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Use of anti-bacterial conpounds having an anaesthetic

ef fect The present invention relates to the use of
wa@piopAoeRes eri al conpounds to achi eve an anaest PEL/G82008/003852

effect. In particular, the present invention is

directed to the use of 2, 4-dichlorobenzyl alcoho

(DCBA), anyl netacresol (AMC), cetyl pyridinium

chl ori de (CPC) and hexetidine (HT) to achi eve an

ana ti effec hl or or benzyl | ( DCBA)
s B A e L e RS e
agai nst a nunber of gram positive and gram negative

bacteria. 2,4-DCBA has been used with a nunber of
The present ipversionaplates i theaise af aniijeastesial eongpoupdeiecchieva ar praspheticseffect.

In particular #1% Cpr"é?en?'?\leﬂﬁér??sr gl?é&:e'd %ahg %’éé&% %f;fl%tl:%eﬁzﬁ RgeoHsie DCBA)

I'ONS contal nin t'r eat nen
amylmetacresdl (:AM(D)I,G cetylS pﬂfrldlﬁﬁlrrB&Bloﬁkis chG’SBsamlnheXEltldmb(I&T) to achieve an
conposition which contain DCBA. The conpositions are
anaesthetic effedd to sterilize surgical equipnent. W92/1811
di scl oses the use of antim crobial agents, including
2,4- DCBA, in preparations for the treatnent of
2 4-chhlorogm2yllah:ohols(m)518 cavdldaioby auti-bastsiab eampqupfl.cand is used against a

32934 ch f
number of g5 PRIRE AL G SPSTHE ORI Gl Pl POR DA ioe i papber of

other antl-baEt'éﬁaltargSﬁtE e theroliclaiiise R AAEH &@?&Qﬁeﬁa&@@&les the use of
he sane conposition for the treatnent of severe acute

respl ratory syndrome (SARS). US 6 251 371 teaches the

e o1 okl P 0 SRR DDA Ty A U

4167 583 d@amédsahamﬁ@smhl, canipositioamhichrdoataitbDEB Ac oFirogintfiositionsTére used to
nposjition is used fqr catheter |.ocki ng?ﬁlgll utions or.

sterilize surgg(gtl Kauigmeat o W q%?é 1§13 diselpsest rUsp of aatymi Ca(gelatﬁ including 2,4-
DCBA, in g@ﬁ%&éﬁlsz ?(9‘7ﬂleaﬁgatl¥}ggt09f4 133&15(,7 Qﬁsogdle?@c‘aﬁé%dcmﬁcbbdé% pylori.

taining triprolidine for the treatnment of sleep
w096/32934| rtesaohe:rkeths useTHie? 4-OMGIs and mﬁm@ainree@irfpyathﬂ peeppratioh f a medicament

et i " B RIG5 PRTESTS s AU i

of severe acﬁ'teeﬁe@ft)l%oﬁoﬂhhroﬁl’éd (SArL i vy gRHPB7L héa@ﬂés e uFeWFCBA for the
i nfections and teething problems. It has also been
treatment of iflsanraaticarofiskigras anuspsa. i n

US2007/0202177 teaches the use of amylmetacresol, in an anti-microbial composition. The
composition is used for catheter locking solutions or catheter coatings to reduce or prevent infection.
WO02005/123074 and W02004/105758 disclose compositions containing triprolidine for the
treatment of sleep disorders. The compositions can contain a further active which includes AMC and

DCBA.

Cetylpyridinium chloride (CPC) is commonly used in oral rinses for cleaning mouth and treating
minor throat or mouth infections and teething problems. It has also been used as an ingredient in

certain pesticides.
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certain pesticides.Hexetidine is also used in ora
rinses for cleaning nouth and treating mnor throat or
wowvieizas ecti ons. Most sore throats are causeBPChgB2008/003852
viruses, such as cold and flu viruses. Some sore
throats can be caused by infection by bacteria, nost
conmonl y streptococcus. I n extrene cases a course of
antibiotics is often required. Viral sore throats, on
Hexetidine i G0 PR B SENEn O oF CORE S BRe U i i oG oF mouth
infections. the virus has been elimnated by the body. Throat
| ozenges generally contain at | east one of the
foll owi ng ingredients, anaesthetics, painkillers,
antibacterials, demulcents. Typical anaesthetics
Most sore thioatslantieaubrsiyotaiseresushds Cold e i oirsegr YAmg e Higoats can be caused
infection Bg TaYEaM 1S | leadk 3XNAY £l RGBibtics is
by infection B REYEHL i IYRRRAD, QUDHERID BRGHR oy St Bt
often requiredl €WirhlNgye &réats, onCthatotietr hahd,hdoanat rpspoud de antiyipidesapyd therefore
relief. Lidocaine hydrochl oride and .benzogcai ne,are
management,pf e SypREIS i5 Feamed Ll tagyrysdias b enﬁﬂlﬁ‘é‘?ﬁ%ﬁfﬁbﬁ BF P8al | y
nunmbi ng the nmouth and throat for mnor surgica
procedures or. when a tu t be inserted int € . 1.
Throat lozerGe GrFISU CTOBICLIT o 1B LUOpaTERERAEPS: pighRedcd painkitlers,
mnmamnﬁmgQ@ﬁﬁﬁéﬁ@S) i ncl ude benzydami ne hydrochl ori de,
| 'urbi profen. These painkillers belong to the group
known as NSAI Ds (non-steroidal anti-inflamuatory
Typical anadbnédids idchale HagtdRainedingdiddadiife androsivielidd. Benzydamine hydrochloride
System cally acting NSAI DS and other pain killers s%ph .
and ambroxelsalgmhanseloeatenacsthetio psepertissdLoge! prasstpeiiosapumly thsargp they are in
ith A SE etk id¥caGRR) db AndBerdZDEaihOHE uSdd widel
amuwtwnhggg %§gﬁ%%§?é%§g$¥§%qux?%elIggﬁﬁgﬁ% t%rn?is éonnq#ly ) Y
in medical 46@dehml GrEtite Hor dodatly ensiting ther awets anditbtoatlfprowsnor surgical
operations and pai nful OE uq@!easant procedures to be
procedures q5arhen aae st A INSCERdSPodae MIEIPIAGe patient. In contrast
anal gesia refers to drugs which tenporarily relieve or
Topically dBRRLddSPaiR@lils (U0lahkiBediQs dhcladaBai@imnias, hydheslopided la®iprofen.
no sensory or notor bl ockade stopping the activity in

These painkillees tdongdo yhecgroumkrmwmrl\}%gmség%ggqov@i Wtfﬁl&l@w)glr%s) that
ey o35, URUBE SRS L MBS, o el s o
paracetamolaéﬁ‘éi 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
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 stopping the activity in the sensory or motor

nerves respectively that supply a part of the body.

Typical antibacterials include amylmetacresol, cetylpyridinium chloride, hexetidine and

dichlorobenzyl alcohol.
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di chl orobenzyl al cohol.Q her known ingredients include
vol atile oils such as nenthol / pepperm nt, eucal yptus

wQ@ adbob32ean have a sensorial effect) and pectiPCT/GB2008/003852
According to a first aspect of the present invention
there is provided the use of one or nore anti
bacterial conpounds for the preparation of a
nmedi canment wherein the one or nore anti-bacteri al

npounds, exhi bi sth t T
Other knowy RGREIBOIOGP SOUHS BB AT LSRRI E g HRYGRUS Xohich con
ﬁﬁl {fshd peih2, 4- di chl orobenzyl al cohol ,
have a senso ng facresol cetyl pyridiniumchlori de, hexet i di ne,

Ildocalne hexyl resorci nol and .benzocai ne. h -
According topa fing ra@pqg;b@ﬁ&%@@sq%ﬁywlﬁlétloél Sigs 'Rézv-l Itg? usé ofr fe Sfhore anti-
bacterial corg%c}unﬁé %}l tgg %%%%hmaétc@mhwaﬁ&%'méﬁ rtgé @he or more anti-bacterial

pyri ori de, hexetidine, |idocaine and
cmnpmmds@mnmsaﬂamamﬂﬁﬁeéﬁmxed conbi nati ons can be sel ected

fromthe group consisting of 2,4-dichlorobenzyl
al cohol / anyl net acresol , 2, 4-di chI or obenzyl

Typically théa{)rfeQﬁQﬂllérS %ﬁﬁjbﬁéﬁéﬂlg'cﬁmﬁﬂﬂrﬂb L&l bel@lecBd4ran Cla-dicidbehenyyl alcohol,
[ hexeti di ne, 4- dlchlorobenz% | and b N
amylmetacreadlc ebtylpytidthowai qinéorl@, hexstidineo Hderamgy | exylresorcinol and benzocain

The one or %hﬁ:&%@geﬁﬁ%&? 2 coﬁﬁ%}/r{ }Tﬁﬁ 8fs ﬁgﬁéh’l&%éﬂzﬂy 16 SHoN | ddilmetacresol,

creso exet’
cetylpyridinffy klﬁ[@h@&rlﬁ&@ﬁdlhb didaiine , and nhdnnetaier e Boifértasngernbkingiions can be

cet ridini um chl oride/ hexeti din et i gi
selected from hhmrp@{@p(pqseﬁgggpﬁg 4-dichl 9P ylcﬁlcmhaﬁémygl eYaCPe\éol 94%1éﬂﬁrobenzyl

ai ney_qfaBRiveRtiyie/ diddiepRdxRadine, 2,4-dichlorobenzyl
atcohollcotyfpif s ‘?“De%%bcgsne Rl ‘o obonay

alcohol/lidoddife) hlcli Alampka‘mh@d rakzabbl//heezgdaplyr ﬁldylme@ﬂ?f%ﬁk/%l%ldlmum chloride,
2, 4-di chl or ob |7
eSS, Sl SRR RS0 R4E g

chlorlde/he&ﬂgmﬁ e 19fuﬁpe @Kl)iShde/lldocame cetylpyridinium chlorlde/benzocame
7 netacresol/benzocalne 5 4-dichlorobenzyl
hexetidine/liu@Eathe,esor ci nol / anthxﬁmcmfr/h@épcame »4-dichloro y
g nal,f 2, 4- di chl orobep al cohol, 2.4-dichlorobenzyl
ﬂ“*mvmmﬂ@ﬂépF%gg'@hﬁng@gPylpyr|d|n|un1cﬁlor|de

alcohol/amﬁﬁéﬁél:{e&ﬁ%ﬁétmﬁd hexichtbirstenzi eadycbhoyamybmquaﬁre/spl/u@@amﬁ eand 2,4-
d hexyl resorci nol / benzocai ne. The m%g anent  can Bftacresol,

dlchlorobenzml the f @lpﬁh@f&nglm@gcg?p@gbe%gcpamespr ay, ﬁwglgeﬁf)rcm y

hexylresorcfr}og OAlg‘Hm%Hgﬂ fi SSQyhalg 9r @%l%@rcﬁ@f/@ﬂtﬁpyrﬂﬁmlﬁiﬂ chloride,

OS, tabl et’, or any ot’her suitable format.
hexylresorcﬂb@'hé’ﬂidﬁﬁmﬁmylre@mdaﬂ/ lidncditee amcblnqqayb%ogzmqj@gﬁ@game

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

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, xylitol, mannitol.
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The base of the nmedi canent which contains the one or
nore anti-bacterial agents conprises one or nore
weepoent s sel ected from sucrose, glucose, i SPOEIGB2008/003852
maltitol, xylitol, mannitol.The nedi canment can be used
to treat sore throats including dry, scratchy,
i nfl amed, swol |l en, stabbing, burning and pai nful
t hroats. The medi canent can al so be used to treat
The. medicariegd 198U LA B 1B dPFas: Mo oot dRhl hRAREd wolien
stabbing, burfik3nA§Hinfil tAroRQ! ITHe rﬂédléaﬁﬁe&t tatadlsd Be nadud eseat Gther areas of the
ocal anaesthetic effect of the medi canent can be
mouth such as hesgumscbritenstds.peri od of | ess than 5 minutes. According
to a second aspect of the present invention there is
provi ded a nmet hod of obtaining a | ocal anaesthetic
The local an@‘sﬁx@ﬁé effect df fiRt ineditangenioan bé olgfainckrima peréd ofgess than 10 minutes.
nposi tion_ conprisi e anti ba
The local anqeg et AIS: SRHOHOLRR N €8 B HARR PO o BF L {ph 5 minutes.
Typically the one or nore anti-bacterial conpounds are
sel ected from 2, 4-di chl or obenzyl al cohol,

According toagecomet axpee 96the presey lpvfmtl@n thesrispovddadcremethed ef piipining a local

anaesthetic eﬁ%gﬁﬁmsg%’ﬁhgﬁé %ércx:lgﬁ C{S and %) ﬁﬁ) 'c%ﬁrpnpﬁg o‘f‘lQ ®r Rfore anti-

bacterial con?poﬁn&’d WhikR ERfisiRzanl anadseeio leffecdﬂy | rret aC resol,
cetyl pyridinium.chloride, hexetidine, Ildocalne and
benzocai ne. Preferred conbi nati ons can be sel ect ed

| h f robenzyl alcoho
Typically th%lloeeg] l?tf) |rr)eogg tliljg?&grﬁﬁlcﬁfnbg%xﬁ aégcﬁféi’éd: ﬁb&r@@@lﬂﬁﬂﬂ benzyl alcohol,

acreso or ob enzy

amylmetacre@d)lC B8l dinydnpy:hlodllde,l heretiiiney lidecaine, hexdilickiroinob ang ypnzocame
al cohol / hexeti dj ne,

The one or WPLECIPHINOLNFIRAY Plo?d cgmhlna’gérﬁpéf %gﬁcﬁ@cﬁ(benzyl alcohol, amylmetacresol,
cetylpyrldlnlﬁ{;a %ghé@ eﬂ&@l‘]ﬂ: Ahd)QidoRMHE Rl Aeheq@lnkC ePiiiidi inibitdtions can be

nmet acr esol / hexeti di ne,
selected frorA iy greﬁ;accrrfssuhg bf 2iéclhivepbeamyll ahqpbgkrqu@gmpyag@pglo%éﬂ&f‘éﬂOIObenZyl

alcohol/cety&%}%xpf%%l/ |dq| 81 ngl o%g]ﬂe llg)exe llc%ﬁol/l%%tfﬂlf?é/ ri 8l Dfidiidrobenzyl

alcohol/lido&iM 02l Ag{hBRALEA Ql%ohélﬂ?éﬁidcdine eérhylﬁﬁfaatel@@ilcetylpyrldlmum chloride,
exat tT di ne/ benzocai ne, 4- dlchloroben

amylmetacrﬁblihﬁxotldmvgyarm;lm@p@g@(lyd@ézpyq: pz}mylglieﬁpr@ %}ﬁp@pfuag, cetylpyridinium
chlorlde/he:Xf’uglng,I g%% f;grg %ll& (’}9]}140@55}{%: rreé ﬁﬁﬁ“l{uhexﬁﬂéﬁiiev&nzocame

esol/lldocalne
hexetidine/|BEkiks,4- di chl or Obeﬁze}tidlne/benzocame 2,4-dichlorobenzyl

al cohol [ anyl met acr esol / benzoca| .
alcohol/amyﬂm;ztglq:rpggg/@ptzg]pﬁ@thm| met acr esol© |hﬂmde 2,4-dichlorobenzyl

a1cohol/amyh%’%%r%%%fﬁ%fédaﬂ{ e/ 3, fa @hl%%b%gh’ eNl@tol/@hpafekresollidocaine and 2,4-

resorcinol’ cétyl pyridiniumchloride,
dichlorobenzyl alcohol/amylmetacresol/benzocame hexylresorcmol/amylmetacresol
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

effect can be obtained in a period of less than 5 minutes.
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hexyl resor ci nol / hexeti di ne, hexylresorcinol/lidocai ne,

and hexyl resorci nol /benzocai ne. The | ocal anaesthetic
wepdoems32ean be obtained in a period of |ess theer/GB2008/003852

m nutes. The | ocal anaesthetic effect can be obtained

in a period of less than 5 m nutes. The patient can be

suffering froma sore throat, including dry, scratchy,

i nfl amed, swol | en, stabbing, burning and pai nful

) throats.. T ati e , | so be suff.eri fr,0 '
The patent ap PG St TS REGTTD AR iR B 87 ST sl Pl sabbing
burning and BAinfuP BirbdtS.. ThEPOGENTRIHy IS bel Su€fetiny @B @ifectibh bf bthet feas of the
descri bed, by way of exanple only, with reference to
mouth such asithe gusempensilng Figures in which: Figure 1
illustrates the concentration-response curve for
anyl netacresol (AMC); Figure 2 illustrates the
Embodiments BE the age@niion biilh dowdbealksdribed, \bywrdyhoffeasmplervabyt, withtrefsrence to the
.val tage- dependence of bl ock by anyl netacresol (AMO);
accompanyingFigyres i8 Whighist r at es representative current traces for
the concentration- and volt age- dependent increase in
bl ocki ng potency of anyl netacresol (AMC); Figure 4
Figure 1 illustiates ser @b esitiatien-cesporsa cuae fonmybngenssel AMLe; f or
di chl or obenzyl al cohol (DCBA); Figure 5 illustrates the
increase in binding affinity with fast inactivation-
Figure 2 illls@hiea @R HRRASAGNBRAIRI dtislek with RbiCibaivatienzydltage-defeatience of
(DCBA); Figure 6 illustrates the effects of a
block by amdmetariesali(dN @t anyl met acresol (AMC) and di chl or obenzyl
al cohol (DCBA); Figure 7 illustrates the fast
i nactivation of an AMJ DCBA conbi nation; Figure 8
Figure 3 illubttatst reptesentativocaeattr @ddeo for espomsentatione dndr voltage-dependent
) B cetylpyridiniun1ch|orugﬁ C), Figure 9 illustrates
increase in bjogking pateneSAAMNIREREHFS V(A )yl pyridi nium chl ori de
(CPC); Figure 10 illustrates representative
fast-inactivation current traces for cetyl pyridinium
Figure 4 illugthitesrtheleonc GRG)ipn-Féspomse clrveifod digtlorgbengylalsehol (DCBA);
concentration response curve for hexetidine (HT);
Figure 12 illustrates the fast-inactivation effects of

Figure 5 ilexRt it RRrdabdin binding affinity with fast inactivation- voltage-dependence of
block by dichlorobenzyl alqohol (DCBA);

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

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



10 -

15

20

25

30

Figure 13 illustrates representative fast-inactivation
current traces for hexetidine (HT); Figures 14 - 16

WO bdouseat e estimated affinities of anyl met acrBSDIGB2008/003852
(AMO), dichl orobenzyl al cohol (DCBA) and hexeti di ne

(HT) to inactivated channels; Figure 17 illustrates
the concentration-response curve for Hexyl resorcinol
(HR); Figure 18 illustrates the concent ration

. . endent increasge i.n hindin af
Figure 10 iIu5ieet JARTPIAG TR ED GRISREE! dPos it iR chlorid
(CPC); bl ock by Hexylresorcinol (HR); and Figure 19
’ illustrates the fast inactivation current traces for
hexyl resorcinol (HR). Transfection and cell culture

Figure 11 1llllg%r§tﬁ%%t f ans{{gt%}gpergspﬁl%é C g\;é]f(é? hd e Libing ﬁ(pr essing the

euro ium c nﬁels froma rat
wer e used. The expression vector pRc/CNV (I nvitrogen,
) . San Di e USA) was used_for |ian transfection.
Figure 12 illupiralgs ﬂ@%ﬂﬁtﬂlﬂﬁcﬁié@loﬁ SFipess ?@%FXG%@‘H% »ci um phosphat e
preci pitation. Pernmanent expression was achi eved by
sel ection for resistance to the am nogl ycosi de
Figure 13 ilatrhied reprdsentaeivecthsténactiGaibd cutreftaratesclonbéxstigine (HT);
Eggenstein, Germany). Successful channel -expression
was verified el ectrophysiologically. Solutions
Figures 14 Dig hil@éiﬁtée B Adac ofalties Cglmétﬁﬁjemﬁ(ﬁmeﬁ alicHiBdnzy! alcohol
cetyl pyridi niumchloride ( hexyl resorcinol (HR)
(DCBA) and dwgetitineeH 0ito maémjed\néﬁ@ebt epared as 1M stock sol ution
in ethanol prior to theexperinents. The stock sol ution
was then dissolved directly in bath solution. The bath
Figure 17 ill&0atél iincontutitatinebspondd cuaor Hellylrédgfdiindl (HR); KA 4. 0,
Cadl 2 2.0, Hepes 5.0, dextrose 5.0. Patch el ectrodes
contained {mMM Csd 2 130, Mgd 2 2.0, EGTA 5.0, Hepes

Figure 18 111?1% aaté the %8#1&&1&&% d’éﬁé gfjingl%taﬁdmt@nci?l%) ffﬁﬁt‘_’;nvhtﬁlfa@bhnﬁchﬁlatlon

I on of mannito 4 by the addition of
voltage depefiSdnide oFbeitim olmysli ddatdhy Irﬁlxahd!@mjanQHRé, apd| |
vol t age-cl anp experinents were perforned at 200C. Each
experiment consisted of test recordings with the drug

Figure 19 1115’5&1%?@?0 e I?Et éigérjﬂtl?&%tggﬁecuﬁ@lﬂQﬁ%sr Rt heiresneinsIf(HRYUg- f r ee
Transfection and cell culture A

Stably transfected HEK 293 cell lines expressing the o-subunit of NaVy» neuronal sodium channels
from a rat were used. The expression vector pRc/CMV (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
geneticin G418 (Life Technology, Eggenstein, Germany). Successful channel expression was

verified electrophysiologically.

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

hexylresorcinol (HR) and hexetidine (HT) were prepared as 1 M stock solution in ethanol prior to the

6
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before and after the test. Each cell was exposed to
one test concentration only. At |least three or five
w0 nabepenzeent experiments were performed at eacPCT/GB2008/003852

concentrati on dependi ng on the active being tested.

For data acquisition and further analysis, a fEPCO

digitally-controlled anplifier was used in conbination

with Pulse and Pulse Fit software (HEKA El ectronics,

Lanbrecht, CGermany). The EP ] t i
experiments. S5 g FOHIDY WEAPRER (R ug th S, ST M bath soluion

i alsc19k0 aMBEE AW, KECIRE ®ICACY 2.0, Higpesisi0 adexanee 5.0 Petck dlectrodes
contained [mg?‘l 10 kHz agdsdi giti zed at 20 ns per

int. The input
contained [n\ECsClaride, MECLhE0.pREEA pP.pderced Ovieds'! Solytlarisswiig, Adpiied to 290
mosm I'' by E%ﬂ(ﬁﬁgr? § ItB?arPn?t%Fanqtog)?f;ﬂﬁ% g& kh% MBS 9f &S0, the

es resi after 50% conpensati on)

was 1.2-2.5 MW Experinents with a rise in series

resi stance were rejected. To mnimze tine-dependent
Electrophysiglegft s in the vol t age- dependence of steady-state

i [ j..C : L FRRES aVEU°E. FRch expeeithent consisted
Standard Wh\(/)vlﬁ%’% |h n X@%%ﬁg%g%lgﬁhﬁsﬁﬁﬁ?éé@ Under these .
of test recordii@ewitinhntdalg presedt ationhysonetdoneentiaiisy anchef drug-free control recordings

hyperpol ari zing shifts ip c | 1 £t le&Sor fi
before and afthghe 655 oigh ooy g eriaet © G e ongRpsch L7 ABE e
i | dAElew M bhErfEaRa 26 th @bn@nittpardeptmiingzedthredtiveaismg tested.
‘“depe““e“tgg?‘lénn al's (? 100 nmV and - 150mV), at a hol di ng

potential close to the normal resting potential in

hysi ol ogj cal, condif.i.0ns 04 -agol1af dintdl@ieal was, used in
For data a‘g?PYS-“P@o aﬁ*ﬁ?‘i"ihetrhéeh%ysgséeﬁg Scéf a 1}yact.i on of spl ow
combinationl RARIPWaRt 8@ RilanFal ftwiro WERACElevtemiicsn Lambrachi easamany)- The

| on 2.5 s repul ses to -90, .-70, -50, - -
EPC9 providks g\jtémp‘réﬁ,\gébt{%gticgl 3 G?RacﬁVﬁé‘Pg dfaiﬁagez gyurents gg "z?aﬂ%v?,}% prepulse
protocol. Tpg g%é{ Wete flﬁﬁ?@& Etafd R afd Hi%ﬁfzb@ﬁt- 20 fis PeipofftOtThe dhput besistance of

overy interval was prolonged to 100 ns Sinstead 0 .
the patch pip&eB®adi0gh s AN)and dscoaphdtijcds of tedells wer eQHLHRE; the residual series

sufficient time not only_far ug-.free, .put .al so_f. .
resistance (after SQ%JWQWOQ weed-2r Sr@%%fp%flP’S%S fvgg} a rlgé i sefrlgg resistance
octbDOGhT YALION. e | ifROFH Wi Gdlth Ehdexenofi steady-state
were rejec?ﬂ‘e%lﬁ r Iélgﬁel{r?g% 8}{% ade@?ﬁcgﬂ%%h{f% ?Hes pect ttg?:k%eﬁel °

inactivationp @Bkiestr &x@etimehts oiv¢re chenfotrhed Mithia fremjsr of Gatsh MRRISg Under these
wash-qut) elic

ited with si.nglectest - -
A G
2 mV drug [C]. Concentration-response-curves were fitted
K : using a Hill equation yielding the concentrations for
hal f - maxi nrum channel bl ockade (I CR50), and the

Drug effectg %ﬁ }%Clgelal\é gurlr_lénlt lam%ﬁﬁlfd]; I\&%‘Ijeeaﬁge%séa at a hyperpolarized membrane potentials (-

100 mV and -150mV), at a holding potential close to the normal resting potential in physiological
conditions (70 mV),, and, additionally, at -100 mV in the presence of a fraction of slow inactivated
channels. Slow inactivation was induced by long (2.5 s) prepulses to -90, -70, -50, -30 and -10 mV,
followed bj/ a short hyperpolarization to allow recovery from fast-inactivation. In our protocol the
recovery interval was prolonged to 100 ms (instead of 10 ms originally described) in order to allow
sufficient time not only for drug-free, but also for all drug-bound states to recover from fast

inactivation. The residual sodium current (Inom) in the presence of a drug (with respect to the peak
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/[ 1Cn" (1) / max JC n" + Cn" In the presence of
Hexetidine, a 2-state Hi |l equation, Egq. 2, was

wa@ppbioext23 yi el ding the concentrations for hal f POEKEBRYRN003852
channel bl ockade in the inactivated state (ICI50, the
respective Hill coefficient nn, and the respective
anplitudes a and (1-a). The val ues previously obtained
for ICR 50 and nH were entered as constant factors.

current ellclt%%{glé &e&%@%%égtgc% r(‘iﬁﬁh% %Qéhe&htf&f&ﬁ@@ 'vﬁfth'assldﬁé' @kdpulse to 0 mV was

iTect experinental approach, because
plotted againkt @6 abylaldesbncdidntion of thatdesy HdCahdenttatiny-IeRAnEE-SHHEPE® fitted

using a Fill Ao OURYORAAM CHEEHBUORSTORETaPY g iy sarpef bloghade (ORs0), and

ﬁt@ﬁ affinity to fast-inactivated channel
theresPecnvgﬁgréésg.fﬂﬁﬁe vol t age- dependence of the bl ock and the

affinity for fast-inactivated channel states was
further assessed by applying a double-pulse protocol.

Currents elicited byl test piCs 2 (ltest), starting
fromvarying pd@pul poﬁl‘;;‘ﬁ%rom 150 nW to - 5
nVv), normalize sent Teti ci ted at the nost

hyper pol ari zed prepotential (-150 mV), represent the
relative fraction of channels that have not been

i nactivated during the 100 ns | nact | VﬁéJ ng, prepul se.
Boltzmanllfltsto esul]qr(i rre !Jg)ltal pl ots

yi el 1jre—nernﬁ ppt enf,a mtfnafphannel
avai anb hist y ( @ééo and“t he sl ope ffg:cltSQ) [3 refl ecting
the "voltage sensitivity' of inactivation gatl ng (see
In the preserﬁ:g og Prexetidihe (32-sthte(HilleGuatin, Eq.k2, was aﬁilmdmﬂlﬂm| the concentrations

itions, the par aneters of t he Bol hs fFicient n
for half-mammﬁinamhnmdil élwbdldeag éhedéﬁélﬁﬁéﬁh statedfClsonet r%SPF(?tB’ﬁ 1}} goettic H,

bet.ween d
and the respgetivg AP 1?"’?9 %1}18 gf aﬁ1te aﬂ%ghlgsencg gl%@itﬂﬁkg hgr%@ ?IF] enH were

entered as cohseRd Yacirat € avai |l abi I [ ty curve reflects drug
association with rested and fast-inactivated channels,
respect ively. Tighter binding of the drug to
QbRab adlideet dxP&rim@al approach, because
Drug blndlr}glitgﬁ%ae 1vatgél X?én%gls%@z?@lgtaéce% i é(ﬁ

yprca ure of sodium channel bl ockade A
inactivated RMarined ﬁﬁ&b ragd |alllkdi‘ug-(bomid clrmestl etatescare Ungvailebleape gepolarization.

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 (Itest\), starting
from varying prepulse potentials (from ~150 mV to =5 mV), normalized to the current elicited at the
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).

1
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by a negative voltage shift VO in the channe
availability curve that shows concentrati ondependence.
wab@owextes | yi ng assunption is that the higher BEGBR008/003852

channel bl ockade achi eved with consecutive nmenbrane
depol ari zation is determ ned by the distribution of
channel s between resting and fast-inactivated states
along the voltage axis (i.e. the channel availability
curve), and by the different binding affinities of the
bl ocki ng drug for the two channel states. The voltage

In control colitfohs, Ve ipardniegerpioé sienBeltznfiana fifs wegfleob thed veltasedapandeiice of the

t he drug, concentrati.on according t.0. FEqg. 4. '
sion o RS b e oA NP A Sy sene o
. S . i85 duffe b tCaUE Qo atib®With@ested and fast-inactivated
1hedn%’ﬂwﬁ%%?£§%§%%hﬂ?%$§ectegn fast-gnapti;ateé channel s ISISO .
channels, respendivelye Tghter bipdiog ob dfefdrag ghfastf@pctma‘(g:é cbgrmg}srﬁj)rqpare to resting
i nact.i vated channgl s n: . E ) led
ot SIS S IR iy LT 1 G0 et s vl

by a negatifd/ Q’Bit?%%i LhiRYAQYS V@ thé) chiihel @uiildiliy asnelvel €REGhows tcoacentration-
concentration for half-maxi numeffect on r

i tin . .
dependence. cHrenmeedying bisninpien igtthat t@d@ﬁWlﬁ@W&iOﬁ@ha&a?ﬁﬁ?qka&? achigyed with
oaccumul ati on of. bl.o . i 33 Rfon DERAARIsAeRBeen restin

consecutive B’GPE’&%‘BS‘{?B@%%%%“’F ﬁsagéef‘rﬂgﬁ%d%e{rh\% Z]Iml?)bet {/(\)/(relen pul S6s 1S e
and fast-inaétﬁf@telarﬁg&tfas_ hl@n@hﬂ;@%%lt@é @gﬂr@.egfhe&dﬂhmﬁhaghﬁ?bﬂé}é curve), and by the

avail ability, e- dependent oc efined as t .
different bindisd iaffirities offthelbloekie 0F48 fPFMA P10 eﬁﬂ\ggﬁ%ta% hﬂ? K 8€%85§F% AVos in

pul se J el ay! fd PeltSBoh L& atnglth ®qn4.i A fit of the
the presenceita Yy Fot g pbihe drilonbihoh [ fuck GRngsh Byra. A fit
model to Amgb%@%%ﬁﬁ @bﬁo@fitrailﬁ)?l Iyg:tldsr aﬁmsttegforlﬂe csicputaties farpglfinegximum

at 10 . Fi gure illustrates €. . o —
effect on fastimaetvatechehannels dchomsahe Hilr&vpespeisipnhir dyeipfing fgpopctivated
h ndsn'The left' side of Figure 1 illustrates the results
chanfeis N opt ai ned when the concentration dependent bl ock of

sodi um channel s was tested with depol ari zing pul ses to

OnV from a hol di ng potentia% of -7QHUV (filled

squares), - L Yot 'hg hgsﬁ and -150 nV

(filled rhonggfywéegggngVQR%.thdcnghk current

elicited in control experinments with the sane protoco

was used to normalize currents. Each synbol represents

t he mean val ue of {he residyal, sodi um 51k :
K and ICR.progs SWGEAGR RRESEGHEBING. 1 Hlspe mes) St Sl e in the
controls an({ fe(g?s]ggg t §e&%§:er§raﬁ&p & AR &ihem daehol edtieg thianelonobtained at —

ensitivity to AMC was i ncreased
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
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.
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at -70 nV conpared to -100 nV. The right side of

Figure 1 illustrates the representative current traces
waletmneexnt i ng the inhibition of sodi um curr enPGI/&B2008/003852

different concentrations of AMC. The traces show the

first pulse out of a series of 10 pulses from-70 nV

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 pre Shodeh.. The left side of
Figure 1 lllug‘iﬁ?'t?seﬁ’?scop%eggrﬁtg%i gegﬂ O%ge f%l ‘E)VA’Y?%% E)d r?tfer geiéacﬁl\?e%t a? ter o0
Figure 1 illuﬁfh@és?%%ﬁd'rsﬁ(\?/ltb &thaihécgh/hén ?’ﬁrwmm&af(drmwemfenmll( of gedbui) channels

at - . Recovery of the peak currepnt anpljtude
was tested wifh dFpRjaiaREP S INAE VEHE sdouiSoRoteTe! fETg Y (bt SGuares), -100
L gl Sor aRbaciGdly. Badpeak chitént@BBitddah control
mV (empty %ﬁ%@%&giqu lﬁggﬁ%fﬁl\%}?ﬁ)éut bv&lshlyng et/% bg bound by
experiments aviyh tHeesame, protuicsl Was dseugtosumymekizes curreats. Haplo [sunbolateprspents the
induces, a high-affinity state for AMC which i.npede
mean value jof 535189k URGR, PBHS TR PTG L1 Lo PG alegm: thean £5D)
derived fron] ht' 165 5%&§éirﬁéﬂ% foR CA@RSRcdnrabbehbiBd Rhfitivity o AMGwhabicreased
I nact1 vation- vol t age- dependence of bl ock by
at -70 mV canparetetbat®lesdl. (AMC). Steady-state availability curves
wer e assessed by a two pul se protocol in the absence

: (control: circles; wash-out: triangles) and presence
The right sid oftififre 1 GNist@RR EentepabértiBe cdfent Sfices]dbfhamyatiig the inhibition of

Anyl nét acresol (squar es}g . Each symbol r eq.r esept S f hte o5 of
sodium currersaiat differenti coneantrationsctitAMer Thilpces Sovathe TEtgse gt o a series ©

difrer | i 8f drubBcdrR®l, wish98t) and the
10 pulses fryrg ’g&ﬁ{ofgﬁﬁgéépﬁgaﬁ?L%gﬂzrlrlghfeﬁagg%%at i r?gqﬁ)r epul se f rgm ,
first and the 1B Ehrédpulles iththe ipradbiatof ANIE cpurimgewisbtaahcueents Cuaches gt 6 % of

. were nornmalized.to xi mum val ue. (i n serLgs
e convl ‘i poeus 3 HO PR RS 38 B o0 mv.

Recovery oﬁ%{eﬁéﬁ?gu Lt dofplithe dRin@: wakBut Pdb Yependértasit theWnlding potential-

ed either to nmaxi mumvalue in the Fresence of
currents reackied®n{sf 64 + %6 o thercosiroloamptlitudetss - TasaVaiithpat wishing tp fog bound by

contraols (enpty. sgyares)...Vertical C -] .
any theory, G PERRLY URE ot i Elneh e gkl For AMC which
impedes its SHRRARRA iRt e BHGLh s, 50 MM AMC at more depol ari zed

potentials versus hyperpol ari zed prepul se potenti al s.
This reduction in channelavailability at depol arized

Figure 2 ilﬁ#tg%%t ﬁ]?giin%r:ggste[]igsﬁgb%ﬁg éeligf:ﬂrileft g@ﬁhh@ gl.l&wvgﬁorj- nvo'ltage-dependence of
block by aiRpReeRRtdsal (AMOYe psrestiyrtse abailahilsy efifves vermgssassed by two pulse

protocol in glse;ggp;pé a:gp’rgqfa]lg I@%l(tas; m%%lslggtﬁ&}alnglgg)%gd %Ee%gnece %If gﬁ'ferr]glt %ﬁclgntrations

(30, 50, 100 pM) of Amylmetacresol (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
Boltzman 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). Vertical
arrows in the diagram illustrate the increase in peak current suppression induced by 50 pM AMC at

more depolarized potentials versus hyperpolarized prepulse potentials. This reduction in channel
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Representative current traces for the concentration-

and vol t age- dependent i ncrease in bl ocking potency of
wao\eybeatr esol at depol ari zed nmenbr ane pot ent PEI/€Bar08/003852

illustrated in Figure 3. Currents were elicited by

application of a 4 ns test pulse to Ow following a

100 ns prepulse from-150 mvV to -100 nV (first

colum), -70 nV (second colum) or -50 nV (third

oo COlLU of traces). . e availabili
svalailty oD R L P A Dol af 6 e, PO of e avelighilty
curve. Concetitr@id@pehdipce ontHiobifet wasnisedito akb, the Baffinityapfdinactiyatey state

_holding potential, respectively. Figure 4 illustrates
binding with & wde pdenherrEerchesponse curve for dichl or obenzyl
al cohol (DCBA). The concentration-dependent inhibition
of sodiuminward currents by dichl orobenzyl alcoho] at .
Representative7urreni @ficemn tor- ths Gondéntratiati- remdpunlisgedependers speretseyd) Hlocking

potency of Ag{ygﬂécg(?rp?pé P‘P&%bﬁ%%ﬁpﬁgg %St‘f’ﬁ%tf%ss ?reqy\isg%{ew F%i%e?g Currents

were elicited%ﬁl%ﬁ@@aﬁ%ﬂ of 84 msfstPMlsé ftd Din&OfoBawaIZRS)00 iiprepulbs fromr-d 50 mV
normalized to the peak current elicited with_the ilﬁme f
to —100 mV (firsitcobioin)i 70 1né (seeendeselumyn o€ op A (ﬂwg%?lv% Rf tragegpipecovery o
symbol .. resents the | u i i dya) of th trol
the peak cur?)éﬁiaﬁ’mlﬁlag rdz‘ﬁ'{‘% Wagh-p %terggc%g(si \eggc’é%.b? { dr %3“‘? %ﬁo_r 2 mean & e
current at -159D)100081d 76 ¢h V heldingtpoteatislf rebgustivélpdependent o
experinments for each concentration tested. Sensitivity
was slightly increased at -70 nmV hol di ng potentia
i i GOARATGY doBcenhABorPRths . fof NBchiftbb&hzyl ARShAr @CBA). The
Figure 4 1lllfs|9rta €S (tEa.co%en%tgg?rﬂ%gp g‘:}gq\lfwfIchfot hec HOrobe! g%,ed ® )
concentratiofpdépeNeér fighibiias bf eodiuno inwadne cefdngchsdioiilopbereyhalsohol at -70, -100

i nconplete. At -100 hol. di n ot.ent.i al ., curr
and -150 m SaldMBPOto FegEveh AP R PERClr g P o G were started
Ao [§7 ot t e1003R& gélﬁlpt Qg HCBA-70AI V¥ (filled squares).
from mﬂwrcg$1gggwgﬂg??yﬁg§2 returne to§63am%@@6of the contro
Currents wereworrealized tio ihegpeglaaimeotelicittthwith dhe ssgemreforeldn hgpPRgtve control

experiment. ke Csem%pg‘gs(eh%%% {nlg%,rl \gaater & fhe G u%pgodimicmr&}tg ghoﬁ)% presence

Se out of a series o

of drug (lnork MR S S15Y, Berived fioth & 169 RAPindEstnaént Elpdrimetity fongach concentration

"“Tontrol and wash-out, and the first pulse and the b st 150

tested. Sensitivitgevasudlightly ineraabrd 35r-d9an¥ dhaldinppaisntiaticgmpared to ~100 and -
l.LLustrat he.increase, | i ndi ng: ini i tyadnasi of th

o e so 550 G0, Al TR it daseo

effects of DEBANLAE BlREABWke. 2tCORDMV( BXIBAY polentiall oprraits faghedd 155 3 % of the
illTustrates the increase in blockingpotency at
control currehé pmpkiridg duringwashaové afist30A G FA0 piy A,

Representative current traces in the contro

At -70 mV, current amplitudes returned to 63 £ 9 % of the control current during wash-out. The
representative current traces on the right illustrate current inhibition by DCBA showing the first pulse
out of a series of 10 pulses form -70 to 0 mV applied at 10 Hz during control and wash-out, and the

first pulse and the last three pulses in the presence of DCBA.

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

block by dichlorobenzyl alcohol (DCBA). The top of Figure 5 illustrates the increase in blocking
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and in 100 nM (left) or 500 nmM di chl orobenzyl al cohol
(right) during short (4 ns) test pulses to 0 nV,
wo edoboed2eyy a 100 s prepul se from-150 nmV t o ePCTIEB2008/003852

-100 nV ( 1st row of traces), -70 nV (2nd row of

traces) or -50 nV (3rd row of traces), which is a

menbr ane potential close to the potential for

hal f - maxi rrum channel inacti vati on in the controls.

curr. urn e tB4ced intth€control
potency at de(?8(?f odlt mSm re% g{ég idls ?cgdjc B4 r?gen%d;g/e%%rrdurl ng
and in 100 pVRBIBRPS 500 Eipichlosobkyzyl mehqmmgtg) dwringhshortotdt e test pulses to 0

Figure 5 |IIustrate he res B nd
mV, following & i ms piepeisa fiam abio Yo el sd00aRL (ol Bdypegy) Zomv @
row of traces‘sl\ép _BY! W (W&W}acés@ Wiien RRSRGRBafsuéttRI clo@a mahelmtentlal for

h-out; “triangl es) and presence of either +90
half-maximufd éfatmed |11@t1%j0n0n tHE0@ntrivis DCwkeng igtuprad A9 I8§I—C:i)ﬁ;8|+ ? ?‘i“bﬁ 9 %

of the controf sagpak 3005 3hd - FERN. BHRE Nasll-SR £3ERLiSerkNe mean

different experinents, elicited by a 4 ns test pul se

to O nv, following a 100 ns inactivatin replse -
The plots on tli5Bottoh 06 Figvee |5nd|l|u@taqt@@hepfe§1ﬂt§| glgalmﬁ @%\ﬁ? Stea tEFPFe%VF ability

curves were aisgéseﬁ&ypar vlﬁci{%lé ¢ Ipa(f 881 FWFH deﬁ)'rséﬁce (ESht®RU I RAY Wish-@lt; triangles)

i nes represent the best
and presenc@%k‘feﬁli@nfmf M (&R dléﬁrarﬂﬂ).%mmﬂs uhEBiqhtm@ -bezyldheohgh (right diagram,

Test pulse currents in_the resenc d
squares). Eagly rswagq)lz@ﬁreémthéhe mganEReHARAL QUTEE rﬁquh{é ’gréég‘éa%f: four different

; dru Ll PV, Sl FRwihdTR MDY ﬁisblﬁadtlﬂaﬁﬂg%repulse from —
eXpemmentSt%th% Fg (*Zlﬂf,?éé@%i g“ g gur eg% il lustrates the

150 mV to tkfigdit@edprepulse Ipfbtenmll Enrrertts aeye meemakizedstol Mz ¥ep (in each

series at 15%: rg}lj{{p%pg?eglgégiﬁ# eﬁlglg%lapé D%'Aﬁet be%ﬁ@%&%ﬁaﬂé ?g%‘# REAHRE Section)

%?M 3fe ARdeR@ ofitudMere hespdiatd mﬂiey to mtaxinm@n value in
to the data. tf and nttsglc?o (Er:| ght) ut%ol din pote usi ng ﬁ1
the presencepsfalng(@illsd pyraldleunsity masisnin Halpe inthe $PIELP WPPYesa pipgls

the nmean val ue of residual sodiumcurrents (wth
respect to control) in the presence of AMC al one
Figure 6 nﬁﬁt%%&s{ HROFRICES bf @r cdnfibifitioaesfcamyiieBOresdll (NECArrndediciipgobenzyl

filled circle) or 50 MC and 100
alcohol (DEBA).| &@neaniratief éypené@?tu Rleek gy Hﬁﬂ‘ﬁ? ﬁﬂ%‘%{’s? bya%xer?%%r%‘éih ;60 and
100 DCEY, 135 ipEORE B IIEORERIE. b (el arieoal b @iah) holding

Icant™ di'fference conpafing the mvl |
potential usﬁfgrﬂi’é pratdcols pedvidivly daeB#bet dEach @yrebqilémre@ptsgbe mRpnAxAtue of residua

sodium curgefn(t)sggvﬁfi\/]rr]estpgcec t(c:)oc?(;(r)lltrro]st int evgrésgnc]éogf KM@%%e Eeﬁﬁ)t}eg(ﬁﬁfés) or in
presence of 30 pM AMC and 60 pM DCBA (ﬁlled circle) or 50 uM AMC and 100 pM DCBA

(filled triangle), derived from at least 3 experiments for each concentration tested.

A t-test revealed no significant difference comparing the 30 uM/60 uM combination of AMC/DCBA
to the effect of 30 pM AMC alone. In the combination with 100 pM DCBA, the effect of 50 uM
AMC was significantly reduced with respect to the effect of 50 pM AMC alone. Interestingly, there
was also no significant difference between the 30 pM/60 pM and the 50 uM/100 pM combination of
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AMC was significantly reduced with respect to the
effect of 50 nM AMC al one. Interestingly, there was

w@bk®o/o6322%1 gni fi cant difference between t he 30PevI8R008AN3852
and the 50 mM 100 nM conbi nati on oft hese two

conmpounds- showi ng that addition of higher
concentrations of DCBA alters the steepness of t he
concent ra_tl on-response to AMC. Figure 7 illustrates
these two cot§{£> %rgc;ﬁlrc’ él%dv{lfi‘é: Y Q(?dlt@(;h Off highe RBIkeARALiAB 0@ DOBYCallddBA: steepness

e avallability curves were assessed by a
of the concestiBiofiéspensetoAd@l in the absence (control: circles;

wash-out: triangles) and presence of different

concentrations (30 m\/!60 mM 50 nmM 100 mV) of the
AMC/ DCBAcaonbi nat i on.

Figure 7 illugtrpgesitpefast paesivalinng ar es%{ af E@g@&ﬁ%‘gﬁggt 3%&'%?&%1 L ilability
curves were ?ésfe%‘éwgl P@?(fﬁ%é %Fgf&:& 1nf€1|1é fWstRd (duntral: diréles; tvesh-opu It1$£1gles) and -

ms inactivating prepulse
presence of- dBRramt/ doncdnkretionsd (@aw@ﬁ%ﬁr M| e pb/&(ll@(hml\g} ofciher éM@BCBA-
comblnatlonm@égr%rﬁél 7 egﬂ:rglggﬁaen §§+ WSedndl Rt ﬁgweﬁsﬁ(ﬁ‘ﬁ at least six

i nés represent the best
different exﬂ%ﬁh{eﬁﬁa&lcﬁtb& by 8 4tnhetestadtudse ta' estV,[fulloeing arl()@ nissingwiveting prepulse

rmalized either to maxi num val ue in t resence of lue (in
from -150 Y mngtheon@partad Prsiules ppieaidnlsquEFES Y5 ofge 8 e e

Db G0N A fi8fd 6 dat@f Test pulse
e S T PR s o
currents we@éc heaialioéd 3herb AMBimluonealge op)he weemsasftdieg cpmbiation (filled
th

e 50 mM 100 nmM conbi nati on was SI gnlflcantly
squares) or tgdhe waxiERIpyAliGiE ﬂé‘bl%ﬂnfrogsr{e‘a? Y588 Yompar ed to t he

effect of 50 MM AMC al one (bottom. Figure 8

illTustrates a concentration response curve
The effect ¢fahy I3pyﬂ\t’.[,{60 niMireombinatipe avas @A) simitpreto) the @fféqtdg" "39ruM AMC alone

(o, her Bt LA PSRN RN SEE P SEA iy i b

s was

%%tAes’o by tQ%Oéfﬁ:&t i o MUMES 1. (Bottavh)t 1 om a hol di ng
addltlonOfb tent |an£1¥I;al of - mv (filled squares), -100 nV (enpty
tr| angl es) and 150 mv (filled rhonbs), respectively.

Figure 8 illlllrsﬁhrgteg gigclégge;ﬂ LGN regqongé {;L?rge kd? c‘élgg)tyﬁgfnnﬁﬂ( BRIbHA® (CEC)MTHR left side

was us to normalize

of Figure @qnﬁs@tﬁief thggé‘dillt&UE’tHﬂhedr e/héleﬂ;lmwmcelhtmtmafhm?m@aé bisick of sodium
residual sodiumcurrents in Senc th

channels weg tested Withydenelarigme Pysssito é)dmglr g E?lgglgtpogen%gmp Ydnv (filled

squares), ]?@ g gﬁ@t[ys triaRb1e§2 G190 GEVL(Fifkdd Rontbe); irespectivelyC OMherpeak current

elicited in control experiments with the respective protocol was used to normalize currents. Each

symbol represents the mean value of residual sodium currents in presence of the compound (Inorm,
mean + SD), derived from at least 5 experiments for each concentration tested. In contrast to HR and
AMC, sensitivity to CPC was not increased at -70 mV compared to -100 mV. This finding suggests

that CPC binding is not increased in the presence of inactivated channels.

The right side of Figure 8 illustrates representative current traces demonstrating the inhibition of
sodium current at different concentrations of CPC. The traces show the first pulse out of a series of

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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AMC, sensitivity to CPC was not increased at -70 nVv
conpared to -100 nV. This finding suggests that CPC
wheodiosng23 s not increased in the presence of PCT/GB2008/003852

i nacti vated channels. The right side of Figure 8
illustrates representative current traces

denonstrating the inhibition of sodiumcurrent at

different concentrations of CPC. The traces show the

first and thef lastghrep phises inube plesencs of CBE. Ofirrdfds pabisdsel+ 9ms 78 AN 81 + 5 %

a n the absence of drug
of control °‘§“66‘g‘1 ﬂng%&é “66&#& qu Aed 1704nV daldlingotersial, respeasively.
puI ses in the presence of CPC. Currents reached 66 7,
5and 8 1 5 %of control currents during wash-
Figure 9 111q§ggte&fhe fagGnactiygn ofredtylppoidiniann (ohldrld@ ((;’.m)e rﬂtez&iyrstate availability

curves asseél'sﬁczc ::’af/{g%' J()) Ello nyrgg}llrel :J(y);sj?sﬁcrﬁgﬁt:(amo I %( @pg-lg—out triangles) and

presence of Q1. badi- (dez)taﬁd avARiphalgbdtioin) Gét&l‘p?ﬁdlﬁﬁl%%ﬁﬁ)?iqe Qéf res? Each symbol
rotocol in the absence (control: %lrc

represents tlwargﬁeP ctlo gl paﬁ@qtéiggwgin@orpraé feastedchd differant wwpe(rhm)‘.s ahdted by a
4 ms test p@s&o%\b%ﬂ%g Geloy! Y H%L%\%IUH ?ellpgié& Hé]’ﬂ‘g)a?l tthe indicated

synmbol represents e nea
prepulse potﬁ@tlalv@arfmtsrrwaxe heastlizel ghtmakirhi@r ete EMPeIch®MHeS at —150 mV
00

el edb t pulse to O nV, followng a
prepotentialsb i 56 bhefsel bt abmana i Boob mubtbesttsehimdp et o, Test
pulse currenff 1@&]44: §@seﬂfé§ %Fﬂiuélwergﬂfnrn?ﬂfzéd We? t@%ﬁ%n{ 81 % the presence of

maxi mum val ue (in each series at
drug (filled Sélf“@ﬁb? entoirdimurofalug i theesniralp faagensyribuds)best
Boltzmann fit (Eg. 3, nethods section) to the data.
Test pulse currents in the presence of drug were

Figure 10 illogtrared iepesergitive @lrrér@ tARBXI UL YBeHE: (cﬁnﬁ(glewgglﬁ)ﬁﬁ%ﬂ podsence of
filled synbols) or to maxi numvalue in t

0.1 uM, 0.3 g&ﬁtapéﬂs@é&&ﬁ ylighady applying gthms tm piulsb 6 0 maY ebllowing a 100ms
prepulse froth e—@S \Z ﬁﬁﬂ{oaél YE_19Y ¥ rs# 508\?1’%%) L g Cﬁ?fﬁ erfgﬁ;%ln—@@ﬂ’ (third

was out presenc
column). lelMdEE(édncﬂJ;cediraplaymng @l bldestofméhﬁlﬁl fifvadd EMirent, theOO 3 uM

epul se from-150 mV to either -100
concemratlm?ﬂ\? “(e?%gt%caé‘bﬁ%ﬂﬁjﬂfk &[r?ﬁlwhe@@@ond col um) or -50 mV
(third colum). 1 mM CPC i nduced an al nost conpl ete
bl ock of sodiuminward current, the 0.3 nM

Figure 11 1111%)92%% g%e; &kl&:@guir@l %%ﬂ{nrs% Uy %E%?%e)f«iq{%ne C(glﬁlé eﬁ‘? k:&ssdcilfb S Figure 11

illustrates conwprehgedep@ndmt inhibitien ef batlivre igWHrl .cukrbts b Hex&idige: &-70 and -
ure illustrate oncent rati on- dependent

150 mV ol Byl foopecSisht dFape Fiing Riees inb oo gherrosetediore cither 150

mV (filled rhomsﬁdﬁdﬂf) nil\'z_’@ﬁll'@ef sh@drel) n@u@&ﬁ?&&ﬂe@ﬂomﬁl?@% ‘ta(f{he:ﬁ;?l\lycf‘%rrent elicited

Depol ari zindg pulses to O nV were star
with the same pryjocol in the respectlve control experiment. Each symbol represents the mean value

of the residual sodium currents in the presence of drug (Inom, 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

increasing concentrations up to 1 pM, at concentrations >3 uM, concentration-dependence was steep.
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The represenmnvmmeemdmc@s pw thet Hight silg| of g dil &

nv (filled rhonbs) or -70 nVv (filled squares).

Currents were normalized to the peak current elicited
wowaob/0632e3 sanme protocol in the respective contPOI/GB2008/003852

experiment. Each synbol represents the nean val ue of

the residual sodiumcurrents in the presence of drug

(InornB nmean + SD), derived fromat |east four

i ndependent experinents for each concentration tested.

The biphasic ggnospratior red] BphASHRREMR! v BpMidenaily Htinpla ool dlge Hill

equation (Eq. RPW 166 Beefidddatataqsolaf lifepwith it 1n¢c4t6d pareiptegas al r eady
at 4 1 + 13 %of the control current anplitude. The
hexeti di ne concentrationeffect curve was bi phasic- the
Concentratlon% afbg% 3QLM W%reoto;uchM HRREA M WRbleQsR]l HxPer@fiénts. Mihuk,maithbygh in 3
ease W th 1 ncreasing concentrations up to 1 at
experiments mnmnkxmdlmmdu@dmommblﬁ@k oif saging yed SHEenis,AYs cannot be

st ee hasi.c n-effect curve of
‘att“bu"edSOlﬂZé%é ?Hﬂc @S\Rg neﬁ@%@?n%ggé itting a two-stage Hill

equation (Eg. 2) to the averaged data (solid |line)
th th di cat ed .
Wi e indicated paraneters. Conc:(ﬁnt rati ons anﬂléof\g/{fgr?gy HT

B eXp it
showing the ﬁ-'r rﬁﬂ%%e alt hg 8%e1ilés ot‘?lO s E§ f(’g) 46 10l@ h vy @t 16/HAQuring control

ete sodiuminward currents,

and wash-outt {dSthé ﬁf’dﬁ?hlsb@ncﬂméﬂasbtht&dmkedi il the psence pEHIlt i ¢ sodi um
channel bl ocking effect. The representative current
traces on the right side of Figure 11 illustrate

Recovery of Qljfijer g&'ﬁt culrfdit Qt?ﬁ)hﬁﬁe RYrikET wasost NGast depeiidens bn nhlé heldimgtpotential.

series ulses form-70 to 0 mV a

During washddit, kdnrrehnts ireagheb4it + dll Yantithegenicad gurrenfrad - ?%@‘Pﬁqu%o ﬂbgto/ a8t -150
and the last three pulses in the presence of HI.

mV. Recovery of the peak current anplitude during wash-out

was dependent on the hol ding potential. During

wash-out, currents reached 47, 11 % of ol i

Figure 12 luwuates he Bist-incrivatiom Atiecguot hgxefidine (B W yT-sraSwvea qhylity curves

were assesseﬁle \%’St ( Iatng e%_l?a;eot(gc%? é}ﬂ:a%SEIYL%t gzgﬁ‘tr(ﬁf Eﬁ@lte@ \insh out: triangles) and

state aval |l abi | curves were
presence of (ﬁﬁﬁ?&ﬁ %Qn&)ﬂtréhdMO,Bull:E)ESpr ob. quM) Dﬁhd:)iwdmbg(@cn@ges) Each symbol

control: circles; out an J and e
represents th@ime@n ffWaéﬁi@r@i CRERE é?ﬁ‘feé{%'io&h%t 1?3t§t % e’épe“%lf%% %K%%ed bya4

‘ ) tth E GERI 83501hY tbhke indicated
ms test pulSﬁéﬁ 115\9111%3‘9&'@0' &% )inack@4tthg dpﬁf@?g se fif

ronalf current derive | east four
prepulse po%hflﬁle r(i‘:lmtenex pered nemiadizedtd omtxeldumy"duﬂ (ins cadhs perjsy| e 150 mV

to foll own nac i e
prepotential), fgbd rﬂyle@ Jepesent ﬁg‘f ggﬁ]f g@ol{nrsnan ACTd YRt WG REGPMISC ol were
normalized either to maximum value in the presence of drug (filled squares) or to the maximum
value in the controls (empty squares). The voltage shift in the presence of HT shows only very little

concentration-dependence over a wide range of concentrations (0.3-3 pM).

Figure 13 illustrates representative fast-inactivation current traces for the concentration- apd voltage-
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

to —100 mV (first row), -70 mV (second row) or =50 mV ( row of traces).
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prepul se potential. Currents were nornalized to
maxi mum val ue (in each series at -150 nmv

w@e@poteedial ), solid lines represent the bestP@DGB20981003852
fit to the data. Test pulse currents were nornmalized
either to maxi numvalue in the presence of drug
(filled squares) or to the maxi num value in the

controls (enpty squares). The voltage shift in the
presence of HT shows only very little

concentration-dependence over a w de ran&e of
Figures 14 6 dBustratet estinmtqdoafingiesiy)f anmlyetaerescd (AMG); t dighletgbenzyl alcohol

resentgtive.fast-inactiwvati c t C
cn) and BRLETRRLAT) 1l SIS, T AP DLEACERRLE e ot
dependence 8 R@liehanad] a0SabITy etk direlition ofihegheipe batentiaslindizatingthat these
potentials. Currents were elicjited tI)y applicati a4 Ut
compounds hossgss higher B HnY H/TBINASA SHGIELS 00 (s CBF ST GEA and HT.
voltage shiff} g%%;g(r} SQ%gV }j&t}g ( Eér%%n&%ﬁoﬁfdegégfﬁ&y\’)’?he' £1oWng igg&aﬂ show the

|
of tra .Flgures 14 -
concentratioh depiaitlert eofetht idngs-imduatif iegativieeshiftsf inathy | midpeiotseafothe steady-state

. .... (AMO), .dichlorobenzyl al.cghol (DCB exety di .
availabilty RO e PURTR AL i ePreRRE Ot el BT g Fie
15), CPC (b&tﬁﬁn,\f‘?é.gég SACATNERNES). PhchSRibbMeplagdntethe sah bale bérived from at

In the direction of negative potentials indicating
least three diffiexenttevpsrenetsironderpos stwdard dgyietions; thei yaliddine; shpyy the fit of
. to. inactivated c el. s,. h e g
equation 4 (Pofhfaa@'g‘raﬁﬁ flfltasw agtge %dﬂglaltq%i {)z*r?rg&%% Tﬂg e%ﬁ@te&rh‘#ﬁm of AMC,
DCBA and FANGERbdHbicathaaReNEe sveral fid hidheovérnparéd gurestng blomnels. The
_the concentration-dependence of the drug-induced db
voltage shifhaaydhe piesarie 1O SAME SV 8 5GP CQGSRIRHE-SPEBRRICS foypdled by an

i Al deAlLL &Y i b oy, tipeetMRlyU SR add DCBA
ctmated SR A ghed ShBhd o 4 3ps hoy viiaaber 4y D
induced a maRBAEN® @hiftEifg%l 1By and d-lFI'ﬁl‘(,gﬁgzecti\@)}]{: vitaghshoyet dittle concentration-

represents the _pean value derived from at ast ~t,hr .
dependence gpyeplef it Hidl gnsifliGignis or IE?WPW%&PEB hip ‘“§t°§nd aF“&A 04 keSfectively.

i i bl indifke o SBkdebotlpdBn R YR JriRnéd 6f dhbnied Udictivitiod shows
This ﬁndmgtdsglgéﬁ{es tgé/{zj?%élg%()dat zf v(\)/i tpﬁ rtlhe in irca?ed par anet er s.
negative coopeeatiesy.i mated affinity of AMC, DCBA and HT to

i nacti vated channel s was several fold higher conpared
to resting channels. The voltage shift in the presence

The left sidfof S NOWBRis@atsd BRPconostRibl dbpenterdefiedkdefnsalium channels was
revealed by an estimated Hi |l coefficjent ftp{
tested with dapabriingalies tosdraV iamin heldise neteptighpf -10 mV (filled squares), -100 mV

i SGh! . SR, TnEB AU RN the @bak current
(empty trianglgh 4 gbﬁg %ﬁ{}g‘!} 9‘&%@ trk@gf{ , g’m e sy 4, the B
elicited in coRREIRpErRhEMRANdRRand smeeproreaabadishy td-hdrmative firiepise Fagh symbol

for inactivated state bjndi ng of,0.5 and 0.4

represents th@gﬁg@tv,alygm)f the residual sodium curTents in the presence of the compound (lhorm,
mean £SD), 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.
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This finding suggests that binding of these conmpounds
in the presence of channel inactivation shows negative
weompesred vity. The left side of Figure 17 il |RGI/GBR@®8/003852

the concentrati on dependent bl ock of sodi um channels
was tested with depolarizing pulses to OnV froma
hol di ng potential of -70 nV (filled squares), -100 nV
(errpty triangles), and -150 nV (filled rhonbs),

The right sidg, |o? %Ilguéea\f?dﬁ%sgﬁF o5 ko O"‘?@s,@nt\éﬂéjﬁxr%t h@@es %J%n&%1h§ ke 1nh1b1t10n of

experiments wth the same protocol
sodium curreN@ 8t digRfbnt Gordertrabibhy 6f HaﬂylmMGnolEﬁhmtrwnbhnw tl@rﬂrgtg@ﬂﬁeg)ut of

a series of IOWLS@@WE% \O/}%l %Jlg{et?)g)oth}&gqp;q c& @ I;I?n?rg ge_linrg[bje)P dlglg (Qorﬁ%? wash-
out) and the {irsP %ﬂcﬁ%ell ?ﬁ{rees}ingég% 'tHEEﬂ}Es%néeoéf IBRCDuGR &bt L dudrrents reached

eso lineis a HIIl fit to the data wt
90 + 10 % of he doAttblcaireet pfer appiietisn oBh@bkr ¢(md¢ml@dowaR (e ECso) at -100

Hexylresorcinol is clearl edepe
V. Tnterestinglyy 4ty SEAS R By SRR RO RY Go ey fee-dependent.
Currents reacghegpo% f g@ﬂlﬁﬁé*o-p 590 df ’d;e5&>rfﬁ}t{l afBERAE tak VP YnV BlIgis Kinding might
was | nconpl ete even in high
suggest that depoteirhticat mde athighyafEnity btatei foe HRhwhigh frgpedes its dissociation from
potentials. The right side of Figure 17 illustrates
'mebmdmgsﬁ%presentatlve current traces denonstrating the

i nhi bition of sodiumcurrents at different
concentrations of Hexylresorcinol. The traces shovxﬁtt]e. th
n (]

Figure 18 illustrates thel seadyrstatopvailabidity eurves a¥9555@llbé’e% tWe Eise 4O

absence (confré’brﬁ‘% a&aﬁs?}uq tﬂlfisléll Qsﬁ glﬁ 8 S%ﬂ{br%so? an gl’tﬁhcgh:egllrhﬁﬁ’onS ¢, 310,30

l ast three
uM) of Hexfks&R ol (‘sqhﬁl@s)pEﬁﬁﬁéyﬁtbonepf@ntsDthmm@nvﬁthMpurrent derived from

current hed 90 10 %
at least foura@ﬂerglaéﬂéﬁiggﬁn?ﬂmeﬁﬁl&ﬁd Borc g‘i‘%# %?ﬁ i i)‘?bl—'iﬁk} &E&g%t 2100 ms
inactivating %rﬁg{l)ls{r}/ qm 336 WReid fg hlydlcarte%cﬁ¥ﬁﬂ§é henkibe Oﬁﬁ@ﬁts Gueie Adtinalized to

uring wash-out was voltage- dependent
maximum v4Rg (i8Rach sreﬁes‘:zktedS(meypraquemxal)ﬁsoild 151% espraset the,bgst Bpltzmann fit

to the data. agﬁguiq%?cglg?%ltéh&?e?%gv ]]t[% htva qu ?l?et ?Je%lfﬂ:e of drug
(filled squar@gﬁ' 6h tb %@ Sith S déh‘ié%?'tﬂé icBhtrdls C(meiyescblamd) nglosk timduced by

lustrates the steady-state avai].abjli
Hexylresorcmuf nsesﬂoags assededlyy membranp depplarizaidens g&ﬂepﬂn{‘ﬁ@o&ﬁg}eﬁn‘a&g 3 M

Hexylresorcg]p?a;l r¥1$1|é1p%llﬁt gllgﬁ%es:dé?ﬁ z 35 Mot § Qo&éﬂt%ﬁq%&%e@nfgdﬁrﬁmlg(iﬁw and is

at 1 on
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). Concentration-
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 pM, 3 pM, 10 uM and 30 pM HR, elicited by
applying a 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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mV) of Hexylresorcinol (squares). Each synbol
represents the nean fractional current derived from at
wo emspoReair di fferent experinents, elicited byPEI/¢Bp®s/003852
test pulse to O nv, followng a 100 ns inactivating
prepul se from-150 nV to the indicated prepul se
potential. Currents were normalized to nmaxi num val ue
(in each series at -150 nV prepotential), solid |Iines
re t.the best it t s, dafopandlg6tmV holding
95 +3, 94i$6‘$‘£§%§r%’e t° nrc?lrcg@%{g% ?ra: |éze£d§hei0%tgaér to rrasi num val ue
potential,resﬂe@ti\.t/é'l'ﬁ presence of drug (filled squares) or to the
maxi num val ue in the controls (enpty squares). Bl ock
i nduced by Hexylresorcinol is strongly increased by
menbr ane depol ari zation. Current inhibition by 1 and 3
nmM Hexyl resorcinol is mninmal at hyperpol arized
hol di ng potentials (between -150 and -85 nV), and is
i ncreased to al nost conplete current inhibition near
the potential for half-maxi mumcurrent inactivation in
Nay 1.2 (-55 mV). This reduction in channel
avai lability at depol arized prepatentials resulted.]
Table 1: HalBmadhmagelogting concmttaﬁenaﬁnéﬁaﬁ r%)%f%alreﬂiSﬁ%f SRS a&%ﬁ‘fd?%‘%/ﬁed state
curve (see Fig. 14). Concentrationdependence of this
ef fect was used to assess the affinity to the
i nacti vated state using the nodel dependent approach

binding

O
AT I OUTl

Drug 16) . |Fi guE&€RH i || list r abEdsor epréasent at T ¥e curfent

traed

described above (fpr coppartsenrseeFigs 14,715 angy,

traces—for fﬁﬁvui age 5, Agpendent bl acking effect s4af
AMCLR i the 28¥%nce (conttdl. wasHout) and presbree—ofi—1

DCBA™ 3 M 63pumM and 30 SBAMR, elli ci t ed-by app‘yiwﬁg Q44
s

test pulse to 01V, —foH

m/—Fol--ewRg—a— 100, gsprepurse /A
CPCfrom/- 150 0BrMo ei { her Neo v (first Tow of {races),

WA

70 (o o £ F
Fo—v—-segond—Towrof Tracgs) of| -50 mo(third row af3
HR { [ acefs) . Arit¥nt 5 reach%d%S + 3194 4 and 61 +5 0%

4 yAY)

[T Of _cont rol 3gunir ent'$ dur0.@pMash-| out 808150, |- 100, 0.5
and -70 nV hol dinglpotential _

p —respectivety. Table 1.
Hal f maxi mum bl ocki ng concentrati ons and Hil

coefficients for resting,gpq i nactivated state binding
Table 1 ECR50 and nH assessed by fitting Eg. 3

t h .
ECRS0 and-RHCABSsE@L bpmittiesBeAge the corceatrationSOsHANSTBIOH ﬁg-%b IV holding
D e A e imatea A i AL 6, Co iQhtel BRannels derived from
potential, EP BRIt ot BEIeS TG TV S e Lo s
a model fit ]:)f ]gcrln4 to the concentration-dependence of the voltage shift in the availability curve.

The blocking effects of amylmetacresol, dichlorobenzyl alcohol, cetylpyridinium chloride,
hexylresorcinol and hexetidine on heterologously expressed voltage-gated neuronal sodium channels -
have been investigated. All compounds 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
concentration was 0.22 M with a Hill coefficient nH of around 1.27. The results show that block
induced by cetylpyridinium chloride is concentration, but not voltage-dependent (Figure 11,12, 13).
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a nodel fit of Eq.4 to the concentration-dependence of
the voltage shift in the availability curve. The
whb@ekene ef fects of anyl netacresol, di chl or obRC¢B2008/003852

al cohol, cetyl pyridiniumchloride, hexylresorcinol and

hexeti di ne on heterol ogously expressed vol t age-gat ed

neur onal sodi um channel s have been investigated. All

conmpounds bl ocked depol ari zati on-i nduced sodi um i nward

currents. O all conmpounds studied, cetyl pyridinium

chl ori de showed the hi ghest potency to bl ock sodi um
Amylmetacressiyvaichlogsben £yl talaopoirenddpaétidinezvelo sodfivro imward sppenta i 2 yaltage-

ot onc B Bl S BN R 8 SRS, ey
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mMwth a Hil coefficient nH of around 1.27. TE
local anaesthetis lidocairshoibh¢ half nhﬂxdnkfnlfﬁﬂmgééﬁt%i’l%hmﬁlCﬁ??qnaﬁtﬁ‘?mﬁﬁas 57 uM
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that dlchlor@ggt@:@,n y Stelgtﬁqq, g!p?egt {ng Eée Bi %rlaﬁsr}tl %nt? e T¥kiNat Gnannel

; erpo arized
state. potentials, and a | ow concentrati ondependence at
depol ari zed potentials. Plotting the shift in the

voI t age- dependence of inactivation agai nst the applied
centr
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Hrie I'ng 1n It"transition into th

forthehlthaﬂﬁﬁ@lb\ﬁﬁﬁ@nglfef'(aﬂmﬁte(BE%ﬁ 00FywMhenore, in the case of
hexeti dine, a bi phasic concentration-response curve
with little increase in the blocking effect with

Amylmetacﬂegoq ra‘flﬁsﬂeglglr SRl taFeafh'e %nipﬁuﬁd%e\?vh@ﬁvnﬁ?&ﬂ eaBinbt lnctmname—hke local
was” observed, and a st eep concentration-res
anaesthetlcsC\uith/ &spmt ttd hlghaln@ledlbg affodty tg izast vated chanely tl(@ég geshl Eannels
O nsj st ent

The ECso fogNLlc]( HE §OSCBI:IIﬁd‘, ?ﬂjle upan d?pgrar{%attlcn} 'tl’?é I%Qt s@ite fd{‘@mylmetacresol

ne W t negative
was 55 pMEARRS b@uhd 1D Yold higher than the respective potency of lidocaine. A block induced

by amylmetacresol was also voltage-dependent and increased with depolarized prepotentials revealed
by a shift in the voltage-dependence of inactivation. For amylmetacresol, the estimated EClso for
binding to inactivated channels was 22 pM, thus, around 3-fold lower than the ECRsp. The
concentration-dependence for both effects- block of resting channels and shift in the voltage-
dependence of inactivation- was steep revealed by Hill coefficient ny around 4.2 for Amylmetacresol.

Reduced reversibility of the effect of both drugs at depolarized potentials suggests that drug
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for the high-affinity binding site (estimted EC50
0.001 mM. Anyl netacresol and hexylresorcinol are the
w@eovpoed2els whi ch nost resenbl e |idocai ne-1i ke POD&B2008/003852
anaesthetics with respect to higher binding affinity
to inactivated channels than to resting channels. The
EC50 for block of sodium channels upon depol ari zati on
fromthe resting state for anyl metacresol was 55 nmM -
caciation fromYBes i | NikkRaRard fiag daseaaidnvieom the resting-
dissociation fr?)n&tL{ gen}:n%&g%% %ggig?ﬁ%t@kgﬁﬁélg k®| nduced by
blocked state. anyl net acr esol was al so vol t age- dependent and
i ncreased with depol arized prepotentials revealed by a
shift in the voltage-dependence of inactivation. For
The blockmgaﬁgc{i%:‘;{/ gF r£$8biral6n &St hiflh@thcksbband octlcltiombﬁmgl taécohol was

ted channel s was 22 t hus, aro
investigated ih caneefforhde cohBrrEcheioadditien €6 %}ﬂr?léﬁr@ﬂnalaéﬁ)i na e'ﬂ@@mfatacresol

increases the ?cﬁé{l&yg{f {aglc k%etacgl: ?kTﬁé ﬁﬁst 8% of BRRNE fachdase mhbibékingpotency

epen ence I hactivation- was steep
of 30 uM anlyRN&Qadresdl fby addition cafed(f p.M dichlokdbanzyl mtboholg ap@even a decrease in

B
6, 7). This ﬁnl%{nggs(ak%éﬁcch&tqq B&[’i‘yi feoHon a&hpatedt with bin@ﬁk@@brﬁ)hfoe thessame

rug di ssoci ation fromthe leohol
binding site, Lﬂ'@iﬁihﬂelygédchng@(h Smalteeefféﬁh éuetﬂoé]ﬁ(hoﬁ’@r PRIERSYSF d&ﬁhl(gobenzyl alcono

compared to agq?yglgialtg&tel S \K?H\pgﬁ%eflne{) S rdebs’ any ﬁ{%gpfg [t GOb Q108 eMEY e combination

rt to confirmthat
of both drugs 34 fol LRI, &fe@“ﬁﬁ@ﬁ@ﬂbﬁhesﬂieﬁ@hﬁﬁéct tHamaylyietreteack esol
i ncreases tghe pot ency of anyl netacresol. The results
di d not show an increase in blocking potency of 30 niV
Lacresol B dut- q‘h ehtREOReRZMtects of class
Block mduceg% B%Py“ A e?/hg%mgqu lél{):ﬁr‘g)ﬁa}gg de% Bl ocki ng pot ency of 50
Ib 11doca1ne-m<§4 aeathmetaane ssibckeys. adﬂnbng)theoéonlmndﬁ\/lsﬂidtqdl arybetigsyesol is
al cohol (Figures 6, This findin .
around 10-folg mhﬂemoméﬂ%lwhdﬁf’%% o%mﬂalﬁﬁéteégl léuc?fﬁpao{?@? T biasd @’q% ocaine-like
il éttehi pEdlter Bigdiag aginkciivated channel
sodium channe(f I’bllchﬁlge bﬂq{g’tﬂ o%}p Power po%ﬂency of

states. chh(lhrﬁﬂi'ﬂnﬁj?lOﬂedﬂﬁ)ﬂlhs abaghay p@Mr b@Cﬂmed‘W}F ePsetriaskjpek of resting
Wt hout bein

channels. queﬁd%plﬁg\stqmu&calﬁ& ﬁana 186 E£1¥6’ n (%tlvla&dl%%tte} ﬁl‘(ﬁ‘e‘a& hiading of

0 a cel

1 Qo dIEmbieEabs. anagHEioh &fi (ﬁclﬂ(ﬁlbbﬂtzybﬁlcohol to amylmetacresol ;
further dlcmglfog?%&t ac‘r)eso Bl ock induced by cet ridinium

Al
decreases the hﬂfm il amlyhnaﬁmrescbb pprlisd-ad dhrepie Hfu_g- ithis (% SRryajiop ap be Heéplamed
assuming thqﬂtggﬁtg(?rggguﬁﬁﬁ ﬁél’%lptlﬁtg b %%Cs%tngeonll&{% s§é3d'AU56rﬁl§1ﬁ£’tﬁfh| of both drugs

& conpounds st myl met acr esol
ensures that the local anaesthetic effect of amylmetacresol is attenuated at hlgher concentrations.

The biphasic concentration-response curve for hexetidine led to the conclusion that there exists two

distinct binding sites for this compound.

Further modifications and improvements can be incorporated without departing from the scope of the

invention disclosed herein.
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around 10-fol d nore potent than |idocai ne.
Anyl met acresol is conparable to class Ib
wo paooed2ee- | | ke sodi um channel bl ocki ng drugs BECIDGBR@S/003852

the typical pattern of tighter binding to inactivated

channel states. Dichlorobenzyl alcohol is about as

potent as |idocaine with respect to block of resting

channel s. However, in contrast to |idocaine,

transition into the inactivated state inpedes binding

of further dichl orobenzyl alcohol nolecules. Addition
Claims of dichl orobenzyl al cohol to anylnetacresol decr eases

the effect of anyl netacresol ap as the sol.e drug-
1. The ugehp§ oobLermerei nti-kasierink cRRBPWIdH éjaf g’?sB‘i‘FP?FG i9th &f ab%ieﬁgamem
in the o SOIROUN WD exBERinRdingc Bitte, A
wherein the ong %??fgta{l%ﬁgégaﬁabg?&&gmuggxensurnesn that the | ocal
anaest hetic effect of amylnetacresol is attenuated at
hi gher concentritlons The bi

hasi .
2. The usg @p lafpedsin; (Jam yﬁs&ngthg QP ar 1?18lfesahg— ftela'fllncgmpoands are %elected

from 2 4-d1ch98188éﬂi§! Aol 24m 1R ERrBI, Te§1py¥iBindling ichiveitie bhaxdtidige, 11d0ca1ne
’ sites for t |s conmpound. Further nodifications and
hexylresorcindlngad besaveaing. can be incorporated w thout departing
fromthe scope of the invention disclosed
herein.Clains 1. The use of one or nore anti-bacteri al

3 The uSOHRAUIASAfiRTClalde IPoeEAsiat Rowhatinatheedtiecamsiore whapeynds is a
) the one or nore anti-bacteri al g nE? ﬁEHeXhhﬁé %;wmdme
combination aﬁ Aefsdinklpiabersyt alepholp amyhpetargesol Lok U COEQTIe Y

. . rei.n th nore anti-bacteri aI conpounds are
lidocaine, he’g}'@le%og?lgal cl))rgn&% %ﬁdl chl or obenzyl al cohol ,

anyl met acresol, cetyl pyridiniumchloride, hexetidine,

4 The u'gée?s?q‘i;h%&@ A
of 2,4-dichlof¢ %!U%Hb& lihSta@e&R ni”Uff&ﬁ’dh'l&ﬂbdhfzyIZalébhdl/@dujflpymxhemnyd:hlorlde

tacresol, cetyl pyrldlnlun1chlo

2,4- d1chloroH&ﬁx3&t Ialdohté/heketldmw E;é-dlcﬂméo(ybqn@glo rdgohel/lidoseing e @Z‘bglghlﬁppbenzyl
alcohol/benz%@m ﬁ at%?r%ﬁ%%gc%gs%ﬁ/g%dlgam?mm% m %hl%’ﬁﬁé ei narﬁﬁﬁletacresol/hfexetldme

rom t heé group consistin
amylmetacre%olff ik, O aReRTAcrabIRRbdadiey | nefttﬂpymxhnnlum chloride/hexetidine,

4-di chl or obenzyl al cohol / cetyl pyrj di ni um c bl ori.de
cetylpyridini@n4-iaridedidotsanez y cetsipy e digiuny e Q%lpp%q zocaine, exetldme/ lidocaine,

hexetldme/b@zgcagl%l - h# gldbcglg rglyeinzﬁl QBB%l/aHyﬂﬁ&QérQs%l/cetylpyrldmlum chloride,” 2,4-
dichlorobenzyl alcohol/amylmetacresol/hexetldlne 2 4-dichlorobenzyl
alcohol/amylmetacresol/lidocaine  and 2,4-dichlorobenzyl alcohol/amylmetacresol/benzocaine,
hexylresorcinol/amylmetacresol, hexylresorcinol/2,4—dichlorobenzy1 alcohol,
hexylresorcinol/cetylpyridinium chloride, hexylresorcinol/hexetidine, hexylresorcino}/lidocaine, and

hexylresorcinol/benzocaine.
5. - 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.

21



10

15

20

25

30

al cohol / benzocai ne, anyl nmetacresol /cetyl pyridi ni um
chl ori de, anyl netacresol/hexeti dine,
waegobme2atr esol /| i docai ne, anyl net acr esol / benzPCHGB2(08/003852

cetyl pyridi nium chl ori de/ hexeti di ne, cetyl pyridi ni um
chloride/lidocaine, cetylpyridinium
chl ori de/ benzocai ne, hexeti di ne/li docai ne,
hexetidine/benzocaine 2, 4-di chl or obenzyl

| ERbLPA iddenge?, 4-

6. The s R Pt e

2, 4- dlchlorobenzyl al cohol / anyl net acresol /| i docai ne
and 2, 4-dj chl or

7. The usg pg, gﬁgpqdalwpﬁ@f g}genz 4i}a% Claings. glhﬁréein the base of the medicament which

contains the (ﬂ%’((ylj TSRO |-PRkdrRIMYEIR! Ssises one or more components selected from
exyl resorcinol /2, 4-di chl orobenzyl al cohol,

sucrose, glucobexgdm%maﬁltnbkﬂﬁek yapsital.di ni um chl ori de,
hexyl resor ci nol / hexeti di ne, hexylresorcinol/lidocai ne,
and hexyl resorci nol / benzocai ne. 5. The use as cl ai ned

8. The udeMhs¥Mimedl it By Bf B6 Qﬁdcﬁ@n@lﬁamﬁ wﬂme ithee mh@cam‘mt d¢amasdtto treat
is in the form of | ozeng

sore throats, p)&b{dmg] dry, ngchﬁ, 1§§fgpeﬂ ﬁ@/og?rh gp &g&x&r dpalnﬁxl throats, or
other areas ofﬁeqm &h%ﬁ&léﬁtg% %g‘gﬂir’to&ﬁlsany ot her suitable form 6.

Se "as Claim5 wherein the nedi canent
is in the formof a | ozenge. 7 The use as clained in

9. A me%é,q%;(p%%{eur&;ﬂe L%p%&g: ¢tfee grgé Argat}e&ecm?sn%f a&ﬁﬁlstermg a

nor e

composition &ﬂfﬂnsﬂ%ﬁfn? o Rlor@sHRiNEaSteHAINGM poaRdOME cloExhiitsenongstrto tiect.
se t rom sucrose, glucose, isomalt, naltitol,

xylitol, mannitol. 8 The use as clained in any of the

10. The n? rlgcgfgslsglg]én%(dﬁjlpn@ﬁ : ncq@elg hcﬁe 9'0? B0 bt ﬁad’ksrﬁﬁi cbﬂ’lpounds are

scrat chy, inflanmed,
selected frorﬁ'V@Jleﬁiﬁlor%e@Eﬁl ﬂ@ohohuﬁrﬁylﬁ@taﬂﬂ’dolpajet)dpydrldhimmaql&orldw hexetidine,
her areas of the mouth such as the gunms or tonsils.
lidocaine, heglresornmphw bshzasngi ni ng a | ocal anaesthetic effect in

a patient conprising adninistering a conposition
conprising one or nore anti-bacterial conpounds which
11. The B&hbdiak cldimeariaasitinedi e €fimcll, vd.lerelrrrﬂ@ 9REt PoENOER; anti-bacterial

clainmed in d ai lorid
compounds ig jgtGorbiratienZ-d 12@9#%2 Q*(Pléo S%IP% g}egagr 0 o%tylpyndmlum chloride,

néMineal cohol , anyl met acresol,
lidocaine, hegylfés{}?py“ %?Oﬁ%m cﬁll ori de, hexet| di ne, lidocai ne,
hexyl resorci nol and benzocai ne.

12. The method as claimed in Claim 12 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/lidocaine, 2,4-
dichlorobenzyl alcohol/benzocaine, amylmetacresol/cetylpyridinium chloride,
amylmetacresol/hexetidine, amylmetacresol/lidocaine, amylmetacresol/benzocaine, cetylpyridinium
chloride/hexetidine, cetylpyridinium chloride/lidocaine, cetylpyridinium ~ chloride/benzocaine,
hexetidine/lidocaine, hexetidine/benzocaine, - 2,4-dichlorobenzyl
alcohol/amylmetacresol/cetylpyridinium chloride, 2,4-dichlorobenzyl

alcohol/amylmetacresol/hexetidine, 2,4-dichlorobenzyl alcohol/amylmetacresol/lidocaine and 2,4-
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11. The nmethod as clained in daim9 or Caiml0
wherein the one or nore anti-bacterial conpounds is a
w@ ooobioerzed on 2, 4- di chl or obenzyl al cohol, PCT/GB2008/003852

anyl met acresol, cetyl pyridiniumchloride, |idocaine,

hexyl resorci nol and benzocai ne. 12. The net hod as

claimed in Caim112 wherein the conbination is

sel ected fromthe group consisting of
. , 4-di dedify, met achégkbsorcinol/amylmetacresol,
dlcmombenzyg 4-di %H gpg@ﬁﬁﬁ%*acgkcg%ﬁgil / cet yri dﬁl um_chl or |yde, .
hexylresor01n<ﬂ/244-dlchtdr@:henbﬁ nzyl aledhobhol / hﬁe{xégsomlrp@/cetylpyrldlmum chloride,

hexylresorcm@(bgﬁftgf 13, ﬁ)ﬁ Tes#@Bﬁlb(fo?:glg . and ag)gﬁllegcﬁ‘mngtléénzocame

anyl met acr esol / cetyl pyri di ni um chl ori de,

anyl met acresol / hexet i di ne, anyl netacresol/lid
13.  The maﬁxptl rae tckedmed 1 airbfecpfz(g}@lg}sn%— lgé;y}vqredg %edpamew su&ermgnt?dm a sore

throat 1nclud11&g]fhg/: ]Iv,cg ;;l?ex%{am%dn&voll‘éﬁ sIY bB}ﬁrg, gﬁrﬁin‘é%d painful throats, or other areas

dodaine pyri-di ni um

of the mouth- ﬁféh% dsdubsnz easline, hexetl di ne/ | i docai ne,
hexeti di ne/ benzocai ne, 2, 4-di chl orobenzyl

al cohol / anyl net acresol / cetyl pyri di ni um chl ori de,

2, 4-di chl orobenzyl al cohol /ani yl net acresol / hexeti di ne,

2, 4-di chl or obenzyl al cohol / anyl net acresol /1i docai ne

and 2, 4-di chl or obenzyl

al cohol / anyl net acr esol / benzocai ne,

hexyl r esor ci nol / anyl net acr esol ,

hexyl resor ci nol / 2, 4-di chl or obenzyl al cohol,

hexyl resor ci nol / cetyl pyri di ni um chl ori de,

hexyl resor ci nol / hexeti di ne, hexylresorcinol/lidocai ne,

and hexyl resorcinol /benzocai ne. 13. The nethod as

clainmed in any of Clains 9 - 12 wherein the patient is

suffering froma sore throat including dry, scratchy,

i nfl anmed, swol | en, stabbing, burning and pai nful

throats, or other areas of the nmouth such as the guns

or tonsils.
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