WO 2006/135344 PCT/SG2006/000154 1 A photosensitising composition
and uses thereof Field of the invention The present invention relates to a
photosensitising composition, and its uses thereof. Background of the
inVENIIY 1RPI¢4I periodontitis, is defined as an inflammatory prGES§§2006/000154
around the tooth root-apex, and is primarily a sequel to microbial infection
(mainly bacteria) of the root-canal space of the tooth. Infection of the root
canal and associated regions of tooth,'generally known as root canal
infection/endodontic infection, is a widespread problem all over the world
(Figdor D, 2002). It represents a localized infection where bacteria have
been recognized et|0I0|caI agent (Tronstad L and Sunde
TP, 2003) The &it SIS RE) Y1 )AL ! QMIGOSTION aNG NSNS0 he
combined action of mlcroorganlsms and host immune response
(ﬁ@&b@%&@iﬁﬁﬂﬁﬂ&oos Nair PNR, 2004). The main objective of the
clinical management of apical periodontitis (root canal infection) is to
eliinatesbattenarftiom tolatesotcanpheyssemsiasitghis ispbatonly aH@te uses
at“%;régpve to tooth loss. Root canal treatment (RCT) aims to disinfect the
root canal by removing the infected tissue by means of
‘chemo-mechanical' preparation. The complete disinfection of the root
capakipIRicPehiryssVBhallihe cases, although in most cases the disease
symptoms recede. Ttis estlmated from census data that in thg yea;]r 1898?6\
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PRIdApRES WasHIRHNChIN 40:A Vel JlbROkSaR BeIBEAR G hepresents a
localized infection where bacteria have been recognized as the main etiological
agent (Tronstad L and Sunde TP, 2003). The clinical manifestation of the
disease is due to the combined action of microorganisms and host immune
response (Haapasalo M et al, 2003; Nair PNR, 2004).

The main objective of the clinical management of apical periodontitis (root canal
infection) is to eliminate bacteria from the root canal system, and this is the only
viable alternative to tooth loss. Root canal treatment (RCT) aims to disinfect the
root canal by removing the infected tissue by means of ‘chemo-mechanical
preparation. The compliete disinfection of the root canal is not achieved in all the
cases, although in most cases the disease symptoms recede. It is estimated
from census data that in the year 1990, an estimated 14 million root canal
treatments were performed in the USA alone. interestingly, epidemiological
studies of rooi-filled teeth in various countries and different populations have
demonstrated the presence of apical periodontitis in a relatively high proportion
(De Moor RJ et al, 2000; Eckerbom M et al, 1989; Lupi-Pegurier L et al, 2002;
and Dugas NN et al., 2003). in a large study in a Belgian population from 4617
teeth, apical periodontitis was found in 40.4% of all Root Canal Treated (RCT)



WO 2006/135344 PCT/SG2006/000154 2 teeth. In another study in
Denmark, the periapical health of nearly 600 RQT teeth was compared

and apical periodontitis was observed in approximately 50% of the RS):()-E/000154
te®R A%5%¥élected Canadian populations; the prevalence oP GHRE
periodontitis in RCT teeth was 44% and 51%. It sh_ould bg_emphasaed

that the great majority of RCT teeth with apical periodontitis are symptom

free (Figdor D, 1996), and hence has not attracted the attention it

deserves. The success rate of root canal treatment has genera.llly. been
regarded as high, of the order of 87% (Eriksen HM, 1998). This figure
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2f0igye rate for treatment in general practice. Figdor D, 2002, suggested that if
these numbers are multiplied by the cost of RC re-treatment and restoration
replacement, the cumulative economic impact is in the order of billions of doliars
(Figdor, 1996). Mostly failure of conventional treatment is due to the persistence
of bacterial population even after chemo-mechanical disinfection. Limitations in
conventional treatment procedures are attributed to its inability to reach
bacterial biofilm, especially in anatomically inaccessible regions of tooth. The
presence of biofilms, which is the surface adsorbed growth of microorganism,
has been associated with chronic human infections (Costerton JW et al, 1994;
Parsek MR and Singh PK, 2003). This is because bacteria growing biofilms are
highly resistant to conventionally used antimicrobial regimes, due to the
biochemical composition of biofilm matrix and altered physiology of bacteria
residing in biofilms (Parsek MR and Singh PK, 2003).

Traditionally, an instrumentation procedure (with root canal reamers and files)

supplemented with root canal irrigants (liquid chemicals) and medicaments are



Traditionally, an instrumentation procedure (with root can_al reamers and

files) supplemented with root canal irrigants (liquid chemicals) and
medicaments are WO 2006/135344 PCT/SG2006/000154 3 used to
achibWo4I3B¥teria free' root canal system in RCT. The chemiRERSH§6/000154
commonly employed are sodium hypochlorite, chlorh(_exidine and EDTA,

while calcium hydroxide is also used as an effective mtra—cgnal _
medicament. These chemicals have to’be supplemented with mechanical
instrumentation to achieve bacterial elimination within the root canals.
Further, this method of bacterial elimination is not an instantaneous
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activation of an external chemical agent, ¢
F%t?)siisqﬁLgl}Bcﬁj l Pevels in the root canal. Also, long term use of such

chemlcals and medicaments can lead to the development of resistance to the
chemicals and medicaments in the target organisms. Besides, studies have
shown that sodium hypochiorite reduces the modulus of elasticity and flexure
strength of dentine structure, while saturated calcium hydroxide reduces the
flexure strength of dentine. It is also observed that some of the common root

canal pathogens such as Enterococcus faecalis and Candida albicans are
resistant to calcium hydroxide.

Persistence of bacteria within the root canal dentine after RCT is usually the
main cause of failure in root canal treatment. Recently, photodynamic therapy
(PDT) has emerged as a promising treatment of cancer and other diseases
utilizing activation of an external chemical agent, called photosensitiser or PDT
drug, by light. This drug is administered either intravenously or topically to the
malignant site, as in the case of certain skin cancers. Subsequently, light of a
specific wavelength, which can be absorbed by the PDT photosensitiser, is

applied. The PDT drug absorbs this light producing reactive oxygen species that



drug, by light. This drug is administered either intravenously or topically to
the malignant site, as in the case of certain skin cancers. Subsequently,
light of a specific wavelength, which can be absorbed by the PDT

phOtb¥BAEHEEr is applied. The PDT drug absorbs this light pRSeRig§3606/000154
reactive oxygen species that WO 2006/13_5344 PCT/SGZ_OO6/0_00154 4

can destroy the tumour. The photosensitizing compoupd is actlvate_d ata
specific wavelength of light to destroy the target cell via a §tr9ng QX|d!zer,
which causes cellular damage, membrane lysis and pro'geln inactivation.

PDT relies on the greater affinity of the PDT drug for malignant cells. The
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(Hamblin MR and Hasan T, 2004; O'Neill JF et al, 2002; Wainwright M, 1998;
Jori G and Brown SB, 2004). PDT does not use photothermal effect such as
high powered lasers to eradicate bacteria. Therefore, they circumvent issues of
thermal side effects in tissues. PDT has been used with relative success in the

field of oncology for the treatment of neoplastic cells.

Different photosensitisers have been successfully demonstrated to have
antibacterial property with their potential use in treating localized infections
(Wainwright, M, 1998). Since the bactericidal activity of PDT is based on
oxygen free radicals, the chance of microbes developing resistance is minimum
compared to other strategies (Hamblin MR and Hasan T, 2004; Wainwright M
and Crossley KB, 2004). Different photosensitisers have been successfully
demonstrated to have antibacterial property with their potential use in treating
localized infections (Wainwright M, 1998).

Since free radical generation is highly dependent on environmental conditions,

the physicochemical environment existing at the site of application can influence



and Crossley KB, 2004). Different photosensitisers have been

successfully demonstrated to have antibacterial property with their

potential use in treating localized infections (Wainwright M, 1998). Since
&€ AtESP §neration is highly dependent on environmental ESAGE3HS/000154
the physicochemical environment existing at the site of application can
influence WO 20061135344 PCT/SG2Q061000154 5 the outcome of the
treatment. There is therefore a need in'the state of the art to provide a

more suitable photosensitising composition to increase the effectiveness

of PDT. There is also a need in the state of the art for treatment of
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c@iﬂdﬁ@dmml lebmprmnig:ashstxture of: at least one surfactant; at least one
alcohol; and/or water, wherein the ratio of the volume of the at least one
surfactant to the at least one alcohol to water may be in the range of
lé) :5:85 to (}['30 :30, with the proviso that when the at least one surfactant

t from the at least one alcohol. In particular, the
ratio may be in the range of 15:10:75 to 35:25:40. Even more in
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tRRHEEICABO) BhEBRRISH S B mposition and its uses thereof. In particular,
there is provided a photosensitising composition comprising a mixture of: at
least one surfactant, at least one alcohol, and optionally water. The composition

may further comprise at least one photosensitising compound.

According to a first aspect, the present invention provides a photosensitising
composition comprising a mixture of: at least one surfactant; at least one
alcohol; and/or water, wherein the ratio of the volume of the at least one
surfactant to the at least one alcohol to water may be in the range of 10:5:85 to
40:30:30, with the proviso that when the at least one surfactant is an alcohol, it
is different from the at least one alcohol. In particular, the ratio may be in the
range of 15:10.75 to 35:25:40. Even more in particular, the ratio is 30:20:50.
The at least one surfactant may be a trinydric alcohol or a polyester. The
trihydric alcohol may be glycerol. The polyester may be polyethylene glycol or
polypropylene glycol. The at least one surfactant may be selected from the
group consisting of: mineral oil, glycerol, polyethylene glycol, Triton X,
polypropylene glycol, SDS and any detergent suitable for use for the present



trihnydric alcohol may be glycerol. The polyester may be polyethylene
glycol or polypropylene glycol. The at least one surfactant may be

selected from the group consisting of: mineral oil, glycerol, polyethylene

gNYEtYeHBR*K, polypropylene glycol, SDS and any detergenPSHitsi§Hp0154
use for the present WO 2006/135344 PCT/SG2006/000154 6 invention.

The alcohol may be a monohydric alcohol. In particular, the alcohol may

be ethanol. According to a particular asﬁect, the present invention

provides a composition comprising a mixture of polyethylene glycol,

ethanol and water. According to another particular aspect, the present

inMeatienAlsRPrqul osifion. co risi% a mixture of glycerol,
ethanol and water.mi;ﬁi ?&%%%%t evo t?n%ggg? 3 %Q?LT \t% REUASAT thgtaloohol
nﬁ?%@%@ﬂl@?gb. The composition according to any aspect of the present
invention may further comprise at least one photosensitising compound.
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aterafluoroborate, thionin, azure A eosinate, azure B eosinate, azure mix sicc,
azure Il eosinate, haematoporphyrin HCI, haematoporphyrin ester, aluminium
disulphonated phthalocyanine, chlorins, photoactive fullerenes (e.g. C16-b),
aminolevulinic acid (ALA), bacteriochlorins, phthalocyanines, pheophorbides,
purpurins, naphthalocyanines, indocyanine green, or mixtures thereof. In

particular, the at least one photosensitising compound is methylene blue.

According to a particular aspect of the present invention, it is provided a
composition comprising at least one photosensitising compound and a mixture
of glycerol, ethanol and water. According to another particular aspect, the
present invention provides a composition comprising at least one

photesensitising compound and a mixture of polyethylene glycol, ethanol and
water.,

The composition may further comprise at least one of the following:
(a) an oxygen carrier;

(b) a polycationic compound; or



water. The composition may further comprise at least one of the following:

(a) an oxygen carrier; (b) a polycationic compound; or WO 2006/135344
PCT/SG2006/000754 7 (c) an oxidising agent, or mixtures thereof. The
oXyBSAle4PRH may be selected from the group consisting of bBEHE62006/000154
limited to: hydrofluoro carbons, perfluoro carbons or a mixture thereof.

For example, the oxygen carrier may be selected from the group

consisting of, but not limited to, perfluofodecahydro naphthalene,
perfluorodecalin, perfluorohexane, octafluoropropane, perfluorobutane,
perfluorooctane and perfluoromethyldecalin. The polycationic compound

may be sel Sted fro;@; the group consisting of, but not limited to: cationic
polypeptidéeg, 80 Sﬁlﬁfgg-eﬂf;ine, L-arginine, D-arginine, and

multivalent cations, such as calcium chloride, calcium hydroxide,
nRIgnBduias EseRfe. The oxidising agents may be selected from the
group consisting of, but not limited to: dilute sodium hypochlorite,

hiltko geygearoxitier MBS &l@dacfddrfrtﬁrdtﬁéigﬁsd'w@d?@réﬁﬁgét/i@wﬂﬁm limited
furth prise a pharmaceutically acceptable excipient, and/or carrier.
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a lybintadeastising, @xarpositgrand multivalent cations, such as calcium chloride,
calcium hydroxide, magnesium chloride. The oxidising agents may be selected
from the group consisting of, but not limited to: dilute sodium hypochlorite,

hydrogen peroxide, DMSQO and chlorine dioxide.

The composition may further comprise a pharmaceutically acceptable excipient
and/or carrier,

According to a particular aspect, the composition may be formulated for use in
oral cavity treatment. The composition may be formulated for use in the
treatment and/or prevention of conditions caused by microorganisms. The
composition may be formulated for use in the treatment and/or prevention of
periodontal and/or halitosis conditions. The composition may also be formulated
for topical administration or administration by injection.

According to a further aspect, the compasition may be for use in medicine.

The present invention also provides a use of a photosensitising composition
according to any aspect of the present invention in the manufacture of a
medicament for treating and/or preventing conditions caused by

microorganisms in a subject, the treatment and/or prevention comprising the
steps of:



according to any aspect of the present invention in the manufacture of a
medicament for treating and/or preventing conditions caused by .
microorganisms in a subject, the treatment and/or prevention comprising
th OtEPEEPHVO 2006/135344 PCT/SG2006/000154 8 (a) adTHERSFirEPO154
the photosensitising composition; and (b) irradiating the area to which the
composition is administered with light at a wavelength absorb_ed by a
photosensitising compound. The medic8ment may be for treatlng and/or
preventing conditions caused by microorganisms in the' oral cavity of a
subject. For example, the medicament may be for treating antljlo[h

reven fi | and/gr halitosis. conditions. For example, the
gonditi %}%ﬁ@ﬂ?ﬁ%ﬁﬁg% F% I%Prﬁ. gﬁ%fSEngiﬁBWﬂ%,s'%@ﬂ@ntitis dental
caries, éro)o,t caries, root canal infection, apical periodontitis and the like.
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biofilm in any localised infection, The present invention also provides a
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The present invention also provides a method of treating and/or preventing
conditions caused by microorganisms in a subject, wherein the method
comprises the steps of:

(a) administering a photosensitising composition of any aspect of the
present invention; and

(b) irradiating: the area to which the composition is administered with light
at a wavelength absorbed by a photosensitising compound.

The method may be for treating andfor preventing conditions caused by
microorganisms in the oral cavity of a subject. For example, the method may be
for treating and/or preventing periodontal and/or halitosis conditions. For
example, the conditions include, but are not limited to, gingivitis, periodontitis
dental caries, root caries, root canal infection, apical periodontitis and the like.
The method may also be for managing bacteria deep within dental caries

lesions. The method may also be used to eliminate bacterial biofilm in any
localised infection.



The method may also be for managing bacteria deep withi_n de_nt_al c_aries
lesions. The method may also be used to eliminate bacterial biofilm in any
localised infection. WO 2006/135344 PCT/SG2006/000154 9 The

pMtRFENE - hg compound may be comprised in the photoseREilSHH06/000154
composition. The irradiation of step (b) may be carri(_ed_out for a time

period of 30 minutes or less. For example, the irradiation of step (b) may

be carried out for 10 seconds to 30 mirfutes. The time period fo_r_c:_irrylng

out the irradiation of step (b) depends on the type of photosen5|t|§|ng
compound used and the type of light used. In particular, the irradiation of

rried ti riod of 5 minutes to 15 minutes., , .
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particular, the light used in step (b) has a wave ranging from about

6 t ut 800 nm. Even more in particular, the light ysed in step )
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subject, the kit comprising a photosensitising composition according to
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mvyg%eoferaé\g FBSW[&? S BGuf¥ee phphotosensitising compound’s

absorbance maxima. The wavelength of the light may range from the visible to
the near infra-red range of wavelength. The light used in step (b) may have a
wavelength ranging from about 400 nm to about 1400 nm. In particular, the light
use may have a wavelength ranging from about 600 nm to about 900 nm. in
particular, the light used in step (b) has a wavelength ranging from about 650

nm to about 800 nm. Even more in particular, the light used in step (b) has a
wavelength of 660 nm.

The present invention also provides a kit for treating and/or preventing
conditions caused by microorganisms in a subject, the kit comprising a
photosensitising composition according to any aspect of the invention, disposed
in at least one suitable container. The kit may be for treating and/or preventing
conditions caused by microorganisms in the oral cavity of a subject. For
example, the kit may be for treating and/or preventing periodontal and/or
halitosis conditions. For example, the conditions include, but are not limited to,
gingivitis, periodontitis dental caries, root caries, root canal infection, apical

periodontitis and the like. The kit may also be used for managing bacteria deep



example, the kit may be for treating and/or preventing periodontal and/or
halitosis conditions. For example, the conditions include, but are not

limited to, gingivitis, periodontitis dental caries, root caries, root canal
it G Epithl periodontitis and the like. The kit may also b GEE&§3616/000154
managing bacteria deep WO 2006/135344 PCT/SG2006/000154 10

within dental caries lesions. The kit may also be used to eliminate

bacterial biofilm in any localised infectich. The kit may further comprise at
least one light emitting device capable of emitting light at a wavelength
absorbed by a photosensitising compound. The photosensitising
CQIFRAUMShIARY: oRWKSedHa the: sgpsiysing..c osition. ,
Aglo her . aspect é}%ﬁeﬁ%}gggﬁtm\(}eﬁtﬁ%}g a%%éet édggfe §rr£°8ae frqB'}ﬁtee bacterial
cBIR Hémcﬁ%&c':?:%% {BfaRicaspect of the invention. The method may
comprise the steps of: (a) preparing a mixture by mixing: a least one
stiFfacikinman r@m&anneoalmlsel;zant#aswmr,clir%hh Hiﬁ;iﬁf@/iﬁ@@h@lt whtible of
t i ol, it is different frgm the at least
o}ﬁﬁg;gﬁﬁo_@%gﬁﬁgﬁgﬁg@%ﬁﬁ@e&%ﬁs@ %@%?Qﬁ'ﬁ%’ﬂ%cﬁﬂﬁ‘%?‘l’é’gstme
oRRARRABERNIESIRgTERRHPEUTEAY tHemiseneriskste(ing) tiriepHesssipitsing
ofdhepbeiias Figure 1 shows the % reduction of bacteria in the six
specimens of Example 1. Figure 2 shows the number of cells remaining

[ inipg.different phatosensitising compositions _after PDT,
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may further comprise the step of adding at least one photosensitising
compound to the mixture of step a).

Brief description of the figures

Figure 1 shows the % reduction of bacteria in the six specimens of Example 1.

Figure 2 shows the number of cells remaining in samples containing different
photosensitising compositions after PDT, with and without light.

Figure 3 shows the effect of PDT using different photosensitising compositions.
Figures 3A and 3B refer to conirols. Figure 3C and 3D show the results
obtained using a photosensitising composition comprising mineral oil, an

oxygen carrier and methylene biue, the composition irradiated under direct light.

Figure 4 shows the absorption spectrum of 50 uM methylene blue in different
formulations.



WO 2006/135344 PCT/SG2006/000154 11 Figure 5 shows the monomer

to dimmer ratio of increasing concentration of methylene blue in different
formulations of photosensitising composition. Figure 6 shows the
fluBeEEeAtittensity of increasing concentrations of methylenBEH($&H06/000154
different formulations of photosensitising composition. Figure 7 shows a
graph of % diffusion of methylene blue in different formulations of
photosensitising composition across thé'dentinal tubules and to the apical
foramen of the tooth specimens. Figure 8 shows a graph of % dye uptake

of methylene blue in different formulations of photosensitising

c itton, b terial cells, E, faecalis is a . gram positive bacteria and
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cells in biofilm surviving the PDT. Figure 10 shows a graph of log number

offfgurecalistasebA thactinemeeiameranisaps selindrBiafin i reeheanshs of
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percentage of cells surviving after PDT using Indocyanine Green. Figure
1T g6 sthensere e Atag@pih cefis Yurdiffurjcarter’ POFthgienembthgleine different

blRmMRiBRo 6 4RGitéRE 29NN IR DataieshaRsFtmiARing to

the invention Bibliographic references mentioned in the present
aﬁ%ﬂc@iﬁ?fé@@%?nﬂr%gﬁ%%esﬁ?@ﬂ‘ﬁ?ﬁwe form of a list of references

and added at the end of the Examples. The whole content of such
bibijeaghishetereacemiphhefei® dye uptake of methylene biue in different

formulations of photosensitising composition by bacterial cells. E. faecalis is a

gram positive bacteria and A. actinomycetemcomitans is a gram negative
bacteria.

Figure 9 shows a graph of the log number of E. faecalis and A.
actinomycetemcomitans cells in biofilm surviving the PDT.

Figure 10 shows a graph of log number of E. faecalis and A.

actinomycetemcomitans cells in biofilm in root canal dentine, surviving the PDT.

Figure 11 shows the diffusion of methylene biue into dentine under different
formulations.

Figure 12 shows the percentage of celis surviving after PDT using Indocyanine
Green.

Figure 13 shows the percentage of cells surviving after PDT using methylene
biue.



incorporated by reference. As mentioned above, persistence of bacteria
within the root canal dentine after RCT is the main cause of failure in root
canal treatment. The factors that contribute to the persistence of bacteria
ar® 3% dtéthical complexities in the root canal system; (b) PETSE2006/000154
nature of the dentine structure; (c) microbial factors; and (d) clinical

factors. (a) Anatomical complexities in the root canal systems The

complex anatomy of the root canal systédn routinely makes thorough
disinfection of bacteria from the root canal almost impossible. (b) Porous
nature of the dentine structure Dentine is a tubular or porous hard tissue

thatfqy; jor bulk of human tooth. Its characteristic porous
stutglg&égsc' ioh lfltlﬁ invan] tures called dentinal tubules that

trﬁeﬁﬁé the bulk of the dentine. The number of dentinal tubules/mm2 in
detialRORRIIS frisieranerD pRERYATEE: the dheer Brgsent ofabplicktintineste  for

4T0006rMem Aiktbe iNmes AsReer fiKefRIINSHRRAUHBS IRRHARE YN of the
ptg%\.mA %%ntl?ﬁl tubuli is normally larger in diameter than an average oraJc
pto

streptococtal csl, WS igagien 9 pit i dRiRtessAnRic MiefersRsesclsrsherein
Diffepsperiaiadtity erferdanuents have demonstrated bacterial invasion of
dentinal tubules when pure cultures of Streptococcus gordonii,

SHeRRIARHHEN FBISp R jes . At _
ne&él]undi E. faecalis apnollﬁ W@g%égor%%g%%%é@@g%%%%ﬁf eﬁ;’me after
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2000. P 1993a). Perez et at nofed that the penetration depth of
s?r%%tggéﬁggﬁssa%“gd@irﬁ%' L JtHRAl ?ﬁt}?}?egﬁ?%iﬁgwﬁﬁfé%?ré% microbial
Adacksnaadii® eliviesf 2actdesys, whereas the studies by Berkiten M at at
showed a penetration depth of 382.3 pm for Streptococcus sanguis, and

2%&) pnaiomitet iolteltREnedi bt canal systems

The complex anatomy of the root canal system routinely makes thorough
disinfection of bacteria from the root canal aimost impossible.

(b) Porous nature of the dentine structure

Dentine is a tubular or porous hard tissue that forms the major bulk of human
tooth. Its characteristic porous structure is attributed to tubular structures called
dentinal tubules that traverse the bulk of the dentine. The number of dentinal
tubules/mm? in dentine varies from 15,000 per mm?® at the outer aspect of the
dentine to 45, 000 mm?® at the inner aspect of the dentine (near the root canal or
pulp). A dentinal tubule is normally larger in diameter than an average oral
streptococcal cell, which is 0.5 — 0.7 ym in diameter.

(c) Microbial factors

Different in vitro experiments have demonstrated bacterial invasion of dentinal
tubules when pure cultures of Streptococcus gordonii, Streptococcus sanguis,

Porphyromonas  species, Actinomycetes naeslundi, E. faecalis and



these studies vividly highlight active bacteria invasion and survival within
dentinal tubules (Berkiten M, 2000; Perez F, 1993b; Sundqvist G, 1992;
Hancock HH at at, 2001). Bacterial floras in endodontic infections are
cOYar18rddixed in nature consisting of both aerobic and anBeF616i2006/000154
bacteria, with a predominant existence of anaerobic bacteria. Recent
researches have revealed a distinct shift in the bacterial flora from a "poly
microbial infection” in necrotic root canafs to a "mono infection” in a failing
endodontically treated teeth. This distinct difference in the endodontic
bacterial flora is attributed to the Endodontic Environmental Transition
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environmental conditions existing in the root canal may tavour the grow
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pl*é%?@(ihé’*hkﬁbﬁhcﬂ%ﬁmicrobial agents. Subsequently, the colonizing
organism gains protection against unfavourable environmental conditions
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2006/13534 T1/SG2006/000154 ]ﬁ; been found to increase up to
B N
plinRissitobis| baBtatie Retemnt iscatsrchesristant reletalehime digtinee lkhfltom the
a fialbyomatibrs Riofimy g &h@r&'&%ﬁ%ﬁé&sﬁ %%/groﬁg dl% Steady sau "&%mono
for chronic infection. Thus, bacterial biofilm Is associate
infection” in a failing endodontically treated testh. This distinct difference in the
endodontic bacterial flora is attributed to the Endodontic Environmental
Transition (EET). Hancock et al has associated the EET to the difference in
selective pressures and oxygen tension that exists in the necrotic tooth material

versus those in the previously treated root canals (Marsh PD, 1994),

Biofim mode of growth is a survival strategy and harsh environmental
conditions existing in the root canal may favour the growth of bacteria as a
biofilm in root canal. This aspect is supported by the fact that, clinically isolated
bacteria possess increased adhering capacity, increased virulence factors such
as capsular polysaccharides, gelatinase, and increased resistance to
antimicrobials, which are all characteristics of biofilm style of growth (Stewart
PS, 1996; Mah TFC and O'Toole GA, 2001; Michael RW et al, 2001). When
bacteria grow as biofilm, the altered genetic and metabolic processes along with
its complex matrix prevent the action of antimicrobial agents. Subsequently, the
colonizing organism gains protection against unfavourable environmental
conditions (Stewart PS and Costerton JW, 2001). The antibiotic resistance has



with a wide range of persistent infections in human beings. Interestingly,
clinical examination of root tips of teeth associated with refractory

periapical periodontitis, have suggested the presence of bacterial biofilm
inYReUsiEEP4Yortion of the root canal and the extraradicular rél§idf§G2006/000154
(Tronstad L and Sunde PT, 2003; Noiri Y et at, 2002). (d) Clinical factors

In the root canal treatment of infected teeth, clinicians utilise an

instrumented cleaning procedure, suppfemented with intra-canal irrigants
and medicaments to achieve root canal disinfection. Irrigants most
commonly used for this are sodium hypochlorite, chlorhexidine and
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that treatment of dentine with caustic chemicals such as sodium

hoEBEHIEHE MY it tHiPphylickisd agsarirtecchwiticrérbastanucpemapical
silastsatentiiowieses, &@m&d%lmﬁemtaﬁtmcbﬁiﬂ%hn the apical
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cohsprO08udedhdeeicyl t@@¥hetrate or invade the dentinal tubules, which

is much higher than the effective-penetration-depth of various chemicals

usesldnmeesidderiie therapy. WO 2006/135344 PCT/SG2006/000154 15
Accordingly, there is a need of an alternative approach to eliminate

mrﬁrﬂttatoﬂpatﬁrnég 8%%}@?@&8&%@8 rtulatn & fLeath. This alternate

technique should be a e non- mvaélve uce non rauma to
pﬁ%?ﬁ'ﬂﬁtt%%@edﬁﬁmestmﬁ@m@ﬁe@ewﬂhdrﬁm:@ﬁnéb l@wta practivedinanents

predsRiRi@MRdidighal disinfection. Irrigants most commonly used for this are
sodium hypochlorite, chlorhexidine and Tubulicid (0.2% EDTA), while calcium
hydroxide and camphorated paramonochlorophenol are used as root canal
medicaments. The effectiveness of the endodontic irrigants at various dentinal
tubular depths is not very clear as yet. It is demonstrated that bacteria remains
viable at greater depths from the pulp at all levels in the root canal. In addition,
long terms use of such root canal medicaments may lead to the development of
resistance in the target organisms. Is has been shown that treatment of dentine
with caustic chemicals such as sodium hypochlorite may alter the physical and
chemical characteristic of dentine substrate. However, a longer duration of
contact and mechanical instrumentation is required for these chemicals to be
effective against endodontic microbes. Adding to this, certain species of
bacteria show conspicuous tendency to penefrate or invade the dentinal
tubules, which is much higher than the effective-penetration-depth of various
chemicals used in endodontic therapy.



killing of microbes; (2) eliminate the total bacterial flora (aerobic,

anaerobic, Gram-positive, Gram-negative) and/or biofilms in root canal
systems and within dentinal tubules; and (3) reduce bacterial population
inWMe2eriapithl region (adjacent to the apical foramen). Recd§tR/S@3806/000154
use of photodynamic therapy (PDT) to eliminate bacteria has gained

much interest among researchers from the academic and clinical field. In
principle, PDT involves the killing of miéroorganisms, when a

photosensitiser selectively accumulates or present as endogenously
produced, is activated by a specific wavelength of light to produce

deleteripus chemical entities of oxygen free radicals. A type | process )
GEREIRRGNADRIE froB PRTEa, HorietRa s RIS R e Sl et frobie
ofidrgdfomye rétnstealeacti atenitieivaibuieswithtadionTolecal@taater aguirique
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oBIEHE B oL D e ESES TSR e B s e dfent without
okgen revorvedef fiemtine siorateletisesytttefaciice antightgueastivenediate

RIS SMOiBloBEYE foMaiithisHae thP e P BSERHUIAIFORGEY. anaerobic,

accepted as the major "pathway for photodynamic therapy. The pathway

i RRPsiiNB daEBmSseiia L radiR Riafirsiis: fnh eeaabaremp et within

thaminelecwialexygrn (s)tesunesk Thaadrk) ddpmRaticieastipe, é‘éﬁ'@%%al region
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su%ésr%?g 8 ?n%p @AV REE PAdicals. In the alternate Type Il pathway,

the photosensitiser triplet state reacts with molecular oxygen. Type I

pRecsEhsifiRativsrorh Blwikgivareyetdhsiamerdridt)idoasipnioriayhastesia has

aghfed Mdch YRR ik seartiony fasRhateseneiisald draliahso s ighical field. In
ener%ff specific WO 20067135344 PCT/SG2006/000154 16
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free radicals.

A type | process generates reactive free radicals, peroxides and superoxides by
electron or hydrogen transfer reaction with water or with a biomolecule to
produce a cytotoxic result. In a type Il process, the excited triplet state of the
photosensitiser reacts with the oxygen in the tissue and converts the oxygen
molecule from the normal friplet state form to a highly reactive excited singlet

state form. It is the type Il process that is generally accepted as the major
pathway for photodynamic therapy.

The pathway in which a photosensitiser friplet state reacts first with a substrate
other than molecular oxygen is termed Type . In a Type | reaction, a donor-
accepior electron transfer takes place from the photosensitiser to the substrate
forming active free radicals. In the alternate Type |l pathway, the
photosensitiser friplet state reacts with molecular oxygen. Type |
photosensitisation of a biological system is referred to as photodynamic action.

In a Type Il reaction, the photosensitiser (dye) absorbs light energy of specific



singlet molecular oxygen. The singlet molecular oxygen is responsible for

the oxidation process in a photodynamic reaction. The advantage of

using PDT is that it is capable of total elimination of microbes (i.e.
bERPRYEEbic, anaerobic, Gram positive, Gram negative) aPdVAGRISE)00154
Further, PDT does not necessitate excessive removal of tooth structure

and therefore, prevents post-treatment weakening of tooth. Application of
caustic chemicals such as sodium hypchlorite or EDTA on dentine will
affect the mechanical properties of the dentine. However, PDT minimises
such deleterious effects on the mechanical properties of the dentine.
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deletenous effects on the mechanlcal properties of the dentine. Further, the
time span for routine endodontic procedure can be reduced. Other advantages
are as follows: development of drug resistant bacterial strains can be evaded:
antibiotic sensitivity spectrum and chemical resistance of bacteria is no longer a
major issue; no cumbersome or expensive equipments are involved; and the

method is easy to use, which can be developed to an efficient and cost effective
treatment option.

At present, there are certain limitations of PDT in disinfecting the root canal
dentine. Some of the challenges faced are as described below:

(a) Root canal microenvironment

The reduced oxygen tension in the root canal, especially at the root apex, will
reduce the effectiveness of the PDT since the antimicrobial activity is mediated
through reactive oxygen species.

(b) Optical scattering in dentine tissue

Dentine tissue scatters light (both forward and backward scatter) and also

absorbs light. The light-dentine tissue interaction will effect light conduction



dentinal tubules It is important to consider an appropriate vehicle to

facilitate better diffusion of the photosensitiser in the root canal

complications (ramifications such as fins, isthmuses blqckgd canals) and
toMi28id a1 ramen (terminus of the root canal). (d) BindingRSIT/SG2006/000154
photosensitiser with bacterial cells From the point of view of challsatlon in
cells, the best photosensitisers are those that are hydrophobic in order for
them to penetrate cell membranes most”readily. However, to _allow the
photosensitiser to penetrate the dentinal tubules and an'atomlcal
complexities, they have to be hydrophilic. Therefore, an ideal

itising.composition or formulation, for PDT in root canal infection
gﬁgﬁ?gga I?\%?‘% p%r%e?%ﬂsoenqg? Kt 638&?58}95@5@%QSB"WO'%@%E@H%@FGVQY
tulsnd&rdeasinatomical complexities of the roo.t lcanal; (b) improve the
photophysical characteristics of the photosensitise; (c) supply adequate
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i Gaiiqg g
enab $ orpg%:tion or transmission of light with minimal energy loss deep
into theg tdcré%tlHel{g%ue. In formulating an improved ph_otosensn!smg _
compaosition, several conditions will have to be taken into consideration:
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theengh. the artificial liquid wave guide to greater depths in thg dentine.

Also, biologically inert chemicals that enhance the quantum yield of WO

2@@;33135%%{’@{,@&%@%@ lﬁ%ﬁ&%ﬁgfi%&lgxygen species to achieve

deeper kill of sensitized bacterial cells may be "utilised. Hydrophilic and/or

S tant medium.(with bath hydrophilic and hydrophobic functional
gtrrh(;'?‘g‘s) pc?tlpa?rllgpgﬁ H%’r qg@é?ig %‘?Br B fi8lse the best photosensitisers are

those that are hydrophobic in order for them fo penetrate cell membranes most
readily. However, to allow the photosensitiser to penetrate the dentinal tubules
and anatomical complexities, they have to be hydrophilic.

Therefore, an ideal photosensitising composition or formulation for PDT in root
canal infection should aliow: (a) penetration of the photosensitiser deep into the
dentinal tubules and anatomical complexities of the root canal; (b) improve the
photophysical characteristics of the photosensitiser; (c) supply adequate
amount of oxygen; (d) minimise scattering of light by dentine; and (e) enables

conduction or transmission of light with minimal energy loss deep into the
dentine tissue.

In formulating an improved photosensitising composition, several conditions will
have to be taken into consideration: (1) photodynamic therapy (PDT) and/or
light activated therapy; (2) the exploitation of the structural and optical
characteristics of the dentine; and (3) creation of a liquid wave-guide within the
lumens of the root canals and dentinal tubules. This would produce maximum
light conduction through the artificial liquid wave guide to greater depths in the

dentine. Also, biologically inert chemicals that enhance the quantum vyieid of



photosensitisers to greater depth into anatomical complexities and

dentinal tubules, as well as, agents such as polymers tr;at enhdance the
cellular uptake of photosensitiser (L- or D-arginine) and/or render
pm&%ﬁ%ﬁg‘ér bin%ing specific to prokaryotic cells may be ufSE¥2006/000154
Further, if endogenous pigments of bacteria are present, these_ may also

be utilised as photosensitisers for the purposes of the present invention.

The present invention solves the problé?hs of the prior art, and_prowdes a
new photosensitising composition and its uses thereof. In partlcular, there

is provided a photosensitising composition comprising a mixture of: at

I . Icohal, and optiapally water.. The
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THE R5R7%R IPY@5Y%ARY be in the range of 15:10:75 to 35:25:40. Even more
in particular, the ratio is 30:20:50. Any suitable surfactant may be used for
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uge for the present invention o
urther comprise at least one photosensitising compound.

According to one aspect, the present invention provides a photosensitising
composition comprising a mixture of: at least one surfactant: at least one
alcohol; and/or water, with the proviso that when the at least one surfactant is
an alcohol, it is different from the at least one alcohol. In particular, the present
invention provides a photosensitising composition comprising a mixture of: at
least one surfactant; at least one alcohol; and/or water, whersin the ratio of the
volume of the at least one surfactant to the at least one alcohol to water is in the
range of 10:5:85 to 40:30:30, with the proviso that when the at least one
surfactant is an alcohol, it is different from the at least one alcohol. The volume

ratio may be in the range of 15:10:75 to 35:25:40. Even more in particular, the
ratio is 30:20:50.

Any suitable surfactant may be used for the present invention. For example, the
at least one surfactant may be a trihydric alcohol or a polyester, The at least

one surfactant may be a refractive index matching liquid. The polyester may be



include, but are not limited to, mineral oil, glycerol, polyethylene glycol,

Triton X, polypropylene glycol, SDS and any detergent suitable fpr use for
the present invention. If the surfactant is an alcohol, the alcohol is
dfE&&NefABthe at least one alcohol. The use of surfactantsHa%HG2006/000154
improve the penetrability of photosensitisers into the complexities_, _of the

root canal and dentinal tubules. For example, the use of hydrophilic

and/or surfactant containing medium m%%/ improve the use of the y
photosensitising composition in PDT. Surfactants facilitate .penletrablllty of

the photosensitizing composition into the root canal complications and

ic n_of the tooth. The surfactants reduce the surface
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m(gggh%pc%rlli luid. In particular, the composition comprises a high refractive
index

Iquid medium. The refractive index liquid medium may c.reate a
ﬁ_uid wave guide in the dentine. The unique structural and optical
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ydrophobic photosensitisers can be more easily dissolved in a combination of
polyethylene glycol (PEG), ethanol and water, as provided by the present

invention, to improve its penetrability, and therefore its use as a phofosensitiser
in PDT.

The photosensitising composition of the present invention may also comprise a
refractive index matching liquid. In particular, the compasition comprises a high
refractive index liquid medium. The refractive index liquid medium may create a
liquid wave guide in the dentine. The unique structural and optical
characteristics of the dentine tissue is utilised in combination with a high
refractive index liquid medium such as glycerol or mineral oil to achieve a liquid
optical-conduit (waveguide)-effect in root canal lumen and dentinal tubules. The
optical-waveguide-effect will aid in diminishing dentine tissue scatter and in
addition, the higher refractive index of the medium, when compared to the
dentine, will enable achieving predominantly total internal refiection and better
light energy distribution within the root canal lumen (and anatomical

complexities) and the dentinal tubules. High refractive index liquids such as



glycerol and mineral oil minimise tissue scatter and obtain total internal
reflection within the root canal lumen and dentinal tubules. Therefore, a
suitable liquid, or mixtures thereof, will be one that can provide ideal

ref 220 to transform root canal lumen and dentinal tuBGEPSHME®80154
into optical conduit. Any suitable alcohol may be used for the present
invention. For example, the alcohol may be a monohydric alcohol. The
alcohol may also be a dihydric alcohoP8nd/or a trihydric alcohol. A
monohydric alcohol contains only one hydroxyl group in each molecule.
Examples of monohydric alcohols include, but are not limited to,

methanol, ethanal, propanol, butanol, pentanol, hexacecanagyl, melissyl
aﬁ?%%% ?om%"t%e”ﬂlfé%ﬁ%ﬁ‘iﬂ‘@#ﬁ%&%@‘dﬁﬁ%ﬁ& a%)/% I p iRl nternal
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particular, the alcohol is ethanol. According to a particular aspec ‘
prensfeimEi sianebHptes il comiinrRidybalatisraeesfiptsipaiigabaenduit.

glycol, ethanol and water. According to another particular aspect, the
compssitaricaiophsemaymistuseofigly tesahresbanahasdiovars: Ehemplis) the
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photosensmsm%ecom ound. The at least one photosensitising compoun
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t ‘photosensitisi d' and 'phot itiser' may be used
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hinducerglycalkasactatiotecsEXdra ghotosemisijides ralcshbhyinthedebiiyctool. In
s%lgﬁ;&ﬁey, ﬁ.@g%ﬁ%g ggf areas, for example, cancerous and/or

pre-cancerous tissues. In other words, while it is eliminated from normal

tissue, if.is retained in WO 2006/135344 PCT/5G2006/000154 .
According to a particular aspect of the present invention, composition comprises

a mixiure of polyethylene glycol, ethanol and water. According to another
particular aspect, the composition comprises a mixture of glycerol, ethanol and
water. The ratio of the volume of glycerol to ethanol to water in the mixture may
be in the range of 10:5:85 to 40:30:30. In particular, the ratio is in the range of
156:10:75 to 35:25:40. Even more in particular, the ratio is 30:20:50.

The composition of the present invention may further comprise at least one
photosensitising compound. The at least one photosensitising compound
comprised in the photosensitising composition may be any suitable
photosensitising compound. For the purposes of the present invention, the
terms ‘photosensitising compound’ and ‘photosensitiser’ may be used
interchangeably. A suitable choice of a photosensitiser should preferably have
certain characteristics. The photosensitiser must have the ability to selectively
accumulate in target areas, for example, cancerous and/or pre-cancerous

tissues. In other words, while it is eliminated from normal tissue, it is retained in



21 cancerous tissue andlor pre-cancerous cells. Further, from the point of
view of localisation in target areas, for example in periodontal areas or in
tumours, the best photosensitisers are those that are hydrophobic in
orti@r2fYpiRéHtto penetrate cell membranes more readily. HoREUSGPp{B00154
photosensitisers are to be administered intravenously, the

photosensitisers should be at least partially water soluble and therefore,

also hydrophilic, to disperse in the blodd stream. Therefore, combining

the two requirements, it is preferable to use a photosensitiser which is
amphiphilic. Alternatively, the photosensitiser may be modified to have

amphiphili rties; by chemically modifying a_fundamengally . .
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maximum transparency of biological tissues. This would allow light to
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without side effects derived from the inherent toxicity. Further, the

pRSURQ ASifS P IRISIBTUOR W HRPHIRS of triplet-state formation and a

long triplet lifespan. In other words, the non-radiative intersystem crossing
frdimetidsotossrsitiseyibosidtalsbthe phptidenditbeptbiitg bgbitad fiptateiength
Stf#%r%“ﬂnukﬂe??eg%ﬁi?@f“ﬁq%%ﬁﬁﬁﬁ?ﬂéﬂé&&ré’ﬂwbﬁﬁ%'qﬁ ﬁl?ﬁ'HQQ. This would
(fluorescence) from the excited singlet state. A longertriplet lifespan
walimvdighi te Pansiraisieeger in the tissue to activate the photosensitiser. This

is particularly useful if the target area is deep and it is desired for the
photosensitiser to reach the target area effectively. For example, malignant
tissues which are deep would require the photosensitiser to absorb light at a
long wavelength. However, wavelengths ionger than 900 nm are energetically
too low to provide sufficient energy required for the excitation of triplet oxygen to
its singlet state in PDT,

A suitable photosensitiser should also be able to exhibit minimum toxicity in the
dark in order for light activation of the drug to produce maximum benefits
without side effects derived from the inherent toxicity. Further, the
photosensitiser should have a high yield of friplet-state formation and a long
triplet lifespan. In other words, the non-radiative intersystem crossing from the
excited singlet state of the photosensitiser to its excited triplet state should be
efficient compared to the direct radiative transition (fluorescence) from the
excited singlet state. A longer friplet lifespan would enhance the chance of

producing a cytotoxic reagent or a cytotoxic reaction from the excited state.



producing a cytotoxic reagent or a cytotoxic reaction from the exci_t(_ad

state. WO 2006/135344 PCTISC20061000154 22 The photosensitiser
should also not aggregate since aggregation can reduce the extinction
cOERRIHE3AMY shorten the lifespan and quantum yield of the BKEifEeR006/000154
triplet state. Aggregated forms of photosensitiser can also affect its
pharmacokinetics and biodistribution. The photosensitiser should also be
able to rapidly excrete from the body Gfthe subject it is administered to.

This will produce low systemic toxicity and will reduce sunlight sensitivity
following PDT. Examples of PDT include porphyrin derivatives. The first

g iti sed in clinical PDT was hematoporphyrin
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c rcial Photofrin, the fractions are partly purified to be around 85%
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promising, compounds for use as photosensitisers. These inclu -
m@&gﬂgkp%fm. In commercial Photofrin, the fractions are partly purified to

be around 85% oligomeric materials. Because Photofrin is a complex mixture,
there are still concerns about the identity of the active components and the
reproducibility of the synthetic process producing it. Photofrin is a non-toxic
drug. However, the disadvantage is that it is retained for some time by the skin.
For this reason, patients are required to avoid direct sunlight, very bright
artificial lights or strong residential indoor lighting for a period of 4 to 6 weeks
after injection of the drug.

In order to prepare “second-generation” photosensitisers that consist of pure
single components (as opposed to a mixture comprising Photofrin), and be
capable of absorbing light at a wavelength further in the red region to provide
deeper penetration in tissues, efforts have already led to many promising
compounds for use as photosensitisers. These include modified porphyrins,
chlorins, bacteriochlorins, phthalocyanines, naphthocyanines, pheophorbides,
and purpurins (Dougherty et al, 1998; Detty MR et al, 2004).



chlorins, bacteriochlorins, phthalocyanines, naphthocyanines,

pheophorbides, and purpurins (Dougherty et al, 1998; Detty MR et al,

2004). WO 2006/135344 PCT/SG2006/000154 23 Chlorins and

b feHBeRRSPHs are attractive because of their ability to absorlpdageres/oo0154
wavelength. However, these classes of drugs undergo re-aroma_tisa_tion of
the pyrrole rings to produce porphyrins, which limit their lifetime in vivo as
photosensitisers. Further, none of thes@Xlasses of materials have been

FDA approved specifically for cancer treatment. Another example'of a
photosensitiser is 5-Aminolaevulinic Acid (ALA). ALA is a metabolic

[ fh h hich endogenously
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therapeutic ration in 4-6 hours; (2) rapid systemic clearance of the
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nature, which restricts its penetration throu eratlnb
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2) rapid systemxc clearance of the photosensitiser within 24 hours, thus not
only eliminating prolonged skin photosensitivity, but also aliowing repeated
treatment every 24 hours; and (3) accurate analysis of photosensitiser levels by
in situ monitoring of its fluorescence. However, the limitation of ALA stems from
its hydrophilic nature, which restricts its penetration through keratinous lesion of
normal skin. For this reason lipophilic ALA esters may be preferable because
they can penetrate cells more readily.

Yet another type of photosensitisers are phthalocyanines  and
naphthalocyanines. These are another class of PDT photosensitisers that
absorb light in the long wavelength region of between 670 nm and 780 nm, and
exhibit high molar extinction coefficient. These photosensitisers are hydrophobic
in nature and exhibit limited solubility. Their solubility can be enhanced by
attaching sulfonic acid, carboxylic acid or amino acid groups to the ring. Clinical
evaluation of sulfonated phthalocyanine for use in PDT has been further
motivated by its negligible dark toxicity, its minimal skin photosensitivity and its

ability to be photoactivated at a much longer wavelength. The phthalocyanines



attaching sulfonic acid, carboxylic acid or amino acid groups to the ring.
Clinical evaluation of sulfonated phthalocyanine for use in PDT has been
further motivated by its negligible dark toxicity, its minimal skin
pRYRAYEH &Iy and its ability to be photoactivated at a much P§AgE;2006/000154
wavelength. The phthalocyanines WO 2000/135344 PCT/SGZOOG_/C_)00154
24 and naphthalocyanines are already in the early stages of preclinical
and clinical evaluations. However, a p?élblem encountered with theseT
compounds is their tendency to aggregate in aqueous media at_ rellatlvely
low concentrations, resulting in a loss of their photoactivity. Cationic _

i1 o.suifable, This,class of photosensitisers carries a .
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It is important to note that the surfaces of bacterial cells are _negatively
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fullgismesc@ginLtehoRignolevulinic acid (ALA), bacteriochlorins,
phthalocyanines, pheophorbides,

For the purposes of the present invention, any suitable photosensitiser may be
used. The photosensitising composition of the present invention may comprise
at least one photosensitising compound. For example, the at least one
photosensitising compound may be selected from the group consisting of:
toluidene biue, methylene blue, arianor steel blue, tfryptan blue, crystal violet,
azure blue cert, azure B chloride, azure 2, azure A chioride, azure B
tetrafluoroborate, thionin, azure A eosinate, azure B eosinate, azure mix sicc,
azure Il eosinate, haematoporphyrin HCI, haematoporphyrin ester, aluminium
disulphonated phthalocyanine, chlorins, photoactive fullerenes (e.g. C16-b),
aminolevulinic acid (ALA), bacteriochioring, phthalocyanines, pheophorbides,
purpurins, naphthalocyanines, indocyanine green, or mixtures thereof. In

particular, the at least one photosensitising compound is methylene blue.

According to a particular aspect, the present invention provides a
photosensitising composition comprising at least one photosensitising

compound and a mixture of glycerol, ethanol and water. According to another



purpurins, naphthalocyanines, indocyanine green, or mixtures thereof. In
particular, the at least one photosensitising compound is methylene blue.
According to a particular aspect, the present invention provides a
pMIF8EHEHi#thg composition comprising at least one photoseRSiSFR§06/000154
compound and a mixture of glycerol, ethanol and water. According to

another WO 20061135344 PC1/SG2006/000154 25 particular aspect, the
present invention provides a photosenstising composition comprising at
least one photosensitising compound and a mixture of polyethylene

glycol, ethanol and water. The photosensitising composition of the present
inveption may further comprise other compounds in aorder to make the
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photosensitising composition to increase the performance of PDT. _
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C-H bond).. The chemical structure and the weak
Accorélln)gly, ’tﬁe photosensﬁt%?ng compogﬁon may further comprise at least one

of the following:
(a) an oxygen carrier;
(b) a polycationic compound; or
(c) an oxidising agent,

or mixtures thereof.

Since the root apex and greater depth of dentinal tubules is considered as being
a hypoxygenic physiologic site, oxygen carriers' such as perfluorocarbons
(PFCs) are added to the photosensitising composition to increase the
performance of PDT. PFCs are chemically and biochemically inert due to the
strong intra-molecular bonding (C-F bonds are 485 kJ/mol, that is 84 kJd/mol
more than a regular C-H bond). The chemical sfructure and the weak
intermolecular interactions are responsible for the specific properties of PFCs,
namely the low surface tensions (< 20 mN/m), dielectric constants and
refractive indices, the high densities, viscosities and gas solubility that are the
largest known for liquids. At present, PFCs are used in tissue oxygenation fluids

(blood substitutes, oxygen therapeutics), as anti-tumour agents, perfusates for
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oxygenation fluids (blood substitutes, oxygen therapeutics), as
anti-tumour agents, perfusates for WO 2006/135344
PCT/SG2006/000154 26 isolated orgdfs, surgical tools for
ophthalmology, lubrication and cushioning for particular disorders, as cell
culture media supplements and in drug formulations and delivery. Any
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Limitation in photosensitiser uptake by microbial cells is a potential
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photosensitisers. Accordingly, in order to improve the
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poly L-Lysine, either coupled with the photosensitiser or co-administered, can
facilitate the movement of the photosensitiser across the outer membrane of the
gram negative bacteria. Polycationic compounds interact with divalent cation-
binding sites on cell surface lipopolysaccharides (LPS) and displace these ions.
This disrupts the normal barrier property of the outer membrane causing
transient ‘cracks’ which permits passage of hydrophobic compounds such as
photosensitisers. Accordingly, in order to improve the binding of
photosensitisers with bacterial cells, it may be required fo attach charged,

hydrophobic and/or polymers to the photosensitisers.

The addition of polycationic compounds to the photosensitising composition of
the present invention may further improve the performance on the
photosensitising composition in PDT. Hydrophobic and cationic photosensitisers
are found to bind well with bacterial cells. Interestingly, when PDT is conducted
against bacteria in the presence of mammalian cells, the mammalian cells are

not affected by the PDT, killing only bacteria at lower concentrations of



hydrophobic and/or polymers to the photosensitisers. The addition of
polycationic compounds to the photosensitising composition of the

present invention may further improve the performance on the
pHBEEALRIMg composition in PDT. Hydrophobic and cationiBCT/SG2006/000154
photosensitisers are found to bind well with bacterial cells. Interestingly,
when PDT is conducted against bacteria in the presence of mammalian
cells, the mammalian cells are not affedted by the PDT, killing only

bacteria at lower concentrations of WO 2006/135344

PCT/SG2006/000154 27 photosensitiser (Soncin M at at, 2002). Further,
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(el SRS LSRRI SRS o B or
pr@}’(ﬁjrgggz @ 2001). Any suitable oxidising agent may be used for the present

invention. Examples of oxidising agents which may be used include, but are not

limited to, dilute sodium hypochlorite, hydrogen peroxide, DMSO and chlorine
dioxide.

It has been found that photoproducts formed by irradiating the photosensitiser
(outside biological sites) have a long lifespan and when such pre-activated
photosensitiser is applied to the actual site (in the subject's body), it produces a
better outcome. This type of photodynamic therapy is termed ‘pre-activation’ or
‘pre-irradiation therapy’ (Pervaiz S, 2001). The action is mediated by the
photoproducts formed from the photosensitiser on irradiation which depends on
the physical-chemical conditions under which the irradiation is done. This
includes nature of the photoproducts, wavelength(s) used, intensity of light,
temperature, oxygen and duration of irradiation. The specificity of photo
products to the targets as the parental compound promises a better treatment
outcome. This is of particular use when applied to tooth (dentine) since
scattering and absorption of light may diminish the dosimetry of light.



better outcome. This type of photodynamic therapy is termed

‘pre-activation' or “pre-irradiation therapy' (Pervaiz S, 2001). The action is
mediated by the photoproducts formed from the photosensitiser on
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which the irradiation is done. This includes nature of the photoproducts,
wavelength(s) used, intensity of light, temperature, oxygen and duration

of irradiation. The specificity of photo Bfoducts to the targets as the

parental compound promises a better treatment outcome. This is of
particular use when applied to tooth (dentine) since scattering and

ahsorptjon of light may diminish the dosimetry of light, WO 2006/135344
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achieve the killing of the bacteria during PDT. In this appro
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casTies idedearRshanhsbasesitisally Fnbsuiasologically acceptable”
refers to molecular entities and compositions that do not produce an

B S LR B AR A 0 B o

inReATBACRIHEAY apradiesmacologically acceptable excipient, diluent and/or
carrier. The phrase "pharmaceutically or pharmacologically acceptable” refers
to molecular entities and compositions that do not produce an adverse, aliergic
or other untoward reactions when administered to an animal, or a human, as
appropriate. The compositions of the present invention may be an aqueous
composition, optionally comprising an effective amount of the photosensitising
compound, dissolved or dispersed in a pharmaceutically acceptable carrier or
aqueous medium. An example of a suitable carrier includes water, such as
distilled water or demineralised water, preferably pyrogen-free, sterile water or
water for injection. The composition may additionally comprise buffers, salts for
adjusting the tonicity of the composition, preservatives, gelling agents and the
like. The use of such agents for pharmaceutical active substances is well known
in the art.

The composition of the present invention may be formulated according to its
means of use and/or administration. For example, the composition may be

formulated for use in the treatment and/or prevention of conditions caused by



composition, optionally comprising an effective amount of the
photosensitising compound, dissolved or dispersed in a pharmaceutically
acceptable carrier or aqueous medium. An example of a suitable carrier
inM0GeWNARS, such as distilled water or demineralised wateRGFEfeddlo/(00154
pyrogen-free, sterile water or water for injection. The composition may
additionally comprise buffers, salts for adjusting the tonicity of the
composition, preservatives, gelling agéfts and the like. The use of such
agents for pharmaceutical active substances is well known in the art. The
composition of the present invention may be formulated according to its
means of use andlor ad msﬁgn For exam e the composition may be
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conditions caused by microorganisms in a subject. The composition may
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CORRASHiRR MRBMPMUSRSHEOT His BRAWRRNHAL BUHABWRTISHS Be used for the
treatment and/or prevention of conditions caused by microorganisms in a
subject. The composition may be used for oral cavity treatment in a subject. In
particular, the composition may be used for the treatment of microorganisms in
the oral cavity of a subject. The composition may also be used for the
prevention of microorganisms in the oral cavity of a subject. The subject may be
an animal or human. The composition may also be used for the treatment
and/or prevention of conditions caused by microorganisms in the oral cavity of a
subject. Examples of such conditions include, but are not limited to, periodontal
conditions and halitosis conditions. For example, the conditions inciude, but are
not limited to, gingivitis, periodontitis dental caries, root caries, root canal
infection, apical periodontitis and the like. The composition may also be used for
managing bacteria deep within dental caries lesions. The composition may also
be used to eliminate bacterial biofilm in any localised infection

As stated above, the present invention is useful for the elimination of a broad

spectrum of microorganisms found within the dental tissues. This mode of



the oral cavity of a subject. The composition may also be used for the
prevention of microorganisms in the oral cavity of a subject. The subject

may be an animal or human. The composition may also be used for the
A8 333d/or prevention of conditions caused by microord &S0 fy/000154
the oral cavity of a subject. Examples of such conditions include, but are

not limited to, periodontal conditions and halitosis conditions. For

example, the conditions include, but a#® not limited to, gingivitis,

periodontitis dental caries, root caries, root canal infection, apical
periodontitis and the like. The composition may also be used for
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bacteria to survive in a "highly drug resistant” biofilm state inside these
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afdgmiamsantine. The composition is designed to have maxnmum uptake of the

primary photosensitising compound by the bacterial cells and minimal
aggregation of the primary photosensitising compound within the medium. The
photosensitising composition may further comprise a liquid conduit (LC). The
liquid conduit may be added to the photosensitising composition as a separate
step after a period of irradiation o minimise light scattering (found within the
dentine tissue) achieve greater penetration of light energy and effective killing of
bacteria. The conduit is chosen in such a way that they are transparent liquid,
" low refractive index (similar or slightly less than water), inert, immiscible with
water (fo prevent atomic absorption and less light energy loss) and can be a
good source for free oxygen radical to facilitate killing of bacteria and bacterial
biofiim deep within the dentine tissue. For example, perfluoro carbon
compounds may be used as liquid conduits. Perfluoro carbon compounds have
desirable optical quality and low absorption of light (UV-VIS-IR). They have
good thermodynamic property (reduced surface tension, viscosity) and

desirable chemical stability. Other important features of this compound include:



aggregation of the primary photosensitising compound within the medium.
The photosensitising composition may further comprise a liquid conduit
(L . The liquid conduit may be added to the photosensitising

UiIoR’4t a separate step after a period of irradiation tohiHiif78@6/000154
Ilght scattering (found within the dentine tissue) achieve greater
penetration of light energy and effective killing of bacteria. The conduit is
chosen in such a way that they are traﬁéparent liquid, low refractive index
(similar or slightly less than water), inert, immiscible with water (to prevent
atomic absorption and less light energy loss) and can be a good source
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microorganisms in a subject. The subject may be an animal or a human.
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administering the photosensitising composition according to an aspe
the pres@hthRRISEEAL BNENH T raR%hting the area to which the composition
is administered with light at
(b) irradiating the area to which the composition is administered with light at

a wavelength absorbed by a photosensitising compound.

The medicament may be for treating and/or preventing conditions caused by
microorganisms in the oral cavity of a subject. For example, the medicament
may be for treating and/or preventing conditions caused by microorganisms,
such as periodontal conditions and halitosis conditions. The conditions may
include any one of the following: gingivitis, periodontitis dental caries, root
caries, root canal infection, apical periodontitis and the like. The medicament
may also be for elimination of bacterial biofilm in any localised infection and/or

managing bacteria deep within dental caries lesions.

The photosensitising compound may be comprised in the photosensitising
composition. Any suitable photosensitising compound may be used as
described above,

The treatment and/or prevention may further comprise a step of waiting a

predetermined period of time between steps (a) and (b) above. The step of



a wavelength absorbed by a photosensitising compound. The medicament
may be for treating and/or preventing conditions caused by

microorganisms in the oral cavity of a subject. For example, the
me@eairéttithay be for treating and/or preventing conditions REGTEEaN 000154
microorganisms, such as periodontal conditions and halitosis conditions.

The conditions may include any one of the following: gingivitis,

periodontitis dental caries, root caries,3®ot canal infection, apicz_al _
periodontitis and the like. The medicament may also be for ellmlngtlon of
bacterial biofilm in any localised infection and/or managing bacteria deep
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composition may also be

administered to any part of the oral cavity which is need of such composition.

Any suitable light may be used for the irradiation in step (b). For example, a low
powered light source or a diode laser source may be used. Any suitable light
such as visible or infrared lasers may be used. High energy non-visible light
such as tungsten halogen or xenon arc source may also be used. LED light
sources may also be used. The advantage of using LED light sources is that it
will reduce the potential for the generation of uncomfortable heat, and therefore
cause less discomfort fo the subject. The irradiation of step (b) may be
performed for the whole of the affected area. In particular, irradiation is
performed for the whole interior of the mouth. For example, the light source may
be manipulated such that accessible interior surfaces are irradiated.
Alternatively, only some areas are irradiated. For example, individual pockets of
areas may be irradiated. The light source may be adapted to irradiate all
regions of the oral cavity, including under the tongue and through the flesh

covered lingual, labial, anterior and posterior areas of the oral cavity and
through the bite surface.
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High energy non-visible light such as tungsten halogen or xenon arc

source may also be used. LED light squrces may also be used. The_

advantage of using LED light sources RBthat it will reduce the potential for

the generation of uncomfortable heat, and therefore cause less

discomfort to the subject. The irradiation of step (b) may be performed for
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hard tissues better. It should be noted that any non-toxic photosensitiser, and

subsequently light source with optimum wavelength, will be utilised to achieve
light activation.

When endogenous pigments of obligatory anaerobes are used as ‘endogenous
photosensitisers’ without the use of additional exogenous photosensitisers, light
‘sources at a lower range in the visible spectrum is required. For example, if the
endogenous pigment porphyrin in Porphyromonas is used as the

photosensitiser in PDT, a light of wavelength of about 400 nm would be
required.

The dose of light used in step (b) may range from 10 J/em?® to 200 J/em?. In
particular, the dose of light may range from 50 J/em? to 150 Jjem?.

The intensity of the light source may range from 1 to 100 mW. In particular, the

intensity may range from 20 to 50 mW. Even more in particular, the intensity of
the light source is about 30 mw.



photosensitising compound used for the PDT. For example, if indocyanine
green (ICG) is used as the photosensitising compound, a laser light of 808
nm wavelength may be used. Further, near infrared light is expected to
p&YLEPAPESHH tissues better. It should be noted that any nonRfoiiG2006/000154
photosensitiser, and subsequently light source with optimum wavelength,

will be utilised to achieve light activation. When endogenous pigments of
obligatory anaerobes are used as 'end¥jenous photosensitisers' without

the use of additional exogenous photosensitisers, light sources at a lower
range in the visible spectrum is required. For example, if the endogenous

pigment porphyrin in Porphyromonas js used as the photosensitiser. in
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PRIt épﬁ]grﬂg@ggﬁarmay be carried out for a time period of about 5

minutes to 15 minutes. Even more in particular, the irradiation is carried

for about 10 minutes. The irradiati b formed for the enti .
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areadifioasiesalesdn by aviberogbciana. in a subject, wherein the method
comprises the steps of:

(a) administering the photosensitising compaosition according to any aspect
of the present invention; and

(b) irradiating the area to which the composition is administered with light at

a wavelength absorbed by a photosensitising compound.

The method may be for treating and/or preventing conditions caused by
microorganisms in the oral cavity of a subject. For example, the method may be
for treating and/or preventing conditions caused by microorganisms, such as
periodontal conditions and halitosis conditions. The conditions include, but are
not limited to, gingivitis, periodontitis dental caries, root caries, root canal
infection, apical periodontitis and the like. The method may also be for
elimination of bacterial biofilm in any localised infection and/or managing
bacteria deep within dental caries lesions. The subject may be an animal or a
human.



The present invention also provides a method of treating a_nd/or _
preventing conditions caused by microorganisms in a subject, wherein

the method comprises the steps of: (a) administering the photosensitising
SIS 4t cording to any aspect of the present invention PSR @3§06/000154

irradiating the area to which the composition is administered with light at
a wavelength absorbed by a photosencggising compound. The method
may be for treating and/or preventing ¢onditions caused by
microorganisms in the oral cavity of a subject. For example, the method
may be for treating and/or preventing conditions caused by
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like. The method may also be for elimination of bacterial biofilm in any
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to 3 days. The waiting step may be from 20 minutes to .| day. The waiting
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be rergeag;[ed as often as required, for example until the condition’has
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the repeatability of the steps would be obvious to a person skilled in the art. For

example, the steps may be repeated every few hours, every day, every 2 or 3
days.

The photosensitising composition in step (a) may be administered topically. For
example, the photosensitising composition may administered by injection. The
composition may be administered to the interior surfaces of the mouth, including
the tongue, buccal mucosa and/or gum regions. The composition may also be

administered to any part of the oral cavity which is need of such composition.

Any suitable light source may be used for the irradiation in step (b). For
example, a low powered light source or a diode laser source may be used. Any
suitable light such as visible or infrared lasers may be used. High energy non-
visible light such as tungsten halogen or xenon arc source may also be used.
LED light sources may also be used. The advantage of using LED light sources
is that it will reduce the potential for the generation of uncomfortable heat, and
therefore cause less discomfort to the subject. The irradiation of step (b) may be
performed for the whole of the affected area. In particular, irradiation is

performed for the whole interior of the mouth. For example, the light source may



the repeatability of the steps would be obvious to a person skilled in the
art. For example, the steps may be repeated every fgw hours, every day,
every 2 or 3 days. The photosensitising composition in step (a) may b§6/000154
amﬁ?@é@a“fopically. For example, the photosensitismgponﬁﬁ&%ﬁ%ﬁ_ -
may administered by injection. The composition may be administered to

the interior surfaces of the mouth, incILé(ging the tongue,_b_uccal mucosa
and/or gum regions. The composition may also be gdmlnlstered .to any

part of the oral cavity which is need of such composition. Any suitable

light source may be used for the irradiation in step (b). For example, a low
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V‘éﬂf)@}?%@ %tt@g about 800 nm. In particular, the wavelength is ranging from
about 650 nm to about 800 nm. Even more in particular, the wavelength is
about 660 nm, or about 664 nm. The irradiation enables the activation of the
photosensitising compound. Accordingly, the wavelength used for the irradiation
will depend on the photosensitising compound used for the PDT. For example,
if indocyanine green (ICG) is used as the photosensitising compound, a laser
light of 808 nm wavelength may be used. Further, near infrared light is expected
to penetrate hard tissues better. It should be noted that any non-foxic
photosensitiser, and subsequently light source with optimum wavelength, will be
utilised to achieve light activation.

When endogenous pigments of obligatory anaerobes are used as ‘endogenous
photosensitisers’ without the use of additional exogenous photosensitisers, light
sources at a lower range in the visible spectrum is required. For exampile, if the
endogenous pigment porphyrin  in Porphyromonas is used as the

photosensitiser in PDT, a light of wavelength of about 400 nm would be
required.



light may range from the visible light range to the near infrared range of
wavelength. The light source may have a wavelength ranging from about

400 nm to about 1400 nm. The light source may have a wavelength
raNGiAY ¢ 4hbout 600 nm to about 900 nm. In particular, thePGEYEREARIIAI154
is ranging from about 650 nm to about 800 nm. Even more in particular,

the wavelength is about 660 nm, or about 664 nm. The irradiation

enables the activation of the photosen®itising compound. Accordingly, the
wavelength used for the irradiation will depend on the photosensitising
compound used for the PDT. For example, if indocyanine green (ICG) is
used as the photosensitising, compound, a laser light of 808 hm
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may range, from 1.to 100 mW. In particular, the intensity may range from
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steRoW) hiiHe i riddrainuies abwei mre in particular, the irradiation is carried
out for about 10 minutes. The irradiation may be performed for the entire mouth
of the subject or specific regions of infection, for example, at the area of caries

lesion or at the root canal.

The present invention also provides the cosmetic non-therapeutic method of the
treatment, elimination or prevention of microorganisms in a subject, the method
comprising the steps of:

(a) administering the photosensitising composition according to any aspect
of the present invention; and

(b) irradiating the area to which the composition is administered with light at

a wavelength absorbed by a photosensitising compound.

The method may be for freating and/or preventing conditions caused by

microorganisms in the oral cavity of a subject. The subject may be an animal or
a human.



seconds to 30 minutes. The time period for carrying out the irradiation of

step (b) may depend on the type of photosens_itising compoun.d used and

the type of light used. In particular, the irradiation may be parrled out for a .

tiM@ pYIdPSH about 5 minutes to 15 minutes. Even more in pBff6ifiap0¢(ao1s

irradiation is carried out for about 10 minutes. The irradiatio_n may be

performed for the entire mouth of the gbject or specific regions of

infection, for example, at the area of caries lesion or at the root .canal.

The present invention also provides the cosmetic non-the_rapegnc method

of the treatment, elimination or prevention of microorganisms in a subject,
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c fion. The treatment and/or prevention may further comprise a step
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steps (a) and (b) may be from about 1 minute to 5 days. The waiting step
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example, the steps may be repeated every few hours, every day, every 2 or 3
days.

According to another aspect, the present invention provides a kit for treating
and/or preventing conditions caused by microorganisms in a subject, the kit
comprising the photosensitising composition according to any aspect of the
present invention, disposed in at least one suitable container. The kit may be for
treating and/or preventing conditions caused by microorganisms in the oral
cavity of a subject. For example, the kit may be used for treating and/or
preventing conditions caused by microorganisms, such as periodontal
conditions and halitosis conditions. The conditions include, but are not limited
to, gingivitis, periodontitis dental caries, root caries, root canal infection, apical
periodontitis and the like. The kit may also be used for elimination of bacterial
biofilm in any localised infection and/or managing bacteria deep within dental
caries lesions. The subject may be an animal or a human.

The at least one photosensitising compound may be comprised in the
photosensitising composition in the kit. Alternatively, the at least one



steps may be repeated after intervals of predetermined periods. The

interval for the repeatability of the steps would be obvious to a person

skilled in the art. For example, the steps may be repeated every few
hSRSLO&ERPHay, every 2 or 3 days. According to another asR§GHSERI06/000154
present invention provides a kit for treating and/or preventing conditions
caused by microorganisms in a subject, the kit comprising the
photosensitising composition according®o any aspect of the present
invention, disposed in at least one suitable container. The kit may be for
treating and/or preventing conditions caused by microorganisms in the

I ity of bject. For example, the kit may be used for treating
A RORLFSSTER FEEROME e e s ones Jorg amatratosgemiaizer or may be

perisdeaparatelydifites inchbglitosisseastiijomnss Thgrgonshions iMEULS of the

b limi to., gingivitis, periodontitis dental caries, root caries, .
roﬁéﬁ({g%%ﬁf?nﬁ&%, %tp%ég p%fsl'gd GRTIR'SR dqﬂz%%. e LANhMiidegpdevice
uSeadleelhismidinef lightterlalabivtiralangiiy kivsdited infectlen andérst one

MEHRGE ia&ﬁ% ithin t [ Ions. The subject may be
an anir?g1 %ﬁﬁgﬁﬁéuman. Trylyeﬂg't I(ffs% gé\%gp %%%qg%?s'ﬁ iﬁangg?ﬁjégunraatga%e an

bENHABRRKS RheRSeIsdiB_knsitising composition in the kit. Alternatively,
the at least one WO 2006/135344 PCT/SG2006/000154 39

pho® seessitidiimyeninpaiso ;ma\ydm (ﬁﬂp@ﬂ&ﬁﬂh@ﬁ@ﬁ@ﬂﬁ@?tﬁ@fﬁﬁ&@éﬂsiﬁsing
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eRIRMSG M ACE IR Bnikingting Irpatonevawéletayth abdedsedny tieohol;
ablepst qm@tep,hWQﬁem@tlﬁtwigeWwﬁreﬁh%8“8{0%%%?”&5?48938%&8H{‘ % an
m gg)an_e %} enous photosensitiser. The present invention also
p%%? é’gﬁ‘ugﬂ 8%6811‘&%55%6%"?@%85%9% fling composition
described above. The method may comprise the step of: (a) preparing a
miX@Riashehiknth skrfreisnioare anyaaial atleasbbarditoheiant respectively,
as described above. The at least one alcohol may be a monohydric alcohol, a
dihydric alcohol and/or a trihydric alcohol. In particular, the alcohol is ethanol. In
particular, the surfactant may be a trihydric alcohol or polyester. The trihydric
alcohol may be glycerol. The polyester may be polyethylene glycol. Further, if
the surfactant is an alcohol, the at least one alcohol is different from the
surfactant.

According to a particular aspect, the photosensitising composition may be
prepared by mixing glycerol, ethanol and water. According to another particular

. aspect, the photosensitising composition may be prepared by mixing
polyethylene glycol, ethanol and water.

The method may comprise the step of preparing the mixture by mixing the at
least one surfactant, the at least alcohol and water in a volume ratio in the
range 10:5:85 to 40:30:30, with the proviso that when the at least one surfactant
is an alcohol, it is different from the at least one alcohol. In particular, the ratio is

in the range of 15:10:75 to 35:25:40. Even more in particular, the ratio is
30:20:50.



and/or water, with the proviso that when the at least one surfactant is an
alcohol, it is different from the at least one alcohol. The alcohol and

surfactant are any suitable alcohol and surfactant respectively, as

d¥R ARG EBe. The at least one alcohol may be a monohydRE&RESHe/080154
dihydric alcohol and/or a trihydric alcohol. In particular, the alcohol is

ethanol. In particular, the surfactant may be a trihydric alcohol or

polyester. The trihydric alcohol may bé lycerol. The polyester may be
polyethylene glycol. Further, if the surfactant is an alcohol, the at least

one alcohol is different from the surfactant. According to a particular
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photosensitising compound; as described above, to the mixture of step
(a). Having now generally described the invention, the same will be more
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Example 1

Effect of PDT on teeth specimen

Tooth sections for this experiment were prepared and sterilised by autoclaving.
These tooth specimens were then kept in 24 well plates. All Culture (AC)
medium containing Enterococcus faecalis cells were added in each well at an
optical density (OD) of 0.5. The plates were incubated under aerobic condition
at 37°C for 60 hours. The tooth sections were later removed from the micro well
plates and was washed using sterile water to remove all planktonic bacterial
cells. Methylene blue solution (MB) (Sigma Aidrich, St. Louis, MO) was used for
10 minutes to photosensitise the E. faecalis biofilm on the tooth specimens. A

low level laser light (660 nm from a diode laser source at 30 mW power) was
used for light activated therapy in this experiment.



understood through reference to the following examples wh_ich are

provided by way of illustration, and are not intended to be limiting of the
present invention. EXAMPLES Example 1 Effect of PDT on teeth
spPERIAI{1FBdth sections for this experiment were prepared aR§ bfFAge00154
by autoclaving. These tooth specimens were then kept in 24 well plates.

All Culture (AC) medium containing Enterococcus faecalis cells were

added in each well at an optical densit%f’(OD) of 0.5. The plates were .
incubated under aerobic condition at 37C for 60 hours. The tooth sections
were later removed from the micro well plates and was washed using

i : v .Rlanktonic pacteria] cells. Methylene blue
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for light activated therapy in this experiment. WO 2006/53?344 )
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photosensitised. The mixture comprised glycerol and oxygen carrier in a volume
ratio of 50:50.

Group 4: This group consisted of tooth specimens to which a mixture of mineral
oil, a refractive index matching liquid; dilute sodium hypochlorite, an oxidising
agent (oxidant) that can pre-activate the photosensitiser; and oxygen carrier,
perfluorodecahydro naphthalene, was added. The specimens were then
photosensitised. The mixture comprised mineral oil, dilute sodium hypochiorite
and oxygen carrier in a volume ratio of 45:45:10.

Group 5: This group consisted of tooth specimens to which a 500 uL of mixture
of mineral oil, a refractive index matching liquid, and oxygen carrier,
perfluorodecahydro naphthalene, was added. The specimens were then

photosensitised. However, light illumination was carried out perpendicular fo the
root canal surface (wall).

Group 6: This group consisted of tooth specimens that were treated with 5.25%
hypochlorite.



ratio of 50:50. Group 4: This group consisted of tooth specimens to V\_/hich

a mixture of mineral oil, a refractive index matching liquid; dilutehsodlum
hypochlorite, an oxidising agent (oxidant) that can pre-activate the
p%%?dé’éﬂ%?ﬁ%@r; and oxyggengcarrier, perfluorodecahydro napHtA&RFRO6/000154
was added. The specimens were then photosensitised. The mixture
comprised mineral oil, dilute sodium hypochlorite and oxygen carrier in a
volume ratio of 45:45:10. Group 5: Thig"§roup consisted of tooth .
specimens to which a 500 AL of mixture of mineral oil, a refractive index
matching liquid; and oxygen carrier, perfluorodecahydro naphthalene,
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Further, the teeth specimen treated with MB stained biue for all treated groups,
l.e. groups 2 to 5, except for group 4. The blue colour disappeared for all the
specimens in group 4. This showed that the treatment to the specimen of group
4 was the most effective among all the different groups as the colour of the

- teeth specimen was retained and that complete reduction in the bacterial cells
was achieved. The specimen of group 5 also showed a 100% reduction in
bacterial cell number. The specimens of groups 2 and 5 were exposed fo the
same conditions, but the specimens of group 2 only showed an 80% reduction
as compared to a 100% for the specimens of group 5. This shows the
importance of the angle of irradiation, wherein when the irradiation is
perpendicular to the root canal, the effect is greater.

From the above, it can be seen that PDT is effective in eliminating bacteria in
dentinal fubules.
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then filled with methylene blue solution (100 g/mL) for 15 minutes for
pRYESERRLIABEion. Subsequently, the wells were filled either with glycerol,
oxygen carrier or a mixture of glycerol and oxygen carrier. The oxygen

ceiremruns enidvaigqeeoly oredesiameratiaagsbalgne. A control group was
also included, in which the wells which served as control

The plate was incubated at 37°C for 12 hours under aerobic conditions. After

the incubation period, the medium from the welis was removed and the wells

were washed with 1X PBS to remove any planktonic cells. The wells were then
filled with methylene blue solution (100 pg/mL) for 15 minutes for
photosensitisation. Subsequently, the wells were filled either with glycerol,

oxygen carrier or a mixture of glycerol and oxygen carrier. The oxygen carrier
used was perfluorodecahydro naphthalene.

A control group was also included, in which the welis which served as control
were not given any treatment, such as photosensitisation. A further group
included wells which had the chemicals added to the wells, but were not

irradiated with light. This group served to indicate the effect of light
activation/irradiation on the bacteria.

Low level light (660 nm Laser from a diode laser of at 30 mW power) was used
in this study for 5 minutes. Subsequent to the irradiation, the wells were filled
with AC medium and incubated for 3 hours. 10 UL of this solution was taken and

plated on AC agar. The number of cells present in each test group was counted
after 12 hours.
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efficiency to enhance the photosensitisation effect: (1) Water; (2) 70%
GEHygaiRk 3) 70% Poly Ethylene Glycol (PEG)‘(MWZOIO);.and (4) a
mixture of Glycerol:Ethanol:Water (volume ratio c_)f 30:20:50) (he_reln

r ;red to as, "Mix"). The light source used was diode laser havmg
v%/e%ﬂlétﬂ”gflglgm (LDCU/6130, Power Technology Inc, Little

Methylene blue (MB) (Sigma Aldrich, St Louis, MO), a phenothiazine dye which
was purified by ethanol extraction was used in this experiment. All the
chemicals used in the experiment were of analytical grade. Four different
formulations of media were tested for their efficiency to enhance the
photosensitisation effect: (1) Water: (2) 70% Giycerol; (3) 70% Poly Ethylene
Glycol (PEG) (MW200); and (4) a mixture of Glycerol:Ethanol:Water (volume
ratio of 30:20:50) (herein referred to as “Mix”). The light source used was diode
laser having wavelength of 664nm (LDCU/6130, Power Technology Inc, Little
Rock, AR, USA). All chemicals were purchased from Sigma Aldrich, St. Louis.

The photophysical characterisations of MB in different media were carried out
by analysing the absorption and emission spectra. Further, the s'uitabi!ity of the
formulations in penetrating into the dentinal tubules, bacterial cells and finally

the elimination of biofiim bacteria under both jn vitro and ex vivo conditions were
also analysed.

(a) Spectroscopic studies



Rock, AR, USA). All chemicals were purchased fro_m S_igma Aldrlch, St.

Louis. The photophysical characterisations of MB in different media were
carried out by analysing the absorption and emission spg:-ctra. Further, t%{?ﬂm
sVABHR & e formulations in penetrating into the dentinal tBBW@@?OO_ﬁ/ S
bacterial cells and finally the elimination of biofilm bacteria under_ both in
vitro and ex vivo conditions were also analysed. (a) Spectroscopic studies
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methylene blue in different formulations were determi.ned using a UV/VIS
Spectrophotometer (Shimadzu 1100, Japan). The ratio of absorbance at
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agar. 100 mM Methylene blue (MB), the photosensitiser, in different
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specimens were prepar

length of 8-10 mm. The root canal was cleaned using root canal irrigants
(NaOCl| and EDTA 1% and 100mM respectively). These specimens were
washed and kept upright in 96-well plates containing 2% agar. As the agar
solidifies, the tooth specimen sits in a socket formed of agar. 100 mM
Methylene blue (MB), the photosensitiser, in different media was introduced into
the root canals by using a syringe and was kept at 37°C for 30 minutes. The
excess MB remaining in the root canal was blotted by using paper points. Thin
cross-sections of these specimens were prepared by using a Micro Slice
Machine (Metal Research, England). The cross-sections were scanned using
HP Scanjet 3970 (Hewlett-Packard, CA, USA). The extent of diffusion of MB
was measured using an image tool software. MB diffusion into dentinal tubules
was measured at 3 regions: cervical (first three sections of a single root), middie
(three sections from middle portion of the specimen) and apical (last three
sections of a single root). The percentage MB penetration into dentinal tubules
was calculated by dividing the distance diffused by MB in front from the lumen
of root canal to the total length from the lumen to outer surface.
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Two endodontic pathogens, Enterococcus faecalls (ATCC 29212), and
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(sensitising media) and in the second step, irradiation
(d) PDT on biofilms produced in multiwell plates

Two-day old biofilms of E. faecalis and A. actinomycetemcomitans were
produced in multiwell plates in AC and BHI media respectively. After the
incubation time, the media was removed from each of the wells. The entire
process of PDT was conducted in 2 steps: in the first step, the biofilm bacteria
was sensitised with MB (sensitising media) and in the second step, irradiation
was conducted by adding an oXygen carrier (irradiating media). The oxygen
carrier can ensure proper supply of oxygen and hence enhance the
photodynamic action. in addition, oxygen carriers such as Perfluorodecahydro
naphthalene increases the lifecycle of a singlet oxygen. The wells were first
filled with 1 mM of MB in each of the four test formuiations and subsequently
photosensitised for 10 minutes. in the second phase, the wells were replaced
with oxygen carrier solution of Perfluorodecahydro naphthalene, and irradiated
for 10 minutes (63.694 Jlem?) with a diode laser emitting light at a wavelength of
664nm (LDCU/6130, Power Technology Inc, Little Rock, AR, USA) under
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Perfluorodecahydro naphthalene, and irradiated for 10 minutes (63.694
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T I Inc, Little Rock, AR, USA) under WO
S S RO i e S i ol pieee replaced
sHﬂ%f?%ﬁe@i‘?@émﬁwménﬁemwecemepmm.}/lﬁmfﬁrﬁS&wgf@ﬁvwame_ a”smeus
j i Tevil I ells .were mechani .
e e e e T A hil ol daRerise
gr(')\lfv{’)ﬁ'?ﬁe?fi oFFRNEnSRSa frRmevalls watedmedmeme pisthéo enumerate

stheisingiiagterialstlla<(R). Ex vivo Experiment (i) Preparation of tooth
specimens Seventy two single rooted non-caries teeth were selected for

) . . he
t ; sections were prepared‘ by removing crown at t
l&éﬁ?%ﬁ%gﬁ@%?mel junction and sectioning the apical third of the

f . The root canal region of these
r%Btlgpegg}% na s}?n(%%rd length of 8 mm. The

specimens t’v%nrgp EPpAEE & Sendodontic files together with 1%

hypochlorite solution and 100 mM EDTA solution. Half of the tooth
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: ; i i in Al [ture media and BHI
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iU é‘ﬁ}/}?fﬁ@s@ EEGHRRAc BRI aRicAlbiFd A teel earioDbts withandar
fﬂesgthaﬁmmn(ii)rﬁél%@dmﬁliﬁééﬁm@ﬁﬂfe@%%&cimens were prepared using
endodontic files together with 1% hypochlorite solution and 100 mM EDTA
solution. Half of the tooth specimens were incubated with £. faecalis and the
other half were incubated with A. actinomycetemcomitans in All Culture media
and BHI respectively for 4 days. Biofilm formation in dentine takes mare time

than in multiwell plates. The growth medium was replaced every 2 days with
fresh medium.

(i) Photodynamic treatment (PDT)

Tooth specimens with bacterial biofilm in root canals were removed from the
culture and were positioned with the coronal root canal orifice facing upward by
embedding them in 2% agar in single wells of a 24 well-plate. This positioning of
the specimens simulated in vivo conditions, where the root portion of a tooth is
housed in the alveolar bone socket, Initially, the culture medium remaining in
the root canal was removed by using a micropipette. PDT was performed in two
steps, as with the in vitro experiment, explained above. Root canal space was

filled with either the sensitising media or the irradiation media according to
phase of the treatment.
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the culture and were positioned with the coronal root canal orifice facing
upward by embedding them in 2% agar in single wells of a 24 well-plate.
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plate and spread plated. Bacterial counting was carried out after 24 hours of
incubation at 37°C.

Results
(a) Spectroscopic studies

The results from the absorption spectra of methylene blue (MB) in different
formulations showed an increase in the absorption when dissolved in PEG and
Mix compared to other formulations of media, as shown in Figure 4. The
spectrum shows 2 bands peaking: at 612 nm, corresponding to the dimmer; and
a peak maxima at 664 nm, corresponding to the monomer. A slight shift of
absorption maxima from 664 nm to 667 nm was observed when MB was
dissolved in media other than water. However, as the molar concentration of
MB increased (i.e. from 6.25 yM to 100 uM), the absorption maxima shifted to
the peak corresponding to the dimmers, indicating the aggregation of
photosensitiser molecules, as shown in Figure 5. The monomér to dimmer ratio

is lower for MB in water compared to different formulations at lower
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The percentage penetration of MB, the photosensitiser, across the dentinal
tubules is shown in Figure 7. The penetration of MB in dentinal tubules was
studied from three regions of interest in the tooth: coronal; middle; and apical
regions. MB based on Mix formulation showed maximum penetration in all the
regions of interest under the test conditions described above. MB in water

showed the least penefration across the dentinal tubules. The results are further
shown in Figure 11. '

(c) Photosensitiser uptake by bacterial cells

The accumulation of MB by both gram positive and gram negative bacteria was
tested as described above. Figure 8 shows the percentage of photosensitiser
uptake by E. faecalis and A. actinomycetemcomitans. Gram positive bacteria
was found to have a higher MB uptake than gram negative. Maximum MB

uptake in both bacteria, as indicated by the absorbance measurement, was
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(e) Ex vivo experiment

The result of PDT on biofilm developed in root canal showed varying
percentages of bacterial elimination according to the formulations used (Figure
10. The pattern of bacterial elimination by formulations was similar to those
seen in biofim developed in multiwell plates. In the case of E. faecalis, the
formulation of Mix showed 100% bacterial elimination. Significant bacterial
reduction was also observed in formulation based on PEG.

PDT performed in root canals with A. actinomycetemcomitans biofilm also
showed a similar trend. The formulation of Mix showed 86.5% reduction in
bacterial count compared to the control group. However, generally, the

susceptibility of A. actinomycetemcomitans to the bactericidal action of PDT
was lower compared to that of £, faecalis.

Discussion

The above results show that light absorption property of MB differed in different

formulations. The absorption capacity of MB increased two fold when dispersed
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penetration across dentinal tubules. Glycerol, due to its high density could
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density could be a possible candidate to obtain maximum penetration into root
canal since the flow will be driven by gravity. However, glycerol based
formulations may not be effective in treating maxillary teeth infections. An
optimised formulation should be able to target both mandibular and maxillary
teeth. Results from the MB diffusion into the dentine showed that the
formulation of Mix facilitated maximum penetration. Since the penetration of any
liquid into the dentinal tubules is influenced by the taper of the root canal and
diameter of dentinal tubules, three regions of interest were considered at (1)
cervical, (2) middle and (3) apical regions of the root to assess the depth of
penetration. The MB penetration study indicated a penetration depth higher
than 1.5 mm in the coronal region. Hence, using the formulation of Mix, it would
be possible even to target bacterial cells invading dentinal tubules. In addition,
current iniracanal medicaments used as disinfectants are found to be
neutralized by dentine (Haapasalo HK et al, 2000) and also the antimicrobial

property of current disinfectants reduced deeper in the dentine (Heling | and
Chandler NP, 1998).
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the @#”&%‘9 by both gram negative and gram positive organisms (A.
actinomycetemcomitans and E. faecalis respectively). After the formulation of
water, Mix was also found to facilitate MB accumulation in the cells. Although
the absorbance-based experiments showed maximum MB intake in the water
formulation, fluorescence intensity was found to be minimum in water. The
lowered fluorescence intensity could be due to the self-quenching because of
the increased concentration of MB in the cells. PDT has been suggested as a
potential treatment regime fo fight antibiotic resistant bacterial infections
involving biofilm (Gander S, 1996). The physiochemical features of biofilm with
altered genotypic and phenotypic characteristics of indwellers protect them from
routine antimicrobial agents. However, since the killing is mediated by oxygen
free radicals in PDT, the chance of bacteria resisting and acquiring resistance
upon long term usage could be minimum. Since penetration of photosensitiser
is hindered by the structural and chemical nature of biofim, appropriate
formulations should be screened. Hence the effectiveness of different

formulations in eliminating biofilm bacteria was tested under in vitro and ex vivo
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dentine, its use as an endodontic treatment regime is warranted.

When compared to E. faecalis biofim, PDT was found to be less effective in
eliminating A. actinomycetemcomitans biofilm. However, Mix showed the best
results among the other formulations (100% and 86.5% respectively with Mix) in
eliminating A. actinomycetemcomitans. As stated above, the elimination was
harder for A. actinomycetemcomitans as it is a gram negative bacteria.

However, increasing the dose of irradiation may eliminate even gram negative
bacteria.

Example 3

The experiment described below was performed to assess the cytotoxic effect
of PDT in combination with two photosensitisers: Indocyanine Green (ICG) and
Methylene Blue (MB) in different formulations, and this was compared to
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Experiment | - Indocyanine Green Fibroblast L 929 was used in this
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TraterBsdfric@OMiifutes (without shaking). The cells were left in the media for
24 hours under incubation. Later, the supernatant media was removed without
disturbing the cell line. The cell layer was washed with 1mL PBS twice. MTT
(0.125mg% in DMEM), as an indicator of the viable status of cells in the media
was added to the Petri dish and incubated at 37°C, for 4 hours. The excess of
dye was washed with PBS (2mL). MTT formed in the Petri dish was extracted
and added to 1 mL of DMSO. The optical density at 570 nm was measured.
Sodium hypochiorite (100pL of 5.25%) was used as a control in this experiment. ‘
All chemicals were purchased from Sigma Aldrich, St. Louis.

(ii} Experiment 2 — Methylene Blue

Fibroblast L. 929 was used in this experiment. Approximately 3.2X10° cells were
seeded in 4 cm diameter culture dishes. Cells were grown by incubating at
37°C, in a carbon dioxide incubator for 24 hours. After the incubation period,
100 pL of methylene blue (MB) (1 mM) was added to the culture dishes until the
final concentration of MB was 100 MM. 100 pL of oxygen carrier,
perfiuorodecahydro naphthalene, was also added and irradiation was performed

for 20 minutes (without shaking). The cells were left in the media for 24 hours
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showed highest the cytotoxicity of all the formulations tested. The results show
that conventional chemicals, such as sodium hypochlorite, used in treatment

provide drastic killing of normal fibroblast cells, but Mix is effective against
bacteria and suitable for fibroblasts celis.

However, as mentioned above, although sodium hypochlorite showed the
highest cytotoxicity, combining the results from the other examples, it can be

concluded that Mix is a more appropriate photosensitising compaosition
compared to sodium hypochlorite.



showed highest the cytotoxicity of all the formulations tested. The results
show that conventional chemicals, such as sodium hypochlorite, used in
treatment provide drastic killing of normal fibroblast cells, but Mix is
ML/ EydMst bacteria and suitable for fibroblasts cells. HRG&RE2046/000154
mentioned above, although sodium hypochlorite showed the highest
cytotoxicity, combining the results from the other examples, it can be
concluded that Mix is a more appropridi€ photosensitising composition
compared to sodium hypochlorite. WO 2006/135344

PCT/SG2006/000154 56 References Berkiten M, Okar I, Berkiten R. In
viﬂgfg;ggge%f the penetration of Streptococcus sanguis and Prevotella
Itermedra strains into human dentinal tubules. J Endod. 2000 Apr;
26(4@236-9 Costerton, J. W., Lewandowski, Z., DeBeer D., Caldwell, D.,
KBRSEeD MaRtkandnfaskicomBoln Wittt vies duesnembtedioniciodiciepdoccus

Besigiied 416 R GtA AR BIMAL R i ImG 7 M dBHBAYSLAR: J Endod.
Dgérgﬁ &mgrgﬁ%s gE' Periapical health related to the quality of root

C treat fﬂ f 3ét@elgian population. int Endod J. 2000;33(2):113-20
Detty MR, Gibson SL, Wagner SJ, J Med Chem, Current chemical and
pfeRfiFanpdotdsehawzsrotsiiseg.inprtdeedyDartiaitvesipp, 2RB/ber, D., and
436HA3887-PASDRSIREY WK B KB W Atkins RiB3uB) K0S j%: 137-

Black pigmented bacteria in coronal and apical segments or infected rod
cgaﬂ?s Journal of Endodontics, 1998, 24(5):356-8 Dugas NN, Lawrence

HP, Teplitsky PE, Pharoah MJ,'Friedman S. Periapical health and

trbguiMeor qublitjoavvessidnDef RusvidtedGe Btbiinet Wy FRIRWHQIGE. Periapical

pﬁ@Hlﬁ\“Pé]été@ttgrmé’%t?al@%?? MBr 386 #8492 nt in a Belgian population. int
Endod J. 2000;33(2):113-20

Detty MR, Gibson SL, Wagner SJ, J Med Chem, Current chemical and

preclinical ~photosensitizers for use in photodynamic therapy, 2004,
47(16):3897-915

Dougherty WJ, Bae KS, Watkins BJ, Baumgariner JC, Black pigmented
bacteria in coronal and apical segments of infected root canals, Journal of
Endodontics, 1998, 24(5):356-8

Dugas NN, Lawrence HP, Teplitsky PE, Pharoah MJ, Friedman S. Periapical
health and treatment quality assessment of root-filled teeth in two Canadian
populations. Int Endod J. 2003 Mar;36(3):181-92

Eckerbom M, Andersson JE, Magnusson T. A longitudinal study of changes in
frequency and technical standard of endodontic treatment in a Swedish
population. Endod Dent Traumatol. 1989 Feb;5(1):27-31

Economou-Stamatelopoulou  C, Roussopoulos GP, Prouskas JC,
Apostolopoulos M. OPHTHALMOLOGICA 217 (6): 426-430 NOV-DEC 2003



Eckerbom M, Andersson JE, Magnusson T. A longitudinal .study of _
changes in frequency and technical standard of endodontic treatment in a
Swedish population. Endod Dent Traumatol. 1989 Feb;5(1):27-31 o1
EMRSMABLEStAmatelopoulou C, Roussopoulos GP, Prouskas JET/SG2006
Apostolopoulos M. OPHTHALMOLOGICA 217 (6): 4_26-430 NOV-DEC

2003 WO 2006/135344 PCT/SG2006/000154 57 Erlkser_l HM, _
Epidemiology of apical periodontitis. In°D Orstavik, TR Pll'[t Ford, editors.
Essential Endodontology. Prevention and treatment of aplcql .
periodontitis. London: Blackwell Science; 1998. p. 179-91 Figdor D. Apical

: icr Eelitorial ral Med Oral Pathal Oral Radig)
o 1o Eo 13805 ABICA RelBUNIs. R L eied R Pit Ford
pFSHRH. OrapetigerEasiedontelnaye OReyeatimiogsra GEdath@rGantetpical

SpaSSdoriisieoadeieiBnRIFRRIISERAR L0 RYFTICTPRa) agents. Journal Of
Antimicrobial Chemotherapy 37:1047-1050 Haapasalo, H. K., E. K. Siren,

j | 0. Inactivation
Te rstavi agg ..P._P. Haapasalo. 200
01E: I%Igg r%g?&ﬁ%%l %}é%éé?r%gﬁts &g\élfé tu%%gmgv@rr@lsm%?.@f@rﬁ@ﬁéﬁﬂa@af
ERadiebFdodutABP33:126-131 Haapasalo, M., Udnes, T., and Endal, U.
2003. Persistent, recurrent, and acquired infection of the root canal

s{jmdm,pbstzmeatmmaEpdﬂd@@ﬁﬁti@.pJ'&SveWBfé@a;‘i’é%‘E‘_Blf@bi%Ro??ds&gery
"@ﬁﬂ%g 4. P@o od ha ic t§1.r - a new: antimicrobia approachto
infectious(g)'gfggas‘é. lp-%o?&@é %c@gé%tobiological Sciences 3:4}36-450
Hancock HH, Sigurdsson A, Trope M, Moiseiwitsc_h J. etal, Bacterla
is(gﬁﬂgﬁ"’ %e%s%@éﬁjlféﬁﬂmﬁe%amm emérhortibianzedess Journal

' ' d. 2001
Wtioorelial Shsen Sl Pral Pl Oral Radiol Endod. 200
IF\)/IZI{;/; 91(5):r579-86 Haling, I., and N. P. Chandler. 1998. Antimicrobial

effaahabidoant Rengj.i%tigﬂ%n, T. M. T. Waltimo, D. Orstavik, and M. P. P.

Haapasalo. 2000. Inactivation of local root canal medicaments by dentine: an in
vitro study. International Endodontic Journal 33:126-131

Haapasalo, M., Udnes, T., and Endal, U. 2003. Persistent, recurrent, and

acquired infection of the root canal system post-treatment. Endodontic topics
6:29-56

Hambiin, M. R., and T. Hasan. 2004 Photodynamic therapy: a new

antimicrobial approach to infectious disease? Photochemical & Photobiological
Sciences 3:436-450

Hancock HH, Sigurdsson A, Trope M, Moiseiwitsch J. et al, Bacteria isolated
after unsuccessful endodontic treatment in a North American population. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2001 May; 91(5): 579-86

Heling, 1., and N. P. Chandler. 1998. Antimicrobial effect of irrigant combinations
within dentinal tubules. International Endodontic Journal 31:8-14

JD Whitney, Heart and Lung, 1989, 18, page 466, General information about
high pressure oxygen in wound healing



within dentinal tubules. International Endodontic Journal 31:8-14 JD

Whitney, Heart and Lung, 1989, 18, page 466, General information about
high pressure oxygen in wound healing WO 20061135344

P9 /A0s9658/000154 58 Jori G and SB Brown, Photosensiti ZI/SG2006/000154
inactivation of microorganisms, Photochemical & Photobiological

Sciences, 2004, 3(5):403-405 Love RM. Regional variation in root dentinal
tubule infection by Streptococcus gord#hii. J Endod. 1996 Jun;

22(6):290-3 Lupi-Pegurier L, Bertrand MF, Muller-Bolls M, Rocca JP, Bolls

M. Periapical status, prevalence and quality of endodontic treatment in an.

adult French spepsilal nt Endod J. 2002 Aug;35(8).690-7 Mah TFC,
og$§o|§ Gghgzo%.al\éﬂ%%%@nigﬂn%?% %‘?Sfﬁﬁ‘? edIRSH¥atR ifm iBIRarganisms,
aGawiechrsnaa! MiClpinboipgicaliSnndeBs, 204 Blisydoialasplogy of

dental plaque and its significance in health and disease. Adv. Dent. Res.

Lo0¢e REOREFbAdIchad iR i ribourRinSrUBE RARLPOI S Bococus
aBﬂrBSFﬁf?BeEﬁﬁJé‘, %qg§§uﬁn?§i:§g - role of the general stress response In

resistance to chemotherapy | 'r%b Chemother 48:141-142 Nair, P.
N. R.,2004. _Patho&znesis Of Apical Periodontitis and the Cause of
EhdoHoRe IehitardiereAng aMze Wailerth cieahidogyas Medicile M. Periapical

15t348;3BlewRiNcE, BRQr bl WRRMNG o Tk arauim My ERISY NS it French

(2002). Participation of bacterial biofiims in refractory and chronic

p P%%%g?%'eﬁqg%8ﬁﬁ§54'J%Rgo“&géﬁ%%ﬁéﬁﬁowem JF, CK Hope and M
Wilson, Oral Bacteria in multi-species biofiims can be filled by red light in
% dSEnce P RMEZBRID. MeshanisBsinjénpfindrddistisite t?88Gmicrobial
32GAREE-PRRBIEOMo 1824 . Fhotophysical and photobiological

processes in the photodynamic therapy of tumours. J. Photochem

Pm'i‘ghi,ob%,Bi@éf’ SR:/l}érlo%ial ecology of dental plaque and

health and disease. Adv. Dent. Res. 1994, 8, 263-271

its significance in

Michael RW, Anthony B, Smith W {(2001). Dormancy and persistence in chronic

infection: role of the general stress response in resistance to chemotherapy. J
Antimicrob Chemother 48:141-142

Nair, P. N. R. 2004. Pathogenesis Of Apical Periodontitis and the Cause of
Endodontic Failures. Critical Reviews In Oral Biology & Medibine 15:348-381

Noiri Y, Ehara A, Kawahara T, Takemura N, Ebisu NS (2002). Participation of

bacterial biofilms in refractory and chronic periapical periodontitis. J Endod
28:679-683

O’Neill JF, CK Hope and M Wilson, Oral Bacteria in multi-species biofilms can

be filled by red light in the presence of toluidine biue. Lasers in Surgery and
Medicine, 2002, 31(2):86-90

Ochsner M, 1997, Photophysical and photobiological processes in the
photodynamic therapy of tumours. J. Photochem Photobiol B:Biol.; 39:1-18



WO 2006/135344 PCT/SG2006/000154 59 Parsek, M. R., and Singh P.K.
2003. Bacterial biofilms: Emerging link to disease pathogenesis. Annual
review of microbiology 57:677-701 Perez F, Calas P, de Falguerolles A,
Mo/ N5kMgration of a Streptococcus sanguis strain througbtse1aso00154
dentinal tubules. J Endod. 1993a Jun; 19 (6):297-301 Perez F, Rochd T,
Lodter JP, Calas P, Michel G. In vitro study of the penetration of three
bacterial strains into root dentine. Oral 8urg Oral Med Oral Pathol. 1993
Jul;76(1):97-103 Pervaiz 5, Reactive oxygen-dependent production of

novel photochemotherapeutic agents, Faseb Journal, 2001,

1&@,)' 2 fiska l.. Block, M.,,Antpngnko, Y.N., Kotova E.A.,
and 5’%&1,“@‘%‘0?&5 ésl?&ﬁ?eksfﬁ%?-é?ﬁ&fﬁg%m%mi|§y@egmgaink to disease
PRELBPERNSH for thieu P evisnactivatiobiofdde mhiene fhannels.

Biophysical Journal 78:2572-2580 Soncin M, Fabris C, Busetti A, Del D,

NRred ,HR@lamE:Gi,(Eejpﬂlgéle?d?_lé@ﬂcmﬁéu{gt?eef?@({%ﬁé{i‘qggg 8 3freptococcus

Zp Q thalocyaninephotosensitized inactivation'o

ant%I ?c?t%-r%rs%lsq/an 'g&'%ﬁh&/ deehidgntiagd, whoteshemERhmtobiob3Sciun: 19
200:297805-819 Soukos NS et al, Targeted antimicrobial
photochemotherapy, Antimicrobial Agents and Chemotherapy, 1998,

ARPEYRY. 260360 Ste S@39 hepretical aspects of antibiotic

d'ggusi n.nto 'crobial\[yg%%gi;rmf%\%%%%rgg j\ﬂg'é’ (Eﬁ'e tH&p study of the
402517585 SIRGbepisTial sdtaitsrintwrroeiBnitmitintic Sesistae el Oral
bRetbaka 19¢8afiiTee(1)eagn358:135-138 Sundqvist G. Ecology of the root
canal flora. J Endod. 1992 Sep;18 (9):427-30 WO 2006/135344

PeeHa220 @61009-L 54,60 T tad, L., and Sunde, T.P. 2003, The
evolying new understanding of5 XJget-tspendent  production  of novel
pnotochemotherapeutic agents, Faseb Journal, 2001, 15(3):612-617

Rokitskaya, T. 1., Block, M., Antonenko, Y.N., Kotova E.A., and Pohl, P. 2000
Photosensitizer Binding to Lipid Bilayers as a Precondition for the
- Photoinactivation of Membrane Channels. Biophysical Journal 78:2572-2580

Soncin M, Fabris C, Busetti A, Dei D, Nistri D, Roncucci G, Jori G, Approaches
to selectivity in the Zn(lI)-phthalccyaninephotcsensitized inactivation of wild-

type and antibiotic-resistant Staphylococcus aureus, Photochem. Photobiol
Sci., 2002, 1:815-819

Soukos NS et al, Targeted antimicrobial photochemotherapy, Antimicrobial
Agents and Chemotherapy, 1998, 42(10):2595-2601

Stewart PS (1996). Theoretical aspects of antibiotic diffusion into microbial
biofilms. Antimicrob Agents Chemother 40:251 7-2522

Stewart PS, Costerton JW (2001). Antibiotic resistance of bacteria in biofilms.
Lancet 358:135-138

Sundqvist G. Ecology of the root canal flora. J Endod. 1992 Sep;18 (9):427-30



endodontic infections. Endodontic topics 6:57-77 Valenzeno, D, P. 1987.
Photomodification of biological membranes with emphasis on singlet
oxygen mechanisms. Photochem. Photobiol 46:147-160 Wainwright, M,
19982198tk namic antimicrobial chemotherapy (PACT). JoBGRFCH06/000154
Antimicrobial Chemotherapy 42:13-28 Wainwright, M., and Crossley, K.B.
2004. Photosensitising agents- circumventing resistance and breaking
down biofilms: A review, International #fodeterioration and biodegradation
53:119-126 Yoshida H et al., Applied Optics, 36(16), pp 3739-3744, 1997
WO 2006/135344 PCT/SG2006/000154 61 NICSLLP Claims 1. A

itisin fion-cgmpyising a mixture of: at least one .
gﬁ%@rﬁ ah"legégta one a%ém;gana §r@w§£ﬁ ﬁ%@éﬂﬁ’tﬁ@‘?’aﬂﬁ‘ﬂ?fﬁ@”dmg of
vEdadostihinteckions. Sinsledeniindppiestbsat1@ast one alcohol to water is
in the range of 10:5:85 to 40:30:30, with the proviso that when the at least
PR o B o o eedor 8 BllegSer I iRl
e B HeelechBl b aiRBraLAR -1 60
r % of,#ﬁ:lO:?S t0 35:25:40. 3. The composition according to claim 1 or
2 YR theMatid Bt siodienasnine antissetabinl sormtdhetape (MACT),

|dastmaieOilsotinlitrobRIETieniHREr B0, 42 Hregomposition according to
any one of claims | to 3, wherein the at least one surfactant is a trihydric

againol palyest . positign ding.to any one of claims
1104, w reﬁrbi(r?{)fllﬁq %ﬁ??ac?gﬁ%%gég reﬁé%tiv%@éx r%g?éﬂ?gﬁsﬂaﬁf&@ 6.2pg8ts—
BIRYONRBHNSCERRIRIFG6 @ashbreskingird Bynvbirimsha peljestelriternational

inddstuierstiol/edl biodegradation 53:119-126
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7. The composition according to any one of claims 4 to 6, wherein the

winyehwizigdephol is glycerol. 8. The composition according to any@Ned006/000154
claims 1 to 7, wherein the surfactant is selected from the group consisting

of: mineral oil, glycerol, polyethylene glycol, Triton X, polypropylene glycol

and SDS. 9. The composition according,to any one of claims 1 to 8, MCSLLP
wherein the at least one alcohol is a monohydric alcohol. WO

2006/135344 PCT/SG2006/000154 MCSLLP 62 10. The composition

according to any one of claims 1 to 9, wherein the at least one alcohol is
@khiamol. 11. The composition according to any one of claims 1 to 10,

wherein the composition comprises a mixture of polyethylene glycol,

thanpl k.12 The comppsition according to any one of claims 1
g Ptaseiind °§éﬁ%{3rigg§1&ffﬁm&ra dNgides oPleti@inisast one

to 10, wherein the' conposiion
and war@ctestTh eambasitoniachotdiagdoclaiatdr?, WRGISHR R rAkIBLObF the
the v water is 30:20:50. 14. The
comuoti or e B IS I SRR 5.5 25 sl enpiaioonol to water i
compbéiforanaeef donpPEde 4018as3BNwIhtiesemsilising SOMPONTRe at least
15. T IRBesiien ng.to. e of claims 1 to 14, wherein the
composition cgﬁq‘%ﬁ%&éﬁ%@%@A@%ﬁ%ﬁ%&%%ﬁ%?ﬁéh@oﬁ@%ﬂﬁ Aligyeicohol.

e of glyceraql, ethanol and water. 16. The composition according to

mixt

Zany N8 SRMERRITAB BscqkingifatRiaisorpydiseindhmiists atfléestvaheme of
photgsenRfitishe epBRraRsL | I ygol, ethanol.,
and water. 17. The composit?izci)}rﬁt ggcrmor%tltr%g? {%gaegyxgr%;%%ﬁ%lngolwqtéeié? in the

whef@P9p k1 9d&r 8re ﬁﬁéﬁéé‘é@}sitising compound is selected from the

group consisting
3. The composition according to claim 1 or 2, wherein the ratio of the volume

of the at least one surfactant to the at least one alcohol to water is
30:20:50.

4. The composition according to any one of claims 1 to 3, wherein the at
least one surfactant is a trihydric alcohol or a polyester. ‘

5. The composition according to any one of claims 1 to 4, wherein the
surfactant is a refractive index matching liquid.

6. The composition according to claim 4 or claim 5, wherein the polyester is
polyethylene glycol.

7. The composition according to any one of claims 4 to 6, wherein the
trihydric alcohol is glycerol.

8. The composition according to any one of claims 1 to 7, wherein the
surfactant is selected from the group consisting of: mineral oil, glycerol,
polyethylene glycol, Triton X, polypropylene glycol and SDS.

9. The composition according to any one of claims 1 to 8, wherein the at

least one alcohol is a monohydric alcohol.



of: toluidene blue, methylene blue, arianor steel blue, tryptan blue, crystal

wielalsarsmplue cert, azure B chloride, azure 2, azure A Chloriﬁ@r@mm6/000154

B tetrafluoroborate, thionin, azure A eosinate, azure B eosinate, azure

mix sicc, azure Il eosinate, haematoporphyrin HCI, haematoporphyrin MCSLLP
ester, aluminium disulphonated phthalgcyanine, chlorins, photoactive

fullerenes (e.g. C16-b), aminolevulinic acid (ALA), bacteriochlorins,
phthalocyanines, WO 2006/135344 PCT/SGZOOG/00015_4 MCSLLP 63
pheophorbides, purpurins, naphthalocyanines, indocyanine green, or

IixtCies &Tﬁrmm‘smﬁnThedmmﬁQS!BOQrﬁC@W@'Bg AL o SIREEE the at
at Ie?st P sm mpound is methylene blue. 19. The
compeo%é% Sh a@f gﬁo%ﬁ? e of claims 1 to 18, wherein the

composition further comprises at least one of the following: a) an oxygen

darriéhe capeneiicis ceargiogntd mnxc)careoafdldmmgentoonmlww@@m the

ther%fm%%sﬁa% Ceglé%rgﬁg«gé‘ acaardingeto ?laﬁml 1%“%%%5‘@&39 ¥anol and

carrier is se ected e group conS|st|ng of.
naph¥#@éne, perfluorodecalin, perfluorohexane, octafluoropropane
perfluorobutane, perfluorooctane and perfluoromethyldecalin. 21. The

TOMPAStESASSSHBAD 48 SR A6 HRIMB R0, &h@@mm f6°'¥63tlﬁﬂé°rem the

compound is selected from the group consisting of: poly L- lysin
L-arGPAMROPHIR FAAPEsaS ehiileriel lvierrel, @@\@M@&dmater

magnesium chloride. 22. The composition according to any one of claims
189 td'Re, coheresitite avddisling dgenim SEICHAGFENMHEGRYBF the volume of

con5|§)yne%qf d"%w%r?S fonovater is 30:20:50.

14. The composition according to any one of claims 1 to 13, wherein the

composition further comprises at least one photosensitising compound.

15. The composition according to any one of claims 1 to 14, wherein the
composition comprises at least one photosensitising compound and a
mixture of glycerol, ethanol and water.

16. The composition according to any one of claims 1 to 14, wherein the
composition comprises at least one photosensitising compound and a
mixture of polyethylene glycol, ethanol and water.

17. The composition according to any one of claims 14 to 16, wherein the at
least one photosensitising compound is selected from the group consisting
of: toluidene blue, methylene blue, arianor steel blue, tryptan blue, crystal
violet, azure blue cert, azure B chloride, azure 2, azure A chloride, azure B
tetrafluoroborate, thionin, azure A eosinate, azure B eosinate, azure mix
sicc, azure |l eosinate, haematoporphyrin HCI, haematoporphyrin ester,
aluminium disulphonated phthalocyanine, chiorins, photoactive fullerenes
(e.g. C16-b), aminolevulinic acid (ALA), bacteriochlorins, phthalocyanines,



hypochlorite, hydrogen peroxide, DMSO and chlorine dioxide. 23. The

WwonnRsignaccording to any one of claim 1 to 22, wherein thepcr/sG2006/000154
composition further comprises a pharmaceutically acceptable excipient

and/or carrier. WO 2006/135344 PCT/SG2006/000154 MCSLLF 64 24.
o : ) . MCSLLP
The composition according to any oneggf claims | to 23, wherein the
composition is formulated for use in the treatment and/or prevention of
conditions caused by microorganisms. 25. The composition according to
any one of claims | to 24, wherein the composition is formulated for use in
the tRéwopharbitiisr ppeveotins, ohashivdesgLaneier haldeeirditignson, or

26. m&tapggp@‘%pé)&according to any one of claims | to 25, wherein the

composition is formulated for topical administration. 27. The composition

- ,accarding to any one of claims | to 26, wherein the composition is
1%rmmﬁe§%ﬂ%$ﬁlﬁ@tr§ﬁ§ﬁrdwmjémicn:iaﬁﬁ. Tie cohwyrediticihacedrdiedst one

to amheRROhSIANIY) %%Bdﬁa%%ttiﬁrﬁdé?mﬂ%won is formulated as an

oral rinse, a mouthwash and/or an atomizing spray. 29. The composition

1gccolrﬁlin%to any one of claims 1 to 28, for use in medicine. 30. Use of a
Bhoto&nEHERG SRy BSHRT K dedmM PRy Shelainmida (8, 28/Metein the

mammtmfmmm@mfﬁérmpaﬁ%@ﬂ%&ﬁmn%g”ditiO”S

caused by microorganisms in a subject, the treatment and/or prevention

compxyising t s of; a) administering the photosensitising
com%{)sitri]%ﬁ;%g(ié%% fr;%arg?érﬁng the area to which the composition is

administered with light at a wavelength absorbed by a photosensitising
compbun@ Polycationic compound; or

¢) an oxidising agent,
or mixtures thereof.

20. The composition according to claim 19, wherein the oxygen carrier is
selected from the group consisting of: perfluorodecahydro naphthalene,
perfluorodecalin, perfluorohexane, octafluoropropane, perfluorobutane,
perfluorooctane and perfluoromethyldecalin.

21. The composition according to claim 19 or claim 20, wherein the
polycationic compound is selected from the group consisting of: poly L-
lysine, L-arginine, D-arginine, calcium chioride, calcium hydroxide and
magnesium chloride.

22. The composition according to any one of claims 19 to 21, wherein the
oxidising agent is selected from the group consisting of: dilute sodium
hypochlorite, hydrogen peroxide, DMSO and chlorine dioxide.

23. The composition according to any one of claim 1 to 22, wherein the

composition further comprises a pharmaceutically acceptable excipient
and/or carrier.



31. The use according to claim 30, wherein the medicament is for treating

ting conditions caused by microorganisms in the g¢gl,€a¥H6/000154
‘gip;y(ssbﬁgjgegcyt@WOQZOOB/135344 PCT/SG2 0 0 610 001 54 MQSLLP §5 32.
The use according to claim 30 or claim 31, wherein the met_jl_cament is forMCSLLP
treating and/or preventing periodontal ggd/or halitosis condltlopg. 33, The
use according to any one of claims 30 to 32, wherein the conditions
consist of gingivitis, periodontitis dental caries, root caries, root canal
infection and apical periodontitis. 34. The use according to any one of

%aiﬂ@&OM@osze'mcﬂmdp@ttaﬁ@nggi@'ﬁg @mg@ t!ﬁ g@r@@r,is\ggépein the
the Asitisi mpositiop. 35. The use according to any one .
clairgé%@%r@éﬁw[gefﬁeﬁmﬁ%% rﬁ%roé'ﬁﬁnminﬂ%?eff St eRhang efegrevention of
topicydiienswausechbyonitngaimanisane of claims 30 to 35, wherein the
composition in step a) is administered by injection. 37. The use according

n ' i, 3 in the, irradiation of step b)is |
o e T G018 40 WAUEs. o8 ik asrein the

acciRMGARAns3forimated e itraeistidheftstetrbyis cardiet préventon of
timepfeeéerb Afp é'i‘!‘&}&?ﬁéﬁtééiéTEBHEﬁﬁoﬁg; The use according to claim 38,
e

wherein the irradiation of step b) is carried out for a time period of 10

[ s. 40. The yse according to any one of claims 30 to 39, wherein thg
zg]blggl 5?|i8ﬂf”888@1% SBESHPHEEGES #B)h ateyeimdlaimd Jtenb 4ntiEmein the

use ecepoitiptoisl aimmilatebgeritbHig0 epriHh ighltksed in step b)
ranges from 50 J/cm2 to 150 J/cm2.

27. The composition according to any one of claims 1 to 26, wherein the
composition is formulated for administration by injection.

28. The composition according to any one of claims 1 to 27, wherein the
composition is formulated as an oral rinse, a mouthwash and/or an
atomizing spray.

29. The composition according to any one of claims 1 to 28, for use in
medicine,

30. Use of a photosensitising composition according to any one of claims 1 to
28 in the manufacture of a medicament for treating and/or preventing
conditions caused by microorganisms in a subject, the treatment and/or
prevention comprising the steps of:

a) administering the photosensitising composition: and

b) irradiating the area to which the composition is administered with

light at a wavelength absorbed by a photosensitising compound.

31. The use according to claim 30, wherein the medicament is for treating
" andlor preventing conditions caused by microorganisms in the oral cavity
of a subject.



MCSLLP 66 42. The use according to any one of claims 30 to 41,
&/éuggggm%yght used in step b) has a wavelength ranging frogcabattoos/000154
400 rim to about 1400 nm. 43. The use according to claim 42, wherein

the light used in step b) has a wavelength ranging from about 650 nm to
about 800 nm. 5 44. The use accordinggo claim 43, wherein the light use
in step b) has a wavelength of 660 nm. 45. A kit for treating and/or
preventing conditions caused by microorganisms in a subject, the kit
comprising a photosensitising composition according to any one of claims

3R 1o ZBedigRoagoriideRSERNR J01BPIESANNG HhEPAS tHESEHIcament is for

according to clajm 45, wherein the kit is for treating and/or preventing

condftHe'd afb?/ﬁﬁere}mgmgﬁ@m%@Wé@!&%@lﬂpﬁﬁacguﬁ@aséw.

The kit according to claim 45 or claim 46, wherein the Kit is for treating
38nd/Ghpresenticcppaingdintah paierdiatitiss G etiticas villret8inTie kibnditions

according to any one of claims 45 t0.47, ywherein the kit further comprises
- e g o e i
absdrifection aptapisah sidsindooditmpound, 49. The kit according to any
one of claims 45 to 48, wherein at least one photosensitising compound

35, CompYisgedn e Rapigsersitaigg &%C%?P&%Hﬁ@- 2 q&n%go%%erein the
preparing the composition according to any one of claims 1to 28,
compheiosensitising ofcamnewainds nIfmRsiBeMINIng: theleaBholasensitising
surfagi@pPostilsast one alcohol; and/or water, with the proviso that when
the at least one 25 surfactant is an alcohol, it is different from the at least

%ne ;Hjcohol. MCSLL .P 67 X , "
35.  The use according fo any one of claims 30 to 34, wherein the composition

NCSLLF’

in step a) is administered topically.

36. The use according to any one of claims 30 to 35, wherein the composition
in step a) is administered by injection.

37. The use according to any one of claims 30 to claim 36, wherein the
irradiation of step b) is carried out for a time period of 10 seconds to 30
minutes.

38. The use according to claim 37, wherein the irradiation of step b) is carried
out for a time period of 5 minutes to 15 minutes.

39. The use according to claim 38, wherein the irradiation of step b) is carried
out for a time period of 10 minutes.

40. The use according to any one of claims 30 to 39, wherein the dose of light
used in step b) ranges from 10 J/cm? to 200 J/ecm?.

41. The use according to claim 40, wherein the dose of light used in step b)
ranges from 50 J/cm? to 150 J/icm?.
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51. The method according to claim 50, further comprising the step of
adding at least one photosensitising compound to the mixture of step a).

42.

43.

44.

45,

46.

47.

48.

49.

50.

MCSLLP
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The use according to any one of claims 30 to 41, wherein the light used in
step b) has a wavelength ranging from about 400 nm to about 1400 nm.

The use according to claim 42, wherein the light used in step b) has a
wavelength ranging from about 650 nm to about 800 nm.

The use according to claim 43, wherein the light used in step b) has a

wavelength of 660 nm.

A kit for treating and/or preventing conditions caused by microorganisms in
a subject, the kit comprising a photosensitising composition according to

any one of claims 1 to 28, disposed in at least one suitable container.

The kit according to claim 45, wherein the kit is for treating and/or
preventing conditions caused by microorganisms in the oral cavity of a

subject.

The kit according to claim 45 or claim 46, wherein the kit is for treating

and/or preventing periodontal and/or halitosis conditions.

The kit according to any one of claims 45 to 47, wherein the kit further
comprises at least one light emitting device capable of emitting light at a

wavelength absorbed by a photosensitising compound.

The kit according to any one of claims 45 to 48, wherein at least one
photosensitising compound is comprised in the photosensitising

composition.

A method of preparing the composition according to any one of claims 1 to

28, comprising the steps of:

a) preparing a mixture by mixing: at least one surfactant; at least one
alcohol; and/or water, with the proviso that when the at least one

surfactant is an alcohol, it is different from the at least one alcohol.
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51. The method according to claim 50, further comprising the step of adding at

least one photosensitising compound to the mixture of step a).



