§@ﬂ*@%m§’tﬁ IRRILR ¥hiaf BgriconMpounds
listed in Table 2 . I'n one enbodinent, the dentifrice may

i ncl ude aS@chww éﬂeaaa%?éidee t”&}“t‘ﬂ‘éd BERginG &1° stiargitposhstlee B aPHend

met ?bogl t Qlihiexd hiGdhrhdng ec@(rpmi)m . shw]emfedwmgemaﬂy mn@rlgytohm:_ gel mrray be
applied to one or nore teet r ant a subhject's ora vity wherein
T e b e e L e e RO B P Btk koS Sedhaiie of & oer

di scer nabloghddasticagpl@ances; abnormal salivary function; use of prescription drugs; use of

antibiotics 1 month prior to or during the study; use of any over the counter medications other
than analgesics; daily use of vitamin supplements; 5 or more decayed dental sites; diseases of
the soft or hard oral tissues and systemic conditions. The study protocol was approved by

20 The Forsyth Institute’s Institutional Review Board and all study subjects signed an informed
consent form prior to enrollment, At first visit, subjects received a tube of Colgate Regular
dentifrice and a toothbrush and were instructed to use the product for a minimum of T week
{washout period) prior to their sampling visit. Other mechanical oral hygiene devices were

allowed during this washout period, but no other oral care products.
25 B. Gingival Crevicular Fluid {GCF) Sample Collection

Following isolation of sites with cotton rolls to prevent contamination with saiiva,
supragingival plague was removed with a curelte, sites gently air dried and GCF sample
obtained from 3 different site categories. For each subject, 6 healthy (H: PD < 3 mm and no

bleeding on probing [BOPY); 6 gingivitis (G; PD <3 mm and BOP); and 3 periodontitis (P;

Pt



when exposed to one or nore of the conpounds listed in Tables 1, 2, 3. 4
and 5. In one enbodi nent, the user discernable indicator may correspond to
a change w0 20u/1045371 n anot her enbodi nent, the dentifricecrapimobude dent al
floss coated with a netabolite indicating conmposition. In one such

enbodi nment, the netabolite coated dental floss na} be passed between

adj acent teeth of a user, wherein the netabo{lte d nposi ti on may
result in the floss showi ng a user di scer nabl® cxnﬁgbato%LGﬁ%ﬁ&éxposed to
one or nore of the conpounds listed in Tables 1 2, 3. 4 and 5. In one
enbodi menept-hanuses BAP ﬁﬁesrxfl&bia@;pie&dﬁcakzﬁmpim emn@sqadmd dach dithesifid oss

showi ng a.cha n col or er t he d rice may
i ncl ude E?ﬁ”&bg%“%%ﬁ? Iﬁeﬁgﬁégﬁ%gﬁggFftgnWﬁggtg?P%mtw”“ﬂ“’?%%%n n one u
¢ h enbodbiirict de psedom@Eyodion tPadipapdr stripeetrhkapt intplach &r Adutdndwashihe wher ei n
the metabol il e, l0dhEaL) NE LRIRAS! K0 FEYG &Sl foBRPGARANGR. OF user

di scernible in en expose e or nore
ofAttopneyaB@cke%YhbmmSEQﬁMQﬁkﬁﬁhmﬂewweWwwwndsdﬁﬁsm@ﬂﬁFﬁﬂwahL@yxi 2, 3, 4

and 5. | ;008 OBAdL RNtk LGRS - diecannalle [ ndi cator may correspond to

a change in color of the nout EXAMPLES The foll owi ng exanpl es further
descri be and denonstrate sope enbodi Q@ ¥A h|n t he scope of the present

i nvention. These ekanpl'8datq @FQPV§W“ 8PS 1998P°!9%e pur pose of illustration
and are not to be construed as limtations of the present invention as many
vari ati ons t hevigghligreprposs ploligngtedhhduty e penfarinpgasticonbedieevswedpe and spirit

of the pr ] peri nment al
Desi gn angﬁgﬂ%fé%ts&#agﬁfm%mﬁg&ggghm%%&%nﬁgﬁggﬁﬁgggﬁf?%ﬁgggubjects 4 1%
mal es)l0of eBgoyed tEPcaremmgabofiteaijen (B3CHLplecyier wrigse [Tbeeacts vepmiggehr ch

vol unt eer §, 8k N1 9&dQY ﬁﬁét b hﬂoﬁ@&é&%@%egﬁﬁm|folg&’e@bwcfu I%anﬁ@sts%mjﬂ@@a@-t | east 20
nat ural uncrowned teeth, and > sites with pocket depth > mm and

clinical &ttekchheritcodgpsuani)l d%‘e%‘ibﬁﬁ’“ﬁ%f‘é‘@t’%%aﬁ“%ﬁ M?Ef\%m?ﬁ story of

al l ergy t Qith Reovdenthits ke ulOwert REnWRS Bpiﬂlhtclﬂﬁgh@dmﬁ seemaekemic Excl usion
criteria included: ragresence of orthodontic agﬁlefe nces. abnornal salivary

functi on: '{REEOTHAISYARE BAT SRGCEHITHIHEtON pLERatyes r%??@gmieWBﬁth prior to or
durlngSthae&kuﬁMnaMﬁﬂU@ﬂwﬂmynﬁuﬁﬂk&hﬁmﬁﬂﬂm&ﬁﬁuMEﬂbdaﬂpmmﬁw@bh$b

experimental samples. For ions that were not covered by the standards, additional library
entries were added based on their unique ion signatures (chromatographic and mass spectral).

After this, these ions can be routinely detected and quantified.
D. Statistical Analysis

20 Data were normalized using the GSF volume recorded by Periotron®. ANOVA and
T-tests were performed to compare data obtained from the healthy, gingivitis and
periodontitis sites. Log transformation was applied to the observed relative concentrations

for each biochemical.
E. Results

A total of 330 individual GCF samplies were collected, resulting in 60 pooled samples

b
LA

The GCF samples ranged from (.01 ulto 1.15 pl. The mean volumes in ui (£ SD) for the
healthy, gingivitis and periodontitis site categories were: .18 = 010,025 £ 0,13 and 042 =

{3.19, respectively.

4
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t han anal gesics; daily use of vitam n supplenents; 5 or nore decayed dent al
sites; diseases of the soft or hard oral tissues and system c conditions.
The st udywpnotooaei37was approved by The Forsyth |nstitut ®C3/useeniosuss onal
Revi ew Board and ail study subjects signed an inforned consent form prior
to enrollnment. At first visit, subjects received a tube of Cblgate Regul ar
dentifrice and a toothbrush and wer e |nstructed duct for a

m ni mum of 1 week (washout period) prior tgd toHEY Qgﬁnp? g7 ﬁt Qt her
mechani cal oral hygiene devices were allowed during this mashout peri od but
no ot her oral ©aken mq@dmtns\zeB;;Gnagicmttlpr@mybwtra:@ bFMdtado er@Ei TSanpl e

Col I ection Fol |l ow.t t.on roi | 5, to prevent

cont ami naf9dKe Wat’%‘“g‘gﬁg”” g‘h Tle é&m%’d‘ﬁgﬁ i zfﬂfé}%w? é‘m%j WK “a curette,
sites gentol lnjnt, divo ldmied vang «@Eh23amplbs!iiobtad hedtcflraomhBhdind fupdretht bite

cat egor i e%ﬁ% 0 Smat@hesti'{h!)wn uhcx(t%'ah%%étﬁrbﬁm( \if gpogﬁiqé%&” %81&? l t?rgrql ng on

probi ng | perlodontltls
( P: At t 6r ndiatcBatket!- MV%B@@(?M)%@@ tmzﬁﬁrﬁlc«m@nﬂimmtﬁsmr@!@ﬂ\hemé sanpl ed.
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guanosine and guanine. Referring to Table 1 below, the differential expression profiles for

20 the purine degradation pathway intermediates are tabulated.

Regarding inosine, in the present study, there was a 1.22 fold increase in inosine
levels between gingivitis and healthy subjects, and a 1.63 fold increase between periodontitis
and healthy subjects. Regarding hypoxanthine, there was a 1.27 fold increase in
hypoxanthine levels between gingivitis and healthy subjects, and a 2.65 fold increase between

25  periodontitis and healthy subjects. Regarding xanthine, there was a 1.15 fold increase in
xanthine levels between gingivitis and healthy subjects, and & 2.15 fold increase between
 periodontitis and healthy subjects. Regarding guanocsine, there was a 1.02 fold increase in
guanosine levels between gingivitis and healthy subjects, and a 1.35 fold increase between
periodontitis and healthy subjects. Regarding guanine, there was a 1.22 fold increase in
30 guanine levels between gingivitis and healthy subjects, and a 1.66 fold increase between

periodontitis and healthy subjects. The increased expression — i.e., “up-regulation” - of these
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15 Table 1

Nugcleic Acids Degradation Pathway Compounds

MEAN Hvs. G Hyvs. P Gvs. P

COMPOUND | H G P P q p q p q

value | value | value | value | value | value
Inosine 1 11.2211.63] 0.2621 | 0.2466 0 0.0002 | 0.0869 | 0.0715
Hypoxanthine 10961122 1 2.54 | 0.0179 | 0.0745 0 0 0 0.0017
Xanthine 1.0911.25 123403144 | 0.275 0 0 0.0001 | 0.0017
Guanosine 0.84 1086 1.1310.0432 1 0.1258 | 0.0i123 | 0.0126 | 0.3739 | 0.1947
Guanine 0771094 | 1.28 0.0692 | 0.1447 | 0.0121 | 0.0126 | 0.1255 | 0.0891
Uric acid 121 1 111 10851 0.0536 | 0.138 | 0.0005 ; 0.0011 : 0.0398 | 0.046
Uridine 0831 1 1151101479 0.1875 1 0.032 {0.0249 { 0.1122 | 0.0816

20 The end product of the degradation of the pyrimidine nucleotides cytidine

monophosphate (CMP) and uridine monophosphate (UMP) is uracil. An intermediate in the
pathway is uridine, and its up-regulation at the disease sites indicates accelerated metabolic
flux of the pyrimidine degradation pathway due to bacterial infection. There was a 1.20 {old

increase in wridine levels between gingivitis and healthy subjects, and a 1.82 fold increase

3]
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between periodoniitis and healthy subjects. The differential expression profile for uridine is

also summarized above in Table 1.
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guanosi ne and guanine. Referring to Table | below, the differential
expression profiles for the purine degradation pathway internedi ates are
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stress was al'ss i ntensi the di sease sites ecrease of uric acid
coul d be EMﬁwbesult of its depletion upon scavenging free radicals.
Further, the consecutive steps of conversion of poxanthinc to xanthine and
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coupled with a reduction of oxygen to e su eroxides in the form of
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between gingivitis and healthy subjects, and a 0.70 fold durca@e between perlodonmls and
healthy subjects. The changed expression profiles of these metabolites clearly demonstrate

an oxidative stress environment in disease conditions, and are summarized below in Table 2.

20 Table 2
Anti-Oxidant Compounds
MEAN Hvs. G Hvs. P Gvs. P
COMPOUND | H G P p q p q p q
value | value | value | value | value | value
Glutathione-red. | 2.34 1 1.51 1 0.81 1 0.3303 | 0.2821 | 0.0319 | 0.0249 | 0.0366 | 0.0456
Glutathione-ox. | 1.39 | 1.04 | 0.66 | 0.6432 | 0.3963 | 0.0205 | 0.0183 | 0.0023 | 0.0070
Ascorbic acid 1.32 01,15 0.51 1 0.0979 | 0.1516 | 0.0035 | 0.0043 | 0.051 1 0.0523
Uric acid 1210 1111 0.85 1 0.0536 | 0.138 | 0.0005 | 0.0011 | 0.0398 | 0.046
3 Amino acids
25 Consistent with host protein degradation due to tissue damage, the expression levels

of a variety of free amino acids and amino acid metabolites were increased by the periodontal
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The end product of the degradation of the pyrimdine nucleotides cjtidine
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differential p e on profile for uridine is aiso summarized above in Table
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and a 0.7 ecrease between periodontitis and heal thy subjects. The
changed e%pbegéumﬁdﬁﬁﬁﬁﬂméﬁhéﬁP@ﬁ@ééyﬁéﬁﬁﬁol|tes clearly denpbnstrate an
oxi dative stress environment in disease conditions, and are summarized
bel owsn Tabl @n gidifbabhu@einAniid ca@iediant 5ComaypatseVvELNknvss aGtd vs. P G
vs. P
end products of amino acid degradation, were found to be up-regulated by the periodontal
diseases. Regarding putrescine, there was a 1.42 fold increase in putrescine levels between
gingivitis and healthy subjects, and a 2.75 fold increase between periodontitis and healthy
subjects. Regarding cadaverine, there was a 1.43 fold increase in cadaverine levels between
20 gingivitis and healthy subjects, and a 2.88 fold increase between periodontitis and healthy
subjects. While putrescine can be produced by both the mammalian and bacterial pathways,
cadaverine is almost exclusively of bacterial origin (Fothergill and Guest, 1977). Cadaverine
is synthesized from lysine by bacterial lysine decarboxylase, and elevated expression levels

may indicate degrees of bacterial infection.

o]
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The only exception to the increased expression of amino acids in the present study
was glutamine, which exhibited a clear decrease with disease progression. There was a 0.84
fold decrease in glutamine levels between gingivitis and healthy subjects, and a 0.60 fold
decrease between periodontitis and healthy subjects. One possible explanation Is that
glutamine was rapidly consumed by the bacteria as the main nitrogen source. Another
30 nitrogen carrying amino acid, glutamate, also showed decreases at the disease, although its
changes were above the statistical cutoff (data not shown). Another explanation is that in

addition to its presentation in proteins, glutamine presents in significant amounts as a free
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4. Urea Cycle
10 The degradation of proteins into amino acids releases ammonia that must then be

converted by organisms into less toxic nitrogen forms. In humans, the urea cycle functions to
convert ammonia into urea and other end products. Urea cycle intermediates and end
products, including putrescine and 4-guanidinobutanoic acid, were significantly up-regulated.

Referring to Table 3 above, the differential expression profiles for the urea pathway

ot
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intermediates are tabulated. Regarding putrescine, as discussed above, there was a 1.42 fold
increase in putrescine levels between gingivitis and healthy subjects, and a 2.75 fold increase
between periodontitis and healthy subjects. Regarding 4-guanidinobutanoic acid, in the
present study, there was a 1.83 fold increase in 4-guanidinobutanoic acid levels between
gingivitis and healthy subjects, and a 2.33 fold increase between periodontitis and healthy

20 subjects.
5. Carbohydrates

The expression changes of a variety of sugars and carbohydrate metabolites further

ithustrate the interactions between the host tissue and bacteria. Referring to Table 4 below.
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putresci ngtt{@{g §§ggH§QBigﬁ€q%LgLﬁQQ§ Gy BE1.8b ’ro}ﬁ?ﬁ&ea@ R b S(Q‘IBB(JJIMtly:RIdr egul at ed.

Ref erring ove e differential expression profiles for the
urea pat hinaihy swbierteldiretsedselunoss. phisiisdigaly. regRirdrulvinghopied edleine,  as

di scussed ;ahovRey ik hﬁrpere\/t@a%o@o Jmél@remlcyclé enlgrt&a%eakda ewwsa%ﬁ gf ne levels
bet ween glng|V|t|s and healthy subjects, and a 2. fold increase between

per|odontFW?@“&W@‘%&EF@W%“§EBF@%&s “F@ﬁ%?&ﬁﬁ&“hmﬂﬁﬁﬁﬂﬂﬁH%ﬁﬂf%ﬁblc acid, in

the prgsentels bdn&h Qin@¥it® add 1RtHyQLigledt NGRS 1A iftregitaivdbnabiuda@ned ¢ aci d

| evel s bet ween
and hedith\, subjects.

Table 4
Carbohydrates
MEAN Hyvs. G Hyvs. P Gyvs. P
COMPOUND | H G P p q p q p q

value | value | value | value | value | value
2200741 05129 1 0.3566 1 0.008 | 0.0015 | 0.0007 | 0.0038
110861 0.7274 | 0.4214 : 0.0203 | 0.0183 | 0.0103 | 0.0178

....
()
<

Maltotriose
Maltose 1.
Matltotriiol i. 2 10631 05355 1 0.3621 1 0.0002 | 0.0006 | 0.0001 | 0.0017
Glucose 1.1 1149 2,161 0.0158 | 0.0705 | 0.0009 | 0.0016 | 0.0654 | 0.0601
a-ketoglutarate | 0.52 1 0.86 | 1.64 | 0.001 | 0.0244 | 0.0013 | 0.0022 | 0.2712 | 0.1627

(o]

[#8)
L=
2

Unknowns

A variety of unknowns were also observed which showed a relationship between
metabolite identity and metabolite level for healthy oral status, gingivitis and periodontal

disease as shown in Table 5.



gingivitis and heal thy subjects,

periodontitis

ar.

heal t hy subj ects.

and a 2L fola increase between
5 Carbohydrates The expressi on changes

of a \ariwOwvoof1igisgars diid carbohydrate netabolites furChars2é00losmss ate the

nteractions between the host ti

sue and bacteria. Referring to Table 4

bel ow. Att orney Docket No. 8207-00-0OC the decreased |evels of tri- and

di -

saccharides including nialtotriose,
di sease sites could be the result of bacterla
nutrients in circul ati on.

nalte§

B

| evel s between gingivitis and heal thplesubj ect s,

bet ween periodontitis and health) subjects.

a

Bec&rerta\ %I){I;”I d

COHSU

f&%he

in the

and a 0.59 fold decrease

se dietary
There was a 0.90 fold decrease |n mal | otri ose

There was a 0.93 fold decrease

inimaltose | evel s Hekwgen dgi ngi H t4. 8 and heald wPsubj, ects amEAaN 0.72 fold
decr eespdnetmeep vpiee i odant it psalaad heql t hy $ubject®. Thdte wa& g 0. 8 fold
decrease in maltotriioaluevel s between gingivitis and health} subjects, 'and
a 0.#3ufiobd decrease bebween. @eropgdogEd | s0.ex8l heedsthy &#b| edt2s. Thelo
degrizdatiioh of towesle t fP705and di - sac@hdt | dee2t eshiPdo8 (i nl-ilncr dd8ed |'éel s of
t he ndpi0dduct], 9gB8fcase 121Raf B¥EIAG t40H] uchEB2 t hetSs lwakida 1. B5 If ol%2

i ncirleeasbl 0Bt glludod¥ | edel%s héMider %I vitOlis)ant0hbal t hY suj%8ets,%%4nd- a
1.96 fold i ncriease belt ween peLLodanLLLsiandmheaLLh4 cts.—tHnereased

gl ucose, which is highly regul ated by bi ochem cal pathways, therebj results

in up-regulation of the Kreb's cycle and the increased expression of
i nternedi ates including a-ketoglutarate.
a-ketoglutarate | evels between gingivitis and heal thy subjects,

fold i ncrease between periodontitis and healthy subjects.

There was a 1.65 fold increase in

and a 3.15

Tabl e 4

Car bohydr ates Unknowns L varietv of unknowns ere abo observed ich showed a

rel ati onship between netabolite identity and netabolite | evel
gingivitis a id periodontal

oral status,

di sease as shown in

fur

abl e

heal t hy

5. Attornev Docket No. 8207-00-0C Tabl e 5Attorne> Docket No. 8207-00-CC Wat

is clained:
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1. A nethod for diagnosing oral health in a subject conprising; a.
collecting a gingival erevieular fluid sanple fromthe subject: b.
det ecti ngve 208viks3ef one or nmore netabolites in the gi ngcrals2ewesdisul ar
fluid sanple: and c. diagnosing the subject a having periodontal disease or
heal t hy oral status based on the | evel of the detected netabolite, wherein
the detected netabolite is at | east one conpound.chosen.f a conpound
generated by am no acid nmetabolism a conpg%%ﬁwbgﬁé?ii% “qéw%%éa evcle; a
conmpound generated in glutathion conversion; a conpound generated in |ipid
nmet abol i smha@s €@mpound generated in carbohydrate netabolism a conpound
?enegated by nucleic acid netabolism vitamns; and co-factors. 2. A nethod
or di agnosi ng, an,of al sheadthSthalids, i DpRcURh&st,. conprising: a. collected
a gingiva crgxﬁgd?§§%¥¥%§%%Tg0n1; é?shb?éctgbb.gdetecting a |l evel of
met abol i te inathe gilaginyakingivdyiceighlariid uhgledimphesubeet conparing the |evel
of detected ngtaboldd..d Netsr B BGhY@meGbaNsGhatinkilMicdveampig to a
nmetabolite reference I evel to thereby generate a differential I|evel,
wher ei tﬁ@m#Efﬁbolite reference le\el corresponds to one or nore of the
Igl | SWE[ ngf[ 8erc'. ?dgﬁl%@losiﬁgﬁ%@ﬁﬁﬁl&% Haﬁ)&;@ber@ﬁorﬂ#@'séaﬂé’orﬂ\ezﬁﬁ}} encaathsevel . wherein
e detected nmetabolite is at |east one conpound chosen from a conmpound
generatedb%?i%H?%%“é&ﬁ&“ﬁﬁ?ﬁﬂﬁF?gﬁVh conpound generated in urea cycle; a
Coﬁpgurd genenafeet thddeglul atiboii i€ any:er i osmpoandcanigatind: gemgoatded in |ipid
met abolism a pound .generated in carbohydrate nmetabolism .a conpound
generatedg%§mﬁgg1 ?0ﬁ%?ﬁﬁﬁ§$§BﬁVP§W?m@#P?ﬁ?ﬁé?U%%H“@b%%gg?gps; agg d.
based 10n tderaeoimpantithign pimestsidi: ngoapdindgmoses irdfpid heamlibjiecbmgowrdal heal th

status. 3. The . method of claim2, i,n.t i.f tial . .of th
et et ed kerabam e ARl R dpaRl lrb il TS0 AheiBRh, 00 L%

peri odont akandiss g@gse-fabtorsThe nmet hod of claim 2. wherein the differential
Il evel of the detected netabolite and the healthy reference Ievel correlates
with health} oral status.Attornev Docket No. 8207-00-OC

2. A method for diagnosing an oral health status in a subject comprising:
15 a. collected a gingival crevicular fluid from the subject;
b. detecting a level of metabolite in the gingival crevicular fluid sample;
c. comparing the level of detected metabolite in the gingival crevicular fluid

sample to a metabolite reference level to thereby generate a differential level, wherein the
metabolite reference level corresponds to one or more of the following: periodontal reference
20 level or healthy reference level,
wherein the detected metabolite is at least one compound chosen from: a compound
generated by amino acid metabolism, a compound generated in urea cycle; a compound
generated in glutathion conversion; a compound generated in lipid metabolism; a compound

generated in carbohydrate metabolism; a compound generated by nucleic acid metabolism;

[
Y

vitamins; and co-factors; and
d. based on the comparing, providing a diagnoses of the subject’s oral health

status.

3. The method of claim 2, wherein the differential level of the detected metabolite and

30 the periodontal reference level correlates with periodontal disease.

4. The method of claim 2, wherein the differential level of the detected metabolite and

the healthy reference level correlates with healthy oral status.



5. A nethod for nonitoring periodontal disease in a subject conprising: a.
detecting a first level of at |east one netabolite in a first gingival
crevi cul awof2bwd4manpl e collected fromtrie subject at &CTiussa09psH184 i n
time; b. detecting second | ex-el of at |east one netabolite in a econd

gi ngival crevicular fluid sanple collected fromthe subject at a second

point in tinme; c. conparing the first detect E&QPTL«S% 1&gl to the
second detected netabolite | evel. wherein élé\t%g]fg rentl aI evel of the

second detected netabolite level relative to the first detected netabolite
| evel indicates a change in periodontal disease of the subject. 6. The

met hod of ;cl ai AN ?thg grl;nﬁxg rai‘t%%;%ng&(;%&?ﬁmﬂ é;ﬁ% st ?e\é?gam ﬂng}leSponds to a decrease

in the secdond’ de eve ative t e first detected
metabol i te | ewel iduictetd firef levetidor eapsencinetavhiée pey irodbwtal odigase of the

subj ect, ANG W G 18uRh: kRSt ONB Rk aDBhi e i at least one merber

chosen from 'imnosine, poxant hi ne, xant hi ne, guanosi ne, guam ne, |eucine,
i sol eugi ne, |ysie, d%t“ﬁﬂ S@?ﬁnﬁéﬁw p’rﬁé‘ﬁyﬁs%ﬂnémeﬁéo it gspoead 2iggtilne, threoni ne

trypt ophanm&}ﬁr%ld@%npxy@ma@d wm@@%@&e&mqu@ﬁd ﬁiman fyer oxyi oscaproi ¢ acid,
5-amino valeric acid, choline, ate, and N-ace

neur ami ni ¢ aci‘. 7‘0”‘!11%@”%1%? %Hieg‘!"%l“atf‘ﬂfﬁ ligg | e\i?,h@rﬂgi *"ﬁ“"ﬁ‘ﬁ@“‘fﬁtefdfnéefaéﬂl'ﬂt%/al | evel

correspongsecian increase in the second detected net abol ite level relative to

the first det ect ed abol jte vel i cat i decr ase in odont al

di sease of the"&{tHj ﬁertg{fm’ﬁ'ﬁ{]le\ﬁﬁ%ﬁ%‘l Sﬁ“ﬁ“Hg"tﬁ“tt dll”é“g‘é litg &t rre 556 t|h$%| s at |east
one mapbegeieh@sedbbiamevelfindicareh changdu pethdgltaitiatdat aities subxétdi zed gl ut at hi on.
ascorbic acid, and glutamne. 8. A nmethod of determ ning an efficiency of a
test compound useful in treating periodontal devel opnent in a mamal

conpri si ng. t heltstreped of claidet ebrdimge diffsostial tavdabmesnendristealsordse @ thevel from a

gingival eLeu SHLAELLAL SArDle, A0SRl Bl b Ao mUM Gluaher L1 eat ment

with aics conpari ng post-treatment metabolite | evel to one
or nore ofieqnhee i blelp@wdpm@{ dispsrsepftbmtﬁﬁm andethatsilthe s g vet setgrolitiettsubj ect

peri odgnt gl ,&f ﬁ%rﬁ%?@mL@Mﬁ;lnﬁ iRRHe, Iﬂgﬁrlxﬁrﬁﬁmé' %ﬂ@ﬁx@nﬁﬁn&%\é%wm%(&u&jﬁ‘é erm ni ng
the efficiencv of the test conp oun based on the COﬂPaI’I son.

isoleucine, lysie, methionine, phenyl lanine, proline, serine, threonine, tryptophan, tyrosine,

valine, phenylacetic acid. a-hydroxyioscaproic acid, 5-amino valeric acid, choline, glycreol-

3-phosphate, and N-acetylneuraminic acid.

20 7. The method of claim 5, wherein the differential level corresponds an increase in the
second detected metabolite level relative to the first detected metabolite level indicating a
decrease in periodontal disease of the subject, and wherein the at least one metabolite is at
least one member chose from: uric acid, reduced glutathione, oxidized glutathion, ascorbic

acid, and glutamine.

8. A method of determining an efficiency of a test compound useful in treating
periodontal development in a mammal comprising the steps of:
detecting a post-treatment metabolite level from a gingival crevicular fluid sample
collected from a subject after treatment with a test compound:
3G comparing the post-treatment metabolite level to one or more of the following: pre-
treatment metabolite levels of the subject, periodontal reference levels and healthy reference
level; and

determining the efficiency of the test compound based on the comparison.

¥
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i _Attorne> Docket No. 8207-O-0OC 9. The nethod of claim8. wherein the
pre-treatnment netabolite | evel may be obtained by steps conprising:
det ect i ngwe 2proetiessat ment netabolite level of first gingiPcaluseoosmsasd ar
fluid sanple collected fromthe subject at a first point in time; and apply
|ng a dentlfrhce containing the test conpound to an oral cavity of the
subj ect according to a prescribed protocol;, wher i . 1he ol - 11 eat nent
netabolite level is detected at a second péVﬁ?k @gﬁﬁglggg%b ‘e met hod of
claim8, further conprising: determ ning whether the test conpound
down- r egub at esrhatnelhedsitclone, wiendehe phosantnomabblitogiveeay h>opoxaint hi ne,
xant hi ne, guanosine. guanine, |eucine, isoleucine, lysie, nethionine,
phenyl al al¥ h&* “BPBPI"%e, serine, threonine, tryptophan, tyrosine, valine,
prenylafetlc ﬁb&dmaa@hyﬂmmmyhmaaapwbhﬁcﬁﬁhdgh&hahhm@NVQﬂédﬁ@“@mid, chol i ne,
gl ycreo hat a y inic acid. 11. The nethod of claim
9, further 8‘P§Pn% %ﬁ$ﬁn¥a%b§§§$t$aﬁ er the test conpound up-regul ates
at | east one meﬁb%ga@ﬁmgeﬂiwmmmnmmi@ﬁa@mﬁﬂmﬂéﬁm@éﬁugﬂh? bhivgise, oxi di zed

gl ut at hi ogmrggg P%?&ggjdqm@gpl glutamne. 12. A nethod of identifying a
test conpoun In treating periodontal disease in a manmal, the

net hod conprlsﬂwgmﬁbmméb¥$ﬁ@ﬁhm@§PWﬁMW4ﬁ?%%*?éh%&ﬁﬁﬁﬁﬁﬂﬁﬁ“3ﬁd det er mi ni ng

whet her the test ﬁonpound down- regulates at | east one nenber chose from

i nosi ne. poxant hi ne. xant hi ne, guanosi ne, guani ne, |eucine, isoleucine,

lysie, ne &lon“ﬁémﬁﬁﬁ%%§ﬁﬁﬁaWﬁﬂé‘mﬂﬁﬁmﬁne sgrine, t hreoni ne, tryptophan,

tyrosijpe, val |d@@1‘1ﬂhﬁ§&(h@eﬁe@‘ile@esﬁ@n€ﬂmurﬂ -doRY-GeQdides hOoSE@aPE Gk@bachde 5- am no

val eric acid,, choljne, hosphat e. and hbqetv euram ni c aci d.
R e BB

13. A et HBW B iPRyegS! EUHE: CEEF TSI Rg Whet her the t est

conpound u@m&ﬁgwhﬂ&ﬁSaahmiﬁﬁBm:ﬂmeeMEﬂhemtth$Bmﬂm@mmeuNHE,aCId reduced

gl ut at hi one cor bi Gl L fe, 14. A
et hod of p}imaél $LI1% g/uffn 19dr0;[(ym>t:apr01 amec§f -afpirio \alrggsﬁgdthQng %ﬁgﬁ" responder to

therapeutphmﬁg&ﬂﬁﬁ?%mkwémmsmmgneﬂstandard care protocol conprising the
stepstgf:Attorney Docket No. 82Gr-00-0C

1. The method of ¢laim 9, further comprising:
determining whether the test compound up-regulates at least one member chose from:

uric acid, reduced glutathione, oxidized glutathion, ascorbic acid, and glutamine.

20 12. A method of identifying a test compound useful in treating periodontal disease in a
mammal, the method comprising contacting a cell with the test compound and determining
whether the test compound down-regulates at least one member chose from: inosine,
hypoxanthine, xanthine, guanosine, guanine, leucine, isoleucine, lysie, methionine,
phenyllalanine, proline, serine, threonine, tryptophan, tyrosine, valine, phenylacetic acid, a-

25 hydroxyioscaproic acid, 5-amino valeric acid, choline, glycreol-3-phosphate, and N-

acetylneuraminic acid.

13. A method of claim 12, further comprising:
determining whether the test compound up-regulates at least one member chose from:

30 urie acid, reduced glutathione, oxidized glutathion, ascorbic acid, and glutamine.

14. A method of identifying a test subject as a responder or non-responder to therapeutic

agents while using a standard care protocol comiprising the steps of:

e
b



generating a netabolite profile of a gingival crevicular fluid sanple
collected fromthe | est ubject wherein the netabolite profile includes the
met abol i twoi2denitiezdy and netabolite | evel : conpari ng thePgo@Eftsba@iosasprofil e
of the test subject to a reference responder netabolite profile and a
reference non-responder netabolite profile. wherein the reference responder
nmetabolite profile is generated froma refeygp §D5§§p%p 8f;_ gubi ect which
showed regression of periodontal disease mhlﬁ using a entifrice
containing a standard therapeutic agent according to the standard care

pr ot ocol , mhemaknthenwehémanm@cnﬁnﬁmﬁ@@onﬁeﬁmﬁbﬁabnw%Uéepwbﬁmmémis

gener at ed tblgbj@ﬁ? xxrhexfu%rtﬁ r%&ab%ﬂ@ fF50 9&9\?& the HQ‘L!S&RL Mtﬁhanﬁh%%gxttpo Change in
perlodontaf whil'e 5 rlce contalni'ng a standard
therapeutkﬁcagent accordlng to the standard care protocol and based on the
conpari ng, g&mg@, ofeliBol E;@g&m@amh@@e&{ ﬁ%m%’iﬂ%%& rr&%wer apeutic agents
or non- respon er to therapeutic agents. 15, of claim 14, wherein
for thé refepdifgeoilesgenefeiensupi-ectondyrmetagpldnefaig: t her apeuti ¢ agent

down-r egul at esyfei tPr@é?ere@&Qniﬁ%ﬁﬁ%@ﬁme&m&%rétﬂ@mgedemltﬂﬁ} a r@ﬁéaaeeant hi ne,
xant hi ne, guanosi ne, guani ne, | eucine, isoleucine, . nmet hi oni ne,

phenylaIaﬁ?ﬁ@mﬁﬁﬁﬁ%Iﬁ%“h%@YWH@“?%P@SHWH@*“F?Wﬁﬁﬁﬁﬁéh”“?%?6? fiigs vali ne,

phenyl acetdntied Chiandar 0L OSBRI BChdiandr@tdrgonalieri ¢ aci d, choline,
gl ycreol - 3- phoalhatg ndN—acetélneura ERC‘ZELd’“lG' gh met hod of claim
14. wherein f OV CEHENG EEEPEHIO8 TTRY K BRI U BB S 8P RE L 'SR T I Ner apeut i ¢
agent jop- m&gﬂkﬁmESmakmhﬂﬁﬁhh@nﬂnﬂEWﬁg&mQﬁ@ﬁbnﬁMﬁ%hwumi@uiﬂgdﬂ reduced

%,le,t’l Lg‘é hlm(c) d‘i“&@’% If%;ﬁmﬁrbg zgstetngar% nxerageunc figen{ auordmsz tht, ds?‘arpxgarg Calilé ﬁrmlpgcg bag%ger At o
peri odont al dﬁﬁ@d@&ﬂd@m&@ﬂpgmmmummgMet@oﬁb&m&mgﬁmmé@ammaawwnwﬂﬁmare

prot ocol c¢o generating a netabolite profile of the
gi ngi val §?§55%‘F§9‘§ %mﬁagg%% e collected fromthe test subject, wherein
the metabolite profile includes the netabolite identity and netabolite iei
e h cqgpagd ng lthb?ncm@& @Q@Jldﬂtlg v@fe%ﬁd ttwﬁh@?eferrttﬁ@e fe§hacd MR BCthe bi@ndard €f erence
responder netabolite profile and reference non-responder netabolite
profile. theraprafippgsnider nregibice piderstws pembigchere {raBolnPens: pirernibdci s gener at ed

froma relgifRCRianosine, guanine, leucine, isoleucine, lysie, methionine, phenyllalanine, proline,
serine, threonine, tryptophan, tyrosine, valine, phenylacetic acid, u-hydroxyioscaproic acid,

5-amino valeric acid, choline, glycreol-3-phosphate, and N-acetylneuraminic acid.

20
16.  The method of claim 14, wherein for the reference responder subject, the standard
therapeutic agent up-regulates at least one member chose trom: uric acid, reduced
glutathione, oxidized glutathion, ascorbic acid, and glutamine.

25 17. A method of identifying a test subject as a responder or non-responder to periodontal
disease development while following a standard non-care protocol comprising the steps of:

gencrating a metabolite profile of the gingival crevicular fluid sample collected from

the test subject, wherein the metabolite profile includes the metabolite identity and metabolite
level:

30 comparing the metabolite profile of the test subject to a reference responder

metabolite profile and a reference non-responder metabolite profile,
wherein the reference responder metabolite profile is generated from a reference
responder subject which developed periodontal disease while following the standard non-care

nratocol



responder subject which devel oped periodontal disease while follow ng the
st andard non-care protocol Attorney Docket Ko. 8207-00-CC wherein the

r ef er encewoantwiasypondcr netabolite profile is generat edPCrarse@9osfies ence
non-respondcr subject which failed to devel op periodontal disease while
foll owi ng the standard non-care protocol; and ba ed on the conpari ng,
identifying the test subject as responder t, er Q alg ease

devel opnent or non-responder to periodontafﬁﬁﬁgeggginggﬁﬁbﬁgﬁf 18. The
met hod of claim 17, wherein for the reference responder subject, the
standard non- ®&E&kpﬁﬁ@ﬁ&ﬂhAu@rﬁ@gm&@b&&mﬁmph@&ﬁbg@m&mdﬁn@enﬁﬁhm&e from
ot ne, PAPSAARL AR, ARG (GUANGSLAS, BUAN D AENELNR. | SOl euct ne.
tyrosine,ﬁm@hﬁm@qa@hen@haceﬂlc acnd a- hydroxyloscapr0|c acid, 5-amno
val eric acid, ¢hol D a ram ni c acid.
1 . The nethoéﬁwgahpafﬁ1£¥ﬁéﬁﬁn?§wﬁggqgh %gufg g%%%%g?%%ﬁ&gggponder

subj ect, ﬁﬁE$Skaﬁ@aﬁﬁ“nwa®aﬁe¢¢WUF@G@W“H@%ﬁ&ﬁEgﬁ%aﬁ@% at | east one nmenber
chose from wuric acid, reduced gl utathione, oxidized glutathion, ascorbic
acid, and glutanmine. 20. An_oral care kit conprising; one or npre

gi ngi vi ti & cr dUF gwihad offdaim d7.cdrereacer barebrerpssmater dBirett Py gi ngi val
crevi cul aforfdal ors@nE r@g@m af %t aeqmweie troRt: aogthd. hesxa@kai ned in the
gingival crevicular fluid s nosi s .of a sugéect S raI heal t h

based on MK IR e EH kg e ilﬂwedgﬁf.ﬂr%fewcw idf"f‘bﬁf Bipri sing: an
ef f ectid vescain® tiéonoik, tamzoeﬁaal uheaé tvlé]lirﬁﬂihaﬁmduhﬁo&ddh@hﬁﬁmﬂds@p@g&mﬂ wher ei n

t he therapeutlc a ent ew% § ? ?ﬂgf tab lite.levels over a tine
period of >APP AT Gife’ BYHRYr ﬁ'dg é% HEYABOF 'Ye 1 evel is at

| east 5 -percent greater than a correspondlng change in netabolite reference

| evel s efq ct eﬁ‘w me%mi%f C z{r}\xﬁlﬂ xﬁ]@xte%n];_lf%ll e Jﬁpoé %S%Pﬂd@lzb%bjt.&tntiig dentifrice

COprOSItIOI’] f e con rrce contains Iriclosan.
23. A nethedmﬁ@odehempwnéMahmneumemeEgpomen@ﬂtbﬁ@ewnod@nwal di sease in a

subj egk Sregt'ic@ji glﬁ@%‘iotng ok RTRY -g]ﬁf-aﬁﬁg)n,t ﬂ&)ﬂ%& &Re aQJ glutamine.

20.  Anoral care kit comprising:

one or more gingivitis crevicular fluid collection strips for collecting a gingival
20 crevicular fluid sample and for recovery of metabolites contained in the gingival crevicular
fluid sample;

a diagnosis of a subject’s oral health based on the method of claim 5.

21. A dentifrice composition comprising:

25 an effective amount of an oral heaith metabolite therapeutic agent, wherein the
therapeutic agent effects a change in metabolite levels over a time period of at least one
month wherein the change metabolite level is at least § percent greater than a corresponding

change in metabolite reference levels effected by a control dentifrice composition.

o
Py
e

30 22, The demsifrice composition of claim 18, wherein the control dentifrice contains

Triclosan.

23, A method to detect metabotites corresponding to periodontal disease in a subject’s

oral cavity comprising the steps of:



- J4Attorne} Docket No. 8207-00-OC apph ing a dentifice containing a
netabolite indicating conposition to one or nore sections of, test in the
oral caviwg2omwhass7n said dentifrice contains a netabol PCe/USR@E0O341BHNY
conposition which presents a user discernable indicator upon exposure to a
nmetabolite and a netabolite | evel associated with periodontal disease. 24.
A netabolite indicating dentifrice conprisi i cating
conposition which presents a user d|scernaﬁﬂ%ﬁﬁ%gnqkfgrSﬁ%gﬁjggposure to a
nmetabolite and a nmetabolite | evel associated ith periodontal disease. 25.
The netabolitepﬁnmg@amﬁﬁguﬂemhhimh&emmnmm@@hk@omnmﬁmoﬁ@kmvQﬁnmmherein t he
user di scernabl cat orrespo angge t he
met abol | t éé‘ti (H]aIOFé 3L 111 %hcg %&V%_‘F IW(};ISF&‘BI S Q%E‘Ilﬁ?ﬂce L?i’% ﬂ etc IOﬁ rgilé&aﬁiﬁf dent i f r| ce
conp05|t|onmmmnmiemd1Qﬁmmmhe%emﬂﬁnm@enekabamnmeWPSMMeaywmQWeeedmpound
chosen frangabx%teclg%pgslsl&gd&%%ﬂﬁ @Iﬂ%gmglydzég@eno acid metabolism a corrpound
generated | mpound generated in gl utathion conversion; a
conpouhd generated |n I|p|d netabollsn1 a conpound generated in
arbohydrate nmet abol i s a conpound generated by nucl eic acid nmetabolism
vi t ani ns; 2and ‘aenkpdifcgpgcatipgdenttige (rIPABBET t e i ndi cating dentifrice
conposi tion ofy b 2dicapeb@bR 1tIththB‘b@QiQHah@eﬂd%)!@ﬂmbleSndld&dirG}&Inl ve of up
regul ati on of one or npre of t Ilomnn oxant hi ne,

0
xant hi ne, e@ﬁ%ﬁ%@ﬁﬁeL‘@ﬂaﬁﬂﬁe“¢%ﬁﬁ? éedﬁ§8%€ﬂﬁrf@”m§§ é‘mﬁethlonlne

phenyl al ani ne, proline, serine, threonine, trj ptophan, tyrosine, valine,

phenyl ace dr caproic 0,val rlc acid, choli ne,
ghcredﬁ g%hosghéfﬁﬁmﬁﬁﬂnﬁﬁg %V?EE%?%m¥ﬁl%hgépéﬁbg§h”? ¥ abol i t e
i ndi cat i ngisdenblindicaer @oreposdsttd ochaode ickadomt 24 nwhiboles mdickimgdetidboel i te | eve

is indicative of down regulation of one or nore of the followi ng: uric acid

reduced gl utathione, oxidized glutathion. ascorbic acid, and gl utam ne.
26. The metabolite indicating dentifrice composition of claim 24, wherein the metabolite

is least one compound chosen from: a compound generated by amino acid metabolism, a
15 compound generated in urea cycle; a compound generated in glutathion conversion; a
compound generated in lipid metabolism; a compound generated in carbohydrate

metabolism; a compound generated by nucleic acid metabolism; vitamins; and co-factors.

27. The metabolite indicating dentifrice composition of claim 24, wherein the metabolite
20  level is indicative of up regulation of one or more of the following: inosine, hypoxanthine,

xanthine, guanosine, guanine, leucine, isoleucine, lysie, methionine, phenyllalanine, proline,

serine, threonine, tryptophan, tyrosine, valine, phenylacetic acid, a-hydroxyioscaproic acid,

S-amino valeric acid, choline, glycreol-3-phosphate, and N-acety[neuraminic acid.

25 28 The metabolite indicating dentifrice composition of claim 24 wherein the metabolite
level is indicative of down regulation of one or more of the following: uric acid. reduced

glutathione, oxidized glutathion, ascorbic acid, and glutamine.
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