Use of anti-bacterial conpounds having an anaesthetic effect The present
invention relates to the use of anti-bacterial conpounds to achieve an
anaesthetic effect. In particular, the present invention is directed to the

use of 2, 4xdiGhlpnePenzyl al cohol CBA), 5any|netacreso|Pgeﬁgammﬁgg¥%
/ thetic

pyridi nium chloride (CPC) and hexetidine (HT) to achi eve an anaest

effect. 2,4-Dichlororbenzyl alcohol (DCBA) is a well-known anti-bacteri al
conmpound, and is used agai nst a nunber of gram positive and gram negative
bacteria. 2,4-DCBA has been used with a nunber of other anti-bacterial

agents, e.g. phenolic antiseptics such as anyl cresol. EP O 161 898

t eaches the usel¥%ofaBtiPasteriplinmpey SjWﬁWﬁdng%ﬂgﬁﬁgﬁeﬁgﬁ the treatnment of

pl aque. US 4 167 583 di scl oses antim crobial conposition which contain
DCBA. The conpositions are used to sterilize surgical equi nt.. W92/ 1811
di sCATEPESCIE RWCRTOR refples i hipsed Btipcigahtogpop tﬁg?fha’ef? nachESHS@ERET |

pr epankic@as teOfredeRCinkEQRdh B Rtre®dd GaBt hik& ofl D AQTERSSHeRaY RBhOY(DdHA)CObact er
Eglorl. W96/ 32934 t eaches the use of anyl met acr esol for the

2. 4- DCBA and .
eFarirGsEsYf (AMirbasednahidimge inside (ERENewmd reiiing (RDLE0EFHBPIBB t eaches
t he Jis8mei: dfdg sane conposition for the treatment of severe acute
respiratory syndrone (SARS). US 6 251 371 teaches the use of DCBA for the
treatnment of inflammtion of skin or mucosa. 20 US2007/ 0202177 teaches the

use DLORIKIFRLATLRERA (DEBAIR ARALAT HBLALCATIABLIAOM idled GOMROS L1 on 1 5
use or cathet'er Tocking Solutions or catheter coatings to reduce or

pr evarrber offgean ipositivaDRIOHEH IRB0IF4 bagietia\D AJDABA GBT Heerdissd Moben mumsosl ti ons
cont ai ni ri.orol i.dine .t . di sorders. The

P W BB A RO M IR rmetic BB ) SOLIRNE and 25 DCBA
Cetyl pyridiniumchloride (CPC) is comonly used in oral rinses for cleaning
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20097 065322 AREIF4CRRMABFDMB 8adpdsigive ihith renthis THIBA. Wbechmpusitped ar¢ ised és f or
cl eas?(gri?lge srtrz?g%(t:arl] ec?lﬂgmgzgt? a\/{"()Bg/ Igrhn 1srclotser:]sr t%g tuseocr)f an i%*}ig]rog)iglf a?g%xtltis,qgaﬁding 2,4- '
15 DCBA, in preparations for the treatment of gastric disorders caused by Helicobacter pylori.
W096/32934 teaches the use of 2,4-DCBA and amylmetacresol for the preparation of a medicament
for the treatment of HIV. WO02005/067906 teaches the use of the same composition for the treatment
of severe acute respiratory syndrome (SARS). US 6 251 371 teaches the use of DCBA for the
treatment of inflammation of skin or mucosa.
20 |
US2007/0202177 teaches the use of amylmetécresoi, in an anti-microbial composition. The
composition is used for catheter locking solutions or catheter coatings to reduce or prevent infection.
WO2005/123074 and WO02004/105758 disclose compositions containing triprolidine for the
treatment of sleep disorders. The compositions can contain a further active which includes AMC and

25  DCBA.

Cetylpyridinium chloride (CPC) is commonly used in oral rinses for cleaning mouth and {reating
minor throat or mouth infections and teething problems. It has also been used as an ingredient in
certain pesticides.
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Most sore throats are caused by viruses, such as cold and flu viruses. Sone
sore throats can be caused 5 by infection by bacteria, nost commonly
streptococcus. In extrene cases a course of antibiotics is often required.
Viral soreydhneoass;s on the other hand, do not respond #©papijei@sdcs, and
t her ef ore managenent of the synptons is required until the virus has been
elimnated by the body. Throat | ozenges generally contain at |east one of
the follow ng ingredients, anaesthetics, painkillers, antibacterials,
derul cents. 10Typi cal anaesthetics include benzocaine and |idocai ne
hydg.ochl.ori.de am ne h O I cal
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contm@&tiomi t h and provide tenporary relief Lidocaine hydrochloride and
benzocai ne are used widely in nedical and dental practice for locally
nunbi ng the nouth and throat for m nor surgical procedures or when a tube
be inserted | the Iy A kikdgers (or
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absence of sensation or feeling. The termis commonly used to describe a
reversi ble process which 20 allows operations and nful or E@@%easant
pr od6wat lesentes dveerplist foptairedt logst pnsLat te ietloveiag inggrdionts, %?F?ﬂé‘?ﬁ‘tzs ppig trast
analﬁﬁ%&%mﬁefgﬁau%@;drugs whi ch tenporarily relieve or abolish pain. Unlike
| ocl anaes ﬁ i CS, they produce no sensory or notor blockade stopping the
activity in the sensory or notor nerves respectively that supply a part of

fohe T‘?ﬁ@é& angéiﬁ)éiﬁk!sqﬂélu@enbénb@cﬁtrerdnallﬁiobdm@l Mda}calaspiﬂeﬁréleazydamme hydeteldopder i di ni um
chlorid hexeti di ne and di chl orobenzyl
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5coripoun an anaesthetic effec Typically the one or nore

antl-bacterlal conpounds can be sel ected | ar,ob al coho
15 Topically delivered prg)nklllers (or analgesics) include ben7yda1nme4hygrocglonde f?u?bzgrof

These painkillers belong to the group known as NSAIDs (non-steroidal anti-inflammatory drugs) that
help reduce pain and swelling. Systemically acting NSAIDS and other pain killers such as
paracetamol are also used in the relief of pain. Anaesthesia is generally considered to be the loss or
absence of sensation or feeling. The term is commonly used to describe a reversible process which
20 allows operations and painful or unpleasant procedures to be performed without distress to the
patient. In contrast analgesia refers to drugs which temporarily relieve or abolish pain. Unlike local
anaesthetics, they produce no sensory or motor blockade stdpping the activity in the sensory or motor

nerves respectively that supply a part of the body.

25  Typical antibacterials include amylmetacresol, cetylpyridinium  chloride, hexetidine and

dichlorobenzyl alcohol.



anyl metacresol, cetyl pyridiniumchloride, hexetidine, |idocaine,
hexyl resorci nol and benzocai ne. The one or nore conpounds may be a
conbi nati on of 2,4-dichl orobenzyl al cohol, anylnetacresol, 10

cetyl pyri dighssop&zori de, hexetidine, |idocaine and bepgpegabhgoosRsiLferred
conbi nati ons can be selected fromthe group consisting of

2, 4-di chl or obenzyl al cohol / anyl net acresol, 2, 4-dichl orobenzyl
al cohol / cetyl pyridi nium chl oride, 2,4-dichlorobenzyl al cohol/hexetidine,
2, 4-di chl or obenzyl al cohol/1idocaine, 2, 4-dichlorobenzyl

| cohol /b DM i o can
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any lhaet 8666054 lffgna padtine, cetylpyr|d|nlun115chloride/hexetidine,
cetyl pyridiniumchloride/lidocaine, cetylpyridiniumchloride/benzocaine,

hexet i di /I , v -
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al cohol / a tacresol/1.id i ne and 2, 4-
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sol ,

20hexy|resorC|n01/2 4- di chl.or obenzyl al co r ridinium
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hex il BRcfdsROLéth) ﬁmﬁiﬂhln&llor]-d'be haﬁﬁdma,n’mtucamanhdwlmsnrctﬂqé apd bprzeesing- | 0zenge,

“gel, spray, capsu pastllle i nk,
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2009{;%%%%% ggélﬁﬁ%oo%gﬁééwz IJal%me.cz@ne AlcoliMeidis e d2 fatidiiaattensdr e
throats in , scratchy, inflaned, swollen stab qgﬁggm“deng and

pai mfiwholtflhilowtes 2 4Td1@llwebhnéﬂn%¢ﬂho’é‘ﬁ>ﬁm&ﬁ’§% Wllﬁgt@‘iﬁesf’g"eﬁl%yé‘[ areas of

the zgrrr?y me acreso exetmtmc a eth,rrestof?lncﬁ)'céﬁq, amylmetacresol/benzocaine, cetylpyridinium
15 chloride/hexetidine, cetylpyridinium chloride/lidocaine, cetylpyridinium  chloride/benzocaine,

hexetidine/lidocaine, hexetidine/benzocaine, 2,4-dichlorobenzyl

alcohol!amylme;tacresol/cetylpyridinium chloride, 2,4-dichlorobenzyl

alcohol/amylmetacresol/hexetidine, 2,4-dichlorobenzyl alcohol/amylmetacresol/lidocaine and 2,4~
dichiorobenzyl alcohol/amylmetacresol/benzocaine, hexylresorcinol/amylmetacresol,
20 hexyiresorcinol/Z,4-dichlorobenzyl alcohol, hexylresorcinol/cetylpyridinium chloride,

hexylresorcinol/hexetidine, hexylresorcinol/lidocaine, and hexylresorcinol/benzocaine.

The medicament can be in the form of a lozenge, gel, spray, capsule, pastille, gum, dissolving

granules, gargle, drink, liquid-shots, tablet, or any other suitable format. The medicament can be in

25 the form of a lozenge.

The base of the medicament which contains the one or more anti-bacterial agents comprises one or

more components selected from sucrose, glucose, isomalt, maltitol, xylito], mannitol.



5The | ocal anaesthetic effect of the nedi canent can be, obtained in a
period of less than 10 m nutes. The | ocal anaesthetic effect of the
medi canment can be obtained in a period of |ess than 5 m nutes. According to

a second aggembeghat e present invention there is provp@pdpshoBiaad of
obtaining a | ocal anaesthetic effect in a patient conprising adm nistering

a conposition conprising one or nore antibacterial conpounds which exhibits
an anaesthetic effect. Typically the one or nore anti-bacterial conpounds
are selected from 2, 4-di chl or obenzyl al cohol, anylnetacresol
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ben oun ation of
2, 4seehivadpl Eﬁixﬂb@%ﬁ& paiafu hets. Breaytdietraor moalisp bxeaxscfbqu@wth@’ Fgagrpf éldl or i de,
hexetldlne | i docai ne ggd benzocai ne. Preferred conbi nati ons can be

selé@ﬂ%duﬁwﬁﬁmﬂﬁémﬁfﬁﬂ consi sting of 2, 4-dichl orobenzyl
al cohol / anyl net acresol , 2, 4- dichlorobenzyl al cohol / cetyl pyridi ni um

hlaride, 2,4-dichlorobenzyl al cohol tidi 4 |
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any hiefas hesOhbRSIiERY fricth ddickbie Rhiobd SlRainaiy b peataiar &solhbi e xdétitel ne,
anyl netacresol /1idocai ne, anyl netacresol/benzocai ne, cetyl pyridinium

20chl ori de/ hexeti dine, cetyl pyridiniumchloride/lidocaine, cetylpyridinium

chl or I;(g&iéxp MNd's of the present invention there is provided a method of obtalmng a local
hexe |n%§f¥§%calngmhexet? di ne/ benzocai ne, 2, 4-di chl or obenz

al C@msthquﬁm in@metio Loerrising Admilis e FHOHEOD RIS 08 8%%‘?1%““‘
- al C% ffr}a yo‘ﬁ{qmﬁ{.acriﬁénoej[y(jn{&ﬁé(ﬁ{én%%ncgff&t di chl or obenzyl '

adl cof eso docai ne and 2, 4-
d|chlorobenzylalcohol/anylnetacresol/benzocaine hexyl resor ci nol / anyl net acre
sol ... 25hexyl resorci no lected from 2,4-dichlorobenzyl alcohol,

-di gﬁ?‘(‘i&@b%ﬁfw 8 EI(S’FFoTnnﬁbea)%tﬁ?Tl?lecg mPQyds oy ecseet?fepyfoln(ljl ni unchl or |)£je

hex hiyRsaicadsolp lcbhppadinidinnehloriex yxeodioe.clidnoting. i wwilsisereinok e benzocaine.

hexyl resorci nol / benzocai ne. The. | ocal Lbtained in
o poie G B mpgLepRR: 19V i segun Lo ESPhARELE, R el appupei g £ ned

gbt akHRGridiRiubA chEided GehidineSBddchiag and memﬁbase. JQeferred combinations can be
selected from the group consisting of 2,4-dichlorobenzyl alcohol/amylmetacresol, 2,4-dichlorobenzyl
alcohol/cetylpyridinium  chloride, 2, 4-dichlorobenzyl  alcohol/hexetidine, 2, 4-dichlorobenzyl
alcohol/lidocaine, 2,4-dichlorobenzyl alcohol/benzocaine, amylmetacresol/cetylpyridinium chloride,
amylmetacresol/hexetidine, amylmetacresol/lidocaine, amylmetacresol/benzocaine, cetylpyridinium
20 chloride/hexetidine, cetylpyridinium  chloride/lidocaine, cetylpyridinium  chloride/benzocaine,
hexetidine/lidocaine, hexetidine/benzocaine, 2,4-dichlorobenzyl
alcohol/amylmetacresol/cetylpyridinium chloride, 2. 4-dichlorobenzyl
alcohol/amylﬁ‘letacresol/hexetidine, 2., A-dichlorobenzyl alcohol/amylmetacresol/lidocaine and 2,4~
dichlorobenzyl alcohol/amylmetacresol/benzocaine, hexylresorcinol/amylmetacresol,
25 hexylresorcinol/2,4-dichlorobenzyl alcohol, hexylresorcinol/cetylpyridinium chloride,

hexylresorcinol/hexetidine, hexylresorcinol/lidocaine, and hexylresorcinol/benzocaine.

The local anaesthetic effect can be obtained in a period of less than 10 minutes. The local anaesthetic
cffect can be obtained in 2 period of less than 5 minutes.
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The patient can be suffering froma sore throat, including dry, scratchy,
i nfl amed, swol | en, stabbing, burning and painful throats. The patient nmay
al so be suffering frominfection of other areas of the nmouth such as the
guns or tgpghdesinesdBnbodi nents of the invention will noycbepsesesikbed, by
way of exanple only, with reference to the acconpanying Figures in which:
Figure | illustrates the concentration-response curve for anyl netacresol
(AMC); Figure 2 illustrates the increase in binding affinity with fast
inactivation- vol t age- dependence of bl ock by anyl netacresol (AMC); Figure 3
tes r sent tive e i nd
voI & ét c@ﬂggﬁﬁ Per fglgsaesolgn Eﬂ% G}hﬁg po¥ esg%tcgngnﬁmng%(g%& ebg%bm?Al\/C) ;
Fi gumem@ andi baiﬁitur ares. the ;xaomﬁemiyradﬂoi lmmuffeﬂmoﬁlma lﬁm’tme of gther areas of the
di chl orob nz alcohoﬁ % Figure 5 illustrates the increase in binding
af f PpIEySuch 48 fﬁ%EFOF | lvatlon- voltage dependence of bl ock by
dichlorobenzyl al cohol (DCBA); Figure 6 illustrates the effects of a

B QuBoRnieR L AR e e\ GHEPRO Y Pk SLr R ey e R el

F|gu&gnﬁm;Cégs@&ﬁn@&h@hponcentratlon response curve for cetylpyrldlnlum
chl ori de C); Figure 9 illustrates the fast inactivation of

cetyl pyridiniumchloride (CPC); WO 2099/063223PCT/ G82008/ 003852 Fi gure 10

i1 psdubal @8stfaR RSB R Ak At o8- r&%&kse Ic@6 tir vy infacCdbIr@MC) r aces for
cetylpyridiniumchloride ( Figure 11 illustrates the concentration

response curve for hexetidine (HT); 5
Figure 2 illustrates the increase in binding affinity with fast inactivation- voltage-dependence of

block by amylmetacresol (AMC);

Figure 3 illustrates representative current traces for the concentration- and voltage-dependent
increase in blocking potency of amylmetacresol (AMC);
15

Figure 4 illustrates the concentration-response curve for dichlorobenzylalcohol (DCBA);

Figure 5 illustrates the increase in binding affinity with fast inactivation- voltage-dependence of

block by dichlorobenzyl alcohol (DCBA);

20
Figure 6 illustrates the effects of a combination of amylmetacresol (AMC) and dichlorobenzyl
alcohol (DCBA);
Figure 7 illustrates the fast inactivation of an AMC/DCBA combination;

25

Figure 8 illustrates a concentration response curve for cetylpyridinium chloride (CPC);

Figure 9 illustrates the fast inactivation of cetylpyridinium chloride (CPC);



Figure 12 illustrates the fast-inactivation effects of hexetidine (HT);
Figure 13 illustrates representative fast-inactivation current traces for
hexetidine (HT); JFigures 14 - 16 illustrate estimated affinities of

anyl met acngs loo/bAMz) . di chl or obenzyl al cohol (DCBA) angl-hexeiksisee (HT) to
i nactivated channels; Figure 17 illustrates the concentration-response

curve for Hexylresorcinol (HR); 15Figure 18 illustrates the concentration
dependent increase in binding affinity with fast inactivation; voltage
dependence of sodi um channel bl ock by Hexylresorcinol (11R); and Figure 19

|| ust t he fast t t. t | (HR
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expyess| ng the a-subunit of NaVi 2 neuronal sodi um channels froma rat were
used. The expression vector pRc/CW (Invitrogen, San D ego, USA) was used
for manmal i an transfection. Transfeetion was perfornmed using cal cium

phosphatie infseskdht sddcairatiRechRngtiune priessidie Wy, achi eved by sel ection for
resi stance to the am nogl ycoside antibiotic 25geneticin 418 (Life

Technol ogy, Eggenstein, Germany). Successful channel expression was

Ver 'I%&%@!h&ﬁ&t@@dﬂ@ya%! -RhAGhGR Jiets SOlbd@RsHT);, Di chl or obenzyl al cohol
arnyl net acresol (AMC), eetyl pyridiniumchloride (CPC),

‘ 30hexy| resorcinol (11R) and hexetidine (HT) were prepared as 1 M stock
sol g uf?:%hfhs%%@x%g esdhfiQk fa&ﬁn&heatxo\@%@&@%&ﬁ% 23kt Q2R 008/ 003852

exper ment s ock solution was then dissolved directly in bath
soI ution. The bath solution contained [mMM NaCl 140, MyCl2 1.0, KC1 4,0,

&015 I;? @ ?ﬁlii%{:]lg egigrg?ﬁ&f_gﬁ‘%uéi 8)1" a%@}rﬁ&ac%s@? L4088 S1iansbeinRadiioiy CsCl2

130 sol uti ons were adjusted to 290 nosm
14 KWRCBApaddekdtidor (Hﬁ“)mnmtwmd chmhetsp pH 7.4 by the addition of CsOH.

Figure 17 illustrates the concentration-response curve for Hexylresorcinol (HR);

15 Figure 18 illustrates the concentration dependent increase in binding affinity with fast inactivation:

voltage dependence of sodium channel block by Hexylresorcinol (HR); and

Figure 19 illustrates the fast inactivation current traces for hexylresorcinol (HR).

20 Transfection and cell culture _
Stably transfected HEX 293 cell lines expressing the a-subunit of NaVi neuronal sodium channels
from a rat were used. The expression vector pRe/CMYV (Invitrogen, San Diego, USA) was used for
mammalian transfection. Transfection was performed using calcium phosphate precipitation.
Permanent expression was achieved by selection for resistance to the aminoglycoside antibiotic
25  geneticin G418 (Life Technology, Eggenstein, Germany). Successful channel expression was

verified electrophysiologically.

Solutions
Dichlorobenzylalcohiol (DCBA), amylmetacresol (AMC), cetylpyridinium chloride (CPC),

30 hexylresorcinol (HR) and hexetidine (HT) were prepared as 1 M stock solution in ethanol prior to the
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5 El ectrophysi ol ogv Standard whol e-cel | vol tage-cl anp experinents were
performed at 20C. Each experinment consisted of test recordings wth the
drug present at only one concentration, and of drug-free control recordings
bef ore andyv@bdogissifie test. Each cell was exposed to ongciegbogangentration
only. At least three or five independent experinents were perfornmed at each
concentration depending on the active being tested. For data acquisition
and further analysis, a; EPC9 digitally-controlled anplifier was used in
conbination with Pul se and Pul se Fit software (HEKA El ectronics, Lanbrecht,
Germany). The EP vi des t i i iofs aPRCHhd ¥&u@nd | eakage
curP@ﬁFgmﬁ§'ﬁ§dﬂéﬁd¥[ m%P%EJ%%%8§§ﬁw%fg#%%éﬁfg#ﬁgogg?§ were filtered at 10
K HZ cfisingdi (M) nze 140, MBTILE0 [16C P0iCaCl, ZThélepasut, dpipsad dnaicheicttipsehat ch

pi pettes was 2,.0-3.5 ngd .t he.. [ S A@f cellSianete iP2db pF;, the
resFﬂﬁ%F“%@Pﬂbgﬂﬁégﬁkngﬁ%gfaFﬁéﬁqggég%%ggﬁnégf?%hgmhgg 1.%$%.5 MO
EXP@lds BN b hvhddiich ofinB@nitd) abeoipEE7 4 bgilshddite widis@H ej ect ed. To minimi ze

ti me-dependent shifts in the voltage-dependence of steady-state
Pnactivation, all test experinents were perforned within 5 mn of patch

r UPt GrphiRdeky t hese 20experimental conditions, tine-dependent

yperpol-arizing shifts in control condition e , ug

ef f Standard whplierelh seliege tleme FEPASUTRP %@F’Bﬂd}é?@ sdg e%a%gt% X%&%Bfecrog%){ ftgcﬂ’ zed

e Al %iﬁ%td;iﬁ]' ife dring HRGFM Ao LhRMationtand ohddugifreg cprotobrecordinge | ose to
resting p

t he norma g potential in physiological 25 condjtio - , and,
addibefoonanidlafier the test] Gachaell wasterosed locrop st PR teETa Y nA‘JFaSgﬁ%%“lYﬁéﬂli) vat ed
channel s., Sl d | | AR ABSREPn HgRAdiNZodthe hctpredpiuk seBdt 0 - 90,
¥7of“£@8@m§§8&%ﬁ%g§%%%ﬂ§?8?§%ﬁgﬁed by a short hyperpolarization to allow
recovery fromfast-inactivation. In our protocol the recovery interval was
prolonged to 100 ins (i nst QPG Qb RahitiicdemeRifiee dyas | wsedrider to

al | %?§%F¥F%Wgﬁpnt?ﬁeﬁW%%‘gﬁﬁvﬁgé% dru %regf_but also for all déﬁg-bound
st at@mbin@tisre Gk eulst raamPlubs tFi8Sifivact [k dieetromigs, g beehth HBTN r

(1"..) in the presence, of .a drug._ (. tonbBnth 19 R@AK of Wirepulse
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GHIT | 9G1oWAS IThoUht) welel icteacht W) kHzand lighize! 4t@Stus et Bant oTbg AL fRaS PRt t ed
agai nst the applied concentrahion of th

e.dru i ) . )
Condciépatelt piDges @IQ%QFSBES_ M8} peddhe gapactiapges 8%86 Sl [V\%le ?—ills lpF, the residual series

. ) ustng a equation yi el di ng
the r%glgtgr%@t(gf?e; 'Sﬁ%sco%géns%:xs R 20D R MhanRedrindnackald e risé GREOYs resisanee

were rejected. To minimize time-dependent shifts in the voltage-dependence of steady-state

ent

inactivation, all test experiments were performed within § min of patch rupture. Under these

20  experimental conditions, time-dependent hyperpolarizing shifts in control conditions were less than —

2mV,

Drug effects on the peak current amplitude were assessed at a hyperpolarized membrane potentials (-
100 mV and -150mV), at a holding potential close to the normal resting potential in physiological
25  conditions (70 mV),land, additionally, at -100 mV in the presence of a fraction of slow inactivaied
channels. Slow inactivation was induced by long (2.5 s) prepulses 10 -90, -70, -50, -30 and -10 mV,
followed by a short hyperpolarization to allow recovery from fast-inactivation. In our protocol the
recovery interval was prolonged to 100 ms (instead of 10 ms originaily described) in order to allow
sufficient iime not only for drug-free, but also for all drug-bound states to recover from fast

30 inactivation. The residual sodium current (Inonm) in the presence of a drug (with respect to the peak



the respective H |l coefficients nu. /C50 n" (1) 'maxl C50nN + In the
presence of Hexetidine, a 2-state Hill equation, Egq. 2, was applied,
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respective anplitudes a and (1-a). The val ues previously obtained for |ICR50
and nu were entered as constant factors. Drug binding to inactivated
channels is hardly accessible to a direct experinental approach, because 15
i nacti vated channel states and all drug-bound channel states are
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i nactivating prepul se. Boltzmagn- fi tslgg M he resulting current-voltage
plots yield the nenbrane E%t enzi al ~paxi mum channel availability
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i nactivation gating (see Eq. 3). 25 1 (3)/ maxfien Vos

I ICRS,"™

ICI."
a +(1-a) n;" -
ICR™ +C"™ ICL," +C"

(2)

niax

In the presence of Hexetidine, a 2-state Hill equation, Eq. 2, was applied, yielding the concentrations
10 for halfmaximum channel blockade in the inactivated state (ICIso ), the respective Hill coefficient ny,
and the respective amplitudes a and (1-a). The values previously obtained for ICRsp and ny were

entered as constant factors.

Drug binding to inactivated channels is hardly accessible to a direct experimental approach, because
15 inactivated channe!l states and all drug-bound channel states are unavailable on depolarization. A
model-dependent method is generally applied to determine the affinity to fast-inactivated channel
states. The voltage-dependence of the block and the affinity for fast-inactivated channel states was
further assessed by applying a double-pulse protocol. Currents elicited by test pulses (Les), starting
from varying prepulse potentials (from _150 mV to -5 mV), normalized to the current elicited at the
20  most hyperpolarized prepotential (150 mV), represent the relative fraction of channels that have not
been inactivated during the 100 ms inactivating prepulse. Boltzmann fits to the resulting current— .
voltage plots yield the membrane potential at half-maximum channel availability (Vo s) and the slope

factor k, reflecting the "voltage sensitivity’ of inactivation gating (see Eq. 3).

25 (3) I;; M@T



1 + WD 2009/063223PCT/ GB2008/ 003852 In control conditions, the paraneters
of the Boltzmann fits reflect the voltage-dependence of the distribution
bet ween resting and fast-inactivated channels (the availability curve). In
the presengg 8fonkie; drug, the steady-state avail abilitypc-epdgishsilects drug
association wth rested and fast-inactivated 5 channels, respectively.
Tighter binding of the drug to fast-inactivated channels conpared to
resting channels, a typical feature of sodi um channel bl ockade by

| i docai ne-1i ke | ocal anesthetics, is revealed by a negative voltage shift
AVO5 in the channel availability curve that shows concentrati on-dependence.
The underlying assunption is that the higher anmount of channel bl ockade
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GoncgnRhik-atd. on-response curve for anyl netacresol (AMC). The left, side of
Figure 1 illustrates the results obtained when the concentrati on dependent
bl ock of sodium channels was tested with depolarizing pulses to OwW froma
hol ding potential of-70 nV (filled s ?res),ﬁnioo nv (enpty triangles) and
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S5experinments with the sanme protocol ¢ used-t® normalize currents. Each
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K and JCRs; are entered as constant factors. K is the slope factor of the availability curve in the .

20 controls and ICRs is the concentration for half-maximum effect on resting channels, obtained at —

100 mV holding potential.

The accumulation of block during trains of depolarizing pulses suggests that the interval between
pulses is too short to allow recovery of sodium channel availability. Use-dependent block was
25 defined as the additional reduction in inward current for the last pulse relative to the first pulse in a

test train in the presence of drug assessed at -100 and -70 mV holding potential using trains of 10 ms

pulses applied at 10 Hz.



mean val ue of the residual sodiumcurrents in the presence of the conpound
nmean SD), derived fromat |east 3 experinents for each concentration
tested. Sensitivity to AMC was increased at -70 nV conpared to -100 nV. The
right sidewafofigishe 1 illustrates the representative ogii@RbislhRELS
denonstrating the inhibition of sodiumcurrents at different concentrations
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-70 MV to O nV applied at 10 Hz in the absence of drug (control, wash-out)
and the first and the last three pulses in the presence of AMC. During
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15 fromeither -150 nmV (filled rhonbs), -100 nV (enpty triangles), or -70
nmy (filled squares). Currents were normalized to the peak current elicited
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solid lines are Hill fits (Eq. 1) to the data with the indicated
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A t-test revealed no significant difference conparing the 30 )IM60 p. M
conbi nation of AMC DCBA to the effect of 30 pM AMC al one. In the
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two conpounds- show ng that addition of higher concentrations of DCBA
alters the steepness of the concentration-response to AMC. Figure 7
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A t-test revealed no significant difference compating the 30 uM/60 uM combination of AMC/DCBA

to the effect of 30 uM AMC alone. In the combination with 100 pM DCBA, the effect of 50 pM
AMC was significantly reduced with respect to the effect of 50 pM AMC alone. Interestingly, there
was aiso no significant difference between thic 30 pM/60 uM and the 50 pM/100 pM combination of
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of control currents during wash- out at -150, -100, and -70 nV hol ding
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30 10 pulses from -70 mV to 0 mV applied at 10 Hz in the absence of drug (control, wash-out) and the
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15 Figure 12 illustrates the fast-inactivation effects of hexetidine (HT).
St eady-state availability curves were assessed by a two pul se protocol in
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Each synbol represents the nean fractional current derived fromat | east
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inactivated state binding of 4.2 and 1.3, respectively. HT and DCBA 15
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mV (filled rhombs) or -70 mV (filled squares). Currents were normalized to the peak current elicited
with the same protocol in the respective control experiment. Each symbol represents the mean value
25 of the residual sodium currents in the presence of drug (T, mean + SD), derived from at least four
independent experiments for each concentration tested. Sensitivity was increased at 70 mV holding
potential compared to  -150 mV. At -70 mV, block induced by very low concentration of hexetidine
(0.1 uM) was already at 41 & 13 % of the control current amplitude. The hexetidine concentration-
effect curve was biphasic- the effect of the 0.1 uM. concentration did only minimally increase with

30 increasing concentrations up to 1 pM, at concentrations >3 pM, concentration-dependence was steep.
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20The left side of Figure 17 illustrates the concentration dependent bl ock
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normal i ze currents. Each synbol represents the nean val ue of the residual
sodiumcurrents in the presence of the conpound (Inonn, 25 nmean SD),
derived fromat |east 5 experinents for each concentration tested, the

L1 £t § paragriens Bl ock
i ndtfg%(li pgfflcl—%)fgfflnraté%lr' ci:feﬁ%)fg‘%lv ‘Ié Bg %%%1 9%? bgg:degﬂg}gnggﬁ% Wi t hﬂlgéncr eased
sensitativi (Y. Bitto the Bvarkgel dhli(sutid fint)evithited indioprpdip@eme®’s- 100 and - 150 nV,
respectively. Block induced by HR was inconplete even | n hi gh
concentrations at hyperpol arized hol ding potential s.
2009oR622BRGH6GB 2008 603867 Tireha degitin viottecelfexpiruants. Itrus» Flrh@ggfr #tes

representative cyrrent tr . m
ar eeRt et 1 TR GRRERT P SUTOAS Por ol AL AR Qb S SRELE T o

t he yfilinsdd sPldly36a ikifRisodiumenhi®s! Wéckikg etfudtses from-70 mV to O nV applied at
10 Hz in the absence of ‘drug (control, washout) and the first and the | ast
three pulses in the presence of HR Dur i ng wash-out, currents reached 5 90

10 9y Qf. é&&t&ﬂ@%ﬁﬁémﬁ%ésﬁ‘éﬁ thafrieBl s:@p@ﬂ Ihg@;tell@nilma‘tmm cglhent aolmhmemfovéﬁ ons of
14R ( at

> EC50) -100 nV. Interestin f. 1 e
arrp|shmwaeth@| Girst nejsaeisiof 8 gerisg gt f%w‘%eag‘é%dé@ Q; Q/PP%&“% ?tqﬁtkgz ‘ﬁ‘é‘%g ﬁ‘g“ onI
aro ? EROL{dGhe REMAkS $Rs Aithe ,@sdameomMs findi ng mi ght
sugg%ggﬁg%hoé]? %i[g%gtfgs‘r% zatl on ?ndugesﬁgﬁhl gh- gffl nity state for HR which
i npedes its dissociation fromthe binding site. Figure 18 illustrates the

st eady: 5 tyacg P aakl (%9181‘11 QMplﬁHcfeV m@%%@ﬁdﬂ%%e@eﬁdé@t Ruihs okt Iﬁﬁcﬁﬂtlall n the

absencee(con circ -out: triangles) e P 3 ferent
concpntng ataslons, c(uitrpmﬂ,leaﬂzﬁl:d LGGE beo b therqeiyol CEE R @ ﬁ’@lmﬁ a%gé]ﬂé?) B4eh synbol
repr e&ents the nean fractional current derived fromat |east four different
expéPi'nents, elicited by a 4 nms test pulse to O nV, following a 100 ins 15
ignactivating prepulse from-150 mV to the indicated prepul se potential.

Currents re nor ized 10 e t) OveldV
pr ep%gleﬁtlﬁ’luitm‘?d{ra{?sﬁ ‘i“?lcé'é’atlloé’peifggt‘gn{he@‘ﬁt%%%g?r)B%%{lgfr%ﬁ%? ?‘tﬁ t ’ﬁhé dat a.
TestywiblagBsséH by Nt }&ﬂﬁee pldGcHiBini the dbcemteh@onttcd qimtwsmmlva‘ltu wiangled) vad pr esence

of drug (filled squares) or tot g npty
squaltessyee gS|diEagent KERReBYAtsDS (L5ky (Qésorﬁ@{) W P tr“llolﬁeg ggﬁrnggﬁeagge lé)oq
rre"br]r ﬁr@:‘%ng %Q%@aﬁ'f?a@ﬁéxﬁ[‘eur@ﬁf de§intd frdthbifdbdst fior diffeibnangle@neid, 2livited by a 4

e

sorcinol is mninmal at hyperpol ari zed ho 0 t ween
2(150mam€dt P88 o\ mVarfalipveing ﬁc]roga{%%@a‘ftb’d%ﬂgrrﬁg?“lﬁ‘?ome?soo bf{r%eth? mdl (38 ition

near P fs Balel sOTRXIAY T GHEGRGH V41as (invaich cridsnaiNas(. xﬂV( 55
pr%‘fqﬁse fottegﬂt‘lft ?%unie?r? c1§nrnel availability at depaolarized F nFOt entials

| r es uptepeniing), asolid| lireg areshient tenbesh Boknepofinias ter dath el'esl BPFS STy "&r ve (see
Fig. 1%112[35:(%?% eng Il g{ Igﬁhl%gl% nd %ﬁe@ﬁcet & cﬁ*u@ {fiet squass)us edl dleomasaeas t he

af fi A¥* e Tnactivated ‘state using the model - 25dependent a%%oach
descrilined taoveols (onpty oqpess). §oa veltee fiifyin the presame sh T 156?“’5 e yliFeh
illustrates representative. sk arsghenvol tage - dependent

B ockIig HaEe" (g‘gtgfs’“dsgfmel-ﬂef WM egnﬁggllecr?%ée&?coﬁ)nltggl till'vva)shout) and presence of 1
pM 3 pM 10 p. M and 30 gM HR, eIicited by applyl ng a4 ns test pulse to O

", %Pglurleol\éml ?%tratcs gglesenteg{vg Qasl mactwatl()n GUI:‘IFéIg ugtMastfgl tﬁl: E(ﬂﬁéntragigg aﬂyvoltdg&

dependent increase in blocking potency of hexetidine at depolarized membrane potentials. Currents

were elicited by application of a 4 ms test pulse to 0 mV following a 100 ms prepulse from 150 mV

30 to —100mV (first row), -70 mV (second row) or ~-50 mV (row of traces).
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30 (first row of traces), -70 nV (second row of traces) or-SO nV (third row
of traces). Currents reached WO 2009/063223PCT/ GL32008/003852 95 3,94 4
and 61 5 %of control currents during wash- out at -150, -100, and -70 nmV

hol di ng po§gntde@ksz.d espectively. Table 1: Hal f maxi mnumpplesiios 5
concentrations and Hill coefficients for resting and inactivat ,2{538;;% ate

bi ndi ng Drug ECR50 ECI50 nlIR 011 AMC 5511M 2241M 2.7 4.2

Figures 14 - 16 illustrate estimated affinities of amylmetacresol (AMC), dichlorobenzyl alcohol
(DCBA) and hexetidine (HT) to inactivated channels. AMC, HT and DCBA shifted the voltage-
dependence of sodium channel availability in the direction of negative potentials indicating that these

5 compounds possess higher binding affinisy to inactivated channels. In the case of DCBA and HT,
voltage shift showed very little concentration-dependence. The following figures show the
concentration-dependence of the drug-induced negative shifts in the midpoints of the steady-state
availability plots relative to the starting values in the presence of AMC (Fig. 14), DCBA (top, Fig

15), CPC (bottom, Fig. 15) and H'T (Fig. 16). Each symbol represents the mean value derived from at

) least three different experiments. Error bars are standard deviations; the solid line shows the fit of
equation 4 to the averaged data with the indicated parameters. The estimated affinity of AMC,
DCBA and HT to inactivated channels was several fold higher compared to resting channels. The
voltage shift in the presence of AMC showed a steep concentration-dependence revealed by an
estimated Hill coefficient for inactivated state binding of 4.2 and 1.3, respectively. HT and DCBA

15  induced a maximum shift of -21 mV and -15mV, res{pectively, which showed little concentration-
dependence revealed by Hill coefficients for inactivated state binding of 0.5 and 0.4, respectively.
This finding suggests that binding of these compounds in the presence of channel inactivation shows

negative cooperativity.

20 The left side of Figure 17 illustrates the concentration dependent block of sodium channels was
tested with depolarizing pulses to OmV from a holding potential of -70 mV (filled squares), -100 mV
(empty triangles), and —150 mV (filled rhombs), respectively. The mean value of the peak current
elicited in contro! experiments with the same protocol was used to normalize currents. Each symbol
represents the mean value of the residual sodium currents in the presence of the compound (lyom,

25 mean #8D), derived from at least 5 experiments for each concentration tested, the solid line is a Hill
fit to the data with the indicated parameters. Block induced by Hexylresorcinol is clearly voltage-
dependent with increased sensitivity at 70 mV holding potential compared to —100 and 150 mV,
respectively. Block induced by HR was incomplete even in high concentrations at hyperpolarized
holding potentials. |

30
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WO 2009/063223 PCT/GB2008/003852

The right side of Figure 17 illustrates representative current traces demonstrating the inhibition of
sodium currents at different concentrations of Hexylresorcinol. The traces show the first pulse out of
a series of 10 pulses from -70 mV to O mV applied at 10 Hz in the absence of drug (control, wash-
out) and the first and the last three pulses in the presence of HR. During wash-out, currents reached
00 + 10 % of the control current after application of higher concentrations of HR (> ECsp) at ~100
mV. Interestingly, recovery of the peak current amplitude during wash-out was voltage-dependent.
Currents reached only around 61 * 5% of the control amplitude at -70 mV. This finding might
suggest that depolarization induces a high-affinity state for HR which impedes its dissociation from

the binding site.

' Figure 18 illustrates the steady-state availability curves assessed by a two pulse protocol in the

15

20

25

30

absence (control: circles; wash-out: triangles) and presence of different concentrations (1, 3, 10, 30
pM) of Hexylresorcinol (squares). Each symbol represents the mean fractional current derived from
at least four different experiments, elicited by a 4 ms test pulse to 0 mV, following a 100 ms
inactivating prepulse from -150 mV to the indicated prepulse potential. Currents were normalized to
maximum value (in each series at -150 mV prepotential), solid lines represent the best Boltzmann fit
to the data. Test pulse currents were normalized either to maximum value in the presence of drug
(filled squares) or to the maximum value in the controls (empty squares). Block induced by
Hexylresorcinol is strongly increased by membrane depolarization. Current inhibition by 1 and 3 uM
Hexylresorcinol is minimal at hyperpolatized holding potentials (between —150 and -85 mV), and is
increased to almost complete current inhibition near the potential for half-maximum current
inactivation in Nay1.2 (-55 mV). This reduction in channel availability at depolarized prepotentials
resulted in a voltage shift in the midpoints of the availability curve (see Fig. 14}. Congcentration-
dependence of this effect was used to assess the affinity to the inactivated state using the model-

dependent approach described above (for comparison see Figs. 14, 15 and 16).

Figure 19 illustrates representative current traces for the voltage - dependent blocking effects of HR
in the absence (control, washout) and presence of 1 uM, 3 uM, 10 uM and 30 uM HR, elicited by
applying & 4 ms test pulse to 0 mV, following a 100 ms prepulse from —150 mV to either ~100 mV

(first row of traces), -70 mV (second row of traces) or =50 mV (third row of traces). Currents reached
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95 +3,94 +4and 61 £5 % of control currents during wash- out at -150, -100, and -70 mV holding

potential, respectively.

Table 1: Half maximum blocking concentrations and Hill coefficients for resting and inactivated state

binding
D!‘llg ECRSQ ECIso HHR nkky
AMC 55uM 22uM 2.7 4.2
DCBA 657uM 5.2uM 3.5 0.4
crc 0.2uM N/A 0.9 N/A
HR 21 uM 0.3 pM 0.9 1.3
HT 35uM 0.05pM 1.08 0.5
Table 1

ECRS0 and nH assessed by fittin
potential. ECIS0 and nHi are est

a model fit of Fq.4 to the concentration

The blocking effects of amylmetacresol,
hexylresorcinol and hexeti

have been investigated. All ¢

g Eq.3 to the concentration-response plots at -150 mV holding
imates for the respective effects on inactivated channels derived from

-dependence of the voltage shift in the availability curve.

dichlorobenzyl alcohol, cetylpyridinium chloridé,

dine on heterologousty expressed voltage-gated neuronal sodium channels -

ompounds blocked depolarization-induced sodium inward currents. Of

all compounds studied, cetylpyridinium chloride showed the highest potency to block sodium inward
current upon depolarization from hyperpolarized potentials. 1 uM cetylpyridinium chloride induced
almost complete block of sodium inward current. The half maximum resting-state blocking
concentraiion was 0.22 uM with a Hill coefficient nH of around 1.27. The results show that block

induced by cetylpyridinium chloride is concentration, but not voltage—depeﬁdent (Figure 11, 12, 13).
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Table 1 ECR50 and nH assessed by fitting Eq.3 to the
concentration-response plots at -150 nV hol ding potential. ECI50 and nHi
are estimates for the respective effects on inactivated channels derived
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Further modifications and improvements can be incorporated without departing from the scope of the

invention disclosed herein.
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6. The use as clained in any of the preceding O ains wherein the base of

t he nmedi canent whi ch contains the 2,4-dichl orobenzyl al cohol conprises one
or nore conponents sel ected from sucrose, glucose, isonalt, maltitol,
xylitol, mannitol. 7. The use as clainmed in any of the preceding d ains
wherein thelgmdi cament is used to treat sore throats, including dry,
scratchy, inflaned, swollen, stabbing, burning and painful throats, or

ot her areas of the nouth such as the guns or tonsils.

1. Use of 2,4-dichlorobenzy! alcohol for the preparation of a medicament for the

provision of an anaesthetic effect.

2. The use as claimed in Claim 1 wherein the medicament further comprises in
combination with said 2,4-dichlorobenzyl alcohol one or more anti-bacterial
compounds selected from amylmetacresol, cetylpyridinium chloride, hexetidine, and

hexylresorcinol.

3. The use as claimed in Claim 2 wherein the combination is selected from the
group consisting of 2,4-dichlorobenzyl alcohol/amylmetacresol, 2,4-dichlorobenzyl
alcohol/cetylpyridinium  chloride, 2,4-dichlorobenzyl alcohol/hexetidine, 2,4-
dichlorobenzyl alcohol/amylmetacresol/cetylpyridinium chloride, 2,4-dichlorobenzyl

alcohol/amylmetacresol/hexetidine, and hexylresorcinol/2,4-dichlorobenzyl alcohol.

4. The use as claimed in any of the preceding Claims wherein the medicament is
in the form of a lozenge, gel, spray, capsule, pastille, gum, dissolving granules,

gargle, drink, liquid-shots, tablet, or any other suitable form.

5. The use as claimed in Claim 4 wherein the medicament is in the form of a
lozenge.
6. The use as claimed in any of the preceding Claims wherein the base of the

medicament which contains the 2,4-dichlorobenzyl alcohol comprises one or more

components sclected from sucrose, glucose, isomalt, maltitol, xylitol, mannitol.
7. The use as claimed in any of the preceding Claims wherein the medicament is

used to treat sore throats, including dry, scratchy, inflamed, swollen, stabbing,

burning and painful throats, or other areas of the mouth such as the gums or tonsils.
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