A photosensitising conposition and uses thereof Field
of the invention The present invention relates to a
wW@b@bo3Basi ti sing conmposition, and its uses thepeESE2006/000154
Background of the invention Apical periodontitis, is
defined as an inflammatory process around the tooth
root-apex, and is primarily,a sequel to mcrobia
infection (mainly bacteria) of the root-canal space of
the tooth. Infection of the root canal and associ ated
regions of tooth, generally known as root cana
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represents a Iocallzed |nfect|on mhere bacteri a have
SRHliosed as the main etiological agent
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periodontitis (root canal infection) is to elimnate
bacteria fromthe root canal system and this is the
rou ! tive to tooth | oss. Root canal
treatnment (RCT) ains to disinfect the root canal by
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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 complete 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 root-filled teeth in various couniries 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)



teeth, apical periodontitis was found in 40.4% of all

Root Canal Treated (RCT)teeth. In another study in
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was conpared and apical periodontitis was observed in

approximately 50% of the RCT teeth. In two selected

Canadi an popul ations; the preval ence of apical

periodontitis in RCT teeth was 44% and 51% It should

be enphasi zed that the great majority of RCT teeth

with apical periodontitis are synptomfree (Figdor D,
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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



residing in biofilnms (Parsek MR and Singh PK, 2003).

Traditionally, an instrunmentation procedure (wth root
w@amvali3eaners and files) supplenmented wth roPCT/BGHAbL/000154

irrigants (liquid chem cals) and nedicanents areused

to achieve a 'bacteria free' root canal systemin RCT.

The chem cal s nobst conmonly enpl oyed are sodi um

hypochl orite, chlorhexidine and EDTA, while calcium

hydroxi de is also used as an effective intra-canal

nmedi canent. These chem cal s have to be suppl enent ed
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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



utilizing activation of an external chem cal agent,

cal |l ed photosensitiser or PDT drug, by light. This
waelewg/13840dm ni stered either intravenously or POPBGHI06/900154

to the malignant site, as in the case of certain skin

cancers. Subsequently, light of a specific wavel ength,

whi ch can be absorbed by thg PDT photosensitiser, is

appl i ed. The PDT drug absorbs this |ight producing

reacti ve oxygen species thatcan destroy the tunour.
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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



compared to other strategies (Hamblin MR and Hasan T,

2004; Wainwight Mand Crossley KB, 2004). D fferent
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to have antibacterial property with their potenti al

use in treating localized infections _(V\al W | ght M

1998). Since free radical ggneration is highly

dependent on environnental conditions, the _

physi cochem cal environnent existing at the site of

application can i an uencet he outcone of the treatnent.
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ratio i s 30:20:50. N
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 trihydric alcohol or a polyester. The
trihydric alcohol may be glycerol. The polyester may be polyethylene glycol or
polypropylene giycol. 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



The at | east one surfactant nmay be a trihydric al cohol
or a polyester. The trihydric al cohol may be gl ycerol.
wab@opsddyest er may be pol yet hyl ene gl ycol or PCT/SG2006/000154

pol ypropyl ene glycol. The at |east one surfactant may

be selected fromthe group consisting of: mneral oil
glycerol, polyethylene glycg, Triton X polypropylene

gl ycol, SDS and any detergent suitable for use for the
presentinvention. The al cohol may be a nonohydric

al cohol. In particular, the alcohol may be ethano

or di to a particular aspect, the present
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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

photosensitising 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



phot osensi ti sing conpound and a m xture of
pol yet hyl ene gl ycol, ethanol and water. The
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follow ng: (a) an oxygen carrier; (b) a polycationic
compound; or(c) an oxidising agent, or m xtures
thereof. The oxygen carrier_may be selected fromthe
group consisting of but not limted to: hydrofluoro
carbons, perfluoro carbons or a m xture thereof. For
exanpl e, the oxygen carrier may be selected fromthe
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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 freatment 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 composition 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 ftreating and/or preventing conditions caused by

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



The present invention also provides a use of a
phot osensi ti sing conposition according to any aspect
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medi canent for treating and/or preventing conditions
caused by m croorganisns in a subject, the treatnent
and/ or prevention conprising%the steps of: (a)
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(a) admmlstenng 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 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 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 biofim in any
localised infection.



dental caries, root caries, root canal infection,

api cal periodontitis and the like. The method may al so
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| esions. The nethod nay al so be used to elimnate

bacterial biofilmin any Iocalised infection.The

phot osensi ti sing compound ngy be conprised in the

phot osensi tising conposition. The irradiation of step

(b) may be carried out for a tine period of 30 m nutes

or |l ess. For exanple, the irradiation of stepTgb)tnay

e garried.out for 10 seconds to 30 m nutes. e time
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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
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of a subject. For exanple, the kit may be for treating
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conditions. For exanple, the conditions include, but

are not limted to, gingivitis, periodontitis dental

caries, root caries, root capal infection, apica

periodontitis and the |ike. The kit may al so be used

for managi ng bacteria deepwi thin dental caries
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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 controls. Figure 3C and 3D show the results
obtained using a photosensitising composition comprising mineral oil, an

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

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



formul ations. Figure 5 shows the nononer to di mrer
rati o of increasing concentration of nethylene blue in
waledobassmt formul ati ons of photosensitising  PCT/SG2006/000154
conposition. Figure 6 shows the fluorescent intensity
of increasing concentrations of methylene blue in
different formulations of phptosensitising
conposition. Figure 7 shows a graph of %diffusion of
nmet hyl ene blue in different formul ati ons of
phot osensi tising conposition across the dentinal
tubul es and to the apical foranen of the tooth
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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 methyiene blue into dentine under different
formulations.

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

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



RCT is the main cause of failure in root canal

treatnment. The factors that contribute to the
w@esiis3Bence of bacteria are: (a) anatom cal PCT/SG2006/000154

conplexities in the root canal system (b) porous

nature of the dentine structure; (c) mcrobial

factors; and (d) clinical fagtors. (a) Anatom cal

conplexities in the root canal systens The conpl ex

anatony of the root canal systemroutinely nmakes

t horough disinfection of bacteria fromthe root canal
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RM 1996; Berkiten Met al, 2000; Perez et al, 1993a).
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Streptococcus sanguis into the dentinal tubules of
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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 um 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 naesiundi, E. faecalis and



Hancock HH et al, 2001 ) . Bacterial floras in
endodontic infections are considered m xed in nature
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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



periodontitis, have suggested the presence of

bacterial biofilmin the apical portion of the root
w@amwali3smd t he extraradicul ar region (Tronst adPCT/862D06/000154

Sunde PT, 2003; Noiri Y et al, 2002). (d) dinica

factors In the root canal treatnent of infected teeth,

clinicians utilise an instrg¥ented cl eani ng procedure,

suppl enented with intra-can irrigants and

medi canments to achi eve root canal disinfection.

Irrigants nost commonly used for this are sodi um

hypochl orite, chlorhexidine and Tubulicid (0.2% EDTA),
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PTm2@03n Noil Yiat<l,r:2082)¢ ati on i s required for these
chemi cals to be effective agai nst endodontic m crobes.

(dﬁeﬁﬁiggl ftag‘?i@ s, certain species of bacteria show

onsprcu tendency to penetrate or invade the
dentinal tubules, which is nmuch higher than the
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tublef depthsiia noboencalear asyest.elis detmonistratad that bacterla 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 freatment 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 penetrate or invade the dentinal
tubules, which is much higher than the effective-penetration-depth of various

chemicals used in endodontic therapy.



dentinal tubules; and (3) reduce bacterial population
in the periapical region (adjacent to the apica
wo o00anei3y4 Recently, the use of photodynam c tPET/863006/000154
(PDT) to elimnate bacteria has gained nmuch interest
anong researchers fromthe academ c and clinica
field. In principle, PDT |q§plves the killing of
m croorgani sms, when a photosensitiser selectively
accumul ates or present as endogenously produced, is
activated by a specific wavelength of |ight to produce
del eterious chem cal entities of oxygen free radicals.
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In a Type | reaction, a donoracceptor
electron transfer takes place fromthe photosensitiser
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produce a cytotoxic result. In a type Il process, the excited friplet state of the

photosensitiser reacts with the oxygen in the tissue and converts the oxygen

molecule from the normal triplet 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 triplet state reacts first with a substrate
other than molecular oxygen is termed Type |. In a Type | reaction, a donor-
acceptor electron fransfer takes place from the photosensitiser to the substrate
forming active free radicals. In the alternate Type Il pathway, the
photosensitiser triplet state reacts with molecular oxygen. Type i
photosensitisation of a biological system is referred to as photodynamic action.

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



The advantage of using PDT is that it is capable of

total elimnation of mcrobes (i.e. bacteria (aerobic,
wa@pmensisiec, G am positive, Gam negative) and RCT/SCHE®I/N00154

Furt her, PDT does not necessitate excessive renoval of

tooth structure and therefore, prevents post-treatnent

weakeni ng of tooth. Application of caustic chem cals

such as sodi um hypochlorite or EDTA on dentine wl|

affect the mechanical properties of the dentine.
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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



t he photosensitiser in the root canal conplications

(ram fications such as fins, isthnuses bl ocked canal s)
w@pwot1asdthe api cal foranmen (term nus of the roPCT/SG2006/000154

canal ). (d) Binding of photosensitiser with bacterial

cells Fromthe point of view of |ocalisation in cells,

t he best photosensitisers a e those that are

hydr ophobic in order for themto penetrate cell

menbranes nost readily. However, to allowthe

phot osensitiser to penetrate the dentinal tubules and
ana 1 cal lexities, they have to be hydrophilic.
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| nt o the dentinal tubules and anatom cal conplexities
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C | cs of the photosensitiser; (c) supply
%ﬁ%ﬁ g‘[bé’&r% unt  of oxygen; (d) mnimse scattering of
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cagapl oi t ati on of the structural and opti cal
characteristi cs of the dentine; and (3) creation of a

U|de within the |unens of the root canals
dia%@'lé ?%ﬂiﬂ%w'%aﬁt%@l% Eroduce maxi mum | i ght
conduct| on through the artificial |iquid wave guide to
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inert chem cals that enhance the quantumy
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transport hydrophob| c and/or cationic photosensitisers
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cahBRhfQIBAMBUI&IGE! (Y bRhettBIiGK Bf He 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 info 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 vyield of



phot osensitiser (L- or D-arginine) and/or render
phot osensi ti ser binding specific to prokaryotic cells
woreyehesswt i | i sed. Further, if endogenous pi gnePCESGE006/000154
bacteria are present, these may al so be utilised as
photosensitisers for the purposes of the present
invention. The present invepgion solves the problens
of the prior art, and provides a new photosensitising
conposition and its uses thereof. In particular, there
is provided a photosensitising conposition conprising
a% | east one surfactant, at |east one
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different fromthe at |east one alco
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the preseat inyspliomdf 10:5:85 to 40:30:30, with the provi so
that when the at | east one surfactant is an al cohol,
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The at |east one surfactant a refra ive'n
further cemnyisei ajueast Gneepfmibyemmmgnynmmndyet hyl ene
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Triton X, polypropyl ene glycol, SDS and any
a'@bﬁ r watarapith th@rPT9¥§0ftbﬁt enpghesafrieast 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 ieast 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 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



invention. If the surfactant is an al cohol, the

al cohol is different fromthe at |east one al cohol.
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of photosensitisers into the conplexities of the root

canal and dentinal tubules. For exanple, the use of

hydr ophilic and/or surfacta contai ni ng medi um may

i nprove the use of the photosensitising conposition in

PDT. Surfactants facilitate penetrability of the

phot osensi ti zing conposition into the root cana
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'”?5[ internal reflection within the Ioot canal | umen
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The photosensitising composition of the present invention may also comprise a
refractive index matching liquid. In particular, the composition comprises a high
refractive index liquid medium. The refractive index liquid medium may create a
liqguid 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 reflection and better
light energy distribution within the root canal lumen (and anatomical

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



liquid, or mxtures thereof, wll be one that can
provide ideal refractive index to transformroot cana
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conduit. Any suitable al cohol may be used for the
present invention. For exanple, the alcohol nay be a
nmonohydri c al cohol. The al cghol may al so be a di hydric
al cohol and/or a trihydric cohol . A nonohydric
al cohol contains only one hydroxyl group in each
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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



| ocalisation in target areas, for exanple in
peri odontal areas or in tunours, the best
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order for themto penetrate cell nenbranes nore
readily. However, if the photosensitisers are to be
adm ni stered i ntravenously,,fhe photosensitisers
shoul d be at least partially water sol uble and
therefore, also hydrophilic, to disperse in the bl ood
stream Therefore, conbining the two requirenments, it
is preferable to use a photosensitiser which is | ]
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Ioéé %Qfe?e%%%ﬁ.cﬁznwfe(/gm\klg\(felengths longer 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 triplet-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 friplet state should be
efficient compared to the direct radiative transition (fluorescence) from the
excited singlet state. A longer triplet lifespan wouid enhance the chance of

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



excited singlet state. A longer triplet |Iifespan would
enhance the chance of producing a cytotoxic reagent or
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phot osensi ti ser should al so not aggregate since
aggregation can reduce the extinction coefficient and
shorten the |ifespan and qugptumyield of the excited
triplet state. Aggregated forms of photosensitiser can
al so affect its pharnmacokinetics and bi odi stribution.
The photosensitiser should also be able to rapidly
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Fomaih}s peasorsi 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,
chiorins, bacteriochlorins, phthalocyanines, naphthocyanines, pheophorbides,
and purpurins (Dougherty et al, 1998; Detty MR et al, 2004).
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purpurins (Dougherty et al, 1998; Detty MR et al,
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SensitIsers are
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 negligibie dark toxicity, its minimal skin photosensitivity and its

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



in nature and exhibit limted solubility. Their
solubility can be enhanced by attaching sul fonic acid,
W@ 200603384 ¢ aci d or ami no acid groups to the rPeSG2006/000154
Cinical evaluation of sulfonated phthal ocyani ne for
use in PDT has been further notivated by its
negligible dark toxicity, i m ni mal skin .
photosensitivity and its ability to be photoactivated
at a much | onger wavel ength. The pht hal ocyani nesand
napht hal ocyani nes are already in the early stages of
anBrecllnlcal and clinjcal | uat i ons.
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group consisting of: toluidene blue, nethylene bl ue,
Fop ithe, REFPasEsQf the isesentyipventian, way sstitableaphatioseesifiser may be

osBAY e S s B P x4 by oponse

at cleasnaing phoioserBiteire) nedrepo@idir ol exarhele, ®aue Idast one
[ na e, haemat opar phyrin HCl, haemat oporphyrin
PhEER e ]

é’PS' I5ingnCAMPRUAH s MaYh SR aselgciss: rambdyangieslp consisting of:
tolGiAEARE! B, RIARNIEAE G, MidfdreQ8el bRed tryftatobRle, crystal violet,

azure blue cert, azure B chioride, 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), 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, the present invention provides a
photosensitising composition comprising at least one photosensitising

compound and a mixture of glycerol, ethanol and water. According to another
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pht hal ocyani nes, pheophor bi des, purpurins,
wmapktssiocyani nes, indocyani ne green, or m xtRBCESG2006/000154

thereof. In particular, the at |east one

phot osensi ti sing conpound i s nethylene blue. According

to a particul ar aspect, thgxpresent i nvention provides

a phot osensitising conposition conprising at | east one

phot osensi ti sing conmpound and a m xture of glycerol,

et hanol and water. According to anotherparticul ar
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the dentinal tubules. Accordingly, the o _
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Ac&b?ﬂih@l?,sthbwao@ééensﬁisi}fgfcéﬂﬁpoé@@h raRefurties @heRiserat least one
depth of dentinal tubules is considered as being a

of typelowesi ¢ physi ol ogic site, oxygen carriers such as
perfl uorocarbons (PFCs) are added to the

B@ﬁ?@m%iﬁk . conposition to increase the

ce of PDT. PFCs are chemically and
bi ochem cally inert due to the strong intra-nol ecul ar
bidn) éi pajy¢ationidocordpoamds 685 kJ/ nol, that is 84 kJ/ nol

(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 kJ/mol
more than a regular C-H bond). The chemical structure 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



nore than a regular G H bond). The chem cal structure
and the weak internol ecular interactions are
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oxygen therapeutics), as anti-tunour agents,
perfusates forisolated organs, surgical tools
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This dlsrupts 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 to 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



phot osensitisers with bacterial cells, it may be

required to attach charged, hydrophobi c and/ or
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di oxi de. It has been found t ho oproduct's for ned
digjde.r r adi ati ng t he photosen5|t|ser (out si de bi ol ogi cal
sites) have a long |ifespan and when such

It RAE bBER%8hE hat 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.



phot osensitiser is applied to the actual site (in the
subject's body), it produces a better outconme. This
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pre-activation' or 'pre-irradiation therapy' (Pervaiz
S, 2001). The action is nediated by the photoproducts
formed fromthe photosensitiser on irradiati on which
depends on the physical -chefitcal conditions under
which the irradiation is done. This includes nature of
the photoproducts wavel engt h(s) used, intensity of
t enper ature, oxygen and duration of .
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cofipdsiion, pr’gl@nQWTBBmpﬂ%mg 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



appropriate. The conpositions of the present invention

may be an aqueous conposition, optionally conprising
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conposition nmay be used for oral cavity treatment 1n a

the ubjabazavity nof 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 include, 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 Iesions. 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
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stépP aftar @ Paridd eMivRdialién @ rhinfmise 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 (to 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:



primary photosensitising conmpound by the bacteri al
cells and m ni mal aggregation of the primary

wW@b@bo3Basi ti sing compound within the nedi um HEESG2006/000154
phot osensi ti sing conposition may further conprise a
liquid conduit (LC). The liquid conduit may be added
to the photosensitising con% sition as a separate step
after a period of irradiati to mnimse |ight
scattering (found within the dentine tissue) achieve
greater penetration of |ight energy and effective
kiIIingtof bacteria. The conduit is chosen in such a
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act|V|ty, 2) short retention tine in the
Thensibjeetbmayt he tam anisiall area gwna@slsbe.tmatmeokpgdloraweventuon

4) they have anti m crobi al
%Eéon r'g%% g%?eg(opoul ou Cet al, 2003) and

anti-inflammatory effect and has been used for wound

hed | admain(sié¥ingh then phiotot8R8itisingnebraposifiae ikt d gy b@tahz raspect
I'i ght ener delivery (Yoshida Het al, 1997). Anot
aspedit %Prgg/%"tﬁ?v@é‘é'ﬁﬂ MYention is a use of the

phot osensi ti sing conposition as described above in the
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preventing condi tions caused m cr oor gani sns
subjawavelehgtsabsabed tyya bbowaeaﬂtlamg oomm)umdman The
treatment and/or prevention may conprise the steps of:
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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



(b) irradiating the area to which the conposition is

admnistered with light at a wavel ength absorbed by a
wW@b@bo3Basi ti si ng compound. The nedi canent nmayPOESEL06/000154

treating and/or preventing conditions caused by

m croorgani sms in the oral cavity of a subject. For

exanpl e, the nedi canent may Ee for treating and/ or

preventing conditions causet by mi croorgani sms, such

as periodontal conditions and halitosis conditions.

The conditions may include any one of the follow ng:

gingivitis, periodontitis dental caries, root caries,
walting foram aredeteepinesnperigs @artlrrmebemm steps @) cartchéb) may be
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otosensitisin conpoun be corrprl sed in the
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desiveg 1éveb on has drenfelinainbieny Taemtepkehﬂyﬂb@h e@bé@éd eftePintervals
e e o
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evsrydf@yxshoumeethdaygesemﬂ ong da@/sfrom 20 minutes to 1
day. The waiting step may be from 30 mnutes to 5
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steps, may be repeated after intervals of pre m ned
COBWSB@Q M3y e pisderedde the intedpresurfdsiasi afitheimauib, including

th%ﬁ e"“b‘ﬂ:'cgalbr‘?\HE?Qé’é[l g\ég/&naglﬁgggé‘gﬁg a?ﬁé'c@ngpc'gpqt@ﬂ%ay also be

adhumnsha,red‘t@ apy gait, oféhe byal Zavlty dvhikety . neBeof such composition.
phot osensi tising conposition in step (a) may be

AR B B b B o4 1 Bor cxpmpin ow
posljrw‘?gglggt gd?ur{@%gorﬁg lﬁﬁd’@z :i%\hs?rz‘sr cé thdyBe! (8RS Ay 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
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.



t he tongue, buccal nucosa and/or gumregions. The
conposition may al so be adm nistered to any part of

W0 b@oasah4 cavity which is need of such conposi PCDRG2006r900154
suitable light my be used for the irradiation in step
(b). For exanple, a |ow powered |ight source or a
di ode | aser source may be uged. Any suitable |ight
such as visible or infrared | asers may be used. High
energy non-visible Iight such as tungsten hal ogen or
xenon arc source may al so be used. LED Iight sources

| ., The advant age. ing LED Li ght
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| ess disconfort to the Subject. The i1rradiation
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fl esh cavered,lingual, | ahial, anterior and posterior
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irraflidtionc eeﬂ'élﬁeéi 6111 ﬁé@c aitiBnStcﬂ”Peﬁlgéz hﬁgétgggégitigiﬁﬁt rgempound.

sui t abl e wavel ength. The wave
Acgarginghentie iwavajengthpased foredhé oirradistiopunansespatid tdif the

P SETAd b bane, BB R PACoF Barrogratisi doindvRsanine
greeaveCen e hsed abﬁﬁe'ﬂfﬁi’ﬂésé’f%‘iﬁsﬁ@‘gs?{gog%f angérsl'gﬂt] é%tf 808 nm

| ight range to the near infrare nge of wave
wayelengthgmay s psed nEyrthar evear ialvaleeniight is angientpdt foopenetrate

by, 4 The |ight, source may
ha'ﬁave aeéa‘%\%meﬁgﬁ'ﬁ’%?d;k&.l'hogg? 3@% QB$JP%T@6'%Hh9t8ngvﬁﬁr, and
subisequently tghtasourcbeviimvptimgh vaveldriyie] Wil b& Qﬁili?éﬂ)% achieve
i 50 .népto about 800 nm Even nore in particular, the
'QI&/@GEY ¥t h is about 660nm or about 664 nm The
irradiation enables the activation of the
Whehadriferehblis ?iid}ﬁeﬁ%mﬂi@atory 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/cm? to 200 J/em?. In
particular, the dose of light may range from 50 J/ecm? to 150 J/cm>.

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 mWw.



Accordi ngly, the wavel ength used for the irradiation
wi || depend on the photosensitising conpound used for
W0 bwoB3B44 For exanple, if indocyani ne green (|B3/SGH06/000154
used as the photosensitising conmpound, a |aser [|ight
of 808 nm wavel ength may be used. Further, near
infrared light is expected %% penetrate hard tissues
better. It should be noted at any non-toxic
phot osensi ti ser, and subsequently |ight source with
opti mum wavel ength, will be utilised to achieve |ight
activation. When endogenous pignents of obligatory
Tharimadiaties cfstepuihy dnay be @atrir nutior sinytsoitablel perinst of time. For
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endogenous pi gnent porphyrin in Porphyrononas is used
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for any, suitable period of tinme. For exanple, the
lesion Qﬂﬁgmed??o?ga'&%lrri ed out for a time period of about

30 mnutes or |ess. For exanple, the irradiation of
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m nutes. The time period for carryi n%_ out the
conditiatis acawseh by trasre@rpanisnsidpesd soRjache wheseinothe method

Coﬂibzﬁggqﬁgisgﬁssi&g conpound used and the type of I|ight
u o

icular, the irradiation nmay be carried
out for a tine period of about 5 mnutes to 15
nfal) widasinisferdty ther photospasitisiogl @smpbsitdon racadidiig @ ang aspect
carri :%d out for about 10, m nutes. The irradiation may

be S PIRIEVEHIVENHENEMY re nouth of the subject or

specific regions of infection, for exanple, at the
a3 arradiabiAg tRE 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 biofiim in any localised infection and/or managing
bacteria deep within dental caries lesions. The subject may be an animal or a
human.



| esion or at the root canal. The present invention

al so provides a nethod of treating and/ or preventing
w@enditsizahs caused by m croorgani sns i n a subjBCL/$SG2006/000154

wherein the method conprises the steps of: (a)

adm ni stering the photosensitising conposition

according to any aspect of ghe present invention; and

(b) irradiating the area to which the conposition is

adm nistered with [ight at a wavel ength absorbed by a

phot osensi ti sing conpound. The nethod may be for

treating and/or preventing conditions caused b L
Thi; BolBRaasIeRg PomPRUNG Ry a9: $9mansel dlbfie: phofesensitising
copoBRiof, the method may be for treating and/or

preventing conditions caused by m croorgani sns, such

as periodontal conditions and halitosis conditions.
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dag$.i ni nat ed. The

The photosensitising composition in step (a) may be administered topically. For
example, the photosensitising composition may administered by injection. The
composition may be administered fo 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



steps may be repeated after intervals of predeternmn ned

periods. The interval for the repeatability of the
wGo@pa3sseul d be obvious to a person skill ed i nP€TYRGZN06/000154

For exanple, the steps may be repeated every few

hours, every day, every 2 or 3 days. The

phot osensitising conpositioggin step (a) may be

admi ni stered topically. For exanple, the

phot osensi ti sing conposition may admninistered by

i njection. The conposition may be adm nistered to the
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oD IR, R RaE TRl e e by v Irniitin
willl dg¥indderp @l phetdskRsitis e ecompound 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-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.



of photosensitising conpound' s absorbance maxi ma. The
wavel ength of the |light may range fromthe visible

WO c@ht133ahge to the near infrared range of wavRCERGLI06/000154
The |ight source may have a wavel ength rangi ng from
about 400 nmto about 1400 nm The |ight source may
have a wavel ength rangi ng f%gn1about 600 nmto about
900 nm In particular, the vel ength is ranging from
about 650 nmto about 800 nm Even nore in particular,
the wavel ength i s about 660 nm or about 664 nm The
irradi ati on enabl es the activation of the
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a time period of about 30 m nutes or

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 treating and/or preventing conditions caused by

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



| ess. For exanple, the irradiation of step (b) may be
carried out for about 10 seconds to 30 m nutes. The

wa pove/1pud od for carrying out the irradiation BET/SGEP6/000154
(b) may depend on the type of photosensitising
compound used and the type of light used. In
particular, the irradiationggrey be carried out for a
time period of about 5 minutes to 15 mi nutes. Even
nore in particular, the irradiation is carried out for
about 10 mi nutes. The irradiation may be perfornmed for
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provides the cosnetic non-therapeutic nmethod of t he
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mnutes to 1 day. The waiting step may be from 30
da¥ﬁ'nut es to 5 hours. The steps descri bed above may be
repeated as often as required, for exanple

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 inciude, 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 Kkit. Alternatively, the at least one



until the condition has reduced to a desired |evel or
has been elimnated. The steps may be repeated after
w0 ndoenssshs of predeterm ned periods. The i nt erREl/SEm06/000154
the repeatability of the steps would be obvious to a
person skilled in the art. For exanple, the steps may
be repeated every few hours, every day, every 2 or 3
days. According to anot her ggpect, t he present
invention provides a kit for treating and/or
preventing conditions caused by mcroorganisns in a
subject, the kit conprising the photosensitising
phetnasssitisingnceropounti may be dispossgdn B sEpardie qunésiaat or may be

sol KEBLISHy. SHEPRF o] EORbRLT SRR S the uso of e
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oral cavity of a subject. For exan‘gl e, the kit nmay be
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endogehous pleotosensitisergi vitis, periodontitis dental
caries, root caries, root canal infection, apical

eriodontitis and the ]jke. The kit may al so be used
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cohTHoRRio BRSO T HASkEl el eontirich! he'Silor: (a)
prepaning aTméxtate byawixingieah kestsd ses suifattagt; catnieash dnergicohol;

angfos WRRer i ity ek waen | Bacet 3 She ‘sOfactant is an

al RPN RSEt fromBhetRNBMMhdBYolS. di sposed in a
separate container or may be sold separately. The kit

may further conprise instructions on the use of the

Thegrpehelanshsuriag@any arenany avitable algnhiot and surfagtant sespectively,
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dil‘mniubcmeugxﬂtdrﬁlik/)mga umﬁumohm.eln??timang?é Iaﬁdh@_ll_lr? ethanol. In
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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.



preparing a mxture by m xing: at |east one
surfactant; at |east one al cohol; and/or water, wth
W0 b@ofis3wd so t hat when the at | east one surf acP@rnsG2®6/000154
an alcohol, it is different fromthe at | east one
al cohol . The al cohol and surfactant are any suitable
al cohol and surfactant respgectively, as described
above. The at | east one al cohol may be a nonohydric
al cohol, a dihydric al cohol and/or a trihydric
al cohol. In particular, the alcohol is ethanol. In

AP Yo Bt nartioGiat BEpiy e mvalhed romnrispstrepRgoe Fomiture of
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the surfactant is an alcohol, e at leas
waiter inithe enisture fis hmhhefrﬁngelolf taOt&&E 't? A0130:30.1g ﬁaﬁti?u_lar, the ratio
‘ r aspect the_phatosensitising conposition o
s R R R 7o, Ba RSt Bl mase Hanomigar inecrati s
30/20650.0TRG rhethdBoMRGT fUPREF !&%ﬁfseagﬁegfeg Bpg\gd'n at least one

phot osensi tising conposition may be prepare b)g m X1 Nng
suithlo oheYesensitiging:edmpeundinas desatibealt aboveTtie tie hiixidrersf step
(aconprise the step of preparing the m xture by m xing

the at | east one surfactant, the at |east al cohol and
water in a volune ratio in the range 10:5:85 to

Had4igBBo®0gendrtlly tdescrbey itse invemitionh e sBmetvil 88Shofdfeadily
urfac(%ﬁgt IS afn al cohol, it is different fromthe at
unferstqod, frough sefisrengentoptive: follawing, exanaplestwhich sare provided by
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particul ar aspect, the nethod conprises preparing a
E g ﬁlgugg of glycerol, ethanol and water, wherein the
rati o of glycerol to ethanol to water in the

m xture is in the range of 10:5:85 to 40:30:30. In
particular, the ratio is in the range of 15:10:75 to

Exgﬁ,:%ﬂo. Even nore in particular, the ratio is
: 200 50. The nethod may further conprise the step of

addi ng at |east one suitable photosensitising
Effeeh@fdtlad ondeetfespedimed above, to the mixture of step

(a).

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 Aldrich, 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.



Havi ng now general ly described the invention, the sane
wi Il be nore readily understood through reference to
W b@6figishowi ng exanpl es which are provided by PelSGL006/000154
illustration, and are not intended to be limting of
the present invention. EXAMPLES Exanple 1 Effect of
PDT on teeth specinen Tooth,sections for this
experiment were prepared and sterilised by _
aut ocl aving. These tooth speci mens were then kept in
24 wel| plates. Al Culture (AC) nedi um contai ni ng

Ent eracoccus faecal i ells were added in each well at
Grgjip b? ﬁ@a@roaeﬁawt%%ef tooth gpscimens thehwese wet exposed to any

treﬁﬂﬁé‘ﬁ%r@@edﬂﬂ@? Th%eérBﬁFQNé%oé‘lgbtté Féh & bd meceégfiy(? gﬂpf{%l Jor the

ours. The tooth sectlons were lTater renpvet
expergmentael | pl ates and was washed using sterile water
to renmove all planktonic bacterial cells. Methyl ene

' VB) i Aldrich, St. Louis, M) was,
criu®: THI S8R RlRb T ReR seesiEtnesls whEhs midata! Bineral
oilbiwhichmi®n at heffaeivd) fiRR&I 'MRBRchiry | Wdﬂib?vgﬁ%l 6§géen carrier,

| jght (660 nmfrom a diode | aser source at 30
peﬁk\%‘?qe%yd%eﬂapﬁhaﬁr@htmia@@ﬂ ah@rzﬂm}: 'sped:iﬂieans were
ki : L Thi consj st ed t oot L
phéteRehollEd. The Mt SoheliBl SatRISL A Sl ot carer in 2
volprecetioraf.50150.s group was al so taken to be the
positive control for the experiment. Goup 2: This

ro nsisted of tooth specinens, to which a mxture
Grg'f'p #?nigg’l IBYP GRRSISES Ofatqath r sRaGiIMENs nigewhight eninmigture of

glycbftil hiéhdsOoXY BSPaGRE" irfdfex RESEhiNG" G2 Y Dxygen carrier,
Jges and t i e

napht hal ene, was a he spe ns’ wer _
pepioraesiaoablydics edapiithalemext was cadged sand niter gpecidenandwere

. Ler in a volunme ratio of 50:50. G oup 3:
Phatferengltiseth naPduthCnpied Avepe]iangradgan gariar ia a volume
rativ oft30-80.0f gl ycerol, which is a refractive index

mat ching |iquid; and oxygen carrier,
erf | uor odecahydr o napht hal ene, was added and the
Grg & hBisIraEp<onsisted 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 pL 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 to the
root canal surface (wall).

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



phot osensi ti sed. The m xture conprised glycerol and
oxygen carrier in a volume ratio of 50:50. Goup 4:
Wwabios/15330up consi sted of tooth specinmens to whPChS@2006/000154

m xture of mneral oil, a refractive index matching

l'iquid; dilute sodium hypochlorite, an oxidising agent

(oxidant) that can pre- actlx te the photosensitiser;

and oxygen carrier, perfluorodecahydro naphthal ene,

was added. The specimens were then photosensitised.

The m xture conprised mneral oil, dilute sodium
ochlorite_and oxygen carrier in a volune ratio of

Thﬁy PASIMBNS ¢§ GliguBs Zﬁﬁué\/\@r@ inaélétﬁﬂ with dight fargid minutes. After
t h t neral 0il
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incgbatsd Refbicallyr at %7°Qle°\f$¢re?c| s 10 rulGobtipis rAediian® wakr érawn

ht f 0 t Af t
anT B CHR drvillsht Bsparel stnie AL s @gtqe{%%acw count
wassldigrnained drng RS pTafsOATRIror8 Rétirs(oF S&robis |r¥E
(DENTSPLY), dentinal shavings were renoved tor a epth

of 1m*nfromthe root canal wall. The dentine shavings
Thedpsulks. asPrvidedi L Fighrent seewveehtiali iheespacimer iof gBdup 2 and

t [ t. 370C. After
oty gl 0 o RESORLEEh RPN 6 i R v v e
corphr@lvdafogmlup prEpasedcisiat of grdpagan @bﬁbﬁedmﬂ)% reduction in
er.i al c unt was determ ned fromthese plates after

ct
thelgacﬁ figlcapn aerobi c incubation. The results, as
provided in Figure 1, showed that the specinmen of

Futﬁﬂéﬂﬂhé 8t SPeRithers tl%té%%tgn ﬁm%ggﬁl ‘?‘cﬁ’cél {?Qafe'?i aroups,
e mcrobial count conpared to the con

L.eagropps 2 e i, rexeepf fcgrgmps 4, The dlushooledr ﬂ(ﬂé‘ﬁpeanﬂﬁ:fm@l the
spéé]n{el?\g IR %%L% 4‘?’1Ll'h|%osLhowed 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 to 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 tubules.



Further, the teeth specinen treated wth MB stai ned
blue for all treated groups, i.e. groups 2 to 5,
we@@epss3ior group 4. The bl ue col our di sappearBdI/$62006/000154
all the specinens in group 4. This showed that the
treatnment to the specinen of group 4 was the nost
effective anong all the difﬁrfrent groups as the col our
of the teeth specinen was retained and that conplete
reduction in the bacterial cells was achieved. The
speci men of group 5 also showed a 100% reduction in
E %act!ggi al cell nunber. The specinens of groups 2 and 5
xposed to the sanme conditions, but the specinens
of group 2 only showed an 80% reducti on as conpared to
E. fad€4ify Was dgrb@ns: ' Sin0 - | €ni
I mportance %f théé@%d’fm Igféi% %Faﬁﬂgﬁ’gh%ﬁ%?%ﬁlé\/@ﬁ.er[])lﬁerent
grewid medigavene used as fellopsndi cul ar to the root canal ,
the effect is greater. Fromthe above, it can be seen
pAeyeffective in elimnating bacteria in
a)gﬂﬁ%li’@g%()txggiul es. Exanple 2 E. faecalis was grown as
biofilmin a 96-well collagen coated plate. D fferent
b) §Coand Giyntiral, inea eolusesl rath 6is0:605: a) Al Culture
(AC); b) AC and dycerol, in a volune ratio of 50:50;

er.u and d) serum and glycerol, in a volune ratio
) %‘%ru :agg:] The plate was incubated at 370C for 12 hours
under aerobic conditions. After the incubation period,

d) sernTedd Wdersinint & 9old FatPsr sgeved and the well's

were washed with 1X PBS to renove any pl anktonic
cells. The wells were then filled with methyl ene bl ue
The figte was (neHbated @)37]‘06#0151 Zrhautsegndi@r aerobic conditions. After

the? i Li:sat | : ntly, the wells were

PR RST SR8, W ma el Sl S o vt
wene washed avithgl X RBS lto 2000 e plaAKIOhRY cellENTheX¥8f were then
. C rrLﬁr used was perfl uorodecahydro napht hal ene.
filled” with methylene Dblue solution (100 pug/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 wells 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
iradiated 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 pL of this solution was taken and

plated on AC agar. The number of cells present in each test group was counted
after 12 hours.



A control group was also included, in which the wells
whi ch served as control were not given any treatment,

WG awh/13884phot osensi ti sation. A further group iPCI/8GEH6/000154
wel | s which had the chem cals added to the wells, but
were not irradiated with light. This group served to
indicate the effect of lighj,activation/irradiation on
the bacteria. Low |level i ghl% (660 nm Laser froma
di ode |l aser of at 30 mWpower) was used in this study
for 5 mnutes. Subsequent to the irradiation, the

th AC nedi um and incubated for 3
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bacterial cells depended on'the cot on of
chepicals_used. This shows that this treatnment
Thg sifieapynof dhefiradiation weemisg signiicantly evidertr from Tee results

i i ati L so. signifi tly
shUh YERDU D 2, BBt BLEHED Fhstihshisfiohodds codda st pyygen
camiiee ang ightoeseln airtfractiveinder snstehiplga’um.t h oxygen
carrier and glycerol, a refractive I ndex matching

Ligyi d. Exanple 3 Materials and Method Methyl ene bl ue
Ex €¢s gna Aldrich, St Louis, MJ, a phenothiazine
dye which was purified by ethanol extraction was used

Materidl® aad Memobyment . ALl the chenicals used in the
experinment were of analytical grade. Four different

ornmul ations of nedia were tested for their efficiency

f
Methylene Rivee(MB b (Siateoblighishs Bt houisn MDY, eacpher(oll)ilaliihg%e which
2 9 C ; % Pol y Ethyl.ene .G ycol,
wa% I\b\lé%%@ q%deq E‘%mag}l‘}h}@gﬁ?’i ‘%?gd‘_ r'8I .ﬁﬁﬁh r!“S%'!terA" the
chemichlsmeisedt ino tind  S3@arifidr) wekedti Anslgfieslr §hde® BSur different
|\/|>%21 The light source used was di 0de ,
formulations of media were tested for their efficiency to enhance the
photosensitisation effect: (1) Water; (2) 70% Glycerol; (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'uitability of the
formulations in penetrating into the dentinal tubules, bacterial cells and finally
the elimination of biofilm bacteria under both in vitro and ex vivo conditions were
also analysed.

(a) Spectroscopic studies



| aser having wavel ength of 664nm (LDCU 6130, Power

Technology Inc, Little Rock, AR USA). Al'l chem cals
wowee/1pisichased from Sigma Aldrich, St. Louis. PAT8G2006/000154

phot ophysi cal characterisations of MBin different

medi a were carried out by analysing the absorption and

em ssion spectra. Further, jhe suitability of the

formul ations in penetrating into the dentinal tubules,

bacterial cells and finally the elinination of biofilm

bacteria under both in vitro and ex vivo conditions

Aol B KRR BRI piBeh dieregl kiretiassi were determined
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and 100 . was neasured using a ri‘mete
flugtimatey (Rerkipokimeenipatr enom demperatare.i kbuparticutare the conditions
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Phot osensi tiser penetration into dentinal bul es 12
i ngle rooted and mul ti ple rooted)

h
(b)w'fr%g‘?éﬁeei’sgf bo%gﬁﬁ% te degtiapldubaiesect s were sel ect ed

for the experinment. The crown portion of all sanples

12 Weafieett (BJ18 siRe Podigd %ﬁﬂﬁﬂgl‘ﬁ?%r\%mg]?édr)] WBEhS %%t%rf)(gcrf caries

et an approxi mate | ength of he root C
an&aé dafecisewelsisalpatedtfoc dhal experingemtt STHNAREVN aperiGRTHF all

ol ST SRR i ERS3 KRS i spprgimat

lengfrd @f28-10AM hehaddot SeArali A€ Soled ity tu‘%% rﬁ&e‘ééﬁanirri%ants
sits in a socket formed of agar. 100 mM Net hyl ene bl u

(N?Ckéb andh EDdt b%egodt 188mM j nespectvaldnt Thesei spesisnens were

wabfil RSt Uiaht', S8GHol RIRLE BHhA%ad, Syt WS e
solidéfiemi, ntheg tootht Bpeciamin eitvaln Wassdeket HeM&Y oFSi2R@r. PR’ mM
Meﬂ%ilenﬁes blugh(jl\/ﬁb), 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.



cross-sections of these speci nens were prepared by

using a Mcro Slice Machine (Metal Research, Engl and).
WOb@6as386- secti ons were scanned using HP ScanBet/SGHB@000154

(Hewl ett-Packard, CA, USA). The extent of diffusion of

MB was neasured using an i nage tool software. MB

di ffusion into dentinal tubybes was neasured at 3

regions: cervical (first three sections of a single

root), mddle (three sections frommnddle portion of

t he speci nen) and api cal (IaskBthreetseftlon?ngg a

| ropt). The percent age penetration
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a_.qgr egative bacteria. Bacterial cells were grown
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wagpadjoaieddtndi afy 660 hineand! that Q;omgéﬁ'diél‘}tftn/?mdsggl Ille.ZhL. Cells
cells

ded to 10
nafERRIRER 1 bt 1 55fe Puepensior were disnidn A aM of MB i
diffeestdfohRukliBnsMRf b gedj!aftf O%nhlrf% Lﬂiinﬁ&e'gﬁe aNls were
i ncubated at 370C #or ? m nutes. The _
harygstagsand wastieddevedwithiDi evater 1 BhL wARes SDB ik Rfded%o the

raFRREERREIER Bl I AL L IE, ROl T kSt

. . ; ' 663 nm
M S A ST B iy

OB AAE el ki v vl
plates in A(?_ and BHI nedia resp;ectni)xeldy].c rﬁft:;cah.ef
TR A B o B SR 5 R o) Bl abn vore
proglusedpis: multiwélke platest ins 2P, anchBHIi afddian rRapbelively. 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 lifecycie of a singlet oxygen. The wells were first
filled with 1 mM of MB in each of the four test formulations 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 J/cm?) with a diode laser emitting light at a wavelength of

664nm (LDCU/6130, Power Technology Inc, Little Rock, AR, USA) under



was sensitised with MB (sensitising nedia) and in the
second step, irradiation was conducted by adding an
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can ensure proper supply of oxygen and hence enhance

the photodynam c action. In addition, oxygen carriers
such as Perfl uorodecahydro pht hal ene increases the
l'ifecycle of a singlet oxygen. The wells were first
filled with 1 mMof MB in each of the four test

formul ati ons and subsequently photosensitised for 10
hase, the wells were repl aced
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(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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(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 uM 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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regions of interest under the test conditions described above. MB in water
showed the least penetration 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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seen in biofilm 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 biofiim 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 E. 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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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 penefration 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 intracanal 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
Chandier NP, 1998).
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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 to 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 biofilm, appropriate
formulations should be screened. Hence the effectiveness of different

formulations in eliminating biofilm bacteria was tested under in vifro and ex vivo
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eliminatiogi Al apiireenycetemeomians dsofilimaiowever, 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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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 hypochlorite (100pL of 5.25%) was used as a control in this experiment.
All chemicals were purchased from Sigma Aldrich, St. Louis.

(i) 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,
perfluorodecahydro 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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with 1nlL PBS twice. MIT (0.125ng% i n DVEM, as an
w0 pabbadidas of the viable status of cells in theCTYeG2@6/000154
was added to the Petri dish and i ncubated at 370C, for
4 hours. The excess of dye was washed with PBS (2nL).
MIT formed in the Petri disgzwas extracted and added
to 1 nmL of DMSO. The optical density at 570 nm was
nmeasur ed. Sodi um hypochlorite (100nm of 5.25% was
used as a control in this experinment. Al chem cals

rchased from Sigma Aldrich, St. Louis. (H)
”"@L@Pﬁﬁ% n. aerlvéli‘?l)ﬂ‘@%@a@'ﬁé"ﬁd@r\ﬁm MOMGQtha’sdlsturbmg
theussitling) T &

vverelseedﬂsdélelﬁ F gl anet er cuI ik g Wé '%%f'] gxperlment
1 Wasyadm Ilmthen&eai dRHOSKd intubates BOB7LE G Fhours,

T“%B%“nﬁé el B ettt P R 2L P oot

was ldxtrabt%ddtlosh e gnDMSoOhehe 'dlﬂ'caF@éWs‘?P %t%?ooﬂm%%%e@sﬁred

Si];‘ En\/l 100 nmL of oxygen ca uorodeca

0 Yﬁ@(‘é}'@rﬂemgo eMLSQf 229%q vmwhsedasiaammtml Wnethis study.
perfor med for 20 mnutes (w thout shaking). The cell s

(b)WEgfseft in the media for 24 hoursunder incubation.
Later, the supernatant nedia was renoved w t hout
di’st ur bi ng the cell line. The cell |ayer was washed

Thwgra;pusd mpremhpmgeatag@scells e@mg&/f mgmgﬁlfﬂedréﬁl?fbgrygf‘é%ns after
t he ri and i ncubated a
F’Dﬁaﬁgﬁp ?EQhZF@yg%sﬁé)dﬁng@@ vkinea 48)h HBwag2sew) . that the
BIEXicity g t
VOO ESdSel R FIT wind [Pe 85 £%04 38" Slurdted 46 usifo B,
in @qujm,r@@?ddiﬂlm ice I(IMentoWela taéﬁast/&g/totgﬁﬂlt@%@mpanng
stu esu e graphs

thefSHfel 81616 hPUBRRL I SO smes ﬁﬁf%@r pwto@wcﬂwr Iherefore, MB
wodldr bal @tbeﬂé% dte '

Hi gure 13 rﬁ @%@lﬂﬁét%b&&e cyt A t'@ﬂm@g’%cmome
Sth@E@ esk WMWG@ alathevfosukations ripsteddThe resulttshow

P sin er. showed t he

i Sonl ity S Rl 3 5, S B e
promldel\,ﬁvastlbO(Ehagomedlokmasﬁbrdbléétt 8isC 1 But- MBO &S @FREfve M3ainst
bacteria and suitable for fibroblasts cells.

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 composition
compared to sodium hypochlorite.



woul d be a better photosensitising conpound. Further,
sodi um hypochl orite showed hi ghest the cytotoxicity of
w@bdoot1s5344 or mul ati ons tested. The results show@Ts62006/000154
conventional chem cals, such as sodi um hypochlorite,
used in treatnment provide drastic killing of nornal
fibroblast cells, but Mx is ef fecti ve agai nst
bacteria and suitable for fP®roblasts cells. However,
as nentioned above, although sodi um hypochlorite
showed the highest cytotoxicity, conbining the results
fromthe other exanples, it can be concluded that M x
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sensiti,skhg,co si,tion conprising a mxture of:

T“’ZF?‘TS 2kt Bne SHAHS (ant ;2%?3-|i%\§temh§na| BeWoHndanstansting of
endedartic imReLiEhs. Edtdortit odiks 6579l ume of the at | east

one surfactant to the at |east one alcohol to water is

in the range of 10:5:85 to 40:30:30, with the proviso
Val'gﬁggn%& t%he 1887 Rhetomeadifizatioac toinbiolagical aletovanes with

emphasS o et ot isoREning Bhto i idioRe #bines-Tho

t_he_vol ume of the at | east one surfactant to the at
Walinsarightonil. all 888.0| Phatospianic _Saritmibhﬂ)iélaeﬁém%ihéébylogﬁéCT).
Jodk8 éaféﬁm g &]‘e conposition according to claim

Wpakt Hmigradia) Chematerapyi413@Bume of the at | east

one surfactant to the at | east one alcohol to water is
Waltvddght> 0 M. 4. e miti a i . of

_cl a?c%s_ 1 to_??:mv\hgr ein t’he@'g' %6;4? g’%‘e&é)%r t@?’ﬁt Fognts—
CIrcHMVGriingr fesisifioesh @indobreaking wewinebiofifms: TAerevizw Oitdrnafional

; ' one, of i to 4, wherein the

blogét%ﬁgc ta@mr?}‘té'?%gg%ﬁgfqdzfg'?f’%ﬂ ﬁ%‘é%@mt ching liquid. 6.
The conposition according to claim4 or claimb5,

Yosttida & et alhApplicdeSptiss, B6(18)) ppidrsbesaghygy! . 7. The
conposition according to any one of clains 4 to 6,
wherein the trihydric al cohol is glycerol.



8. The conposition according to any one of clains 1 to

7, wherein the surfactant is selected fromthe group
w@oemwsi13Bing of : mneral oil, glycerol, polyet hptES62006/000154

glycol, Triton X, polypropylene glycol and SDS. 9. The

conposition according to any one of clains 1 to 8,

wherein the at | east one al ghol is a nonohydric

al cohol . 10. The conposition according to any one of

clainms 1 to 9, wherein the at |east one alcohol is

et hanol . 11. The conposition according to any one of
CIc.IainB 1 to 10, wherein the conposition conprises a
M ure of pol yet hyl ene gl ycol, ethanol and water. 12.

The conposition according to any one of clainms 1 to

1.10A %@Ec%e‘hsﬁi@%gcﬁﬂ’ﬁgﬁsfﬂoﬂn cﬁqg}?l%lf:ﬁe% grhlgft%{e ;J éfgnaq least one

gl ycerol, ethanadl
acBuFactagt;t at tsast onk2aloohek; eamd/bhevatet, | Whéfeirh tAe ViIgkiB & the

22%%’0 ?"gh" %c,’ %1 I t %flr%gt”fg'irﬁ’etlhgfa%gﬁéﬁtrﬁgﬂ%laéghqlso%vater is
whir mewratn@e, cﬁorrm@ssttb% éo*f-sb hﬁ/\’tt}‘%ﬁé@%\ﬁ&? Iﬂfelﬁt (M?&? he Sfleast

phot osensi ti si ng conﬁoun
ac@BP&NﬁfQC'ta@t gn sleehof, itdé diffexent frcom]the aMestionetdiéohol.
con‘posn tion conprl ses at | east one photosensitising

f cer I et n
2' %he corrp05| &c;&r{azr{] cg) Q%Hé H'la'e Eﬁtlocpfgm%vqume of
t othle4at Vet @ine sm@a@m@ﬁtﬁe an |é‘aymfriessr%oﬁbl tSWHeCREin the

phot os ound and a m xture of
pol’ %ﬁé}sﬁﬁaﬁae %fmanol and water. 17. The
conposi tion accordi ng to any one of clainms 14 to 16,

3. m?hé'o@nﬁﬂ&ltﬁn é@@?&mgﬁs it P%?stﬁle?éxﬁgp% rg@ af &]eu\éolume

selected fromthe grotp consistiing o

neehjhersd leret oner saactast G@Ithblaleleatstymiélraléﬂmﬁ to water is
crgé% d/l ol et, azure blue cert, azure B chloride,

azure 2’5 azure A chloride, azure B tetrafl uoroborate,
thionin, azure A eosinate, azure B eosinate, azure m x

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.



sice, azure ||l eosinate, haematoporphyrin HC,

haemat opor phyrin ester, alum ni um di sul phonat ed
Wehbithasseyani ne, chlorins, photoactive full er ePEESGENGN00154

Cl6-b), aminolevulinic acid (ALA), bacteriochlorins,

pht hal ocyani nes, pheophor bi des, purpurins,

napht hal ocyani nes, indocyangfe green, or m xtures

thereof. -18. The conposition according to claim 17,

wherein the at |east one photosensitising conmpound is

met hyl ene bl ue. 19. The con‘positihon accor_cllt ng t? atnﬁ

ong, of cl ai 1 to 18 wherein the conposition further
1000%%%@%‘{'}{?\?’%5@90 &0 anyeone|qfosipimeg 1afo Qn wheyeienthe at

Caldasebie BlcohoPR sthghboni ¢ conpound; or c) an
oxi di sing agent, or m xtures thereof. 20. The

conposi tion according to claim19, wherein the oxygen
11 call he fompositior casarding riot ary gmeupf otaisisstli 10910 wherein the

eSS HR T e S BRIELARESEE Mol an

pewhtaror ooct ane and perfluoromet hyl decalin. 2 1. The

conmposition according to claim19 or claim 20, wherein

th ol ycationi c conmpound is selected fromthe group
12coﬁ§$s‘t‘ mResiHon ;?émgﬁms}stpn@jy longr gf wigims b-tar 40 ninierein the

P POl ool B Rl e TaMRA e of

claims 19 to 2 1, wherein the oxidising agent is
13selbe cothposition aecaydingptoabaini $2) wherdin thké Irafic o Wlume of

h hlorite hydrogen.pgroxi de, DVMSO and chlorine
d?’@&?‘é’é’?{%ﬁ“%ﬂﬁ%cw%éﬁgé%- cording to any one of
claiml to 22, wherein the conposition further

14.coThe | emspasiidERERIN 48! Aty Reest aRifseX P18 Nvherein the

e
and/or carrier.24. The conposition according to any
ongPposifian fytheriepnamisestaileast aneephotosensitising 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 chioride, 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,



conposition is fornmulated for use in the treatnent
and/ or prevention of conditions caused by

wWOorR@sosBgani sns. 25. The conpositi on accor di ngPCDSEIY6/000154

one of clains 1 to 24, wherein the conposition is
fornmul ated for use in the treatnent and/or prevention
of periodontal and/or halitggis conditions. 26. The
conmposition according to any one of clains 1 to 25,
wherein the conposition is fornulated for topica

adm ni stration. 27. The conposition according to any

s 1 to 26 wherejn th ition i
oPnehnlFublS, "atrbuiins. | HGhAIBgvaHres: iafecydinaTrareen, or

comixiards thergsfcordi ng to any one of clains 1 to 27,
wherein the conposition is fornulated as an oral

18ri e, a nout hwash and/or an atom zing spray. 29. The

fo h &t oY f phot osensi ti si ng
co%%%téig??%trﬂgg ggb{c})l%#é]%tq% rﬁ@%ﬁ'@%‘t’e'cl aims 1 to 28 in

the manuf acture of a nedi canent for treating and/ or

19.pr Bhermamgpsitiomdisctording do sy lneTof MmN 5796, Whirein the
u@érﬁ& "E)hf rt[reat ment and/or prevention conprising

t he gtion furthsf comrrises:at 1eag) anecofihefoliowisgt i si ng

conposition; and b) irradiating the area to which the

caaposart bryydrbcadigr:ni stered with light at a wavel ength

absorbed by a photosensitising conmpound. 3 1. The use

accor di ng to claim30, wherein the nmedicanent is for

t r'¥at i$hg

m croorgani snms in the oral cavity of a subject.32. The

uscg ac&péﬂh%ég &Shai m 30 or claim3 1, wherein the
me oF

ohPosFeMBRSHIRo AEraging tenyclaime tF, ottwirein thé oaR9east one

lyratienic sempenndngr condi ti ons caused by

i canent 1S tteating and/ or preventing

periodontal and/or halitosis conditions. 33. The use
acddnixiurgstieraof. one of clains 30 to 32, wherein the
condi tions

20. The composition according to claim 19, wherein the oxygen carrier is

21,

22.

23,

selected from the group consisting of: perfluorodecahydro naphthalene,
perfluorodecalin, perfluorohexane, octafluoropropane, perfluorobutane,
perfluorooctane and perfluoromethyldecalin.

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 chloride, calcium hydroxide and
magnesium chloride.

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.

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

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



consist of gingivitis, periodontitis dental caries,

root caries, root canal infection and apica
weernsostomt i tis. 34. The use according to any OPET/SG2006/000154

claims 30 to 33, wherein the photosensitising conpound

Is conprised in the photosensitising conposition. 35.

The use according to any ongqof clains 30 to 34,

wherein the conposition in step a) is admnistered

topically. 36. The use according to any one of clains

30 to 35, wherein the conpositiog in step a)d!s t

hai by iniectiqn. 37. The_ use according to

2423 S EbGHSH AchBTag 16 aYons, Ohuskiin | e25. wherein the

i r camtpasition iefforheltdd fbsusarihi B¢ Qukt Zhdib i ;
per i op,of 10 seconds to 30 ni nutes. égﬁé}{}he usg‘f)reven lon o

actA iRy eHsadbyrmicrooganisma. t he i rradi ation of step
b) is carried out for a tinme period of 5 mnutes to 15

m i : rding to gl ai.m 38, rein
2t ool kS REE 18 S o pf i rlor 24 tirsesin the
pe¢drogosition Os formaleted 4 udbdnuhe RESTEHE Hhd/6r ?Pé/ve?ﬁ‘isn of
of lj aj 30 t0 3% wherein the dose of light used In
st%%'%‘%"ﬁ%l orhalifosin capdiienso 200 J/cre. 4 1. The
use according to claim 40, vvherei/n t he dgse gf Inlgglglt2
us [ i a&g]%f : (42 ..
26 Th-gd%sdebnz%(céﬁgrl&g? r?g to an;}é %}ﬂe)ﬁ %P ‘écﬁf;?;%rﬂgo‘?ﬁg %g,lyvherem the
whearapesitior is fogmulajied toritapisabadmjnistestion. wavel engt h
rangi ng from about 400 nmto about 1400 nm 43. The

|5 | 2, Wherein the |ight used in
27 UG SRR Qohalil 18,amnenel o LRELT BTG Meed Lo e
abmrhp@siomis fofulaté forsrintinRa=BbAGyliRjetligh M 43,
wherein the light used in step b) has 'a wavel engt h of

45. . A nmet hod, of treating and/ or preventing
28'50 n:aom%osg%rggacqf Ing 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

and/or preventing conditions caused by microorganisms in the oral cavity
of a subject.



m croorgani snms in a subject, wherein the nethod
conprises the steps of: a) admnistering a

wWEhb@bodBmsi ti sing conposition of any one of clBCTHSGH006/000154

28; and b) irradiating the area to which the
conposition is admnistered with Iight at a wavel ength
absorbed by a photosensitisgélg conpound. 46. The

nmet hod according to claim45, wherein the nethod is
for treating and/or preventing conditions caused by

m croorganisns in the oral cavity of a subject. 47.

32, IR Gip-BERG o Bl 2057 s T or@in Insgmedicament is fo

peireatitanand/oapedvantingl dersi fdr! i¢8ondi
met hod accor dlpng tnoI gnrjy %ﬁgﬁg %@ﬁgrrrr%ﬁ%aﬂﬁ gogld;{?gns.
fﬁein the cgnditions consist of gingivitis,

e

33%’h
I NE&didiofr dchigRs cal.pgLiadontitis. 49. The net hod
accor d%tngf 5 'ﬁgé’o 8”?)?6%{%1 ﬁbenﬁgé ?%'e&,ro\?ﬁéiaé'ieﬁ’ fpRf canal
phiofexsionsind apicg parivgomntits.i s conprised in the
phot osensi ti sing conmposition.50. The method accordi ng

34!
acslestdEdveki NYeoSo clai : 50, erejn, the .. .
co&rrgg)si %}Iﬁb(;ﬁné??% )s/c% ep a dl s lsgdm%rr]nfpﬂs'éﬂ i qunj gbﬂogﬁnsftlsmg

52compesitien.hod according to any one of claims 45 to 5
1, wherein the irradiation of step b) is carried out

8 SRt 2qcoedipg ip ANy ane @f claiowst 3@ 40 i385 whevein thargnditions

ny. one_of ¢l ai 45 to 49, wherein the conposition
ET@? efS%) a?%ﬂrétﬁm ﬁgsla@ye@”?o;ﬂfcﬁlall%‘? §01 to TB3, nwhereth the

stered by

f ' | f 10 d 3Q i . 53. Th
35 ol Ko S EEaP R By Pl i af 2 4 WBoTaTs e apmomsiton

37.

38.

39.

40.

41.

ofinstepapls admiriteierittopitallyor a tine period of 5
mnutes to 15 mnutes. 54.  The nethod according to

Cc
36.

I.@j}m 53, wherein the irradiation of step b) is
ar'ts BEe 8GEORAHY to anyenpafickaimsi30Lt a6 nwhersin the composition

in step a) is administered by injection.

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.

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.

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

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/cmZ.

The use according to claim 40, wherein the dose of light used in step b)
ranges from 50 J/cm? to 150 J/cm?.



55. The nethod according to any one of clains 45 to
54, wherein the dose of light used in step b) ranges

WO e@imdB44/ cn to 200 J/cnR. 56. The met hod acPOY/8G96/000154
to claimb55, wherein the dose of light used in step b)
ranges from50 J/cn2 to 150 J/cnR. 57. The net hod
according to any one of clagm®s 45 to 56, wherein the
light used in step b) has a wavel ength ranging from
about 400 nmto about 1400 nm 58. The nethod
according to claimb57, wherein the light used in step

42,5 1168s8 ARSEATH Bl S A LISIRAEE Bh cvhemsdy thentioat wped in
t hetep ibg itasus advelengtieringind Remaaii 208N o 3bofB400 nm.

nm 60. A kit for treating and/or preventing conditio
sed by mcroortggnisrrs in a subject, the kit

43'2 ohpt USPrRFCerding: Bseladm 4% wigereim s light nsalaat dorsiémd)thas a
! . ! ;
o et 1B QircEirdm dbpe? 6o P B> Bt B o o1 i m

60, wherein the kit is for treating and/or preventing
44.coths useracasadingdtobgtain c13 wigsralrs e light hee@ilst&s ) thas a

of j.eCt.. . The kit according to claim®60 or
w SRR e ]

cl "the kit is for treating and/or
preventing periodontal and/or halitosis conditions.

45.63A Thethbdt efcaediing thddly pRFefting! aditRAst ©
wherein the kit further conprlgsegﬂg?gl Zda(lﬁa'tg)g’g I?%fzﬁed by

elMAeganEmTl & aphisre Wereinithe inmethbd ghmpaises the steps of:
wavel engt h absorbed by a photosensitising conpound.

64) ThRink| - | ne of cl ai 60 to 63, .
vvhegr ej nnlzflith ISIteag a n}g&%%%lsi%i F?moﬁg'oé’o%dﬁﬂn?é’? Claims 1
conpr ite@8; andt he phot osensi ti si ng conposition. 65. A
nmet hod of preparing the conposition according to any

ong of cl.ains 1 to 28, c rising the steps of:
rbs wrgélahng ti!ie area to w?\rl@\ the c%mposition I?s administered with

light at a wavelength absorbed by a photosensitising compound.

46. The method according to claim 45, wherein the method is for treating

and/or preventing conditions caused by microorganisms in the oral cavity
of a subject.

47. The method according to claim 46 or claim 47, wherein the method is for

treating and/or preventing periodontal and/or halitosis conditions.

48. The method according to any one of claims 45 to 47, wherein the
conditions consist of gingivitis, periodontitis dental caries, root caries, root
canal infection and apical periodontitis.

49. The method according to any one of claims 45 to 48, wherein the

photosensitising compound s comprised in the photosensitising
composition.



a) preparing a mxture by mxing: at |east one _
surfactant; at |east one alcohol; and/or water, with
W0 b@opsB¥i so t hat when the at | east one surf acPErsG26/000154

an alcohol, it is different fromthe at | east one
al cohol . 66. The nmethod according to claim65, further
conprising the step of addi at | east one

phot osensi tising conmpound t0 the m xture of step a).

50. The method according to any one of claims 45 to 49, wherein the

composition in step a) is administered topically.

51. The method according to any one of claims 45 to 50, wherein the
composition in step a) is administered by injection.

52. The method according to any one of claims 45 to 51, wherein the

irradiation of step b) is carried out for a time period of 10 seconds to 30

minutes.

53. The method according to claim 52, wherein the irradiation of step b) is

carried out for a time period of 5 minutes to 15 minutes.

54. The method according to claim 53, wherein the irradiation of step b) is

carried out for a time period of 10 minutes.

55. The method according to any one of claims 45 to 54, wherein the dose of

light used in step b) ranges from 10 J/cm? to 200 J/cm?.

56. The method according to claim 55, wherein the dose of light used in step
b) ranges from 50 J/cm? to 150 J/cm?.

57. The method according to any one of claims 45 to 56, wherein the light

used in step b) has a wavelength ranging from about 400 nm to about
1400 nm.

58. The method according to claim 57, wherein the light used in step b) has a

wavelength ranging from about 650 nm to about 800 nm.

59. The method according to claim 58, wherein the light used in step b) has a
wavelength of 660 nm.
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60.

61.

62.

63.

64.

65.

66.

68

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 60, 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 60 or claim 61, wherein the kit is for treating

and/or preventing periodontal and/or halitosis conditions.

The kit according to any one of claims 60 to 62, 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 60 to 63, 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.

The method according to claim 65, further comprising the step of adding at

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



