METHOD OF MEASURI NG EFFECTS OF COVPONENTS ON CELL REACTI VE OXYGEN SPECI ES
PRODUCTI ON BACKGROUND OF THE | NVENTI ON [ 0001] Reacti ve oxygen speci es (ROS)
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the effects of conpositions on ROS production in real time. It therefore

woul d bed gdedtionbiliscases. destisinopmatbt #re ¢apablae! reeyenHpa sxidati verdamape SomsROS
conponents on intracel | ul ar. roductian, EF. SUMVARY . OF THE .| NVENTI ON
o 0ba] el A shierBia R SE BE Al St ool s prd HogY e
can be pitviehtigehch dafiB@s Uctudiny drdiorldatis30cHRS/iGANEL NEE atid ol dlitathRak. Sube.
The nmet hod of the enbodi nents maY be useful in determning the effects of

test ceapoaeisscan anhexidaus) ez plaRes ippedy rolonn styersinglfed sadicals and

protecting the host organism from pathogens.

[0002] Although many methods have been developed to measure ROS quantities in tissue, there
are few methods that measure intracellular ROS concentrations in real time. The ability to
measure ROS quantities is important, in that ROS concentrations may change, e.g., increase or
decrease, over time.

[0003] Accordingly, there is a continuing interest in developing and administering effective
antioxidant compositions to prevent ROS damage. There are few methods, however, that are
capable of measuring the eftects of compositions on ROS production in real time. It therefore
would be desirable to develop methods that can measure the effects of components on intracellular

ROS production.

BRIEF SUMMARY OF THE INVENTION
[0004] In accordance with certain embodiments, a method is provided that can be utilized to
measure intracellular ROS concentrations in real time. The method of the embodiments may be
useful in determining the effects of test components on intracellular ROS production and oxidative
stress on a cell. The methods also may be useful to determine the ability of test components to
reduce ROS components in a cell, in which the ROS which may be endogenous or exogenous to

the cell.



stress on a cell. The nmethods al so may be useful to determne the ability
of test conponents to reduce ROS conponents in a cell, in which the ROS
whi ch maywbeo@vidoisenous or exogenous to the cell.[0005] PThAS2000011988 N
enbodi ments described herein include a nethod of nmeasuring the effect a
test conponent has on the production of ROS in a cell. The nethod includes
contacting a cell with a material capable of fluorescence, contacting the
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For exanpl e, the expression "a conponent” can denote a single conponent or
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[0008] As used throughout this description, ranges are used as a 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. In the event of a conflict in a definition in the present disclosure and that of a cited
reference, the present disclosure controls.

[0009] Unless otherwise specified, all percentages and amounts expressed herein and elsewhere in
the specification should be understood to refer to percentages by weight. The amounts given are
based on the active weight of the material.

[0010] Throughout this description, use of articles “the,” “a,” “an,” or the like is not intended to
limit the embodiments to a singular form of the item. For example, the expression “a component”
can denote a single component or multiple components. Component in the embodiments includes
chemical compounds, small and large peptides and proteins, DNA that express small and large
peptides and proteins, and the like.

[0011] The method includes contacting a cell with a material capable of fluorescence when
oxidized or reduced, contacting the cell with a test component, contacting the cell with an ROS or
an ROS stimulant, and measuring cell fluorescence. Preferably, the material capable of

fluorescence is a dye that tluoresces when oxidized, more preferably a dye selected from 2,7-



pepti des and proteins, and the like. [0011] The method includes contacting
a cell wwth a material capable of fluorescence when oxidi zed or reduced,
cont acti nyotzb@/3e36b Wi th a test conponent, contacting tReTaskéoow1988 an ROS
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dyes that fluoresce when oxidized or reduced. Preferablg,

either actively or passively. Preferably, any excess test compound is washed from the cell. Ina
similar vein, the ROS or ROS stimulant (e.g., inflammatory mediator) preferably is transported
into the cell, either actively or passively, and it is preferred to wash any excess ROS or ROS
stimulant from the cell.

[0016] In accordance with various aspects of preferred embodiments, a cell initially is contacted
with a material capable of fluorescence when oxidized or reduced, preferably a dye. Dyes useful
in the present embodiments include dyes that fluoresce when oxidized or reduced. Preferably,
such dyes fluoresce when oxidized or reduced, e.g., by a ROS. It is preferred to use dyes that are
contacted with cells in a non-fluorescent form, and then fluoresce when reacted with a ROS, e.g.,
ROS either produced intracellularly or introduced from external sources. Some useful dyes that
possess these attributes are known to those having ordinary skill in the art, and may include
fluorescein type dyes, such as 2,7-dichlorofluorescein diacetate (DCF-DA). DCF-DA is a
membrane-permeable dye that may diffuse across the cell lipid membrane. It is non-fluorescent
when inactive, and forms a highly fluorescent dicholofluorescein (DCF) when it is oxidized by
ROS. Other dyes useful in the present invention may include fluorescein derivatives and analogs,

such as dihydrorhodamine (DHR 123), which is an analog of DCF-DA. DHR123 accumulates in



such dyes fluoresce when oxidized or reduced, e.g., by a ROS. It is
preferred to use dyes that are contacted with cells in a non-fluorescent
form andwOhe/f37sor esce when reacted with a ROS, e.g., PROZSedwide9spr oduced
intracellularly or introduced from external sources. Sone useful dyes that
possess these attributes are known to those having ordinary skill in the
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peroxides include hydroperoxides, hydrogen peroxide, peroxides of alkali and alkaline earth
metals, organic peroxy compounds, peroxy acids, and mixtures thereof. The cell may be exposed
to the ROS agents from an external source, in which the cell may be incubated in media
containing the ROS agent to allow for the cell to incorporate the ROS agent intracellularly, e.g.,
either by active or passive transport. The cells then may be washed to removed residual ROS that
has not been incorporated into the cell.

[0019] In one embodiment of the present invention, ROS may be contacted with a cell in
conjunction with a compound that induces ROS production, e.g., a ROS stimulant, such as an
inflammatory mediator in which the mediator causes or is known to cause ROS production in a
cell. In yet another embodiment the cell is contacted with the ROS stimulant in the absence of the
additional ROS agent. As is known in the art, the inflammatory mediator may include a bacterial
toxin, e.g., an endotoxin or exotoxin, such as a lipopolysaccharide or lipooligosaccharide. The
cell may be incubated with the ROS and inflammatory mediator so as to allow the ROS and

inflammatory mediator to be incorporated into the cell. The cell may then be washed to remove



nmetal s, organic peroxy conpounds, peroxy acids, and m xtures thereof. The
cell may be exposed to the ROS agents froman external source, in which the
cel |l nmay we mxubssbed i n nedi a containing the ROS agent pCo/tskéoonwufoss t he
cell to incorporate the ROS agent intracellularly, e.g., either by active
or passive transport. The cells then may be washed to renoved residual ROS
that has not been incorporated into the cell. [0019] In one embodi ment of
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test compound by measuring cell fluorescence. The component capable of fluorescence upon
oxidation or reduction, preferably a dye, typically has some background fluorescence, but upon
binding to free radicals, the fluorescence intensity increases. That increase in fluorescence
intensity can readily be measured. Test compounds can be added to the cells to assess their ability
to reduce the formation of ROS free radicals (or consume them by reaction), and if capable of
reducing free radical formation, the fluorescence intensity should decrease.

[0022] Accordingly, a test compound that has a greater ability to inhibit ROS results in a reaction
in which less ROS is able to react with the dye, and thus there is reduced fluorescence. On the
other hand, a test compound that does not inhibit ROS results in a reaction in which a greater
amount of ROS is able to react with the dye, and thus there is increased fluorescence. Cellular
fluorescence may be monitored over a period of minutes, hours, or days to determine the effect of
the test compound on the ROS/inflammatory mediator.

[0023] In one embodiment, the cell is contacted with a dye before being contacted with a test

compound. Optionally, the cell is contacted with a test compound before being contacted with a
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ability of certain test compounds to reduce the free radical generation of such cells.

[0027] The methods of the embodiments therefore can be used on-site to determine an effective
therapy (administration of an efficacious test compound that adequately reduced fluorescence) for
treating certain cells susceptible to free radical generation. The methods of the embodiments also
are useful in demonstrating the efficacy of certain compounds (or compositions containing these
compounds) on known cells, e.g., bacterial cells. For example, the method can be used to show a
dental professional how effective a certain dentifrice is in reducing free radical generation in
bacteria cells commonly found in the human mouth. The method also can be used as a
comparative tool in marketing a product by showing comparisons between products (e.g.,
dentifrices of various competitors).

[0028] The preferred embodiments of invention now will be described with respect to the
following non-limiting example. The example is merely illustrative and does not in any way limit

the scope of the invention as described and claimed.



descri bed herein are capable of determ ning test conpounds that can reduce
free radical formation (resulting in |lower fluorescent intensity), and thus
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[ 0026] Many such bacteria exist in the oral cavity and oral nucosa. The
bacteria may cause any nunber of deleterious effects. For exanple,

bacterial cells nmay be used as the cells of the preferred enbodi nents,
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O vodr Sl el e F e EORIREy n ST TS PSS Belf Bt e 8 g cal
gener afjh@p] ice11DActekiRed Kith P EROBIRA Y ick Oaadii{ided o AR 4tiReubdfag wigt hod
al so can be used as a conparative tool 1 n marketing a product by show ng

conpar IXInd Het WHEA2 ptcalibotkent.d.aglolladeh) for BD ceisutes atvH) (o uselbsonpershed vgih

[ 0028] referred enhodi nent,s _of .invention now wi]l be descri.bed with

| oon ot PHE RS b G R T e Ry e R At ar e R

i 1T ust @631y €A dredR@sdivkd iiflo @é\béré’b%)lodpis!ﬂnﬂ valBus&AP®PbS 4 V8 sblMenbl @0 as
descri bed and cl ai med. EXAMPLE 1 [0029] Human hi stocytic | ynphoma U937 cells

( ATCC, todmpheroh@Vitayyiy Ehesubstamsictli, af sups@ota Urseddpdht of thegpoupedind iiaabaed

Manassas,, -a nt.ai. ni % serum and, 1% peni ¢ill.in, and t.hen transferred
e oAb You S B e T SRRt RO RA TS s alrei e alpo ARt ¢ or
48 houf&t 3bmpdifads. TROSGREAS HABH @nd L RS Vigd vre bildedhindiincubgted forfdi B&eslciode
medi a before exposure to dye. [0030] Cells were washed with PBS buffer

twi ce, ohhimediRjpatesgenagtod thagslls diea wase adiahexsiiatien4&i pin apdrmpaiosrS3 PR fo23
(ol baglemypa, Jol | e, G for, S0 mnutes, a 50 0C Coll e are vashed i i
al S0 Mg0OR2AIArestiowh GO BihireGdl dnsl Zrals dunedlinty deé dyat ©g.sBOSFRA agd DHR]23and
vari Ouséx 1%% ggl?grglindaﬂu]bor/gs%grllc%.t | %?errc{fqg {%_ Figure 1, following two hours of incubation, cells
incubated in the absence of a test compound but in the presence of the ROS at 2.5 mM and ROS
stimulant fluoresce greater than cells incubated in the presence of a test compound (a-tocopherol)
and ROS at 2.5 mM and ROS stimulant.
[0033] Analysis of cell fluorescence therefore allows real-time monitoring of intraceltular
oxidative stress that can be used to screen test compounds. Measurement of cell fluorescence may
be accomplished with optical live cell array technology, and/or microscope imaging systems in
individual cells.
[0034] Referring to Figure 2, 2ppm, 10 ppm, or 100 ppm of a-tocopherol, substance 1, and
substance 2 were incubated with the cells. Figure 2 reveals that in the presence of 2.5mM of
hydrogen perox.ide, 2ppm of a-tocopherol and substance 1 reacted with ROS and reduced the
oxidative level by approximately 30%. At 10ppm and 100ppm, a-tocopherol did not show
enhanced capability in scavenging ROS or free radicals; however, 100ppm of substance 1 reduced
the oxidative level by 50%. Figure 2 also reveals that substance 2 enhanced the oxidative level,

and that substance 2 increased to nearly 3 times the free radical level at 100ppm, when compared

to 2 ppm.



tocopherol (Vitamn E), substance 1, or substance 2 is added to each of the
groups, and incubated at 37C for 15 mnutes. Cells then were washed tw ce
wi t h PBS wo 20@vm3v30r esi dual anmounts of test conpounds. ROBUsg@atns2o0s2C2 and
LPS then were added and incubated for different periods of tine.

Fl uorescence of the cells then were read at excitation 485 nm and em ssi on
530 nmfor up to 5 hours. [0032] As shown in Figures 1 and 2, cells stained
only with dye, e.g., DCF-DA and DHRI I ok MPLIRSARMEE.
Ref er 100§ dbwr| pragnpreriatecpy Wf%@avf%orﬁglﬁﬁéﬁ%l? hjl; t#g%ggﬁtgﬁ%gge%ll s i ncubat ed

N NS APRANER QfindohBfimEATRONAdeDMovk ittt fepesteredieon thet tieadigsenitve2. 5
and RS mul ant T

uoresce greater than cells i.ncug%ti 'f'heth Rhgsence of
a t estconcuppdienafy( B-it vudspierds therefnte. fasthi Inyeiont B! TR ant . [ 0033]
Anal ysis of cell. flugrescenc r.ef | : kthinl (A& spiBMdrdacbpedofahe
i nt raceéflll?qgfra?mw‘isﬂﬁﬁ%vgméﬁsérgtgﬁ%ﬁatg ngeﬁ 3 dﬁéé%gﬁfg screen test coﬂsr;g%unds.
I\/Easur]frg&ﬂ{i Qfnifgl | fluorescence may be acconplished with optical live cell
array (1311 ogy, and/or m croscope imagi ng systens in individual cells.
[0034] Referring to Figure 2, 2ppm 10 ppm or 100 ppm of a-tocopherol,
substance 1, and substance 2 were incubated with the cells. Figure 2
reveals that in the presence of 2.5nM of hydrogen peroxide, 2ppm of
a-tocopherol and substance 1 reacted with ROS and reduced the oxidative
| evel by approximtely 30% At | OQopm and | OCOppm a-tocopherol did not show
enhanced capability in scavenging ROS or free radicals; however, | QOOppm of
substance 1 reduced the oxidative |evel by 50% Figure 2 also reveals that
substance 2 enhanced the oxidative |level, and that substance 2 increased to
nearly 3 tinmes the free radical |evel at | OOppm when conpared to 2
ppm US2009/ 042958 [0035] It wll be appreciated by those having ordinary
skill in the art that changes and alterations nay be made to the
enbodi ments descri bed above without departing fromthe broad inventive
concept thereof. It is understood, therefore, that this invention is not
limted to the particul ar enbodi nents disclosed, but it is intended to
cover nodifications within the spirit and scope of the present
i nvention. CLAI M5



W claim 1. A nethod of measuring the efficacy of a test conmponent in
reduci ng ROS conponents in a cell conprising: a. contacting a cell with a
mat eri al wapa®/B7sh fl uorescence; b. contacting the cel PCRiUskomloe29sest
conponent; c¢ . contacting the cell with an ROS or ROS stinulant; and d.
measuring cell fluorescence. 2. The nethod of claim 1l wherein the materi al
capabl e of fluorescence is a dye that fluoresces when oxidized. 3. The

met hod of claim2, wherein the dye is selected fromthe group consisting of
2,7- dichlorofluorescein diacetate (DCF-DA), dihydrorhodam ne (DHR 123),
and m xtures thereof. 4. The met hod OLAGM&8I m 1 wherein the material capable
of quorescence is a dye that fluoresces when reduced. 5. The nethod of

cl ai m Ve Glpigkei n the test conponent is an antioxidant. 6. The nethod of

claim 1, mhargifod Bpm@nhgt&eétﬁe& %ffart&mlh o P GRS ﬁbsr&gg sfwgen

i on generatlng conmpou ee radi a genera I ng conpound
m Xt ur es theeléafmpr?smgThe nmet hod of claim®6, wherein the ROS is a peI’OXI de.

8. The met hod of c m 7 he de i s hydrogen peroxide. 9. The
met hod of - cfai aEctihardl Wi Raniess bRt ThERERely an ROS St i mul ant . 10.
The method gf GhakihSihe\WbRREIhNhE Rt ERHohbritt her conprises an ROS stimul ant
sel ected fromthe group consisting of bacterial endotoxin, exotoxin, and

m xtures ther whtacmlg thigell methradR@F oc R&ISmtimulatieandi n t he ROS st i nmul ant

conpri ses Iiplg < sac%yﬁ@kgec %? The nethod of claim1, wherein the cell
is an i mmun F5H et hOd" claim 1, wherein the cell is selected from

Facult ot e TARERIBRRT i (oY PrRaks PisrRpante 3 huofBGHEPT SR ! o7 &

fluoresces when oxidized.

3. The method of claim 2, wherein the dye is selected from the group consisting of 2,7-
dichlorofluorescein diacetate (DCF-DA), dihydrorhodamine (DHR 123), and mixtures
thereof.

4. The method of claim 1 wherein the material capable of fluorescence is a dye that

fluoresces when reduced.
5. The method of claim 1, wherein the test component is an antioxidant.

6. The method of claim 1, wherein the ROS is selected from the group consisting of an
oxygen ion generating compound, free radical generating compound, a peroxide, and

mixtures thereof.
7. The method of claim 6, wherein the ROS is a peroxide.
8. The method of claim 7, wherein the peroxide is hydrogen peroxide.
9. The method of claim 1, wherein the ROS further comprises an ROS stimulant.

10. The method of claim 9, wherein the ROS further comprises an ROS stimulant selected

from the group consisting of bacterial endotoxin, exotoxin, and mixtures thereof.
11. The method of claim 9, wherein the ROS stimulant comprises lipopolysaccharide.

12. The method of claim 1, wherein the cell is an immune cell.



14. The method of claim1l, wherein the cell has a wall that is perneable by
the material capable of fluorescence. 15. The nethod of claim 1, wherein the
t est conpwoeanes/i3zsebr ansported into the cell. 16. The netrhodsedoookmssn 1,
wherein the test conponent is actively or passively transported into the
cell. 17. The nethod of claim1l1l, wherein the ROS is transported into the

cell by active or passive transport. 18. The nethod of claim1l, wherein the
cell Iuore%

f es. .19. Th t hod, of ¢l ai [ . asures the
ROS cont ént ﬁ?“FH@888WF3»§'??K‘%%fﬁ@&ﬁ% C#@é@%&ﬁﬁéﬂ? e&ggﬁﬁc ggﬁgf a test
conmponent i Rf Rk NImPESHIEANRAAEHHge] backriaglabulCOivp bhairdtg; aml mboweact i ng a
cell with a materi al capable of fluorescence; b. contacting the cell with
the test colgeeént; c . neasuring cell fluorescence; d. contacting the cel
with an ROS or ROS stinulant; e. neasuring cell fluorescence; and f

conpar i ngl4t fibe oelhodfof uaiad c whersirt theelé hasi a wall that s nespeabbeb bemaeiat and

deternlnlngc%ggk%&%hggg eIlgg_the test conponent in reduci ng RCS

15. The method of claim 1,wherein the test component is transported into the cell.

16. The method of claim 1, wherein the test component is actively or passively transported

into the cell.

17. The method of claim 1, wherein the ROS is transported into the cell by active or passive

transport.
18. The method of claim 1, wherein the cell fluoresces.
19. The method of claim 1, wherein the method measures the ROS content of the cell.

20. A method of measuring the efficacy of a test component in reducing ROS components in a
cell comprising:
a. contacting a cell with a material capable of fluorescence;
b. contacting the cell with the test component;

c. measuring cell fluorescence;

d. contacting the cell with an ROS or ROS stimulant;

e. measuring cell fluorescence; and

f.  comparing the cell fluorescence from ¢ with the fluorescence from e and determining

the efficacy of the test component in reducing ROS.
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