
METABOLITES FOR ORAL HEALTH AND USES THEREOF FIELD OF THE INVENTION Ihe
present invention relates to the differential expression profiles of
metabolites in periodontal diseases and methods of diagnosing periodontal
diseases based upon these differential expression profiles. The present
imention further relates to methods of predicting and/or evaluating the
efficacy of therapeutic agents for periodontal diseases based upon the
differential expression profiles BACKGROUND OF THE INVENTION Periodontal
diseases are among the most common infectious diseases in humans (Pihlstrom
eta!.. 2005). Aside from affecting oral tissues, periodontal diseases have
also been associated with various systemic diseases (Sevmour et a/., 2007).
Gingivitis, the mild form of the diseases, is characterized by host tissue
inflammation and bacterial plaque accumulation around the gingival margin.
Treatment of gingivitis by improved oral hygiene practices can
significantly reverse the disease condition. However, left untreated,
gingivitis 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 released b> bacteria, such as endotoxins, proteases,
lipases and sialidases, have been demonstrated to play significant roles in
host tissue damage (Smalley ct ah. 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 ho t tissues orchestrate a range of complex
responses to combat bacteria. Poly morphonuclear leucocv tes produce
increasing levels of reactiv e o\> gen species (ROS) and proteolytic
enzymes. Hypcractiv ity of tnis response can inadvertently contribute to
the nost lisst.e damage. Ai the interface of the epithelia and bacterial
plaque is plasma-derived gingival creviculdr fluid (GCF). Because GCF can
be collected non-invasively and is site specific, it 



is an ideal matrix io study host-bacteria interactions (hrpbery and
Waddington. 1994). t singAttorney Docket No 8207-00-OC a variety of
targeted biochemical analyses, many potential GCF markers for periodontal
disease have been proposed, including: host and bacterial enzymes,
endotoxins, nucleic acids, proteins, carbohydrates and lipids, degradation
products from collagcns and bones, immunoglobulins, cytokines and hormones
(Cmbery and Waddington, 1994; Prapulla ctul., 2007; Karthikeyan and
Pradeep, 2007: Akalin ct al, 2007: Pradeep et al , 2007). However, despite
the wealth of information published, the broad extent of host-bacteria
interactions and the mechanistic details of disease progression on cellular
biochemical metabolism still lack clarity'. SUMMARY OF THE INVENTION The
present invention pro\ ides for a method of diagnosing oral health in a
subject in 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 subject is diagnosed as having periodontal
disease or healthy oral status based on the level of the detected
metabolite. The present invention also discloses a method for diagnosing
oral health in a subject in 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 more of the following:
periodontal reference level or healthy reference level. In one 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. 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: compound generated in Kpii metabolism, a compound
generated in carbohydrate metabolism: a compound generated b nucleic acid
metabolism; 



vitamins, and co-factors. The invention also provides d method for
predicting a subject's response, e.g., responder or non-rcsponder. to using
a therapeutic agent for periodontal di a e whileAttorne) Docket No.
8207-00-OC following a standard care protocol. A metabolite profile of a
gingival cre\ icular fluid sample collected from a test subject is
generated, wherein the metabolite profile includes the metabolite identitv
and metabolite level. The metabolite profile of the test subject is
compared to a reference metabolite profile. The reference metabolite
profile maj 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 identity the test subject as responder or
non-responder to therapeutic agents. The reference metabolite profile can
be obtained from subjects ho benefited from the standard therapeutic agent,
with regression of periodontal disease, or prevention of periodontal
disease. This method could be used to determine whether a test subject is a
suitable subject to participate in a clinical trial of test therapeutic
agent( s). The invention also pertains to a method for predicting a test
subject's response, e.g., responder or non-responder. to development of
periodontal disease while following a standard non-care protocol. A
metabolite profile of the gingival crevicular fluid sample collected from
the subject is generated, wherein the metabolite profile includes the
metabolite identity and metabolite level. I'he metabolite profile of the
test subject is compared to a reference metabolite profile, wherein the
reference metabolite profile is generated from a reference responder
subject and reference non-responder subject. The reference metabolite
profile includes the reference metabolite identity and reference metabolite
level. The results of the comparison can be used to identifv the test
subject as responder or non-responder to periodontal disease development. 7
he 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, fhe gingivitis crevicular
fluid collection strips be used for collecting a gingival erev icular 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. e present invention further pro\ ides for a
dentifrice composition 1he compos ion inav include an ef fect ve 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
theAttorney Docket No. 8207-00-OC change metabolite level is greater than a
corresponding change in metabolite reference levels affected by a control
dentifrice composition. In accordance with yet another aspect, the present
invention provides for a metabolite indicating dentifrice and its method of
use wherein the dentifrice includes a metabolite indicating composition
which presents a user discernable indicator upon exposure to a metabolite
and a metabolite level associated with periodontal disease. In one
embodiment, the user discernable indicator corresponds to a change in color
of the dentifrice, DETAILED DESCRIPTION OF THE INVENTION As used
throughout, ranges are used as shorthand for describing each and every
value that is within the range. Any value within the range can be selected
as the terminus of the range. In addition, all references cited herein are
hereby incorporated by reference in their entireties. Definitions: As used
herein, the term "differential level" of a metabolite may include any
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%; b> 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: at least 5%; b> 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%; b> at least 90%; b at least 100% (i.e.. the metabolite is
absent). A metabolite is expressed at a differential level that is
statistical!} significant {i.e.. a p-value less than 0.05 and or a q-vaiue
of less than 0.10 as determined using either Student T-test, Welch's T-test
or Wilcoxon's rank-sum Test). 



A used herein "gingival crevicular fluid * means fluid found around the
gingival including the gum: the mucous membrane, with supporting fibrous,
ti e, covering the toothbeannt xborder of the iavv.Ltlorne> Docket No.
8207-00-OC As used herein "gingivitis' means an irritation of the gums
caused by bacterial plaque that accumulates in the small gaps between the
gums and the teeth and by calculus that forms on the teeth. As used herein
"health) oral status" means the absence of gingivitis and 'or periodontal
disease. As used herein, the term "level" of one or more metabolites means
the absolute or relative amount or concentration of the metabolite i the
sample. As used herein, the term "metabolite" means any ub tance produced
by metabolism or necessary for or taking part in a particular metabolic
process. The term does not include large macromolecules, such as large
proteins (e.g., proteins with molecular weights over 2,000, 3,000, 4,000,
5,000. 6.000. 7,000, 8,000, 9,000, or 10.000); large nucleic acids (e.g.,
nucleic acids with molecular weights of over 2,000, 3.000, 4,000, 5,000,
6,000, 7,000, 8,000, 9,000, or 10.000); or large polysaccharides (e.g.
polysaccharides with a molecular weights of over 2,000, 3,000, 4,000,
5,000, 6,000, 7.000, 8,000, 9,000, or 10,000). The term metabolite includes
signaling molecules and intermediates in the chemical 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. A used herein "periodontal disease"
means an inflammation of the periodontium including the gingiva!, 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
metabolite that is indicative of a particular disease state, oral status
phenoty pe, or lack thereof, as well as combinations uf disease states,
phenoty pes, or lack thereof. In one 



embodiment, periodontal reference level of a metabolite means a level of
the metabolite thai is indicative of a positive diagnosis of periodontal di
ea e in subject. In another embodiment, a 'health) reference level" of a
metabolite means level of a metabolite that is indicative of a positive
diagnosis of a healthy oral status in a subjectAttorney Docket No.
8207-00-OC In one embodiment, a reference level" of a metabolite ma> be an
one or more of the following: absolute or relative amount or concentration
of the metabolite; a presence or absence of the metabolite: a range of
amount or concentration of the metabolite; a minimum and/or maximum amount
or concentration of the metabolite; a mean amount or concentration 5 of the
metabolite; and/or a median amount or concentration of the metabolite. In
another embodiment, "reference levels" for combinations of metabolites ma)
also be ratios of absolute or relative amounts or concentrations of two or
more metabolites \\ ith respect to each other. Appropriate positive and
negative reference levels of metabolites for a particular disease state,
phenotype, or lack thereof may be determined b> measuring levels of desired
10 metabolites in one or more appropriate subjects, and such reference
levels may be tailored to specific populations of subjects e.g. a reference
level may be age-matched so that comparisons may be made between metabolite
levels in samples from subjects of a certain age and reference levels for a
particular disease state, phenotype. or lack thereof in a certain age
group). n another embodiment, the reference levels may be tailored to
specific 15 techniques that are used to measure levels of metabolites in
biological samples (e.g. LC-MS. GC-VlS. etc.), where the levels of
metabolites may differ based on the specific technique that is used. In
another such embodiment, "'a reference metabolite" may include at least one
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 eo- 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 25 one or more of compounds inosine, hypoxanthine,
xanthine guanosine, guanine, leucine, 



isoleucine, lysie, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, valine, phenylacetic acid, a-hy droxy ioscaproic
acid. 5-amino valeric acid, choline, glycreol- 3-phosphate.
iS-acetylneuraminie acid uric acid, reduced glutathione. glufathion.
ascorbic acid, and glutamine. In still yet another embodiment the reference
metabolites U) may include one or more of unknown compounds listed in Taole
As used herein, the term ample" or "biological sample" means biological
material isolated from a subject. The biological sample may include any
biological material suitable - ( .Attorne} Docket No, 8207-00-OC for
detecting the desired metabolites, and may comprise cellular and/or
non-cellular material from the subject. In one embodiment the sample can be
isolated from am suitable gingival crev eular fluid (OCF). The present
invention relates to the differential expression profiles of metabolites in
periodontal diseases and methods based upon these differential expression
profiles. I - Differenti al Expression Profiles A. Metabolites The
periodontal disease metabolites described herein were discovered using
metabolomic profiling techniques. Such metabolomic profiling techniques are
described in more detail in the Examples 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 (Publication No. 2005/0014132). 11/301,077 (Publication No.
2006/0134676), 11/301,078 (Publication No. 2006/0134677), 11/301,079
(Publication No. 2006-0 134678), and 11/405,033, the entire contents of
which are hereby incorporated herein by reference. 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 "unnamed" compounds
have been sufficiently characterized by analytical techniques to allowsuch
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. fable 5 lists a group of unknown metabolites
which correlated with healthy oral status or periodontal disease. B.
Expression Profiles Generally, metabolite profiles were determined for
biological ampl 1 from hu subjects diagnosed with a periodontal disease as
well as from healthy human subjects. The expression profiles for biological
samples from periodontal disease subjects were comparedAttornev Docket No.
8207-00-OC to the expression profiles for biological subjects collected
from healthy subjects. 1hose molecules or compounds differential!}
expressed, including those differentially expressed at a level that is
statistical!) significant, in the e pre ion profiles of periodontal disease
samples, as compared to non-disease samples were identified. The
experimental design, metabolite expression profiling platforms, statistical
methods and analysis, and results are discussed in more detail in the
Examples. 11. Methods Based on .Metabolite Profiles In some embodiments,
the present imention relates to analytical and diagnostic methods based on
the metabolite profiles for periodontal diseases including, but not limited
to: methods for the diagnosis of periodontal diseases, methods of
monitoring the progression/regression of periodontal diseases, methods of
assessing the efficac} of compositions for treating periodontal diseases,
methods of treating periodontal diseases, and the like. In one embodiment,
the metabolite profiles may be generated from gingival crevicular fluid of
a sample. 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 imention provides for a method for diagnosing
oral health in a subject in 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 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 b 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 nucleic acid metabolism: vitamins, and co-factors. In
another embodiment, the detected metabolites mav 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. hvpoxanthine. xanthine, guanosine,
guanine, leucine, isoleucine. i>sie, methionine, phenylalanine, proline,
erine threonine tryptophan. tyru ne. valine phenv lacetic acid a-<Utome\
Docket No, 8207-DO-OC hydroxy ioscaproic acid, 5-amino uileric acid,
choline, glyereoi-3-phosphate, and Nacetj lneuraminic acid. In another
embodiment, a diagnosis of periodontal disease corresponds to a down
regulation of one or more of the following compounds: uric acid, reduced
glutathione, oxidized glutathion, ascorbic acid, and glutamine. In another
embodiment, the present invention discloses a method for diagnosing oral
health in a subject in which a gingival cre\icular fluid sample is
collected from the subject and a level of one or more metabolites in the
gingival crevicular fluid sample is detected. The levels of detected
metabolites in the gingival crevicular fluid sample are compared to a
metabolite reference level wherein the metabolite reference level
correlates with one or more of the following: periodontal disease or
healthy oral status. In one such embodiment, the detected metabolite levels
are compared to one of more of the following: periodontal reference levels;
and healthy reference levels to aid in diagnosing or to diagnose whether
the subject has a periodontal disease or a healthy oral status. In one
embodiment, detected levels of the one or more metabolites may be compared
using a simple comparison (e.g., a manual comparison). In another
embodiment the detected levels of the one or more metabolites in the
biological sample may also be compared using one or more statistical
analyses (e.g., ttest, Welch's T-test, Wilcoxon's rank sum test, random
forest). In one such embodiment, the sample can be a crevicular fluid
sample obtained from the oral cavit) of a subject. In one such embodiment,
the detected metabolite may be a 



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.
4 and 5. In another embodiment, the comparing step may include comparing
the detected metabolite level to periodontal reference levels r-r health)
reference levels. In one such embodiment, tne delected levels of the one or
more metabolites in a sample which correspond to the periodontal reference
levels maybe o e or more of the following: detected le els that are the
same as the periodontal reference levels; detected levels that are
substantially the same as the periodontal iefercnce levels; detected levels
thai are above and'or below tne minimum and/or maximum of the periodontal
reference !e\eK; and or detected levels thai are o _Attorney Docket No,
8207-00-OC within the range of the periodontal reference levels. Such
detected levels maybe indicative of a diagnosis of periodontal disease in
the subject in another such embodiment, detected levels of the one or more
metabolites in a sample which correspond to a health) reference levels
which may be one or more of the following: detected lexels that are the
same as the health) reference levels: detected levels that are
substantially the same as the health} reference levels: detected levels
that are above and/or below the minimum and/or maximum of the health}
reference levels, and 'or detected levels that are within the range of the
health} reference levels. Such levels mav be indicative of a diagnosis of a
health} oral status in the subject. In one embodiment, detected 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 periodontal reference levels maybe indicative of a diagnosis of
periodontal disease in a subject. In another embodiment detected 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 healthy reference levels ma} be indicative of a diagnosis of a 



healthy oral status in a subject. 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 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. gingivitis oral status or
periodontal disease from each other and from other diseases that may have
similar or overlapping metabolites. B. Methods for the identification of
Subjects for Clinical Trials The invention also pertains to a method for
predicting a subject's response e.g.. rcsponder or non-responder. to using
a therapeutic agent for periodontal disease or a lack of using a
therapeutic agent for periodontal diseaseAttorney Docket ho. 8207-OU-OC Ls
used herein, a "responder " means a subject which shows; a decrease in
metabolite levels that correlate with periodontal disease: an increase in
metabolite levels that correlate with periodontal disease; a decrease in
metabolite levels that correlate with health} oral slants: and an increase
in metabolite levels that con-elate with health} oral status. As used
herein, a "non-responder " means, a subject which sho no change in
metabolite levels that correlate with periodontal disease or healthy oral
status. 1. Method for Identifying a Responder or iSon-Responder to a
Therapeutic Agent One aspect of the present invention relates to a method
that may be used to determine whether a subject is suitable to participate
in a clinical trial of test therapeutic agent(s) for treatment of
periodontal disease. During the course of clinical trials for test
therapeutic agents, some subjects mav not show evidence of responding to
the test therapeutic agent while following a test protocol during the time
period of the trial, i.e., non-responder. For example, an oral examination
of the subject ma> show no changes in symptoms such as: swollen, red or
bleeding gums; receding gum line; loose or separated teeth, bad breath,
etc. A 



non-responder subject is not a desirable participate in a clinical trial
because limited if any information mav be obtained from the non-responder
subject's participation in the trial. It would be advantageous to identify
a non-responder at the start of the clinical trial or during early stages
of the clinical trial so to eliminate the non-responder subject from the
group of test subjects. 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 the test subject to a reference
metabolite profile. The reference metabolite profile mav include one or
more of: a reference responder metabolite profile and a reference
nonresponder metabolite profile The results o the comparison c n be used to
identify the test subject as responder or non-responder to therapeutic
agent. In one embodiment, the comparison may be made using a i ple
comparison Ie ix a manual comparison; In another embodiment the comparison
mav be made using one or more statistical analyses (e g . t-test, Welch's
1-test. rank sum test random forest)Attopie} Docket No. 8207-00-OC In one
such embodiment, the reference responder metabolite profile be generated
from the gingival crevicuiar fluid sample of one or more reference
responder subjects who showed regression of periodontal disease, or
pre\ention of periodontal disease when using a dentifrice containing a
standard therapeutic agent according to a standard care protocol during the
number of da>s of the standard care protocol In another embodiment the
reference non-responder metabolite profile ma) be generated from the
gingival crevicuiar fluid sample of one or more reference non-responder
subjects who showed no change in periodontal disease when using a
dentifrice containing a standard therapeutic agent according to a standard
care protocol during the number of days of the standard care protocol. The
standard care protocol may include instructions such as brushing duration,
number of times per dav, number of days, use of other oral care products,
etc. The reference responder subject and/or reference non-responder subject
rnav be one 



or more of the following: a reference responder subject and/or reference
non-responder subject identified as having a healthy oral status based on
clinical evaluation a dental professional; a reference responder subject
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 subject identified as
having periodontal disease based on clinical evaluation by a dental
professional. In one embodiment, the standard therapeutic agent
down-regulates at least one member chose from; inosine, hypoxanthine,
xanthine, guanosine, guanine, leucine, isoleucine, lysie, methionine
phenylalanine, proline, serine threonine, tryptophan, tyrosine, valine,
phenyiacetie acid, a-hydroxyioscaproic acid, 5-amino valeric acid choline,
glycreol- 3-phosphate. and K-acetylneuraminic acid for the reference
subject. In another embodiment, the standard therapeutic agent up-regulates
at least one member chose from: uric acid, 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 f unknowns listed in Table 5, In one embodiment, the test subject '
s metabolite profile may be generated from one or more gingiva! crevicuiar
fluid amples which may be collected from the test subject in single
collecting step prior to initiating a standard care protocol In another
embodiment, the test subject ' s metabolite profile ma\ be collected from
one or more gingival crevicuiar fluid a les which may be obtained from the
test subject in a single collecting step after the test _ i 1 _Attorne)
Docket No. 8207-00-OC subject has followed a standard care protocol for a
prescribed number of days. In one embodiment, the test subject ' s
metabolite profile ma} be determined from one or more gingival cre\icular
fluid samples which mav be collected from the test subject in multiple
collecting steps, each collecting step occurring on a different day after
the test subject has followed a standard care protocol for a prescribed
number of days In one such embodiment, the metabolite identity of the test
subject may correspond to a compound chosen from: a compound generated by
amino acid metabolism, a compound 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: \itamins; and
co-factors. In another embodiment, the metabolite identity of the test
subject may include one or more of compounds listed in Tables I, 2, 3. 4
and 5. In another embodiment, the comparing step may include comparing the
metabolite level of the test subject to reference responder levels and
reference non-responder levels. In one such embodiment, the metabolite
levels of the test subject which may correspond to reference responder
metabolite levels maybe one or more of the following: metabolite levels
that are the same as the reference responder metabolite levels; metabolite
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 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
nonresponder 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 vu  hin the range of the reference non-responder metabolite levels.
Such levels ma b indicative of a diagnosis of an identification of th test
subject as a non-responder to therapeutic agenb. In one embodiment,
metabolite levels of the one or more metabolites that are differentially
expressed (especially at a level that is statistically ai^nifLantt of the
test subjectAttornej Docket No. 8207-00-OC as compared to responder
reference levels maybe indicative of an identification o f a subject as a
re&ponder to therapeutic agents. In another embodiment, metabolite levels
of the one or more metabolites that are differential!) expressed
(especially at le\el that is statistically significant) o f the test
subject as compared to non-responder reference levels maybe indicative of
an identification of a subject as a non-responder to therapeutic agents 



2. Method for Identifying a Responder or Non-Responder to Periodontal
Disease Development According to one aspect, the present invention provides
for a method which may be used to determine whether a subject is suitable
to participate in a clinical trial of test therapeutic agent(s) for
treatment of periodontal disease, wherein the subject is susceptible to
periodontal disease development. In some instances, a clinical trial of a
test therapeutic agent may be conducted by first generating gingivitis in
one or more sections of teeth in a subject's oral cavity. This may be
accomplished by using a non-care protocol where a shield is placed over the
one or more sections of teeth so that the shielded section(s) of teeth do
not receive any form o f oral h>giene. Subsequent to gingivitis
development, the subject may use a tcj>t therapeutic agent according to a
care protocol to treat the gingivitis. In some instances, a subject maj not
show evidence of gingivitis during the time period o f the non-care
protocol. In one embodiment of the present invention, a method includes
generating a metabolite profile of the gingival crevicular fluid sample
collected from a test subject while 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 identity the test subject as responder or 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 a be made using ope or more statistical analyses
(eg . f-tesi. Welch 1-tesl. V iicovon s rank sum test, random forest). In
one such embodiment, the reference responder metabolite profile can be
obtained from the cre\icular fluid sample of one or more reference
responder subjects ho followed a non-care standard protocol and developed
periodontal disease during the length of time of theAttorney Docket No.
8207-00-OC protocol. In another such embodiment, the reference
non-responder metabolite profile maj be obtained from the crevicular fluid
sample of one or more reference nort-responder subjects who failed to
periodontal disease during the length of time of a standard non-care 



protocol. The standard no-oral care protocol may include one or more of the
following: absence of brushing for a prescribe number of days, wearing a
shield over one or more sections of teeth while caring for the other
section* of teeth according to a protocol which describes brushing
duration, number of brushing times per day, number of day and the use of
mechanical oral hygiene devices. In one embodiment, the standard non-care
protocol up regulates at least one member chose from: inosine,
hvpoxanthine, xanthine, guanosinc, guanine, leucine, isoleucine, lysie,
methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, \aline, phenylacetic acid a-hydroxyioscaproic acid, 5-amino
valeric acid, choline, glycreol-3- phosphate. and N-acety lneuraminic acid
for the reference subject. In another embodiment, the standard non-care
protocol down-regulates at least one member chose from: uric acid. reduced
glutathione, oxidized glutathion, ascorbic acid and glutamine for the
reference subject. In yet another embodiment, the standard therapeutic
agent up-regulates or downregulates at least one member of unknowns listed
in fable 5. In one 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 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
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. It, one such embodiment, the
metabolite identity of the test subject rna> correspond to a compound
chosen from: a compound generated b amino acid metabolism, a compound
generated i area cycle; a compound generated in glutathion conversion: a
compound generated in lipid metabolism; a compound generated in
carbohydrate metabolism; a compound generated b nucleic acid metabolism;
vitamins; and co-factors. In another 



- ! ;Attorney Docket No. 8207-00-OC embodiment, ihe metabolite identity of
the te t subject may include one or more of compounds listed in Tables 1,
2. 3, 4 and 5. In another embodiment, the comparing step rnav include
comparing the metabolite level to reference responder levels and reference
non-responder levels, In one uch embodiment, the metabolite levels of the
test subject which ma> correspond to reference responder metabolite levels
mav be one or more of the follow ing: metabolite levels that are the same
as the reference responder metabolite levels; metabolite 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 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 a non-care protocol, e.g., development of gingivitis
and/or periodontal disease. In another such embodiment, metabolite levels
of the test subject which may correspond to reference nonresponder
metabolite levels may be one or more of the following: metabolite levels
that are the same as the reference non-responder metabolite levels;
metabolite levels that are substantial!} 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
nonresponder metabolite levels. Such levels maybe indicative of a diagnosis
of an identification 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 as a
responder to a non-care protocol. In another embodiment metabolite levels
of the one or more metabolites that are differentially expressed
(especial!) at a level that is statistically significant) the test subject
as compared to non-responder reference levels maybe indicative of an
identification of subject as a non-responder to a non-care proto col 



C. Methods for Evaluating the Efficiencv of a lest Compound in a Dentifrice
I he present invention also provides for a method of determining an
efficiencv of a test compound useful in treating periodontal disease
development in a mammal In oneAttome) Docket No. 8207-00-OC embodiment, the
method includes detecting a post-treatment metabolite level from a gingival
erevicular fluid sample collected from a subject after treatment with a
test compound. The post-treatment metabolite level may be compared to one
or more of the following pretreatment metabolite levels of the subject:
periodontal reference levels and healthy reference levels fn one such
embodiment, the method may include the step of determining whether the test
compound down-regulates at least one member chose from: inosine.
hypoxanthine. xanthine, guanosine, guanine, leucine, isoleucine, lysie,
methionine, phenylalanine, proline, serine, threonine, triptophan,
tyrosine, valine, pheny lacetie acid, a-hydroxy ioscaproic acid, 5-amino
valeric acid, choline, glyereol-3-phosphate, and N-acetylneuraminic acid.
In another such embodiment, the method may include the step of determining
whether the test compound up-regulates at least one member chose from: uric
acid, reduced glutathione, oxidized glutathion, ascorbic acid, and
glutamine. In another embodiment, the method may include the step of
determining whether the test compound up-regulates or down-regulates at
least one member of unknowns listed in Table 5. In another embodiment, the
pre-treatment metabolite level may be obtained by detecting a pretrcatmcnt
metabolite level of a first gingival erevicular fluid sample collected from
the subject at a first point in time. A dentifrice containing the test
compound may be applied to an oral cavity of the subject according to a
prescribed protocol. At a second point in time after applying the
dentriface, the post-treatment metabolite level of a second gingival
erevicular 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 efficacy to treat periodontal disease. In another such embodiment,
an increase in post-treatment metabolite levels compared to pre-treatment
metabolite levels may be indicative of the test compound hav ing efficacy
to treat periodontal disease. In still 



another such embodiment, the absence of a decrease or increase in
post-treatment metabolite levels be indicative ihat the test compound lacks
efficacy to treat periodonta disease In another ertbodiment, the
post-treatment metabolite levels may be compared to one or more of
periodontal di ea e reference levels and healthy oral status reference
levels in one mbod ment, the comparison may r"c made using a simple
comparison ( . a manual comparison). In another embodiment, the comparison
maj be maae using one or more - 1*ttorney Docket No 8207-00-OC statistical
analyses (e. ., t-test, Welch's T-test. Wilcoxon's rank sum test, random
forest). In one such embodi ent the results of the comparison ma\ be
indicative of the efficacy of the test compound when the post-treatment
metabolite le\els are one or more of the following: post-treatment
metabolite levels that are the same as the periodontal reference levels;
posttreatment metabolite levels are substantial!) the same as the
periodontal reference levels; post-treatment metabolite levels are above
and/or below the minimum and/or maximum of the periodontal reference
levels: and /or post-treatment metabolite levels are within the range of
the periodontal reference levels. In another such embodiment, the results
of the comparison may be indicative of the efficacy of the test compound
when the post-treatment metabolite are one or more of the following:
post-treatment metabolite levels that are the same as the healthy reference
levels; post-treatment metabolite levels are substantially the same as the
healthy reference levels; post-treatment metabolite levels are above and/or
below the minimum and/or maximum of the healthy reference levels; and/or
post-treatment metabolite levels are within the range of the healthy
reference levels. 1he invention further provides for a method of identify
ing 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 down-regulates at least one member chose from: inosine,
hypoxanthine. xanthine, guanosine, guanine, leucine, isoleucine, lysie,
methionine, phen lalanine proline, serine, threonine, tryptophan, tyrosine,
valine, phenylacetic acid, a- h>droxy ioscaproic acid, 5-amino valeric
acid, choline, gly creol-3-phosphate, and Nacetylneuraminic acid. i he
invention further j et provides for a method of identify ing 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 acid, reduced glutathione, oxidized
glutathion, ascorbic acid, and glutamine. h invention further yet provides
for a method of identifying a test compound useful in treating periodontal
disease in a mammal h} contacting a ceil with the test compound nd
determining whether the test compound up~n_g ula te or down-regulates at
least one member of unknowns li t d i IaMe 5.Lttornc> Docket No. 8207-00-OC
D. Oral Care Test Kit 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
gingivitis crevicular fluid collection strips may be used for collecting a
gingival crevicular fluid sample and for recover) 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. In one such
embodiment the kit may include instructions for using the gingivitis
crevicular fluid collection strips to collect a sample. In another such
embodiment, the kit may include directions for sending the gingivitis
crevicular fluid collection strips with collected fluid to a test site. E.
Dentifrice Composition The present invention further provides for a
dentifrice composition. The composition may include an effective amount of
an oral health metabolite therapeutic agent. 'Ihe therapeutic agent effects
a change in metabolite levels over a time period of at least one month
wherein the change metabolite level ib greater than a corresponding change
in metabolite reference levels affected by a control dentifrice
composition. In one embodiment, the change in metabolite level is greater
than 1% than corresponding change in metabolite reference levels affected
by a control dentifrice composition. In another embodiment, the 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 control dentifrice contains a
standard therapeutic agent. In another embodiment, the control dentifrice
contains "Iriclosan. The control dentifrice also may include ingredients
typically found in dentifrice compositions as described in t'.S Patent \o.
7.402.416 which ;<; incorporated herein Oy reference in its entirety F.
Metabolite Indicating Compositions Iti another aspect, the present
invention provides for an oral composition for indicating the presence of
metabolites indicative of periodontal disease. The oralAttorney Docket No.
8207-00- C composition may be included within a dentifrice such as tooth
paste, gel, mouth wash, dental floss, powder, gum adhering strip, tooth
brush, etc. 1he oral composition maj include metabolite indicating
composition. In one embodiment, the metabolite indicating composition max
indicate the presence of one or more compound listed in fables 1, 2, 3, 4
and 5 In another embodiment, the metabolite indicating composition may be
present a user discernable indicator upon up regulation of one or more of
the following: inosine, hypoxanthine, xanthine, guanosine. guanine,
leucine, isoleucine, Iv sic. methionine, phenylalanine, proline, serine,
threonine, triptophan, tyrosine, valine phenylacetic acid, a-
hjdroxyioscaproic acid, 5-amino valeric acid, choline, glycre
ul-3-phosphate, and Nacety lneuraminic acid. In another embodiment, the
metabolite indicating composition may be down regulation of one or more of
the following: uric acid, reduced glutathione, oxidized glutathion.
ascorbic acid, and glutamine. In one embodiment, the metabolite indicating
composition may result in 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 metabolite indicating composition may result in a color
change of the dentifrice when exposed to one or more of the compounds
listed in Tables 1, 2, 3, 4 and 5. In one embodiment, the dentifrice 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 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 floss ma} 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 ma correspond to the floss
showing a change in color. In yet another embodiment, the dentifrice may
include mouth wash containing a metabolite indicating composition. n one u
c h embodiment a user max contact its teeth with the mouth wash, wherein
the metabolite indicating composition may result in n appearance of user
discernible indicator of the mouthwash when exposed to one or more
ofAttorney Docket No. 8207-OO-OC 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 of the mouthwash. EXAMPLES The following examples further
describe and demonstrate some embodiments within the scope of the present
invention. These examples are given solely for the purpose of illustration
and are not to be construed as limitations of the present invention as many
variations thereof are possible without departing from the scope and spirit
of the present invention. 1. Experi mental Procedures L. Experimental
Design and Patients Twenty-two (22) chronic periodontitis subjects 4 1%
males) of 33 to 67 years of age (53  11) were selected from research
volunteers at the Forsyth Institute Dental Clinic. Subjects had at least 20
natural uncrowned teeth, and > 8 sites with pocket depth > 5 mm and
clinical attachment level (CAL) > 3 mm. Subjects had no known history of
allergy to the dentifrice for the washout period (see below). Exclusion
criteria included: presence of orthodontic appliances; 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 The Forsyth Institute's Institutional
Review Board and ail 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 1 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. B Gingiutl Crevicuiar Fluid iGCFi Sample
Collection Follow tng o ia t io p of sites with cotton roils to prevent
contamination with saha. supraginghal plaque a removed with a curette,
sites gent Ij air dried and GCh samples obtained from 3 different bite
categories for each subject. 6 healthy (H: PD < 3 m and no bleeding on
probing [BOP]); o ginghitis (G; PD < 3 mm and BOP); and 3 periodontitis
(P:Attorney Docket No. 8207-00-OC PD > 5 mm and BOP) sites were sampled.
GCF samples were collected from each site using filter strips (Periopaper*.
Interstate Drug Exchange. Arnity vilte, NY) gently inserted into the
orifice of the periodontal pocket. Pcriopapcr strips were kept in place for
30 seconds and the GCF volume collected was determined using a
pre-calibrated Periotron 8000H (Oraflow Inc.. 5 Plaimiew, KY). Samples from
each subject were pooled into different site categories, placed in separate
tppendorf tubes and stored at - 8O0C until assay . C. Metabolite Expression
Profiling Technology Metabolite expression profiling technology as
performed as described previously (Lawton et al, 2008). In summary, a
four-step sequential extraction procedure was 0 employed to recover
metabolites from the GC collection strips. The extracts were analyzed by
GC/MS and LOMS. Chromatographic separation followed by full scan mass
spectra was carried out to record and quantify all detectable ions
presented in the samples. Metabolites with known chemical structure were
identified by matching the ions ' chromatographic retention index and mass
spectra fragmentation signatures with reference library entries 5 created
from authentic standard metabolites under the identical analy tical
procedure as the 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 0 Data were normalized using the GSF volume recorded
by Periotron*(r). 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. r
. Results A total of 330 individual GCF samples were collected resulting in
66 pooled samples. The GCF samples ranged from O. I ml to 1.15 m . I he
mean \ ulumes in mf ( S for the health} . gingivitis and periodontitis site
categories were 0. 18 t 0. !0, 25 --. 0 13 and 0.42  0.19. respectively
.Attorney Docket No. 8207-00-OC The samples were anal) zed in metabolite
profiling platforms by Metabolon. Inc. The relative quantitated \ aiues for
the compounds were then adjusted according to sample volume. Two hundred
twenty eight (228) metabolites were detected, of which one hundred three
(103) matched known ehemical structures in the Metabolon chemical reference
library. Matched pair '1-test was used to analyze the differences among the
healthy, gingivitis and periodontitis sites. Approximately 50% of the
detected metabolites showed altered levels among the three sites (p <
0.05). The metabolites matching known chemical structures were mapped into
their respective general biochemical pathways. ANOVA analysis did not
produce a list of metabolites different from the t-tests (data not shown).
For the majority of metabolites with altered concentrations, the levels at
gingivitis sites resided between the levels at healthy and periodontitis
sites, suggesting that the metabolic changes induced by gingivitis are
continuum to those of periodontitis. 1. Nucleic acids Bacteria degrade and
metabolize host nucleic acids. Elevated levels of nucleic acids degradation
end products and intermediates suggest acceleration of the nucleic acid
degradation pathways by bacterial infection. The end product of the
degradation of the purine nucleotides adenosine monophosphate (AMP) and
guanosine monophosphate (GMP) is uric acid. The intermediates in the
pathway include inosine, hypoxanthine. xanthine, 



guanosine and guanine. Referring to Table I below, the differential
expression profiles for 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 health) subjects, and a 2.65 fold increase between
periodontitis and healthy subjects. Regarding xanthine, there was a 1.15
fold increase in xanthine levels between gingivitis and health} subj ects
and a 2.15 fold increase between periodontitis and healthy subjects.
Regarding guanosine. there as a 1,02 fold increase in guanoiine levels
between gingivitis and healthy subjects, and a 1 35 fold increase t en
periodontitis and healthy subjects. Regarding guanine, there a a 1.22 fold
increase in guanine levels between gingivitis and health} subjects, and a
1.66 fold increase between periodontitis and health} subjects. The
increased expression i.e., up-reguiation" of theseAttorney Docket No.
8207-00-OC intermediates at the disease sites in the present study
indicates accelerated metabolic flux of the purine degradation pathway due
to bacterial infection. Contrary to the increases of the intermediates, the
levels of the end product uric acid decreased at the disease sites. There
was a 0,92 fold decrease in uric acid levels between gingivitis and healthy
subjects, and a 0.70 fold decrease between periodontitis and healthy
subjects. However, uric acid is known cellular antioxidant, and as
described in the next sect ion there is clear evidence that oxidative
stress was also intensified at the disease sites. The decrease of uric acid
could be the result of its depletion upon scavenging free radicals.
Further, the consecutive steps of conversion of poxanthinc to xanthine and
then to uric acid are both catalyzed by xanthine oxidase. The reactions are
coupled with a reduction of oxygen to generate superoxides in the form of
O2 and H O2. The changes with the purine degradation pathway observed here
indicate that increased reactive oxygen species (ROS) production is a
significant consequence derived from up-regulation of this pathway by the
periodontal diseases. Table 1 Nucleic Acids Degradation Pathway Compounds 



The end product of the degradation of the pyrimidine nucleotides cjtidine
monophosphate (CMP) and uridine monophosphate (UMP) is uracil. An
intermediate in the pathway is uridine, arid its up-regufation at the
disease sites indicates accelerated metabolic flux of the pyrimidine
degradation pathway due to bacterial infection. There was d i .20 fold
increase in undine levels between gingivitis and health) subj ects and a i
2 fold increase between periodontitis and healthy subjects. The
differential p e on profile for uridine is aiso summarized above in Table
1.Attorney Docket NO. 8207-00-OC Anti-oxidants Bacterial infections induce
oxidative stress and decreased levels o f ami -oxidants. Glutathione piavs
a central role in cellular defense against ROS (including oxygen ions, free
radicals and peroxides) and xenobioties. In the present stud>, the levels o
f both reduced and oxidized glutathione were decreased at the gingivitis
and periodontitis, sites. The decreased lev el of glutathione and related
metabolites in the glutathione biosynthesis pathway indicates an increased
oxidative stress environment and a decreased abilit) for glutathione
production resulting from bacterial infection. 1here was a 0.65 fold
decrease in reduced glutathione levels between gingivitis and health}
subjects, and a 0.35 fold decrease between periodontitis and healthy
subjects. There was a 0.75 fold decrease in oxidized glutathione levels
between gingivitis and healthy subjects, and a 0.47 fold decrease between
periodontitis and health} subjects. In addition, two other major cellular
anti-oxidants, ascorbic acid and uric acid, were also decreased at the
disease sites. There was a 0.87 fold decrease in ascorbic acid levels
between gingivitis and health} subjects, and a 0.39 fold decrease between
periodontitis and healthy subjects. As discussed above, there was a 0.92
fold decrease in uric acid levels between gingivitis and healthy subj ects
and a 0.70 fold decrease between periodontitis 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. Table 2 Anti-Oxidant Compounds VIELN H vs. G H vs. P G
vs. P 



COMPOUND H G P P P q value value value value value value Glutathione-red.
2.34 1.51 0.3303 0.2821 0 03 19 ! 0.0249 0.0366 0.0456 Glutathionc-ox. 1.39
1.04 0.66 0.6432 0.3963 0.0205 10.0183 0.0023 0.0070 Ascorbic acid 1.32
1.15 0.51 0 0979 0.1516 0.0035 j 0 0043 0.051 0.0523 Trie acid 1.21 Li.- 1
0.85 LM 536 0.138 0.0005 I 0.001 1 0.046 1 acids Lonsistent v\ ith host
protein degradation due to tissue damage, the expression levels of a
variety of free amino acids ar>d amino acid metabolites were increased the
periodontalAttorne) Docket No, 8207-00-OC diseases. Referring to Tabic 3
below, the differential expression profiles for the purine degradation
pathway intermediates are tabulated. Regarding isoleucine. in the present
study, there was a 1.21 fold increase in isoleucine levels between
gingivitis and healthy subj ect and a 1.92 fold increase between
periodontitis and health) subjects. Regarding leucine there was a 1.12 fold
increase in leucine levels between gingivitis and health) subjects and a
2.02 fold increase between periodontitis and healthy subjects. Regarding
lysine, there was a 1.2 fold increase in lysine levels between gingivitis
and health) subj ects and a 2.79 fold increase between periodontitis and
health) subjects. Regarding phenylalanine, there was a 1.09 fold increase
in pheny [alanine levels between gingivitis and healthy subjects, and a
1.61 fold increase between periodontitis and healthy subjects. Regarding
tyrosine, there was a 1.04 fold increase in tyrosine levels between
gingivitis and healthy subjects, and a 1.41 fold increase between
periodontitis and healthy subjects. The up-regulation of these amino acids
at the disease sites in the present study indicates degradation of host
proteins by bacteria. In addition, putrescine and cadaverine
(1,5-diaminopentane), two pol) amines and the 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 health) subjects, and a 2.75 fold increase between
periodontitis and health) subjects. Regarding cadaverine, there was a 1.43
fold increase in cadaverine levels between gingivitis and healthy subjects,
and a 2.88 fold increase between periodontitis and health) 



subjects. While putrescine can be produced b) both the mammalian and
bacterial pathways, cadaverine is almost exclusively of bacterial origin
(Fothergill and Guest, 1977). Cadaverine is synthesized from lysine b>
bacterial lysine decarboxv lase, and elevated expression levels may
indicate degrees of bacterial infection, The only exception to the
increased expression of amino acids in the present stud) was glutamine,
which exhibited a clear decrease with disease progression. I here was a
0.84 fold decrease in glutamine levels between gingivitis and health)
subjects, and a 0.60 fold decrease between periodontitis and health)
subjects. One possible explanation i that glutamine s rapid!) consumed b>
the bacteria as the main nitrogen source. Another nitrogen cam ing amino
acid, giutamate, 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 - 2 -Attorney Docket No. 8207-O-C glutamine
di-peptide. The bacteria P ginivalis has been reported to metabolize
peptides - rather than single amino cid - and this decrease of free
glutamine is consistent with significant utilization o f di-pept des by
bacteria prior to their degradation to single amino acids. Tabic 3 Amino
Acids 4 . Urea Cycle The degradation of proteins into amino acids releases
ammonia that must then be convened 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 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 . there as a 1.83 fold increase in 4-guanidinobutanoic acid
levels between 



gingivitis and healthy subjects, and a 2L fola increase between
periodontitis ar. healthy subjects. 5 Carbohydrates The expression changes
of a \arietv of sugars diid carbohydrate metabolites further illustrate the
:nteractions between the host ti sue and bacteria. Referring to Table 4
below.Attorney Docket No. 8207-00-OC the decreased levels of tri- and
di-saccharides including nialtotriose, maltose and maltotriitol. in the
disease sites could be the result of bacterial consumption of these dietary
nutrients in circulation. There was a 0.90 fold decrease in mallotriose
levels between gingivitis and healthy subjects, and a 0.59 fold decrease
between periodontitis and health) subjects. There was a 0.93 fold decrease
in maltose levels between gingivitis and healthy subj ects and a 0.72 fold
decrease between periodontitis and healthy subjects. There was a 0.86 fold
decrease in maltotriiol levels between gingivitis and health} subjects, and
a 0.43 fold decrease between periodontitis and healthy subjects. The
degradation of these tri- and di-saccharides results in increased levels of
the endproduct, glucose. Referring to glucose, there was a 1.35 fold
increase in glucose levels between gingivitis and healthy subjects, and a
1.96 fold increase between periodontitis and healthy subjects. Increased
glucose, which is highly regulated by biochemical pathways, therebj results
in up-regulation of the Kreb's cycle and the increased expression of
intermediates including a-ketoglutarate. There was a 1.65 fold increase in
a-ketoglutarate levels between gingivitis and healthy subjects, and a 3.15
fold increase between periodontitis and healthy subjects. Table 4
Carbohydrates Unknowns L varietv of unknowns ere abo observed ich showed a
relationship between metabolite identity and metabolite level fur healthy
oral status, gingivitis a id periodontal disease as shown in 'I able
5.Attornev Docket No. 8207-00-OC Table 5Attorne> Docket No. 8207-00-OC What
is claimed: 



1. A method for diagnosing oral health in a subject comprising; a.
collecting a gingival erevieular fluid sample from the subject: b.
detecting a level of one or more metabolites in the gingival crevicular
fluid sample: and c. diagnosing the subject a having periodontal disease or
healthy oral status based on the level of the detected metabolite, wherein
the detected metabolite is at least one compound chosen from: a compound
generated by amino acid metabolism, a compound generated in urea evcle; 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. 2. A method
for diagnosing an oral health status in a subject comprising: 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 le\el corresponds to one or more of the
following: periodontal reference 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; 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 th differential level of the
detected metabolite and 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 health} oral status.Attornev Docket No. 8207-00-OC 



5. A method for monitoring periodontal disease in a subject comprising: a.
detecting a first level of at least one metabolite in a first gingival
crevicular fluid sample collected from trie subject at a first point in
time; b. detecting second lex-el of at least one metabolite in a econd
gingival crevicular fluid sample collected from the subject at a second
point in time; c. comparing the first detected metabolite level to the
second detected metabolite level. wherein a differential level of the
second detected metabolite level relative to the first detected metabolite
level indicates a change in periodontal disease of the subject. 6. The
method of claim 5, wherein the differential level corresponds to a decrease
in the second detected metabolite level relative to the first detected
metabolite level indicating a decrease in the periodontal disease of the
subject, and wherein the at least one metabolite is at least one member
chosen from; inosine, hjpoxanthine, xanthine, guanosine, guanine, leucine,
isoleucine, lysie, methionine, phenylalanine, proline, serine, threonine
tryptophan, tyrosine, valine, phenylacetic acid, a-hydroxyioscaproic acid,
5-amino valeric acid, choline, glycreol- 3-phosphate, and N-acetyl
neuraminic acid. 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-trealment metabolite level from a
gingival crevicular fluid sample collected from a subject after treatment
with a icst compound: comparing the post-treatment metabolite level to one
or more of the tb low ing: pretrcatment metabolite levels of the subject,
periodontal reference levels and health) reference level; and determining
the efficiencv of the test compound based on the comparison. 



. i _Attorne> Docket No. 8207-O-OC 9. The method of claim 8. wherein the
pre-treatment metabolite level may be obtained by steps comprising:
detecting a pretreatment metabolite level of first gingival crevicular
fluid sample collected from the subject at a first point in time; and apply
ing a dentifrice containing the test compound to an oral cavity of the
subject according to a prescribed protocol; wherein the post-treatment
metabolite level is detected at a second point in time. 10. The method of
claim 8, further comprising: determining whether the test compound
down-regulates at least one member chose from: inosine, h> poxanthine,
xanthine, guanosine. guanine, leucine, isoleucine, lysie, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine,
phenylacetic acid, a-hydroxyioscaproic acid. 5-amino valeric acid, choline,
glycreol-3- phosphate, and N-acetylneuraminic acid. 11. The method of claim
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. 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, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, valine phenylacetic acid, a- hydroxy ioscaproic acid, 5-amino
valeric acid, choline, glycreol-3-phosphate. and Nacetvlneuraminic acid.
13. A method of claim 12. further comprising: determining whether the test
compound up-regulates at least one member chose from. uric acid reduced
glutathione, oxidi/ed glutathion, ascorbic acid, and glutamine, 14. A
method of identify ing a test subject as a responder or non-responder to
therapeutic agents whiie using a standard care protocol comprising the
steps of:Attorney Docket No. 82G7-00-0C 



generating a metabolite profile of a gingival crevicular fluid sample
collected from the lest ubject wherein the metabolite profile includes the
metabolite identity and metabolite level: 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
showed regression of periodontal disease while using a dentifrice
containing a standard therapeutic agent according to the standard care
protocol, wherein the reference non-responder metabolite profile is
generated from a reference non-responder subject which showed no change in
periodontal disease while using a dentifrice containing a standard
therapeutic agent according to the standard care protocol; and based on the
comparing, identifying the test subject as responder to therapeutic agents
or non-responder to therapeutic agents. 15, The method of claim 14, wherein
for the reference responder subject, the standard therapeutic agent
down-regulates at least one member chose from: inosine, hypoxanthine,
xanthine, guanosine, guanine, leucine, isoleucine, lysie, methionine,
phenylalanine, proline, serine threonine, tryptophan, tyrosine, valine,
phenylacetic acid, a-hydroxyioscaproic acid, 5-amino valeric acid, choline,
glycreol-3-phosphate, andN-acetyineuraminic acid. 16. The method of claim
14. wherein for the reference responder subject, the standard therapeutic
agent up-regulates at least one member chose from: uric acid, reduced
glutathione, oxidized glutathion. ascorbic acid, and glutamine. 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: generating a metabolite profile of the
gingival crevicular fluid sample collected from the test subject, wherein
the metabolite profile includes the metabolite identity and metabolite iei
e h comparing the metabolite profile of the test subject to a reference
responder metabolite profile and reference non-responder metabolite
profile. v, herein the reference responder metabolite profile is generated
from a reference 



responder subject which developed periodontal disease while following the
standard non-care protocolAttorney Docket Ko. 8207-00-OC wherein the
reference non-rcspondcr metabolite profile is generated from a reference
non-respondcr subject which failed to develop periodontal disease while
following the standard non-care protocol; and ba ed on the comparing,
identifying the test subject as responder to periodontal disease
development or non-responder to periodontal disease development. 18. The
method of claim 17, wherein for the reference responder subject, the
standard non-care protocol up regulates at least one member chose from:
inosine, h>poxanthipe, xanthine, guanosine. guanine, leucine, isoleucine.
Ivsie. methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, valine, phenylacetic acid, a-hydroxyioscaproic acid, 5-amino
valeric acid, choline, glycreol-3-phosphate, and N-acety (neuraminic acid.
1 . The method of claim 17, wherein for the reference non-responder
subject, the standard non-care protocol down-regulates at least one member
chose from: uric acid, reduced glutathione, oxidized glutathion, ascorbic
acid, and glutamine. 20. An oral care kit comprising: one or more
gingivitis crevicular fluid collection strips for collecting a gingival
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: an
effective amount of an oral health 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 5 percent greater than a corresponding change in metabolite reference
levels effected b a control dentifrice composition. 22. ilie dentifrice
composition f claim 18, wherein the control dentifrice contains Iriclosan.
23. A method to delect meiahoie- corresponding to periodontal disease in a
subject s orai cavitv comprising the steps of 



- J4Attorne} Docket No. 8207-00-OC apph ing a dentifice containing a
metabolite indicating composition to one or more sections of, test in the
oral cavity, wherein said dentifrice contains a metabolite indicating
composition which presents a user discernable indicator upon exposure to a
metabolite and a metabolite level associated with periodontal disease. 24.
A metabolite indicating dentifrice comprising: a metabolite indicating
composition which presents a user discernable indicator upon exposure to a
metabolite and a metabolite level associated ith periodontal disease. 25.
The metabolite indicating dentifrice composition of claim 24, wherein the
user discernable indicator corresponds to a change in color of the
metabolite indicating dentifrice. 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 compound
generated in urea c v cie; 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 level is indicative of up
regulation of one or more of the following: inosine, hypoxanthine,
xanthine, guanosine, guanine leucine, isoleucine, lysie. methionine,
phenylalanine, proline, serine, threonine, trj ptophan, tyrosine, valine,
phenylacetic acid, a-hydroxyioscaproic acid, 5-amino valeric acid, choline,
ghcreol-3-phosphate, and N-acetylneuraminic acid. 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. 


