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for neasuring the extent of deposition or uptake of

agents (e.g., oral active agents) onto substrates

(e.g., hydroxyapatif®g St REEENIPOR; M ¢ tooth

surfaces). The ampunt or concentration of an agent may
be efficiently determ ned on a substrate (e.g., wth
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agents, such as oral active agents used in dental
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washi ng the incubated substrate, and then subjecting
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anal ysis, oral active agents such as Triclosan, either
iar ceeatntsdian pows agentimaydéntctiidientte detrminedt poasubatrate (e.g.,
i ncubated with saliva-coated hydroxyapatite di sks used
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sol vent extraction on the disk {03] The
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i ndirect anal ysis of an extract rather than

BACKGROUND OF THE INVENTION
Conventional methods for analyzing the deposition of agents, such as oral
active agents used in dental care, involve incubating the agent with a
substrate, washing the incubated substrate, and then subjecting it to solvent
extraction. Subsequently, the extract is analyzed using high-performance
liquid chromatography (HPLC) to provide an indirect quantification of the
deposited agent. In a particular type of such an analysis, oral active agents
such as Triclosan, either in neat solutions or in dentrifrice formulations, are
incubated with saliva-coated hydroxyapatite disks used to model hard tissue
substrates, prior to performing solvent extraction on the disk.
The solvent-extraction/ HPLC method, however, has limitations.  For
example, the method relies on the indirect analysis of an extract rather than

the direct analysis of the surface onto which the agent is deposited. As a

result of the extraction and subsequent HPLC steps, the analysis often takes
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the direct analysis of the surface onto which the
agent is deposited. As ar ult ot the extraction and
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t akesconsi derabl e tinme. Mreover, the nmethod relies on
the use of an extracting agent which may not always be
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nay decorrpose or adver sel y affect, for exanple by
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need exists in the art for nethods that can
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of deposition of an agent onto a substrate. Ideally,
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t he ‘agent’/ substrate syst em and provide fast results.
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screenlng nmet hods for character|2|ng t he dep03|t|on of
aberdcter{ze. the, rave alr @vvinre ohgenosijioonefoar ggeat esto sustpstrate.
net hods can be used to assess and conpare different
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can therefore be applied to in oivo systens, for

exanple, in the analysis of deposition of an ora

active agentBRIERFGUMSABYtOF JUHE AS¥ENTI®ONat i ent. The

net hods are al so suitable for personal use, for

exanple, in the case of a user desjring to nonitor the
SFifecie ention selgtesftoaficient, celiaine mgthadls tugheas wgeeRipg methods
106] Fhe direct nethods descri bed herein can be used

tfor Abdddlertihgafrl Vbpedtioneslagents (e.g., oral active agents) onto
surfaces. Such methods can be used to assess and compare different
formulations comprising the agent to be deposited, as well as different
delivery systems for the agent. The methods are also applicable for
evaluation or diagnostic purposes in patients or other users, and can therefore
be applied to in vive systems, for example, in the analysis of deposition of an
oral active agent onto the tooth surface of a patient. The methods are also
suitable for personal use, for example, in the case of a user desiring to monitor

the effectiveness of a particular dental care regimen.

The direct methods described herein can be used to obtain an analytical result
in a relatively short time, for example on the order of minutes (e.g., 5-10

minutes) or even seconds (e.g., less than 60 seconds or 10-45 seconds), The

analytical methods, according to some embodiments, determine the
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in arelatively short time, for exanple on the order
of mnutes {e.g., 5-1 0 mnutes) or even seconds
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anal yti cal nethods, according to sonme enbodi nents,
determ ne thedistribution of various agents about a
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whet her or not thef/’ are uniformy distributed [07]
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as an oral care active on a substrate. The nethod
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anal yzing the substrate using Near- Infrared (Near-| FE)
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O her aspects of the invention relate to a nethod of
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RALLGE oS AP S uzgeﬁg thG3hn! Q%%n%@véi E}Béls@astraf[eogiing Near-

spectroscopy or ravi ol et spectroscopy.
O her aspects of the invention relate to a nmethod for
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system The nethod conprises depositing an oral agent
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[10] Other aspects of the invention relate to devices
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met hods. [HJ Ot her aspects of the invention relate to
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Other aspects of the invention relate to a method for evaluating the
effectiveness of an oral delivery system. The method comprises depositing an
oral agent onto a substrate using the dental instrument, and additionally
analyzing the substrate using Near-Infrared (Near-IR) spectroscopy or

Ultraviolet (UV) spectroscopy to measure the extent of deposition.

Other aspects of the invention relate to devices or instruments for performing

any of the above methods.

Other aspects of the invention relate to one or more tangible computer
readable media storing executable instructions that, when executed, cause a
data processing system to perform a method comprising steps of analyzing a

Near-IR spectrum or a UV spectrum generated according to the methods



readabl e nedi a storing executable instructions that,
when executed, cause a data processing systemto
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Near -1 E spectrumor a UV spectrum generated accordi ng
co the nethodsdescri bed above, using a mathenatica
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second derivative, peak area int egr ation, parti al
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subtraction (e.g., to subtract background signals).
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absol ut e neasurenent of anobunts or concentrations of
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ods nay used to obtain relative anounts or
concentrations of these agents (e.g., in the case a
i hethads appldecrics abpve The barishdds thaybbdutis agiastiement of
conpare the extent of deposition of an agent as a

funguht%n &f Eaﬁce%%‘%%?fsr 3 ef' o%e#rﬂl anie ge':(fll onto a . substrate.

onpositi nt to i ncubate a
substra,te accord| ng to met hods descrl bed herei n), as
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(e.g., a paste versus a gel systen), or as a function
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appreci ated by those having skill in the art, having
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er aspets 0 e Invention w me appar ent
fromthe follow ng Detail ed Description. .y
bEschprRidts om IHRANNES 1[“1%} W%B?%“@Brpzhlget@ a dentrifrice
under st andi ng of the present invention and the
agbeadnta@esibate a substrate according to methods described herein), as a

function of the use of differing delivery systems (e.g., a paste versus a gel
system), or as a function of any of a number of other parameters that will be
appreciated by those having skill in the art, having regard for the present

disclosure.

These and other aspects of the invention will become apparent from the

following Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention and the advantages
thereof may be acquired by referring to the following description in

consideration of the accompanying drawings, which should be understood to



thereof may be acquired by referring to the foll ow ng
description in consideration of the acconpanyi ng
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illustration of various aspects of the invention and/
or principles involved, and wherein: [15] FIG 1 is an

'éﬂe%@ﬁ[% ﬂ%tl%fnb?'lh(% S48 ﬁ nggI%QEEH ﬁlesf}ﬁ%hﬁkkm and / or O;i}rinciples

i'nc sui t e wave use in Near-|
W's , ng y;.[16] FIG 2 is a Near-IR spectrum
S Vﬁéfﬁ ‘figerprint" of the oral active agent,

Triclosan; [17] FIG 3 |s the 2nd der|vative of a

?‘};til R & rﬁ?l%%y”{no%f Olzr 111 %ggfna[véas‘lm %h‘él tlggltab

i On n pe area
u3|n% hbar-IR and the Trlclosan concentration (|n
ﬂﬂﬂa@arf%umﬂn\écﬂﬁﬁ"eﬂ PYojpertrascapydepi ct s the data
obt ai ned duri ng vaI [ datl on of the Near-IR analysis

WA faap o speiRP b2t FAE GIRBRHTR opl [y oral active

spectroneters; [21] FIG 7 depicts a process whereby

Nexnt, | Ridosinyt i cal nmethods are correlated with

conventional solvent extraction/ HPLC nethods; [22]
FIG 8 depicts the use of data analysis technlques in

ddfx éll%thf—h@‘d deraive pf aagt R spectrsineldsripsay

conventional solvent ext ractl on/ HPLC net hods; [ 23]

E 9 jdep he, si;s_techni ques,

T dorRaea Ty ElS R B PR R o, WEE measured
correl ati ngl;{ a Near-IR anal ytical nethods with

using Near-IR, and the Triclosan concentration (in ppm) measured using
HPLC;

FIG. 5 depicts the data obtained during validation of the Near-IR analysis

method;

FIG. 6 depicts an experimental step in which HAP disks are introduced into

Near-IR or UV spectrometers;

FIG. 7 depicts a process whereby Near-IR analytical methods are correlated

with conventional solvent extraction/ HPLC methods;

FIG. 8 depicts the use of data analysis techniques in correlating a Near-IR

analytical methods with conventional solvent extraction/ HPLC methods;
FIG. 9 depicts the use of data analysis techniques, including partial least
squares regression, in correlating a Near-IR analytical methods with

conventional solvent extraction/ HPLC methods;

It




conv entional solvent extraction / MPLC nethods; [ 24]
FIG 10 depicts the use of data anal ysis techniques,
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multiple linear regression, in correlating a Near-IR
anal ytical nmethods wi th conventional sol vent
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depicts WV spectra for various sanples, including
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Triclosan for 5 minutes and 30 minutes; [27] FIG 13
illustrates a represent at i ve conmputer system
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invention; [28] FIG 14 illustrates a representative
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 30] Aspects of
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escCri yZi ng
depOSltl on of agents. ( phar maceut i cal conpounds)
THE GFenRBRSPSrisaif the i 1m ention;

FIG. 14 illustrates a representative oral care implementation environment

embodying one or more aspects of the invention; and

FIG. 15 is a schematic representation of a toothbrush/probe embodying one

or more aspects of the invention.
DETAILED DESCRIPTION OF THE INVENTION

Aspects of the invention relate to methods and devices for the detection of
agents (e.g., oral agents) that have been delivered and deposited onto a
substrate (e.g., a substrate in the oral cavity such as a tooth or soft tissue).
Other substrates include bodily fluids such as blood and saliva, which may be
analyzed according to methods described herein for analyzing the uptake or
deposition of agents (e.g., pharmaceutical compounds). The methods allow

the quantification of the amount of uptake of the agent by the substrate and




the quantification of the amount of uptake of the
agent by the substrate andconsequently these nethods
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and/ or total anmpunt of agent deposited under varying
conditions. The nethods are al so useful in
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agent and’the substrate. [31] Agents such as ora

3953 el /e e gt gl meent Bedmreeb e ieirt comfiins. The
phosphates, amino acids, potassiumsalts, and stannous
coahodndse dfsd obdshmn ahdratding | tharmatugubf steragtien between
representative exanples of active agents used in ora

GAE BoehthidecdsRuafe Oral agents, they may be used in
t he thods and devi ces as pure conpounds, but are

often in the formof solution with an aqueous or
ok gath cuslohy endl. agBatdinichni dioge uypd ¢abkal care and/or those used
physi ol ogi cally acceptable, in order to best sinulate
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slurry. [32] The agents are_generally brought into .
dalbaend vittnQUss GRIPORNES. shERlospatatichaodgdy lppfyg sulfate are
agent -cont ai ni ng substrate can be anal yzed usi ng
rephadatadive ciaggdedef aitivet apeaied asad neotah eaageint thephak of oral
or deposition onto the substrate. In the case of ora

~ ,. ¢ D3t AkPicl 0
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roxyapatite ( S such as a H%
to nodel a tooth surfac?.,For exanpl e, a saliva-coate
AP dfitek ifs ML BPITRagt U SN of 1 HQUE e VATBRNICh gOIvent.
oral agent under conditions which result in the
depasond are ofpiedllst phssiokagiealbf atdeptablal inageidr nbesttdimulate
substrate. "Saliva" can refer to
the conditions of actual use. Oral agents may also be in the form of a

dentrifrice such as a paste, gel, or slurry.

The agents are generally brought into contact with a substrate, such that the
resulting agent-containing substrate can be analyzed using methods
discussed herein to determine the agent uptake or deposition onto the
substrate. In the case of oral agents, a commonly-employed substrate is a
hydroxyapatite (HAP) sample, such as a HAP disk used to model a tooth
surface. For example, a saliva-coated HAP disk (scHAP) may be treated or
contacted with the oral agent under conditions which result in the deposition
of at least some of the oral agent onto the substrate. “Saliva” can refer to

natural saliva or, alternatively, saliva that is purified and/or otherwise

~1
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natural saliva or alternatively, saliva that is
purified and/ or otherw seprocessed, or even synthetic

w@ 2000 z43desi gned to minmic the performnce of nBtTUS1009/039651

saliva for purposes of an analysis. [33] According to
ot her enbodi nents, the substrate can be the actua
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ent al patl ent of dentrifrice uSer desiring know edge
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care of the patient adm nistered by an oral care
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herse representatlve enbodi nent, a
substrate suc scHAP. d¥%_ is treated or . contact

WKERPAR the &P(}tggémﬁ%ﬁu@éHe 26 2T gesienf AT HRBUHEICMUSE gesmg

liquid dentrifrice solution or a dentrifrice slurry.
Krewledgd vf g @dent ofcdep@itivmgf smbsalrajcat pntethe foavh agrtace.
the oral agent deposited thereon) is then anal yzed
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conbi nati on hese net hods. Resu f these

anal yses s ow/t at the deposition can b atel
Ak e grofsaens oﬁaa g’i‘?%s@ thi R b BB hiapell

nmet hods i nvol vi ng soI vent extraction, which are
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appl i cabl e for diagnosing an oral condition g
deptsstad onitbfampral agent sngk eaﬁgéfmclob@ﬁelruéb%sﬁor%ﬁfo% hqwd
a biofilm or the extent of tooth whitening or tooth

Hed$Shricel fthibgh g & heerprid@feesitrpf. alheora@ultingalg@Rntontaining
reginen (e.g., to |nprove oral health, whiten teeth,
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the effectiveness of an o
Near-IR spectroscopy or UV spectroscopy, or a combination of these methods.

Results of these analyses show that the deposition can be accurately
measured, based on a comparison with conventional methods involving
solvent extraction, which are significantly more cumbersome and time-

consuming,.

In other embodiments, the methods described herein are applicable for
diagnosing an oral condition (e.g., the deposition of an oral active agent, the
deposition of a biofilm, or the extent of tooth whitening or tooth gloss),
including the progress of an oral treatment regimen (e.g., to improve oral
health, whiten teeth, or provide tooth gloss) in a patient. In still other
embodiments, the method is applicable to determining the effectiveness of an

oral care delivery system. Devices for performing these methods are also



[36]

[37]

oral care delivery system Devices for performng
t hese nethods are a ocontenpl ated, having conplexities

wo baw/1zviy according to their intended use. FOPCT/US2009/039651

exanpl e, while |laboratory devices may have the
capability to anal yze absorbance (or reflection) over
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used by ental” professional may have a nore |limted

V&b aeris Mot cuBORI LB Ror npda i Caflls CAPBIRS' o analyze
characteristic of an oral agent/ substrate system of
iabs@baste (@ gflecioppotércut axtadgl @oge wé/waodergths, a simpler
systenm). [36] Even sinpler devices are applicable for
RRIR-URRIY, & LAY YWBFeskRnAPRAOhavd &im@¥aimited c@pability and
ongoi ng oral treatment reginmen'by determ ning relative
amounts of deposited agents over. tinme. Such devices
e aBuerPahgn e by apapthrt Sl iRy oba s Fnesy thet
into toothbrushes or other oral care devices. Users of

tihe devaderiviid | ofadnantagegest/pubsrabl systemolstf aimewgat drkg., a
results to allow effective nonitoring of an oral care

g%gﬁﬁﬁﬂr of¥1 3PrivelEBhE S@ARehgSpond to such results by
apting the reginmen dappropriately (e.g., by brushing

and/ or flossing nore often or for a | onger period).
[E3/¢h dimpldi Geviessnete, apreichbidsfodésend hedbher @nsumdr|tobeonitor,
useful for nonitoring the extent, or trend over tineg,

1 ing oy » RETlClAbn 18 Yet@Blihhey relati
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appl i cabl e, however, to the characterization gﬁr
denEits e depraied pgaNtEgRIT Lidgc PUSE drvicesHRAY De yssgr Hone or
filmbuildup which may be countered by an appropriate
masp odls@nafineymbt hodsrpeatdake ioanttondrushds ot hether oral care
nmet hods such as fluorescence, if necessary to
devices. Users of the device will advantageously be able to obtain quick
results to allow effective monitoring of an oral care regimen. Also, users can

respond to such results by adapting the regimen appropriately (e.g., by

brushing and/ or flossing more often or for a longer period).

In this manner, methods described herein will be useful for monitoring the
extent, or trend over time, of a desired agent (e.g., a beneficial, oral active
agent such as Triclosan). The methods are also applicable, however, to the
characterization of deposited, undesired agents such as detrimental tooth film
buildup, which may be countered by an appropriate response. The methods
may be combined with other methods such as fluorescence, if necessary to

adequately characterize a particular agent/substrate system.



adequately characterize a particular agent/ substrate
system [ 38] Analysis of the substrate, having agent

walepod243ed t hereon, is perforned using Near-| nPCERUSINN039651

[38]

[39]

[40]

(Near-1R) spectroscopy of Utraviolet (U
spectroscopy. Generally, the spectroscopy instrunent
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concentration) of the agent deposifed onto th ‘
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instrunent or a UV spectroscopy instrunment, the solid
neasitnkyetie qecessany tanuneerd is aplagtabntidntcapalrmeor solid
(RCA) or an integrating sphere, respectively In the
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agent -cont di ning substrate to be anal yzed may be

positioned (e.qg., centrally positiqgned usin I i.ght A
FEORRFEHY )aCk glfﬁr a8l éea?%t@dppatoe?h% §e ‘t%g-a%r}?ﬁ‘ecase ot a
ceram c plate commercially avail abl e under the nane

Speat Rabprtroscop B AstArnepr ese it atspearsseohpiigstewfent, the solid
preparing the substrate sanple, onto which the agent

hﬁ@aﬁﬁgﬁeﬂ?p&%g%ﬁf Ly alves rgg%l NGntdHtS aRARLE, (RCK) or an
exanp ete

e to a pre rmned water concentratron to
m nimze sanpl e-to-sanp|e variations .in the results.
VIRFEEAERS SRBETS JESRSTVRE - pdP dhEt@re i % i0fepgplpg sphere, the
Representative paraneters to be studied include
change fi thet fppenaroutiiniof adenttaepbsidradyasdderay be positioned
controlled conditions, as a function of either (i) the

ia(g.%?itcg{'fﬁgﬁ$ EJtoEﬁltoin%H’uszﬁ’%gll%ﬂt b@%nyggm a COMSENLT AL Bhite, such
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initial concentrations in such solutions or

dg r}(telgl?‘efserarilt%%vg %gfm%%&é &)@St)reparing the substrate sample, onto which the
agent has been deposited, involves drying this sample, for example to a
predetermined water concentration to minimize sample-to-sample variations
in the results which are not due to the parameter being studied.
Representative parameters to be studied include changes in the amount of
agent deposited under controlled conditions, as a function of either (i) the
agent concentration, such as the agent concentration initially present in a
solution or dentrifrice composition, or (ii) the concentration of agent delivery

enhancers or agent delivery retardants (e.g., initial concentrations in such

solutions or dentrifrice compositions).

The Near-IR or UV analysis of the agent-containing sample (sample onto

which at least a portion of the agent initially present, for example, in a

10



[40] The Near-1R or UV analysis of the
agent -contai ni ng sanple (sanple onto which at |east a

w@erwilpisiof the agent initially present, for eRreEmpE®N9/039651

[41]

in asolution or dentrifrice) results in the generation
of a correspondi ng spectrum (e.g., Near-IR spectrum or

gghﬁﬁ%%f ﬁ@n‘ﬁﬁ@%) ﬂe§%ﬁ§‘§{ At 8EAGEGHORYS tar@)rﬁ%k@hﬂg{?g%&trum

tween t he sanpl’e absorbanc® and the wavel ength used,
In the case of a W s rum(e.qg,, ,obtained using .
(g eghati-HYy @ﬁﬁ@?@“agpgﬁgoPPS&ﬁﬁgguﬁgﬁeﬁ%C’@Fﬁ%?b&ﬁ??“ the
the initial spectrum my be characterized by

refatieothiprbatecendke bangtcabsthesecratd detworelvagthessed. In the
may, however, be converted to a correspondi ng

SIEPCPHCE JACEUAVTLBYREFASI T SUMGURI, e 0 s

oper at I ons conver'si on: I'n

the case of either Near-IR or W spectra obtained ﬁ[oqk b
ARERSYSFECRE CHFEPAE L G dnifalL NS THES cPRBede nERURReT Y by
is often desired to subtract a background or reference
seflaalordues. t wanaleapttal s Bush adldctiomn vabldgist invees however, be
present in solution with the agent. Thus, data

gc%gk%ﬁieé .tgﬁt&%g?{l&ﬁ% JROH AR RBES PRI Ekgpn@]g]@ﬁ%\fhxg;l conversion

ubtraction to b er resolve the spectru
agent _of interest ~r. L0 Obtain a resol ved
SHREERHQH, SUS %@b%?é‘gkg'%uﬁg FEPETENEe spectrum such as
that obtained fromsaliva alone). Additional data

p.pul atipn. £ echni r o
gg‘p::hg rcﬁéedm? ﬁ%ﬁi“urdgeélgﬁgﬁ}‘n&wtﬁgg%t% g %’aglg&ggrg)% %hé{lysm according
derivatives of the Near-IR or UV spectra

. IR ¢ (whi ch may be
dorthemeethods septrabashberet, I olFienred 2 oRyacta background
descri bed above) to inprove the peak clarity (e.g., by
dirS kdfa@uics Niigigalt Age Sanplageridaksichr amkinotar faelditiges present in
peaks). Once peak clarity is resolved to a desired
LGN YRR the agent. Thus, data analysis methods often require
performing spectral subtraction to better resolve the spectrum of the agent of
interest (e.g., to obtain a resolved spectrum, by subtracting a reference
spectrum such as that obtained from saliva alone). Additional data
manipulation techniques that are advantageously performed include
determining first or second derivatives of the Near-IR or UV spectra (which
may be converted, in the case of UV, and /or resolved as described above) to
improve the peak clarity (e.g., by distinguishing the sample peaks from
interfering peaks). Once peak clarity is resolved to a desired extent using

these (and optionally other data manipulation techniques), the areas under

various relevant, resulting peaks may be determined by integration, with the

11



[42]

[43]

[44]

these (and optionally other data mani pul ation
techni ques), the areas under various relevant,

wo emalit43ng peaks may be deterni ned by integratPONUSA0/689651

t heareas corresponding to concentrations or absolute
anounts of deposited agents of interest [42] In sone
gf@é@%(ﬁ@%ﬁ)ﬂd@ﬁ@% gat@nemRiopy| &t 1a@Boluec HithSlues SBYiebsited
used to reduce the extent of interfering peaks, tor
exanple.tpo§p obtained frommaterials such as
a8eRE N ECTSShpurities, or even additional agents whose
deposition or uptake is to be neasured using the

t S I,k i el p Xt UL .
HE 5001 BAGEhPEE, PO dhata MahRRUFRAE | Rhpfplierhtly eblised to
regression or partial_ |east squares regression . be .
Hedqel theyextartr e intsserigs Prtley floF shc@iie ’éﬂ‘g%g‘é‘reg from
peaks fromthe different agents in the mxture. [43]
Thaemaneteigtibsadisieidtes, nilhperitlear of Rvandaddlitianal ygests whose
nmet hods descri bed herein may be fairly broad

Vgﬁ%\ég%ir%ggt& @%ﬂgﬁs QY BE ﬁe@#ﬁ&& %\1/1\2% thd ethods described herein.

] omagneti c spectrum ese el engths nmay be in

t he UV vacuum wavel ength range, the near UV range,. the,

Vi dhplaase i mixkge, of HepRaigd peentinger, e’éﬁﬁf’[‘”orrgflﬁﬁ}l? Sé“eaf
range. Oten, it will be desired to tailor the
wayieksogidrspareinl Wavtedgngehragaagas) nuselk hisrfubfial ysieting for
to those that are specific to a particular agent or

1.pi. g [ i e A v
SR B RN SR TRAREI APl S FLIRIRL S e
the anal yzing radiation, and can be thus used to

"THen@aiPlehBths hiRl agent MNdarlIR eh@sUY. ahsAdis Thethods described
sel ection of only the nost pertinent wavel engths

(ol 2900 150 S SRR LT, PRABLOORS ok o
electromagnetic spectrum. These wavelengths may be in the UV vacuum
wavelength range, the near UV range, the visible light range, the Near-IR
range, and/or the IR range. Often, it will be desired to tailor the wavelengths
(or wavelength ranges) used for analysis to those that are specific to a
particular agent or agent/excipient combination (i.e., those wavelengths that

are characteristically absorbed or reflected by the analyzing radiation, and can

be thus used to “fingerprint” the agent of interest).

The selection of only the most pertinent wavelengths (e.g., only 3 or 4
characteristic wavelengths) for a given system can be beneficial in reducing
the complexity and/or cost of the spectroscopy instrument. The selection
process of wavelengths for use in the analysis can be based, for example, on a

linear regression or least squares analysis of the integrated peak area about a

12



the conplexity and/ or cost of the spectroscopy
instrunent. Jhe sel ection process* of wavel engths for

was@oiim3tdhe anal ysis can be based, for exanpl ePCDOSH09/039651

[45]

[46]

| i near regression or |east squares analysis of the
I ntegrated peak area about acandi date wavel ength, wth

[ERARGke tveam ncv@nﬁrég ém fai tﬁ@%oﬁgﬁmamﬁ@ OMBRSULEGt, as
I N varlous ca atlon sa . e., contalnlng kno

or fe ence‘anoun ent The sel ecti
r?é%éﬁ’ Yy 2RaYS 5?@%‘ ait’h ’%ﬁé e B ?BH“’B‘f or reference

absorption wavel engths that are unique to a particular
agenintef of ntgenest [Be gseledtamse cnathodokypc tnaym abe ainvetie the
froma pure solution or pure powdered form of the

%@&%ﬁm?ﬁoﬂ Qyenps I@ﬂl wVEEhARs Wh AR Ofo ® n‘gt?ﬁkular agent

materi a Usi ng el ection ﬁ?OCGSSGS for exa

has been determ ned that suit vel engt hs f

B EF R e o P B ARG OT O ST SO o pure
ranges of 1604-1804 nm and 2190-2300 nm Suitable
wawellendtfosnf of thchegdienor [Rvanalyisiad oferlapewathapeaks of other
active agent, sodiumlauryl sulfate, include those in

%ﬂ%@h@ﬁg a3sifk sdikPdon %9&6@5@5 AB28 414, iPfhs BAh determined that

2400 n Sui t able wavel engt hs ‘using LJV analysis

%ﬁ%&ﬁ%/ewgyvh gﬁgt{gg f%}ts]gﬁrlgfé%epg@@%gga?)?gpgﬂo]s?h Jlu&le ?hose in the

conmbi nation to obtain desired informati on about the
dehgee oy 1604-d§ehtrsn such 2490-83¢ nact | wetedde nvavelkmgths for the
i ngredients, and additives such as excipients.

AGERL 'C%q Qs 2P SFH?%%V@Q%@M Dot &@%M@A@ iRllde those
provide a total anount of d8posited agents and

detpbrienees h 0 EP R et R ooy Sadadlafh %ﬁtn%mtable

or nore agents and one or nore additives )
wavelengths using UV analysis include those in the range of 200-500 nm.

Near-IR and UV/V can be used separately or even in combination to obtain
desired information about the delivery of agents such as oral active agents,
key ingredients, and additives such as excipients. According to some
embodiments, Near-IR analysis can provide a total amount of deposited
agents and UV analysis can determine concentrations of individual
components in a mixture of agents or a mixture of one or more agents and one
or more additives.

The methods and devices described herein thus provide a number of possible
advantages in various applications. For example, the methods are useful in
the development of rapid analytical methods for direct quantification of active

delivery on oral surface models. Representative methods allow the direct

13



[47]

[46] The net hods and devi ces described herein thus
provi de a nunber of possible advantages in various

wa@ppbiizagto ons. For exanpl e, the nmethods are usedTiS1009/039651

t he devel opnent of rapid anal ytical nmethods tor direct
quantification of active delivery on oral surface
Co |

R P REL B tich BB R P s BRI AR sitbetrates. The
agents on HAP substrates. The nethods are addltlonally
uBetgristage axdfioRrihy wnehil Eut pxanppestal mefiieiggents i their
native state in a dentifrice matrix and for assaying
frianive hette pn adieitSricd mattie wndffot hesapigs fintshdid gebdause n view
it will be seen that other advantages may be achi eved

d.,ot her vanpt u ukLs y tal .
o L PSR AR, X A b D 1R 8P A nides may be
descrlbed above nay be used with, or perforned in
c6hjayRetash offerhad CoHIRasoieaH e ds abtainssli Hewill gdso be
vari ous changes could be nmade in the above apparatuses
ambr&eml&ddﬁamttdmuthcﬁﬁpafd degcds desctibed sabope nedy bd@sed with,
present disclosure, is intended that all matter

N Enénk@%%%%ﬁiﬁﬁh@%& f@ﬁéﬁ%’%@%ﬁr

[47] Various aspects of the present invention may

VPO eRBBCE Ctid Borhade isf ﬂ&?ataé’%? rmww%r%} amthods
nodul es, program and conputer instructions executed in
ammwtqrarﬁﬁglfmm nhe decpwvof thiaraoasent thatdosurt, it $s intended that
hel pful to briefly discuss a general purpose conputing

SV AP ES airfd (iﬁ rtﬁio %ng‘ﬁaaﬁ&? i1 B Eﬁeﬁﬁ@%{ s fﬂﬁm{rgﬁve only.

i nvention may n one or nore conp
systens, such as is illustrated in Figure 13 In
Figure 13, conputer 100 includes a central processor

COMPHTERSPARMERBEFSEING 4naV IR QYMENY bus 114

Various aspects of the present invention may be implemented in the context
of data structure, program modules, program and computer instructions
executed in a computer implemented environment. Thus, it is helpful to
briefly discuss a general purpose computing environment. Accordingly, one
or more aspects of the invention may be embodied in one or more computer
systems, such as is illustrated in Figure 13. In Figure 13, computer 100
includes a central processor 110, a system memory 112 and a system bus 114
that couples various system components including the system memory 112 to
the central processor unit 110. System bus 114 may be any of several types of
bus structures including a memory bus or memory controller, a peripheral
bus, and a local bus using any of a variety of bus architectures. The structure

of system memory 112 is well known to those skilled in the art and may
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that coupl es various system conponents including the
svstemnenorv 112 to the central processor unit 110.

weymbamsbus 114 nmay be any of several types of POIIES2009/039651

[48]

[49]

structures including a nenory bus or neno p
controller, a peripheral b, and a | ocal bus iibieg

)a/iﬂg% o 2 pAgL! ﬁ?)f?}zowlﬂg’%t asﬁ%‘t!%kltrt] gg}]@%)ﬁ&tbﬁéﬁ] % ?Lf%ﬁtegﬁl% H‘Iemory

ent nmenorv we ose
the art and ma\lnclude a basic input/ output system
(BAY) 3brE i KRB WAL FRABRYS (R aanPBABngrsystems,
nor e program nodul es such as operating systens,
alicatibhoprogiags ekl padgpno glaamstdatd st aqretbr mccaRdRmory
access nenory (RAM. (48] Conputer 100 may al so
i@gg%ﬁe a variety of interface units and drives for
reading and witing data. In particular, conmputer 100
includes a hard disk interface 116 and a renovabl e

e tdr @ hate akdOintRRRES iavRltY JFAHRIrENRE @nibAkAd diskes for
drive 118 and a renovable nmenory drive 122 to system

bus ;114, anpl es, of renovabl e nenory, drives . nclude .
g an g SRR NGy AR a RGeS R ol EBer i Hard disk
drives and their associated conputer-readabl e nedi a,
sotdifaxe 1d6fdreppyedioyiblomeprayi inéerfamevidlatcs pectivelyr agepling a
of conputer readable instructions, data structures,

PHodr &Rk ek e88 and HPrhabvEsEank@ore APt €72 &D08vstén bus 114.
single hard disk drive 118 and a single renovabl e

mory, drive 122 are shown for illustration purposes
drryes 46 Tl radrStS it et SinsdieR 468 Fyes and
include several of such drives. Furthernore, conputer ‘
1quicahdisknbivage Tde degeestand theirarssaditeg apinputer-negdable media,
types of conputer readabl e nedia.
such as a floppy disk 124 provide nonvolatile storage of computer readable
instructions, data structures, program modules and other data for computer
100. A single hard disk drive 118 and a single removable memory drive 122
are shown for illustration purposes only and with the understanding that
computer 100 may include several of such drives. Furthermore, computer 100
may include drives for interfacing with other types of computer readable
media.
A user can interact with computer 100 with a variety of input devices. Figure
13 shows a serial port interface 126 coupling a keyboard 128 and a pointing
device 130 to system bus 114. Pointing device 128 may be implemented with
a mouse, track ball, pen device, or similar device. Of course one or more

other input devices (not shown) such as a joystick, game pad, satellite dish,

scanner, touch sensitive screen or the like may be connected to computer 100.




[49] A user can interact with conmputer 100 with a
variety of input devices. Figure 13 shows a seri al

w@eoob/1243t@r f ace 126 coupling a keyboard 128 anBICEUS2009/039651

[50]

[51]

[52]

poi nting device 130 to system bus 114. Pointing device
128 may be inplenented with a nouse, track ball, pen

[ [ IO N 1o r T,
SNy 108L T el A hAOMTER R prc RS Wi 1o
pad, telljte_dish, scanner, touch sen |t| reen

oy oteiB Tschl4 i 13ctoecy _AHBCTERY o@f’%ﬁ] interface 132
Conputer 100 may include additi onal |nterfaces for

canneéaty agvideviwredigital systeem1BdsoldAterhilgur @143 ShdWEE 1394
a universal serial bus (USB) interface 132 coupling a

r alb ca i b .];':}.f_g.
%ge%@lér%t 1eilgéf gllé&e\ 1§6 %% g eLd atﬁ gﬁ:i:(gﬂgél %Qé%fkl %? ?ﬁgﬁ 100.
devi ces to comput er OO Ft%rt hernore, interface 1

nByrtBermedist itgtsrege t booprabe W‘%f}g%ﬁﬁitﬁoc QpsFate V\ltﬁ particular
manuf acturer interfaces such as FireWre devel oped by

AppheffConeutieterfanes sudhi askFideWaleapaeidpyedSonyA pplagutmputer and

devi ces rray al so be coupled to system bus 114 through

g PakaldveloRRA by sBn agﬁgﬁpﬂévm& r Qg noLd c%g?é?iytooéﬁ%m bus

interface sed To C an | npu evi ce

conp ter uter 100 also in des a video

ahlalp PH&IA@ %rago{m@ftaa RS RYTld é\P(glegq”zrzi PloaRY Sl interface
bus 114. Display device 142 may include a cathode ray

t udpel OCRTple hi guiud devyettala dinsphitey. (LCD), field

em ssion display (FED), plasma display or any other

devi ce that produces an image that is viewable by the
Usempuberdt Q0 Asmincbidgsnt video iadapterddBisorpling srdlﬁmluaﬁgievwe 142
devi ce (not shown), may be connected to conputer 100.

[ 22y shondesqaun. Des dp}ay Qdedrd 1a0dna e RicdEde 8 daidde @y tube (CRT),

m crophone 144 and a speaker
liquid crystal display (LCD), field emission display (FED), plasma display or
any other device that produces an image that is viewable by the user.

Additional output devices, such as a printing device (not shown), may be

connected to computer 100.

Sound can be recorded and reproduced with a microphone 144 and a speaker
146. A sound card 148 may be used to couple microphone 144 and speaker
146 to system bus 114. One skilled in the art will appreciate that the device
connections shown in Figure 13 are for illustration purposes only and that
several of the peripheral devices could be coupled to system bus 114 via
alternative interfaces. For example, video camera 134 could be connected to
[EEE 1394 interface 136 and pointing device 130 could be connected to USB

interface 132,
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146. A sound card 148 nmay be used to couple m crophone
144 and speaker 146 to systembus 114. One skilled in

wo bmoar43io | | appreciate that the devi ce conneRtT/U8m®09/039651

[53]

[54]

[55]

shown m Figure 13 are for illustration purposes only
and that several of the peripheral devices could be

z:%gert ‘30§y§$§ o}migtel 34 ¥l Aedld é‘ﬂate'n\’ ohHdh | ﬁgl?% logical

xamnpl e, mera 134 cou be connect ed
EEF 1394 |nterface 136 and pointing device gg could
BETEERHERS By 08 USBIRtERQR é%@@uf%s%pf & yicgposuch as a
can operate In a networked environnent using | ogica
cennac b ironkr t onemeordrparsreal cengigec arpput elesicoror atthercommon
devi ces, such as a server, a router, a network

pﬁét%%@%' gé"p&‘tv%ﬁ‘ele@s B’Q@;Bh&?é’ 'ocfex\fﬂrele% rs o iital assistant.

net wor a wirel ess tel ephone or re

per sonal gital assista 100 | I udes

et RbHE!] ﬁlﬂénf S Saty itk Hzfsﬁg&e{fi%f SNBIGS SHstam sl 14 to
| ocal area network (LAN) 152. Networking environnents

ar pcelbanea mehwoek (IMANY flb2.edetentlangrensé-onintents armpuiramonplace
net wor ks and home conputer systens. [54] A wi de area

NALYREL, él\é\ég%rlges&ndé H&Qg@%ertlﬂ‘%w ogﬁsearﬂﬁ horx@%n%ét%r Qﬁstems

accessed onmput er Figure 13 shows nodem u
156 connected to serial port interface 126 and to WAN

154vidvbgemnenivbrid B ATy 18€ duekaisetie ihtdrhet, @fiayeXlseritadccessed
to conputer 100 and may be any type of conventi onal

e
JEPHER 96, 31600, RESR Slo R W A TR o il o
shovvs a router 158 t may connect LAN 152 to WAN 154
i iftesfacs nh2enand ha W Adh ﬂéil Yiodpm uniti 156 way dpplasatest wdthin or
that the network connections shown are exenplary and
external to computer 100 and may be any type of conventional modem such

as a cable modem or a satellite modem. LAN 152 may also be used to connect
to WAN 154. Figure 13 shows a router 158 that may connect LAN 152 to

WAN 154 in a conventional manner.

It will be appreciated that the network connections shown are exemplary and
other ways of establishing a communications link between the computers can
be used. The existence of any of various well-known protocols, such as
TCP/1IP, Frame Relay, Ethernet, FTP, HTTP and the like, is presumed, and
computer 100 can be operated in a client-server configuration to permit a user
to retrieve web pages from a web-based server. Furthermore, any of various
conventional web browsers can be used to display and manipulate data on

web pages.

17




ot her ways of establishing a communications |ink
bet ween the conputers can be used. The exi stence of

wa@eyontsdvar i ous wel | - known protocols, such as HCQRUS09/039651

[56]

[57]

Frame Rel ay, Ethernet, FTP, HITP and the like, is
presuned, and conputer 100 can be operated in a

CHiE BheSRIOE DL CORl ﬁﬂ?{ 2bh Qnt ] g@ﬁmﬁle@ S &MvdrRty of different

retricv e web pages oma we ased sen’er.

Furt hernore, any_of various conventi gnal web browsers
RSB B g5 dﬁm\&@%aﬁa PR INAeEulgs @5e GRURES, programs,
pages. [ 56] The operation of conputer 100 can be

cartatyl t@dpbyemtsy datesyruofurds, f filereiet, ptcoghanpexduheparticular
Exanpl es of program nodul es are routines, prograns,

hl@sc&sin]g RERA ﬁ:{%}ﬁct]xlgf"ggst?icg Qi%?é‘ f‘ﬁ%ﬁ o ?g@ MLt in ngtiron may

t hat per rmparticul ar tas nt particu

ahstract datg types. The present invention. may alsqQ. be
pﬁ%& Fé’éﬁc"%ﬁeaﬁ“’%ﬁ Wé}ﬁercfé%&t‘%if SESFEPETHIE R gon %ﬁ“%ﬁ‘g{ng hand-
i ncl udi ng hand hel d devices, nultiprocessor systens,

nivedd opraoessor - badegroresprrogr simt@bb,e  comsupescessor-based  or
el ectronics, network PCS, m niconputers, mainfrane

f@{%g Mbl@eg%?ﬁgh\egi dbakoRdes| sha sk Npbkl e minicomputers,

ones an I ke. Furthernore, the invention

may. al so be practiced in djstributed conpufin

RO BHTR AP LIRS e PRESRE] gif%taﬁaéﬁ%ﬁaﬁ&d Hlehnpiones and the
processing devices that are |inked through a wireless
dikeM r Edrtbhenmur, cidtei amsentietrmonky  dlso ebedipshetidedt éd distributed
conputi ng environnent, program nodul es may be | ocated

iAJSb tﬁ‘n%%%@hroﬁﬁ%ﬁt@ TPl e RO Xré%gff%%eg%’si ¢&%otd Pfdcessing

eviously di scussed, various ventive ‘net hods may

be enbodi ed q; comput er, readapl e i nstructi ons.stored
o(ie\faceéot bt pugh a wireless or wired communications network.

In a distributed computing environment, program modules may be located in

both local and remote memory storage devices.

As previously discussed, various inventive methods may be embodied as
computer readable instructions stored on a computer readable
medium/media such as a floppy disk, CD-ROM, removable storage device,
hard disk, system memory, embedded memory or other data storage
medium. The computer readable medium stores computer executable
components, or software modules. More or fewer software modules may
alternativelv be used. Each component may be an executable program, a data
link library, a configuration file, a database, a graphical image, a binarv data
file, a text data file, an object file, a source code file, or the like. When one or

more computer processers execute one or more of the software modules, the
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medi um nedi a such as a floppy disk, CD-ROM renovable
st orage device, hard disk, system nenory, enbedded

woromny43or ot her data storage nmedi um The conpRXBIS2009/039651

[58]

[59]

[60]

readabl e nedi um st ores conputer executabl e conponents,
or software nodules. Mre or fewer software nodul es

Yk gﬁgﬁﬁfeg el RE g%?se (Frﬂp{ir ﬁ%g? gﬁﬁ%ﬁg@ﬂ%%ﬂb perform

executabl e program a data lin ,
configuration tile, a.database, a graphical inmage, a
FcRaFyng e &he fepghings ppihe Igsentinyelitigy object file, a
source code file, or the Iike. Wien one or nore
conput er processors execute one or nore of the
SDHOOVABR USIHRREBE ERGSRONMERTNOdUl es interact to
cause one or nore conmputer systens to perform
according to the teachings of the present invention

ToOTHBRISe PRABSSENN RONVENDE] 881 haldp [the seethbedsh /probe 300
FIGS. 14 and 15, the user holds the toothbrush/ probe

3001 and PRYhBE Usdyafer hesthnen . t erf Bed@ibn, Ghe @GEASABNalso brush

the usér may al so brush his/her tongue 402. In

eration, the.toothbrush/ probe 3 obt ai . .
JRFY Bl Wi S C g ERont 18R e b U LB, B ey obtain
305, and in conjunction with the processor 110 to .
preovitdesanaplen owgute Bipgacsiinsenter systenpai? oand fmconjunction
exanpl e, an ongoi ng oral treatnent reginmen by

deftBtHe Bk H@sE&@! B tvHradietos HondeRosy hedna@eet o Mtifitor, for
time. Such toothbrush/ probe devices may be used al one

or _may alternatively be incaorparated.into.t.oothpbrushes
SraBer b P b B e ol SRR B R R B R FRounes
advant ageously be able to obtain quick results to

alf| dapostted agevs onsritinoei Sycbftoathbsudl/ rrabe desisiesmpay be used
Al 'so, users can respond to such results by adapting

thénd ©gi BN ARPAAPIHAR! hchbBpdratednto toothbrushes or other oral
care devices. Users of the device will advantageously be able to obtain quick
results to allow effective monitoring of an oral care regimen. Also, users can

respond to such results by adapting the regimen appropriately (e.g., by

brushing and/ or tlossing more often or for a longer period).

Referring to FIGS. 14 and 15, the toothbrush/probe 300 has a head 301 and
handle 302. The head 301 may include an oral care region comprising one or
more tooth cleaning elements 303, such as bristles. The head 301 and handle
302 may be made from a desired material, such as rigid plastics, resins,

rubber, etc., such as polypropyvlene.

As used herein, the term "tooth cleaning elements" or “cleaning elements ”

includes any type of structure that is commonly used or is suitable for use in
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brushing and/ or flossing nore often or for a | onger
period). [59] Referring to FIGS. 14 and 15, the

wo ewbhbsush/ probe 300 has a head 301 and handP@r/BORN9/039651

[61]

[62]

The head 301 may include an oral care region
conprising one or nore tooth cleaning el enents 303,

. &S, D O d
f}‘%&ﬁ)‘? R‘fiﬁé bt eegx?rrheggﬁef? %%(ﬁtghclgs gﬁglt(gg&‘l gﬂ%ﬁsﬁﬁg, tooth
resins, rubber, etc. such as pol ypropyl ene [60]

Bt CRge PRASSREest BHimulatig, r?f'ésjéé(nﬁnﬁ §iel eprdAttsW “éi‘r portions of
"cleaning elenents " includes amt\ re of structure
tthatteéth aahygonlsySudebah dainig tRibhentf aficlude but are not limited
i nproviding oral health benefits (e.g., tooth

eaRfsn ! n 0 | '
ot B AP T e kRO A b REs ???%%%EQP shapes
the teeth and guns. Such tooth cl eanj ng eIe
(K] 0SB HACORRCI] PR e MSTRRTE Shof cat St Remeehiay have a
can be fornmed to have a nunber of different shapes and
stzabenoitd itfeasitaimpecand emes ng @mbinatibhall boaln tes of bristles
formed to have a nunber of different shapes and sizes,

(ﬁhd%ﬂgggﬂkgﬁiIgﬂugénggﬁgjgufts of bristles and

astoneric ean| nber s [ 61] Toot hbrush/ probe
300 may include a Ilghtlng devi ce 307, such as

| T @hthBAishY/ ipRbelizod embl:ERlu @ aani¥hahPededesizngd stk s light-
of vi sual output to prOV|de the €l ec ronagnetlc

RS o L PRE D BR YRR WAOH Ttk §ovice

prOV|de a desired characterlstlc such as color
tthabecAranegndtist Baguency ko epeeorayanalysiswakie exrgnpleatighting
the |ike. OLED technol ogy can be enbedded into the
tRALRDBOB MdVDbdiafgOr Sinie AIEID ehapeld 86 thfed h8 Sk {@RCE desired

of the toothbrush body.

characteristic such as color, temperature, intensity, electromagnetic
wavelength and the like. OLED technology can be embedded into the
toothbrush molding, or can be applied to the surface of the toothbrush body.

It should be understood by those skilled in the art that the present invention

is not limited to any particular type of lights used in the analysis.

The toothbrush/probe 100 may also include a diagnostic sensor system or
bio-sensor system 305. The diagnostic sensor system 305 may include one or
more individualized sensors or sensor suites to detect various characteristics
according to the described methods including providing light for Near-
Infrared (Near-IR) spectroscopy or Ultraviolet (UV) spectroscopy.  For

example, the diagnostic sensor system 305 may include a sensor configured




It should be understood by those skilled in the art
that the present invention is not limted to any

w@aooviizishar type of [ights used in the anal ysi BCT/pS®2)9/039651

[63]

[64]

[65]

The toot hbrush/ probe 100 may al so include a

di agnosti c sensor system or bio-sensor system 305. The
drh@%@@s}tn'c > 0P EASAN B¥RHEN 3P3tIRY ih MR %ﬁ{v@ Br Qhy OBAE desired
i ndirvidualized sensors or sensor suites to detect

various characteristjcs according to the described
é?ﬁ%?l?tﬁél%dﬁeﬁﬁl%}g‘?r&%g light for Kear- Infrared
(Near-1R) spectroscopy or Utraviolet (W)

SHGSL nggqg)gpysV’slcéq{l eﬁt%”phgscr%b'éﬁ dé&g%osgﬂa% Sﬁgsoglectricaﬂv or
syst em nmay i nclude a sensor configuredthe presence

of certain chemcals or actives in the sanple, or any
sonenugEstively eviapladitera senteal procgeEssrrlilfeOomeranple of an on-
[63] The sensor system 305 descri bed above may be

el pedlebaoror TaMproteabt VA generplledhindlas cgiet fiebrmation
processor 110, for exanple or an on board processor.

T QGEeSsSsor al | h.nf L on. .
B85 s ABRSR b KL 5 LR hormtion
anal ysis of that information to the user, to help
itafthemseretoukep igforpméhe gper of Bivscandiipms Wildyindys/ her mouth.
nmout h. For exanpl e, the toothbrush/ probe 300

FRC8805le 1R t@yhirephy prdtead0 prdrassoddlieched repdetrbt it has
of Trioscan in the upper-left portion of the user's

t 4] T i X . f
SRR LT P8 RS, SPip B
exanpl es are not to be construed as |linmting the scope

Of hd HBIOERYEN T HQPRSs t QRS Ge@MgtAl BET r@Rbie@dtBRL of the present
enbodi nents wi || 'be apparent in view of the present

qhxszgﬁt?grlﬂr These ex'ggnl‘p%esl are not to be construed as limiting the scope of the

invention as these and other equivalent embodiments will be apparent in

view of the present disclosure.
EXAMPLE 1

A study was performed to evaluate and develop rapid analytical methods for
direct quantification of active delivery on oral surface models, to validate the
use of Near-IR spectroscopy to analyze Triclosan delivery on saliva-coated
hvdroxyapatite disks, and correlate results with conventional solvent
extraction methodology. Near IR Spectroscopy measures vibrations of
molecules. The —CH, =NH, ~OH, and -5SH signals are strong. Overtones in
Near-IR display unique combination bands for analysis. Instrument allows

for measurement over a greater surface area.



[65] A study was perforned to eval uate and devel op
rapi d anal ytical nethods for direct quantification of

wa@edwusiddel i very on oral surface nodels, to vaPCTESE®09/039651

[66]

[67]

[68]

[69]

the use of Near-i R spectroscopy to anal yze Tricl osan

delivery on saliva-coated hydroxyapatite disks, and

Cﬁﬁh%lémafa%x 5%% tcﬁl ‘tdharﬁp%%%ﬂ‘ainaf]’arﬁﬂ r?{%ﬁrrmﬁé&daﬁw bfsaliva
ogy. Spect roscopy nmeasures vi brations

f I NH, - SH I

g‘f» ﬁgo gﬁfgéf’ghg‘saltm zf@gﬁs qngt%rﬂé:pqe gpt@ﬁgiedagebn aTl*?e &h%le saliva

corrbl nati on bands for analysis. Instrunent allows for

neas ufeifent bo\ ceatribugingdverl Usoifiaies r BR)@6RPNGn@GOrvall SS-34

saliva was collected and neasured. Parafil mstinulated

L a

‘Qﬁt&g} zl‘?] Zﬂges}ré??}&?sﬁl xgﬂtlell}% &%br 55&%22-:@ Jl]} It\jl‘gui 1% fol! a minimum

clarified by _centrif ng.fo 0 m nutes at 10 000 RPM

(Botvapnutss: Bhe Fgride ‘tqf%é/@é{a%’%]fvé wiipdieRaeasy [ipyse n pellicle

sterilized under W/ light for a m ninmumof 45 m nutes.

Tloematiani flredliclsttermbiiaednsHAR tnwised herutagimgyHiAdr ditke (0.5”

in pellicle formation. Pellicle formati on on HAP

bahinaHAR i &% "lg}'a " ith0 QR clarific

tcﬁ\éﬁkz\f&dd( S é}% rara tsc())grgjp (;/‘(’(’19 (%ra \anﬁ{g% vﬁ;ﬁhol O clarified

clarjfied sterilized saljva in m sterile round

boetlbrRd e By 2 4 Rbatesile ﬁ%ﬂ%%@ﬁé@% ?‘\’ﬁa%% hoggt | a 37°C

The saliva was renoved by aspiration. The

sdlakite: waairda tidAPhdsslke was eernneed &y edpivhtibn 1 Thik sefiva-coated

Triclosan treatnment solutions for 5 mnutes (in

tIFIiAﬁJ %fsﬁg ev)fcre,-rlhgﬁl%tgé_tv@ghdl' S SR8 oYy I@t%%trﬁeﬁﬂ E@lﬁtlﬁgﬂs for 5

wat er ried for 1hour I'n /C oven
treated di sks were _directly neasured b I L
RS (BFIPHFRIAL: r%ﬁ% t@aﬁﬁy di3hs vz hashed em@ub@avaten
three tines. The di sks were al so subsequently neasured
bthe striedefot 1dxturdnta HHC oven. The treated disks were directly measured
by Near-IR, with 3 disks per treatment solution. Each side was measured

three times. The disks were also subsequently measured by solvent extraction

(using ethanol) and HPLC.

As a result of the study, it was found that Near-IR spectroscopy can be used
to directly measure the deposition of Triclosan on scHAP substrates. Also,
the developed method can be used to rapidly evaluate the deposition

achieved by ditferent active delivery systems.
EXAMPLE 2

Direct methods of Active Analysis by Near IR and Uv/Vis

1} Analytical Protocol {sample preparation & data collection)

I
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(using ethanol) and HPLC. [67] As a result of the
study, it was found that Near-IR spectroscopy can be

waised/1ta1di rect |y neasure the deposition of TrPCl/oSBEN/039651

[70]

[71]

[72]

[73]

on scHAP substrates. Al so, the devel oped nethod can be
used to rapidly evaluate the deposition achi eved by

R her | L ver o Rk B8 ¢ -
PR S R A O R L o ferentiaion
W/Vis [69] 1) Anal tiﬁ@ Prot ocol (sanple preparation
Lldate ot F?gﬁﬁﬁéﬁ?t‘ KAkPl&anpl es were prepared for
all nmeasurenents to ensure differentiation of placebo

S ARG 1L AL 635§ o SRORASE ih Ll oAl wibYE! enot h

] Pure
materials were neasured as powders or as solutions and

U P€reSin@ REt A @/t ISR Bk P W8S JFRASIHIMonsT RRd the signature
spectral fingerprint of the ingredient of interest was

vi ewed, a regi ons and vel engt hs were identjfied .
Bl el e e o Por PG L SBRRAR0! fHs Bappstiont of
i nstances, first or second derivative preprocessing
waseragtph pedienedsinad pegionhand eprarcktrigihs arpe glentified that appear
ingredients present in a mxture. [73] O her methods

fRée | fEM i1hictRi RN cOMpMaateNIlSsthe CHRELR S, NEkHARE second

1) use of 2-D correl ation spectroscopy using other

et hods such as IR to hel efine the wavel engths .

P PECRER Rk e B el 15 o P BFE o e P TiaroBy among
data sets that consisted of sanples prepared over a
riagaliontsguesapd igempietiereat i ons, the regi ons that

change with concentration can be correlated to help

r@hﬂeer methods for identification of wavelengths of choice included 1) use of
2-D correlation spectroscopy using other methods such as IR to help define
the wavelengths required in both NIR and UV. Using 2-D correlation of data
sets that consisted of samples prepared over a range of active concentrations,
the regions that change with concentration can be correlated to help make
exact band assignments in the Near IR and UV regions using Mid IR to guide
these interpretations. 2) Another method for wavelength selection was to the
use of simple linear regression methods to find individual bands which were
highly correlated to concentration. Once the exact wavelengths were
identified, methods of quantitation could be applied, including, but not
limited to, peak area method, multiple linear regression and partial least
squares regression. 3) A final method for wavelength selection was the use of
“Genetic algorithms”. This was a method that found the right combination of

wavelengths for enhancing the correlation statistics and minimizing

[
2




exact band assignnments in the Near IR and UV regions
using Md IR to guide these interpretations. 2)

waembhe1et hod for wavel ength sel ecti on was tRBCT/I82009@39651

[74]

[75]

[76]

[771

[78]

of sinple linear regression nmethods to find individual
bands which were highly correlated to concentrati on.

s 2XRG! CIN . | I et B essi
qOBneT g PR e PG rer i gl Pnag Toffession
limted to, peak area nethod, nultiple |inear
r8¥¥d%i on and partial |east squares regression 3) A
final nethod for wavel ength sel ection was the use of
"4“i§§%ghgu§%&gflthns". This was a nethod that found the
r on of wavel engt hs for enhancing the
correlation statistics and m ni m zi ngregression error
REOLLY ”@fsbb?éivé RRat I1S W@ XTI wilh RA RHChtBRBA ccessory (RCA)
regression analysis. [74] 3) Test Equi pnent [75] ’
FOSS(tm Dispersive Near IR Mbdel XDS with Rapid
GankantElAee elssabyla (ROAUV A6 ResckiophbBloreetek awiitlaUBSWVinLabb
LJV Vis Spectrophotoneter with UV WnLabS Enhanced

' [in :29S . [ .
TERHTIAY SPLIE, SRR ot qEME SRt o 1o
[78] In the case of Near IR analysis, the sanples were

pinizeaating SPHpretUMe RCA measurenent wi ndow. The
sanpl e was measured using 32 co-added scans from 400

aazc ﬁgctrgn;‘ The average neasurenment was stored. For
Mﬁg—ana%ym s, each treatnment was applied to 3
separate HAP di sks. The Near |R nmeasurements were made

Int ihEBsOBf Q&R IR Sheal{ a5, Bet Ri@ble®hve placed on top of the RCA

measurement window. The sample was measured using 32 co-added scans
trom 400 nm to 2500 nm. The average measurement was stored. For HAP
disk analysis, each treatment was applied to 3 separate HAP disks. The Near
IR measurements were made 3 times on each side for a total of 6
measurements per disk, 18 per each treatment. In order to determine the
concentration of deposited active or excipient (such as SLS), the 2nd derivative
was taken of each spectrum. The peak area was integrated using peak
integration software commercially sold by Thermo Galactic. The wavelengths
used depended upon the isolated regions identified above. Triclosan includes
1604-1804 nm and/or 2190-2300 nm. For SLS the Near IR regions included
1192-1298; 1626-1814 and 2250-2400 nm. In the UV, the region used for Active

analysis included the region from 200-500nm. The average results for each




measur enents per di sk, 18 per each treatnent. In order
to determ ne the concentration of deposited active or

wex@ppent (such as SLS), the 2nd derivative wWasT/Us10691039651

[79]

[80]

[81]

of each spectrum The peak area was integrated using
peak integration software conmercially sold by Therno

Jactic, T | .en e led upon the ..
SOPCbe IRAIEY ShoIER HATAUERR R BN LR g oo
1604- 1804 n_and/ or 2190-2300 nm For SLS the Kear IR
regiterentiapelinded 1192- 1298; 1626- 1814 and 2250- 2400 nm

In the W, the region used for Active analysis

S S, PP LT R Bl “eUwTtm ot (6L Bhunted on a 99°%

reproduci bility between disks with sane treatnent
agplected: Spaeijaldm diskeusdng doobleddan dpesi Bhe sdnepleanm ewasured
were centrally nounted on a 99% refl ective Spectral on

dirsk 0§0 B 200ubh ertsiattet @ err 18 sgféml?{gg n%§ If‘_Vaéé’cE_@T_cﬁoen was

from200 to 400 nmat an interval spaci ng.

UV detecti s..recorded as .%Refl ectio er sus

ol Rl R Pt PR SIS Bor it P RRRGR was converted
Kubel ka- Monk absorbance units which were correlated to
ciohe Euibe o lonk s ogheercagenisfwhichepbiccatredatwelr to domeantration.
subtracted fromthe average of n placebo disks. The

2rgk BRBHAGR bV @ USHING L& LRrPAhBh ARRIRIrdHNHd QDeMBS of n
taken. AU that point either peak area of the band of

I nterest. was.perfqgroed, or PLS Regression from?262 .
S HiskSe e DT s, Lriei o X graacHBeb TS dhaction was
above exanpl es therefore eval uated anal yti cal

ttekemmi 4t dsatymiingeithdrgleok ancas! therwael ofdntiresiorasyperformed, or
agent. Anal yses were conducted using Near-I1R and W

SIPISS RESREABN frofA 62 hen-NB1 Rafwa9fusdat a

Overall Approaches for the above examples therefore evaluated analytical
techniques using Triclosan as a model oral active agent. Analyses were
conducted using Near-IR and UV spectroscopy. Various methods of data
manipulation were employed, including peak area determination, multiple
liner regression (MLR), partial least squares (PLS) (chemometrics). In these
experiments, new analytical techniques were correlated withwith

conventional solvent extraction methodology.

The methods described and developed herein are applicable in the
characterization of new agents such as oral active agents. The methods are
useful in the development of enhanced methods for the delivery and retention
of active agents on oral surfaces. The methods are applied where it is

necessary or useful to quantify the amount of deposition (uptake) onto the

o
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mani pul ati on were enpl oyed, including peak area

determnation, nmultiple liner regression (MR,
w@200vi1zd31d east squares (PLS) (chenonetrics). |PCT/O8®09/039651

experinments, new anal ytical techniques were correl ated

Wi thwi th conventional sol vent extraction met hodol ogy.

[S%Hacg he b? dhe EQ?%] n(iit% & ieQ?ﬁjt L%YI%B? Qi%gavg el eﬁl{oﬁs utlhzed

applica arac tion o new agents su
as oral active a ents. The nethods are useful in th
deirbpsphRatite dH APhdinks psn@eHsbiSarb st SeRitratery Taggmethods
retention of- active agents on oral surfaces. The
ntvebgsedar evapphicedvasherse lithithonecesstty a@nvesdbihl twlvent
quantify the anmount of deposition (uptake) onto

SISHEAErS MRSt e T et

as nodel hard ti ssue substrates. nmet hods. devel oped
JViBe coRBUWARE stiPs| inkPhath ond toe It‘ﬂ‘é O aioEmITigRaAbOUL potential
sol vent extraction/ HPLC nethod, including the
| R@nt-eabstiat witerafionke anal ysis, the time consuning
steps involved, and the lack of information about
potential agent-substrate interactions. [82] The

[82] NEuwr NeRrdRalappldimil ttedhmijgee babak eth onearvaing ithg tikeation of
vi bration of nol ecul es, has the advantages of

RhENCHIRINEY frRCAdaRda F@Mt%t@ﬂﬁiﬂﬁg'tﬁr&fc aﬁgmaﬁtdiﬁﬂaly sis of solid
[iquid substrates an fini'shed products, as well

ARGHRRE b PRt arSRBRPed Rl “SnffitoLEo P SptSiation o

possible (e.g., of a mxture such as triclosan and
sentimstiguragl osajl fctive) agp88] immhe mivtuaaal Jihiugamulti-component
techni que, based on electronic transitions between

eMalgYs is possible (e.g., of a mixture such as triclosan and sodium lauryl

sulfate).

[83] The UV analytical technique, based on electronic transitions between energy
levels, also provides direct and rapid analysis of solid and liquid substrates.
Various advantages and benefits are assoicated with the direct analytical
methods described herein, including the ability to characterize agents such as
oral active agents in their native state in a dentifrice matrix, increased

throughput, and expedited new formula screening and analvytical testing.

i84] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and
examples. Insofar as such block diagrams, flowcharts, and examples contain
one or more functions and/or operations, it will be understood by those

within the art that each function and/or operation within such block



| evel s, also provides direct and rapici analysis of
solid and liquid substrates. Various advantages and
whenefiz43s0 ar e assoi cated with the direct anal ypeTaEb2009/039651
nmet hods descri bed herein, including the ability to
characterize agents such as oral active agents in
t hel, ti te i nLifric . e |
BRI D PulEr k) PETRETERENE HRELRARES and o
anal ytical testing. [84] The, foregoing detail ed
deslertiiptly orbyhas wile fargeh of ahislystents el E Rt SirgFwarge or any
devi ces and/ or processes via the use of bl ock
dicagbianson fthemolianhsoneasmbodiaam else aspsef atayabe suphemented
bl ock di agrams, flowharts, and exanples contain one
r..mor e functd ons: a , i RER crer cbilla
HaareT st R E e PR PASI " ek RRvever siilled
and/ or op?ration w thin such_bl ockdi agrans, = . )
findie Ry vyl r %Pgéﬁﬁﬁﬁ%@e@éﬂb%m% @Wé}%ks%‘él herein, in whole or in
i ndividually and/ or collectively, by a wide range of
haardvairebe eqlitwderaly tinphamaseeddn amydadnbitegtatah Circuits, as a
thereof. In one enbodi nent, the aspects may be

[ t ' d.gation . I+ C t .

GROETRE gt o) ARRBEEbARE SRl LLCag L BSEREE ruping on o
w Il recognize that the enbodj nents discl osed herein,
i BFOGRBPE o frAwase orcah eualyiaml eamynatigy dhgigpegnd that
in standard Integrated Circuits, as a conputer program
rdusigrigg ahe aircoitputied / oas/riigy ogranier fonnhegofawasge or firmware
processor, as firmvare, or as virtually any

N : g : ¢ o

SOPRL LN, S15E8 40611 of FRVGBTAIIR 5 I of v
ul.d be well within the skill of one of ordinary
PElPSYS- the art in light of this disclosure. CLAI MS W

claim




1. A nethod for neasuring deposition of an oral agent
on a substrate, the nethod conprising: (a) contacting
wo bmogedssi rate with the oral agent to deposit BCT/HEON039651

of the oral agent thereon, and (b) analyzing the

substrate using Near-Infrared (Near-1R) spectroscopy
CLAI?\QF Utraviolet (UV) spectroscopy. 2. The nethod of

‘claim 1, wherein the oral agent is an oral care

active. 3. The nmethod of claim1l, wherein the
We clappstrate conprises hydroxyapatite (HAP). 4. The

met hod of claim 3, wherein the substrate is coated

vii. t h sehiethod Bor eesurgtd ddposditiohaif emljraf agdritem a substrate, the

conprising, after step (a) and prior to step (b),
ﬂ“*hoéﬁyﬁﬁﬁﬂ%ﬁ&oral agent - contalnlng substrate obtained in

6 The thod er el

Z&)eﬁngt%%tmgal 16 S R Su%% tv‘r[% écheg b?%lnlxngééélt% &qpo‘glt(ils aﬁ{oﬁnt of the

Onﬂaéggtggwggnqﬂﬁgedetern1ned wat er concentration. 7. The
hod of claim1, wherein the oral agent is in a

§b) atdloning8theThebstedthodsiog Neai-mfranatie(héear-)espectroscopy or

sol ution conprises the oral agent and a delivery
UltravipipbideY hipealfortorys. The method ot claim 1, wherein the

oral agent is in a dentritrice fornmulation.10. The

nmet hod of claim 1, wherein the substrate is anal yzed

usi ng @eNRditiod & SARETORERRY thdsial Hg@rﬁtw ah cRallPdre active.

spectroscopy i nst rument having a solid nmeasur enent
accessory.
3. The method of claim 1, wherein the substrate comprises

hydroxyapatite (HAP).

4. The method of claim 3, wherein the substrate is coated with saliva.

5. The method of claim 1, further comprising, after step (a) and prior to

step (b), drying an oral agent-containing substrate obtained in step (a).

6. The method of claim 5, wherein the oral agent-containing substrate

obtained in step (a) is dried to a predetermined water concentration.

7. The method of claim 1, wherein the oral agent is in a solution.

8. The method of claim 7, wherein the solution comprises the oral agent

and a delivery enhancing agent.

9. The method of claim 1, wherein the oral agent is in a dentrifrice

formulation.
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11. The method of claim 10, wherein the substrate is
anal yzed using a Near-IR spectroscopy instrunent and
wo bmoapisia@ neasurenent accessory is a rapid coPtBEIE2009/039651
anal yzer (RCA). 12. The nmethod of claim 10, wherein
the substrate is analyzed using a LJV spectroscopy

i,nstr SOki e C Yod Sei Ty,
o TR R e 0 LTRSS LSS0 Y 3 e
IR spé&ro&@g&h%n@@mﬂ st ng, URf tq@éct%@@)?»gza)ns@mgn@w Ghving a solid
step (b), positioning an oral agent-containing
measuselpsht atces@loyai ned in step (a) on a reflective disk

plate in the integrating sphere accessory. 14. The
nmet hod of claim 11, further conprising, after step (b),

plyi-Ag a ! et cal . I ntitali -
R or s BB TR L R i B st Bl Bing o
Near-BeBgéatReop i8itePmeR) andSthe TREIITBAGr Dhert! @icBIsby is a rapid
wherei n the mat hematical nmethod is selected fromthe
conterngroalyzeo(RC4)i ng of first and second derivative, peak
area integration, partial |east squares regression
(PLS), Kubel ka- Munk conversi on, and spectral

bt ' : : ' wherein.a yenoe a U
SUbL I Gl xﬁ\gthcgcp Ofl %IQ{S??QEF ?%)%rflgé tg% g'gg%&atevm %ngl}gcgrtgsfna a UV

wavel engt h used Ific to sa
spectr@@epY. inkfrurfedtehR@ Ahef sdli RRQSURENERE a8fc8s0r§0Rdhh | i@fegrating
of a patient, the nethod conprising neasuring the
spherqua@sssoce. of an oral agent in a patient sanple using
Near- Intrared (tSear-IR) spectroscope or U traviolet
(UV) spectroscopyl8. The nethod of claim 17, wherein

4Re PaERLARABE Salr 13, ﬁﬁltllu,yracoiﬁﬁﬂgiﬁg, after step (a) and prior to
step (b), positioning an oral agent-containing substrate obtained in step (a) on a

reflective disk plate in the integrating sphere accessory.

14.  The method of claim 1, further comprising, after step (b),
applying a mathematical method to obtain quantitative information from a

Near- IR spectrum or a UV spectrum generated in step (b).

15. The method of claim 14, wherein the mathematical method is selected
from the group consisting of first and second derivative, peak area integration,
partial least squares regression (PLS), Kubelka-Munk conversion, and spectral

subtraction.

16. The method of claim 1, wherein a wavelength used in step (b) is

specific to said oral agent.

17. A method of diagnosing the oral condition of a patient, the method
comprising measuring the presence of an oral agent in a patient sample using Near-

Infrared (Near-IR) spectroscopy or Ultraviolet (UV) spectroscopy.




a tooth sanple, or a gumsanple. 19. A nethod for
eval uating the effectiveness of an oral delivery
wG@y®bam3id he nmet hod conprising (a) depositing BET/OSBNY/039651

agent onto a substrate using the dental instrunent,
and (b) anal yzing the substrate using Near-Infrared
(Near - 1R) spectroscopy or Utraviolet (UVY)
spectroscopy. 20. A device for perform ng the nethods
of8. cl arm®mbthdd of 8ainh97, AherdAQhO HalBhEsHRPRUL 8 saliva sample,
readabl e nedi a storing executable instructions that,

a toothkampéx ecut@dn seaypde a data processing systemto
performa method conprising steps of: analyzing a
Near-1R spectrumor a UV spectrum generated accordi ng

h 16l Al 106, enatical;.nethod, . 4 .
Ly W ﬁ\eegﬁctécg ??rr g%ﬁg%@h%nt&e UFLON A DBER SHBC}I‘IPIP ?é]t“ﬂ%% d@?gtt,m, the

is’se roup consisting” of

meth&p&%grig@@ vative, peak area integration, partial
| east squares regression (PLS), Kubel ka- Munk

clehvepssibng amuirhl] phant lonbe asubggate ssimgntheahohtalpestrnalent, and

s¥btr ction. 22. The conputer readable nmedia of claim

AP) applarBih thasubslrpisdusiagp Neaednisareto (iearg! N peigctigscopy  or

- ' I the Near-IR spectrumto obtain a

Ultm‘?gfs%g@g&,gg%é%rs? ‘spectrum for the deposited oral

agent, determ ning the second derivative of the

resolved, Near-IR spectrum and integrating the area

Wy devniee tor profanrisf éhanmtethedkst ddinhb 1§ecnhd

derivative of the resolved, Xear-I1R spectrum 23. The

conputer readable nedia of: claim2l, wherein the

Rt hodhGo 'SPrﬂ.lS’r%scomputer readable media storing executable instructions
that, when executed, cause a data processing system to perform a method
comprising steps of:

analyzing a Near-IR spectrum or a UV spectrum generated according to the
method of claim 1 using a mathematical method is selected from the group
consisting of first and second derivative, peak area integration, partial least squares
regression (PLS), Kubelka-Munk conversion, multiple linear regression, and spectral

subtraction.

22. The computer readable media of claim 21, wherein the method comprises
performing spectral subtraction from the Near-IR spectrum to obtain a resolved,
Near-IR spectrum for the deposited oral agent, determining the second derivative of
the resolved, Near-IR spectrum, and integrating the area under one or more relevant

peaks of the second derivative of the resolved, Near-IR spectrum.

23. The computer readable media of claim 21, wherein the method comprises
pertorming Kubelka-Munk conversion to convert the UV spectrum to a
corresponding UV absorbance spectrum, performing spectral subtraction from the

corresponding UV absorbance spectrum to obtain a resolved, corresponding UV




perform ng Kubel ka- Munk conversion to convert the W/
spectrumto a correspondi ng UV absor bance spectrum
w@eoobae4sing spectral subtraction fromthe correSpUOSINNIEEICST
UV absor banee spectrumto obtain a resolv d,
correspondi ng Wabsorbance spectrum for the deposited
. Al .01 g st he n ' ive.of
atsor B 4GRS T A, RGPl e gl
of thel RtEEEAL E@Qe;‘é}hﬁlcﬁﬁgwrlﬂ:%brmﬁ:e QpelBUch, IElE U raie@Kthe area
of the second derivative of the resolved,
undercone espondiengelgvaabgerbanefe tpertomh derivative of the resolved,

corresponding UV absorbance spectrum.
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