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ELECTRI CAL STI MULATI ONUNI T AND WATERBATH TECHNI CAL

FI ELD Enbodi nents di sclosed herein relate generally to
wo b@7fosmd of treating infections, and, nore PCT/US2006/046452

particularly, to an inproved fungicidal/fungistatic

treatnment systemfor treating toenail fungus,

dermat ol ogi cal fungi, fungal infections, and the |ike.

BACKGROUND ART Toenai | fungus al one affects 2- 13% of

the gen PRRY 30%
of the %%?ﬁ ati o‘%ﬂ?\}gsﬂg{i yea LSﬁ%#'leage are a A?tr%d

Current system c treatnent consists of the use of an

TECKREN&L ¥@edhugs or pharnaceutical agents many of which
have conplicati ons and associ ated interactions. These

phafmerddnente disclosedhhareinrelaty genqrallisto the feldgafdteating infestipns, and,
mo%aktﬁ:ma‘ilypﬁﬁﬁﬂﬁﬂ)rgfred fifgicaal fuﬁ%]‘éitag@ﬁgeﬁfneﬁtss?@ﬁﬁ? teating toenail

h them Varioys approaches to treating thi | Sease
ﬁmﬁ*&véermé%ogaﬁlé‘mefan tfesiprogedithediks: most i nvol ve
pharmaceuti cal agents applied topically or
ically. For instance, U S. Pat. No. 6,319, 957
BA%&E@ “??1 use of conpositions based on
gl yroenal ﬁﬁi@ﬂk aldin)é@f&c@ﬁ%'of Qe Séredd Payslaordbe ﬂEQUnlted States;
retinai

ti yco eric e er of
vk VYOS apuBrth HRouel el §ip Sierierre Griigt SepB weatmen
coneifts reftthe) es€ ofl @ndexpathkiv ﬂﬂnghysd pbafriab@nieal hge@t many of which have
co Sp'?%gt%t&ls ( :ksls{%cxrmr Eétgl%r gg%stgsph%gl?le eu&%ah g:lr(e:aﬁx?énts are less than
ideglr dert irmapympobeits quansqjque@l@es:om cingsdaigesi sssoddatsd with them.
PatVarMS t%ggheyf E ﬂsaqgeaﬁetv%rb h %R%gtfah %Hd employed and
r|S|n Sy nt I'c rubber; a reinforcin
mO%as\fsdveonh@macmG@r ageafsomm@i snp@nléy lon tsusteraatically. For instance, U.S.
Pat CIQ@Q% YRy 57 Rl ithd o of%@fnlpggﬂlérfs tﬁgédjorp %1 -alcohol, hydro-alcohol
pharmacéutical |y acceptable salt or este ereof’ to
or glyeedhydrgralsehal softient pHaslyce) @ slpesric aggsr of rgwog@@d preferably in

assGHRHOR VRS H JHW eRleRSB rddinofd)HefiISind WlE ﬁ&tﬁ%émﬁ&@ kbt ightly skin
honogeni sed i nactivated yeast bl astospores and

diSHETD i 28 8En% MAEIGatad Yelharahh fak sPEr Yeorfiddndregiing mycotic
skidlibdagRning pBdiAlsl al of sai d spor es, nethods for the| r

pr ctl.on e the rophyl axj s and/ )
" a8 nhine Rp ot L endtRS naftiiel Sendih S o aet snec rubbers 2
reinfdreing aggehn emeﬁc on rsdlimg ot @artdbﬁh By eRebitadivnentomiyadre a tackifier;
salicg)?l%ea%dal ! yglglinel%c%{ltﬁﬁ 1 é‘tf"g e‘faB{e &;Qpﬁﬁesge th%go tcO> rgrﬁ%t;ng)%:ogg infections.
cardBd&et. SNan@/289, 96‘hyt§h@ﬂry$: eshey diisS. ofPaitycosio vaccines comprising

hon@ogtgﬁz%?zz cq€§9& '§Q§§t ﬂla&ngfogeg p&xl?l ﬂﬁllnt)gegl%eﬁh ctﬁ/r:m:d dermatophyte

or treati ng nal ungus IS use
mickepEBIdia @ antigendel eradarial Aberidieeres, matheds &iritheiy p@d@@@n@nd their use

for fthd QRIphy RERCIRIor treatment of mycoses in mammals, preferably humans. The

vaccines according to the present invention are especially useful for the prophylaxis and/or

treatment of skin mycosis, preferably dermatomycosis and/or candidosis and/or
onychomycosis.

U.S. Pat. No. 6,287,276 describes a set depth nail notcher and method for treating nail
fungus that is used to cut a notch to a predetermined depth in a nail or a toe or finger infected
with a fungus and then apply a topical anti-fungal medication to the toe or finger through the

notch.
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with a fungus and then apply a topical anti-fungal

nmedi cation to the toe or finger through the notch. U S
wW@107/068571 6, 281, 239 teaches a nmethod of treatiPQI/US2006/046452

onychonycosis by adm nistering to an infected area

around a nail of a patient a tissue softening

conposition containing urea and an anti fungal

conposition in one or separate conpositions,

CORE BN B0 AGERAET BN b SNE LR BV G s
to aheafecuag areklaemindiacadil of 2 patieat a dissubasftéreen corepaiticdcdcontining urea
andy B0 R pAICE sty AEEhE SRR cp Pl Bolopriepy or non
conpwreepiasi ¢ pul sed current froma high voltage pul sed

SOLg Qgral( EME'QQ Ufgmtﬁ%d é{ngem&ll 'sﬂ&ulaﬁgg'aﬁagﬁx@% wound healing.

| es ave S own si gni I cant 1 ncreases I n
Elewtnaad stmulation has beantiepdrtedrte dmprove dlood fayeele¢reae edeinaj gnd inhibit

bac@rlgpgxtol\x@h |I@,§H1&JOQ§J %ﬁlefs QJa'vé’%ﬂ?)gte&‘Sﬂ?at Qlflorf%l;)ﬁ&‘icf F&l@éd current from a

stinul ation. been used to successfu treat
highivelthge m&ls%%ﬁurqsa @éf%c) agERta Mvospd: B 8snAgitional Studies have shown

sigriBEm0 Shéradsed i %&ls&lt@ﬁbﬁs aﬁuap 'gbfefsﬁﬂé Sofedklygbn i (FCP | Icsz N diabetic
or anlsrrs Cel | sfollowt E%TP of hIS current f

indiypiualy fpllovring upe efelegricd Silmla %‘ﬁ%‘% 3 Reegrupgrtio suF?eS?ﬁg“Y treat

dlaltelme@‘deth&ﬁrst hat electrical stinulation augnments the

nCTIRRO TSt AR R BB R Rl T g et a g prasmims.
Cel&tfbmw el }ﬁth d)Bthﬂ;l arehiidow,i widch ts&eﬁﬁeditd’ &3ht galoinotaxm effect. It is
hay

thec?r%,'t ?%?att el%c cal s% n}uq ro%r;ltu%%lgrlltlg gheyegxs%%en 1f>e%§ctr1c S estesm E)V\ﬁ]ne body.

ration macr o

Thecigtiease m@wtm@pif wanddealingpwidle ahahczdeztlmlat@n indlkaitmorgd to be a
resxg?/otealng&‘g%hg hlfr%HnFEélﬁ%gé; ggﬁ g&%&r i3 Zt%%'ﬂlﬁgé ?Bf Hﬂcs:rophages,
fibrbblpste mhast ¢alls aredtrpplaise and epjderinelyicls isdnflygac¢d bysele¢frical stimulation.

Ele%@éﬁ't sl?anlflatﬁﬁUf{a's L83 bekhAeHBwhas iRt SasklRY pﬁ)lfférgﬂérr b€ &Boblasts and
role in healin Furthernore, the tensile strength, of

profefiesyagieriigtn™pih as BsesrowHbahnasitesn Ehesg ecteRs ey  Significant role in

heaBiRP | Fue@binfiRe, Ohe $411le Q&GN bEAle a‘onséeelslas tHa$ shdved ﬁﬁﬁbfwse upon
the strength of the wound scars. For these reason

 applipiionof seRh kel figlds. By nereatinehe FEmeih et the é’&Pﬂ%?FP‘%F"‘ these

reaﬁh& Ocﬁé Ase\SiLIESridv StilaRkioh S&tthe festmaat ¢sTdhyortltl konfids e been used
i ﬁver b‘ ¥ g 1he t erm onychonycosis refers to

mcrgﬁ?"g% RIZEE1ER ¥ bne or nore el ements of the

nai Thestysi emchudnycmlmfws ®tany ﬁngahefaaad)ﬂ ofmterdrxyporé blements of the
nal{'sH/s{emo r\_?]V %: gdn%%§ Iog ﬁ}ff E‘L’?‘éﬁ%’e vveg % g tdutgé %%13/%%%9 %gx;eral studies
suggert $hah onqumyom afifépts bgweedt 2% deS%t (0@ posdibiy agrehof the world's
popﬁf%’foh Chy NOHY %nﬁéﬂ{:‘ioéhy?ché&%déﬁt schis ?J%Mpﬁ%i‘dxﬂﬁ&t@l‘yysﬁ/@ %r all nail

of all nail di sease, 1S an infection several times

disgpse.as e irfesiion eYarel mesyaPTe qoRuRPn IRdhg fasgal thanthe pgerpadl, and is

moSRSmntRRhY axfn@h'% g1aRP PR ida e B orh & SN Mde8st 1RAMBarly 50% of the
st udi es su gest that nearly 50% of the_ popul ati gn_over

POPPARIPE gver 7 f/e%f@ ot pgs oy by pifedtey Theeeidanee ¢k pee
UnREYSHREWEDSHSE: dointre of the developed world has been increasing in recent years.

This is thought to be most likely the result of several contributing factors including: the

ycos1s in the

general aging of the population; the possible higher incidence of diabetes mellitus; the greater
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United States and other countries of the devel oped
worl d has been increasing in recent years. This is
wo beagbts7t o be nost |ikely the result of severBET/US2006/046452
contributing factors including: the general aging of
t he popul ation; the possible higher incidence of
di abetes nellitus; the greateruse of inmunosuppressive
drugs and anti biotics; the increased exposure of the
use %?ng{nalno%és?i% odilué)saécp ggﬁﬁl %Sgg{’f 1&&&%%& ﬁ)‘i}ﬂ)@uﬂ (\>4 the general
popdlaﬂ@emm Gtgmgmﬁmef, thieyiAEN epifi¢reicder mat ophyt es, the
de? ﬁ%@h ok aA198d sQ@B9 RS bigreRint ?x% Qﬁfun : the dermatophytes,

tes are the nost conmobn e ogy, CCOUﬂtIng
the fygastpen ngadermAiepbyi siolds | The desmatophygdes grgothe most common

etloﬁ)%S' r@:‘ix@tﬂﬁﬁﬁ% FoSREHEESS5Y ah& I@@W a@lncagééb Tustld deﬁr%ﬁl‘lglfé) species,

Tri chophyt on nent agro Xtes T. nentagrophytes),
Trz%%’%@swwf e rilTwiTs 8P deich ey ipBaneRjaI oS d) Imestggaaphytes),

are Sdsp AR MRS ESFor FEXEF BO% Affded 84t oﬂ’cﬁ@&ior&ﬁ:@ﬁ‘s ESevel different
al so cause onychony003|s These species are together

YeastePEeips PH @lSP fauHfe PNEDAMS99Sis dlheEd/FRACIes 258 é%geﬂrfﬁ responsible for

betvaRr 3% hﬁﬁil(ﬁ%)ﬂlzjﬂ%slo& @bﬁﬁ@ﬁé@@@ﬁ% &Mes%tdagalsp@b ]‘cé?bloglcal agent is
ent .is a a s.. Fina severa ere

Cangfff hltieshsr PR TR HAPGHhEECH o1 e TORe AL s oS can also
au e R0sis SAs Aréung lttmw aret lagwasiblecfor agpadsiatelye3fan 5% of all
approximately 3% to 5% of all cases. Although

Cases, . .

ohychonycosis is not a fatal infection, and is usually
notﬁldamugln yoybhtn edséet is mgt @ futed itfeaion andnip sualif oot T vent debilitating

conh%g# qﬁ{%k %fﬂl!)t d Q%Wﬁhilg |t RAY €1 RLdP oﬁ@“oﬂgﬁg} and/or physical

physi'cal consequénces. e condition can
conaeﬂy@meat?é@ agindifion icemm be pewalated avitmh sigelfighnt aimf mdtdlscamiort and in
sevér@ c§s%¥ &f fiaf 3SHStiméd 18R SOARELNER ahcﬁaidtotx%nous degrees of functional
di sf1qurenent and/or to various deqrees of functiona
loss} dg caddjtipngi@dphysisal P‘@P‘Eﬁ?@tc the ps(yﬁ]aq ?gf@aﬂtandt $peial consequences of

onyBEonekie 8afAbo @@ﬁ@ﬁ@éxﬁl THRRN G BMARFRSs Rlpré3Bs R0 Bah a mere
can al so be sign cant._ Thus, onychomycagsi s

cosglify problspstor gnyaftlicted, gKiigdyals and Brofrssiopal (SreaBreahfipgy health care
proViB&Y iy bRdredupitdi vi dual s, and prof essi onal treat ment

O S S BBEL Bol RS0 B BRE e oI o
appthatiidsau| tteatridne atehdﬂmdbmdﬂ of thnalailapity eepidab suedivation and systemic
cheﬂggm%%%?r ar e q suc es%mé nChe%F'S: zﬁ)g)roa%fles fraﬂl Beent ?—B &s%l of systemic
antifungele dBizeH Outﬁr thhelss #pproacheb smgmlge@wﬁmgel agatphave been the
malﬁyégf By tygﬂnq'nll);cﬂggq erQ{J}U gﬁow@e@r béc‘ﬁﬁsel @ﬁ%ev%@alyﬂﬁéve factors that

c antifungal ag ent’s ave been the mal nst ay

inclgde éwcth@m% orgble wérf%rgg/ intHgRlioRe of anfifurgrd eswts wihathgr drugs in

the I’B%g;lt inenbagbrh ci E@Irsc' BE gl Hﬁuifr&?( Watht ﬁﬁan}p @8 $eld @ntifungal
adverse I nteractions of antlfun% ents

ther@pwlg riegpqeﬁ,eths éa;ch é‘?fdnqvhealtﬁmp Bisr gglcafare H)ot?\ efficacious

andt NORMERE Plesé@QUhinBehl WMside nEm¢tsof ist |’Uﬁ$le antinfpongal research goal.
t herapeutic regines, the search for new, alternative
treatnents, which are both efficacious

SUMMARY

With parenthetical reference to the corresponding parts, portions and surfaces of the

disclosed embodiment, merely for purposes of illustration and not by way of limitation,
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and which present mninmal side effects, is still an
i nportant research goal. SUMVARY Wth parenthetical
WO edogersce to the correspondi ng parts, porti onBCEOS2006/046452
surfaces of the disclosed enbodi nent, nerely for
purposes of illustration and not by way of
limtation, enbodi nents di scl osed herein broadly
provi de a method and apparatus for treating infections
emﬂoalnmﬁws&&xaﬁ ﬁ%{gﬂl gg%%de 4 ﬁet‘ﬁgg &ggpgﬁﬁa’tusafopgéatmg infections
for treating an in ect area on a s , ng
in huinen o andmalgfubierisosi ng the infected area to an aqueous
sol n [
ol ferERpean RN gk AAM AEHRM LB n L AIGIE BAHAQHS e sips
of erpeding thef infectask aremito #R\AREWIS Selitigneand providing disedienrrent to the

aquécﬁlfs %Qﬁlh@l‘? B hrd}e kHéCihfégteQ Hda h@ﬂ%&gﬁdsmlmmgf@eatment may also be
contagium papilloma virus, warts, epidernodysplasia

used; & Y ?‘B?’iﬂ@em‘?é? gsduding: omychemyersifemallyseyan contagium, papilloma
virub, W84, I ePlilernt 6 spRER QEriBTorRSs, hefHs Hitud, r&@;thér‘fuh%bfl ee85hn. The

rea whereip the infected area i s on _the skin
metaomhina¥ e upe! iarutahan infegietires N]i‘éfeghﬁ’édﬁ@“% PIsE iHAR H’&ySkm of the
subjieEtC| ude hydrogen peroxide. Another aspect is where the
eous, .sol ution conprises, about 0,0 0 wei
oo TE PR aFtsg 1o GHBSEH S GOIPRS ot HCH 5 dpBingen Rifipids, Another
asp@tl iy @héreahe b@Rdus baldti@bimhpresthbdut @rmetbeso wight @&8ent hydrogen
ergxh N about 50 mllianperes may be provided. In certain
P odi nents, direct current nmay be supplied by a
voIIn &gtais aspecs, difeck ewrsentt bfifesathonabdBG miblidrsperdsn onlekethan about
ect r b | sed et ..
50 rﬁ a%eg&n%%/ ?mﬁgwgéé (e cg&? {éc ﬁ{&%ﬁl{ﬁ%\éﬁf Slﬁ%%l mhrren’t magf] lp)% F\épéjhed by
a quam $pupde efbiena ttha- a@ouvnhSO volisduntsr erhbpd]xeentacthh dxre_@nalrrent may be
uls%ab@ﬁi ?&E&L& eramldqé}r@ HEGirak eemg%é%abf agﬁfgz ‘%m{hfbf%%ut 5-50

direc current for atII’TE peri o
miconsecondsrilp yetasiditionalpuhod tegnése thei infectad ateh anaybegreted with the direct

cur@RiIBf Atk phRbd bf R Mbodind-4 BGhed. area on a subj ect
conprising a reser voi r, an aqueous solution in the

r edBAGRATAANGH Vil BRNRY ASBeGLHAN PRHAEYLEPT dFeang AN fipfeepd area on a

subjebteedrtieng a &mvdlgs&r ¥flebus Sole@GOR iRl RE&VEEnE NxhORA to the
rvoir it for providing current to the,
mfeafﬁg &6t as%'isbﬂeﬁ‘ﬁ" omt %é{?sef‘}?é"p Frfﬁé?ftde%e%{foéls ip dhe reservoir, and a

mrcﬁllt @i predlididgcanmt &s frCiquedidesolutionab &ﬂsaﬁt’lﬁ&nfé&&d gea is provided.

d I t
Ghe el St ARE SR Rahe Bnband! 1y aohbcull PGS thag may or
ma}amtt inclndaspe ot madrd ehdrinasdutiedle o mocdéasedts S Bcamdher aspect, the first
elec?ljogg %t{doﬁ%gor{we ﬁQ nlag %%}éﬁqﬁclu&){ op ﬁe f‘o?lrngg gf Qfainle?ég Qtlegl €ss

I'tio
f orIn tah eldtlmeaiﬂménﬂectmwpmlée @enlarane ﬁardhe ae@mbptem infected area on a

subﬁ@t‘%pﬂsﬂ& ArdCRIPR R TR %. RhteRalBAEE iRber 3L td Squeous solutions
| mpervi ous to aqueous SO| uti ons
and having a periphery or an edge is disclosed. In certain embodiments, the wearable

apparatus may also include an adhesive disposed on the periphery or edge of the membrane.
In other embodiments, the wearable apparatus may also include an aqueous solution in the
membrane in contact with an infected area of a subject, a first electrode affixed to the
membrane, a second electrode affixed to the membrane, and a circuit for providing current to

the aqueous solution to treat the infected area.
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and having a periphery or an edge is disclosed. In
certain enbodi nents, the wearabl e apparatus may al so
wo p@b0am7an adhesi ve di sposed on the peri pher yPOT/USTIgE046452
of the menbrane. In other enbodi nents, the wearable
apparatus may al so include an aqueous solution in the
menbrane in contact with an infected area of a
subject, a first electrode affixed to the nenbrane, a
se
i roa Ry oEheECila EHEhrt ink ARLIRRRY E Rpp@itl f e paced agains
the fipfegtpd &teatqﬁlefgﬁﬁfaeﬁ‘?‘%@ a(h@b is ganablt pleholding e amepmt |o§ @n dhqueous

sohftiohli€pro0iRal NPait Aditical pSct! Qﬁap@gﬁﬁfsaiﬁé?e e n%ﬂ?lu@c@ gdapted to
beegﬁlnSt t.he |nfected area to faorma pocket_ which is

el o Bre oISt dgdiseloseido ulm a@ﬂleaﬁswaébaﬁrgtmleﬁtﬁoéﬁ ang second

ele@foay b9 dacH Rciafe, aﬁldb tdrﬁﬁa bf, 3BRA&E sted) appar at us where
%aagggrane i s adap to be attached to the subject
[

AR 1L BEASPE oF fioqipd Sea 87 Y tgromprising

the aﬁﬂs wpﬁﬁlgﬂﬂeﬁtﬁa@@ afdRYo zem;hemacsbmﬁen 28 pbcﬁncilﬁg Baged current to
tainless ste ect

n addi.ti.on
the fieops BRI 0 roF FhednRnd A GeISoe0y The Biotd st besiag fo treat
infdctiensstsapls af @)ypbﬁmyrg)sishemblmfsemhedoﬂﬁ@&mt opﬁﬁn@ﬁwe&ms warts,
and rOV|d|n sed urr.en

eridthioBftoe St B oer HeReh St RE B IR vse
to treat dvodfentry abre wiseen tthy mfegiad ajenfisewt the Mlsinofitie sabject.

on u

oY SARSEOy S, APLSGHD S8 PR AR Byt
aspent, mr@atouSMQnowmpTha mrh&eﬂln’ayalimt Bk oveight pewatt hydrogen
peréflgd.nfected area wherein the infected area is on the

skin of the subject. In another aspect, the aqueous

sollnenefherspettnt Pelsrd wrerigkigha ﬁ’él"éfp Qe @/ith an amglitygleof espter than

10 a@@aﬁaty bet ﬁ&daqy A Skitlii RprB OGP hipaRed 3Rkt Wit whftform with
about 1 %ght per cent a% rogfn per oxi de. | n another
PUEAPP po

Supiede beivoson Daut Dpndeh ARSI ATTER fepied cument may
be Bd‘ﬂ%dd asdat 00 agd aBhrsot MaRandferas0lit endiRet ARfecdSBE puled current may

o S B o

puléﬂﬁ&ukt@n’uﬂcﬁmphﬁbs@% hﬁfrs B&W&ﬁi abohhfﬁommH&BthGBO irEiEosd¥BiYds apart. In
nd ab out

anol e HRer SRS TR UrRRaoU oty RS U%fwm%sfween sbout
100mndtehow20D éfeween about 5 and about 50 n1croseconds In

yet t a

e 2308 L7 5 Al STRELSEGRH 55 o i

per@ﬂ@fbet‘ﬂleﬂl ahrowt R andahout4S mitigespul sed current conpri ses

puI ﬁ%n@ﬂle{ ép}%tt :Bl ébpfafa%l'fgm%/augé ap %f@&@c{] ax@? QHta sl&gct%gglpnsmg a-

about 200 Hertz. In_one aspect, the infected areéa
TesEEOif 1ABaAWEONT st aReinptlip Jesgrvoirs Peﬁfﬁt elgptrogleip fpe b@P‘i"G& a second

eledodb &t VRERseMsIHand G W gabiikite b2 pFBth?ulséd] caid B the aqueous

laSpect, 5] ap aratus for treating an infected area on
SO lglogdB Jpéqyln eél n]g\rqrgl zﬁaec& an infected area on a subject may be immersed in the

aqueous solution. In another aspect, the first electrode and the second electrode may each

include, or be formed of, stainless steel.

In one aspect, the aqueous solution may include hydrogen peroxide. In another aspect,
the aqueous solution comprises about 0.01 to about 3.0 weight percent hydrogen peroxide.

In an additional aspect, an apparatus where the pulsed current has a waveform with an

amplitude of greater than 10 volts is provided. In another aspect, the pulsed current may have

-5-
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reservoir, an aqueous solution in the reservoir, a
first electrode in the reservoir, a second el ectrode

WO poovloe7sreser voi r, and a vol tage source for prpul/UB10g6/046452
pul sed current to the aqueous solution is provided. In
one aspect, an infected area on a subject may be
i mrersed in the aqueous solution. In another aspect,
the first electrode and the second electrode nay each

a V\}zﬂ(’f@f'oﬂﬁi QuithCin Qﬁplftﬁ’&é@é%w@én ab%h@idqlnﬁtsfboﬂ ??d Kol Irb%nother aspect, the

ect, the aqueous sol ution ‘1 ncl

ISP GiEeama b SRSEADORSLAE DRSO APABS eI ek swother aspect he
pul@@l’ﬂ%&ﬂeﬁﬂ&s &kiﬁﬂge v@idaﬂ-oit%t@&gt%oﬁ SOaﬂﬁedbgm 5@&5&9&%&011& In a further

qgg EﬁﬁOXIde In an additional aspect
asPﬁ%p&‘f FETRETOIRTses Pilssskas bghresnebentd 58 amévbcﬁuﬁ BAD wiiteseconds
apagt Iﬁﬂdﬂbtﬁet h@%c@fhegﬁl%@& Bhirrdrid 86npiGkeY ?hlﬁ§pén?s WY hggﬁ%];n BF between
b%ﬁ?@ gﬂ%ﬁ%b t he pul sed curren havea wa
§¥&Zpet ween about 10 and about 150
v ol Insanother alpectthﬁ We&‘iﬁleelbparhtbﬁ fR WheSREh A28 Mt BRY al3§ on a subject .
en _ab nd .about 50 m||janperes. In yet

cotfTlifies et et OB TRk Ak Hy TRRSEVIgUS I a@ueppy sefutions and
havirfg émestdge,m mibedite ispordd abedill edd ofiseidABAEBRAAS anlaQuédus solution in

i e SE R oS0 L0 SRR 225 MRS LD

meghng apd aswét@ge sphese fot sen'lcbng pelséd camgrtits eaidpaduebus solution is
disgdelS W th a frequency of between about 100 and about

200 Hertz. In another aspect, a wearable appar at us for

t helnt 3 additional aspechf s prmdrarsewithre Hiqeidbiilet opening that allows the

appﬁﬁmrtb Sk Phicd BRI 3R SnBAL 01 t@fo%t dele S INe4 id %Bable of holding

ervi.ous to aqueous sol utions and ‘having an
an amppiEd jof @ed‘i“g‘ﬁﬁ‘éseﬂ’l‘b‘?‘Pr’s‘éilﬂﬁo‘éé"g’e Iy anpffie appogh aarapparatus where the

mexaﬁxkdﬁ@ %Sadﬁpdeﬂ' tté B8 attichsd ksl tHEPsﬂHireétn@ disBlokéd. an &1 ?ﬁﬁoqQPaspect the
ﬁm? f ﬁ %g sai d _nenbr ane, second el ectrod
et se6Phelecitnge ?W&P?@g@lu% GF befqrped sf Gpindesa gteel.
puIIﬁ etlothe asptt, e SfiecusASPUETIASM SO rdhude hylifogth %EJOQ%dIn another
additio gp ratus wth a

ect
sspidh {8 25 Ao o & pRed e & it PrseRtchycrogen
peragda. nst an i nfected area to forma pocket which is
ca &g din amount af t ous. sol ut |
i squd%wdghé’ QS’]] ‘I}%l r *FRE) tlS p&%“%%pq‘é{ﬁ?ff J8e RHise c‘trfFé‘t has a
waveEqTy witle an @m&ia@peﬁ &T@tﬁbdhat & edlsd It endther &péx;t,emte pulked current
maﬁhﬁ@lmmfowwﬁﬂ gggag{ﬂl nﬂi%% ea%&lt lt(J1 df abo { 150 chts B'éanother

el ectrode and se ectr each i hcr
aspgchtheerpltse cusrentimaselesbetyess) abomtrﬂomdtah@rt 5§m§mpetds €ln yet another

aspéi:‘ﬂuﬂx@ Usil$e@l stirte@d riBRY hhAC b UdBschWsHiR 38N RELQX hllSint rAnd about 50
anot her asp L t he aqueous sol ution conprises a
m‘°E?SEff’“§‘b aﬁo@(‘ ¥ PG Qﬂﬁe%@F@Qh?OW@@é e perrrsakwéen plput 150

andaﬁomddd) i@ fdconsRpatt. In&h&@ﬂhe@é&?%? %Btjmﬁ%lﬁeﬁaﬁhg}%)‘%ﬁﬁjwﬁse pairs

Wlﬂb?‘ g%‘f“%%’csﬁ %&’r‘?gl%%ngf"l@ OO%HE%Y@E At Hedsect , the pul sed

curn emdther aspect, the methods and devices disclosed herein may be used without, or

in the absence of, a pharmaceutical or medicament, with the application of the pulsed current
being effective to treat an infected area.

In an additional aspect, a method comprising treating an infected area by

administering an effective amount of a pulsed current to the infected area is provided. In
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may have a waveformw th an anplitude between about 10
and about 150 volts. In another aspect, the pul sed
wae o eets7may be bet ween about 20 and about 50 PCT/US2006/046452
mllianmperes. In yet another aspect, the pul sed
current may have a pulse width of between about 5 and
about 50 m croseconds. In a further aspect, pul sed
current conprises pulse pairs betmeen about 150 and
r S t
cor@B g, - HARAN 3y AR com P b ITERATPRE g prount of
the Qﬂlsm@mehwm admidstering m@unaczmal—mrthq inf¢atedoared. her
as p&ﬁlhO&hQaﬁ%shg%éctaﬂg %&lh etits ql'escﬁ%c?g‘s@g ll’hl%'(’)Fé &tﬁﬂ%low
be used w t hout sence o
phar maceuti cal or nedlcanent with the application of

,Bmﬂmﬁgtﬁﬁiixewaspﬁhmdmfectlve to treat an

infected area. |n an additional aspect, a nethod

corfFr §hRy e a whischyingstadrrecmapresfana FFeEHiWiths wurqet high or
lowandliefd &elehive amount of a pul sed current to the

infeg_ed area i s provided. Incerta|n enbodi nent s, the

et G2 SBYVE 8 HRSrRtARAPPYE! hakdllers e reaimemte! an infected area by

conekctife tHeViaifea ¥ Wida With tahergPedus @O1uGbA bRd broMidil@dtdirect current to the
adniniﬁterin%ﬂfﬂﬁg ceutical to the infected area.

AQUERH SRR AOTP ﬁ%ct and enmbodi nents are

di sclosed in more detail bel ow. BRI EF DESCRI PTI ON OF

= 1 shows a subject's infected area

DEiAqggée Eﬁhg&re ervoir with a source of high or |ow

vol Bahenenophait pukedGcuzeghivone ahighppaltage ssuse @PPRT)eEnd direct

Al e gqg:

cuntetolﬁ%lg%%x%zéz%nﬁlgﬁf)h ot gggérr@gta%] chﬁlée & e)g%rgaﬁélg 101da]/fung1statlc
Humpnp peged dwﬂ‘g BVEE r degtriealr stamtlation ithe a/qteelmls dasnlamed omarkedly
dm@tﬁg&gsﬁjhgﬁ 1{11%&?&{ %‘Ad Aol n%?d‘l\lrlaﬁ'%r ETér%It}BQI' Ia'rzchophyton

nmonophasi ¢ pul sed current froma high voltage source

mernigegyRRlptanyng; adcrichopine refra ﬁlp@aqans*tq wmbaﬁed oFitlF digget current

eledtridad Wriklatidh Grond W oy QIBM%) so@f&t The tﬁnéﬁlmdallﬁnﬁﬁ/statlc properties of
umans reate

fungi ¢i dal / fungi static
elefévs?g pimplafionsen fgnait funavs: dernajpleaical Apnei.gmd pithey fgpgal infections has
beeHBEKSEHted] M ni shed fungal infection, and sound nor nal
nail growth. The growth of Trichophyton ment agr ophyt es
fungi and Trichophyton rubrum fungi can be inhibited
with direct current el ecEKAMBLBLI nulation froma |ow

voI age sour The fun C|da /f, nglstatic roperti .

é g(gt e aﬁlegetl T Ar odWai 5% ur® usfjjiec(%lg‘)"a1 sHimulation's

ﬁmgiletdnhfuoglsigtl@ afopedivgi it larl@lglcxtl hiat £ theggbutionfiedtd omdd fba sfashioned
a3

conexperl msnt S an&ﬁqhe use A"fﬁmgﬁ ect ??%;l?atértgi%ﬁ%ymm R¢femngnow 0

the figures, and, more particularly, to FIG. 1 thereof, an appliance used to ueat toena11 fungus

will comprise a waterbath (1) designed to allow either one or both feet (2) to fit comfortably
and be immersed in solution (3). An electrode (4) on either side of the bath will allow a safe

current to pass through the solution (3) and over and around the toes and the nails. The

current will be supplied by an electrical stimulation unit (5), which will be a small device

easily attachable to, or built into, the bath (1). The electrical stimulation unit (5) will have
leads, which attach to the electrodes (4). The system used to treat toenail fungus will have

leads on either side of the bath, lateral and medial or front and back. The therapeutic device
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fungi cidal /fungi static properties, it is |ogical that

a therapeutic device could be fashioned consisting of
wa@2@mmbis7el ectrical stinmulation unit and a f o0PCT/US2006/046452

wat er bath system Referring nowto the figures, and,

nore particularly, to FIG 1 thereof, an appliance

used to treat toenail fungus wll conprise a waterbath

(1) designed to aIIOM/either one or both feet (2) to

f i
w1lleﬂeeag%€tg%g%@%ﬁh% ﬁﬁxg r g%ﬂl(ﬂle& a;étﬁhsqg'/ fn%)e]r?eénfor example,
handgf e current to pass through the solution (3) and over

andn@ramé deliGerk Q%%ls@éi‘ Quﬁ&ﬁ v 4 Raverbn wr.r gra&nsmdde cg% to 150

upplied by an electrical stinulation unit
volw | Pk 1 BHlES IPalTe\afc B0 mjcrgsacardsapnast. tHhe E‘FISfbquF‘th is 5-50

mickdke€ond R8d iR ﬁhlﬁ ﬂe}neatﬁk@;u&lc?qg rlO@-QbO $izl s el RB i4!Bbrnected to the
eads,  whi attach to the el ectrodes

Wa‘%‘i’j’“‘%ﬁ%{a g?‘@ﬁtrcwg%&h‘tsellowvé%& clegfgralionrreRtrig §@ Vel ip (thaegfuion and

covbﬁ@ldss affectéd taf&r THisd @ni@fwillhse Q@téafe h@taefrﬁlscﬁ’@&oﬂ? Gikrical nerve

nd.back. The thera eut ic .devicew ||
singitatst YD TR BEAdP: b FOARro PubBH, DA Riateg o deliver

adlbﬁmeqejeloycummrsed for exanple hands. The device

delivers ur.r ent. 'th. wavef or.m
a0 30 TR o rindi b Brit Lol Mo ond dircr
cuntbdeld@ficali tinodaman d&nﬁpewlhonﬂ' f@pﬁmltlsﬁs wiedidssible. fr &dlition to toe

.y S f.r.e 100-
na:l&nﬁéw% 8&9%%3?§ng55, 1%01% eg&? furkf (1" ct1{)1i§1 ege adcg gonal fungi,
whigh ceulbk be drpated whhlsﬂval ysigim gﬁxle¢,ez€tt¢m@w appquaewt;s G posmble for
amﬁnﬁl@‘éﬁc‘l llb&t&ﬁ%lﬁl%ﬂédl ﬁ{fecqir&QS QIQ\éﬁﬁmgzﬂgd affected area.

his unit wll be as safe as a transcutaneous

eI ectri cal nerve stimlator (TENS) unit presently used

for pain nodul ation, butgwahiplaezpotentiated to

deI iver a distinct type of current. Based on findings

t Referingmgirciodhs figvrAyiastampre ReFtsplay; sFIGk 2bemof, the apparatus

canﬂiéb&@ﬁe&fﬂjfoﬂ WeSGhe Sith@ithent kL blbjded I The tabpath @l iR MideS B Mémbrane
ma%ocgjtlonal plications are possible. In addition to

ariaRtPrisls &%‘mQTE‘P‘Hﬁtt% P@gﬁoe%\fol‘ftfm@q filled it an aAugetR@lution in
con@tiwithngahfettod eh iodASuIFEQ. BRdEdok @R pLrifHeRPb S th¥hieddbrane may have

an T AP S St b S har i ¥ FoBiip provent e

aquegtsh sdlutigre | fram fleakingd NBhea appaantiis cncpladleedtch)éNVEhcﬂ:'es2 affixed to the
ri fLgur nor e rti
mertﬁgxfaﬁ%, éoﬂgec?(%l\éﬁl);e lg?%sh:g ﬁ ec“g%[g gorr usgig ent Qﬁaa q(uec()]u sgi\u%lgn to treat
the ywdentedayed rThin wershiernpataisanaiis) aork. The appar at us
' nCA;':&%i ke WBVEREAAR bg%ge% Bfiredt ﬂ@%?[%alailn de‘ch@ﬁ R§ grovxdmg a wearable
i npervious to aqueous sol utions
fluid aereied e ShauriedfP bniressist which alsp incgrparatpee fied cleetedepneaps and a

secSiiDEIBSHode THEarBIBE sdMe RRfLAREMYs AbvitdollB RV ARR ggi%ral form of a
banEave an adhesi ve dj sposed qn sai d_edge of the nenbrane

BRTGVF dH6° A thean) adhgSiey BEFIOn SIEERETRIGE a6 fegaesrvor means to

proﬁxﬁb Htsbzﬂ Rvifty taetd e big to BRe AN Thal, WDEC PeWIRSrdeWan be hooked up

ctrodes affjxed to th
to tﬁe 1rst and secon eiectrode to prov?de the electronic field across the electrodes and the

surface to be treated. This "bandage" like apparatus allows the treatment method to be
undertaken without limiting the activity of the patient. A person being treated with such an
apparatus will be able to be active during treatment and will hence be more likely to

participate in complete treatment regimens.
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menbr ane, connected by leads to a circuit for
provi ding current the aqueous solution to treat the
WO pdogotd1 ar ea. Thi s wear abl e apparat us may bePEr/EIK6/046452
Apparel |ike devices can be used to treat the funga
infection by providing a wearable fluid reservoir to
the area to be treated which also incorporates a first
el ectrode neans and a second el ectrode neans. In sone
in C deyi h ] I f
o s oatied ) Bndif| 6 LEUd RUP ol A ARG o 1R reservoi
simﬂahempénr:u tbhmlage'bfreaen@nr msansyeAny beremads mtw parb wif dle P&cs @élapparel
I
Dep\sé%%?%ﬁé&gna%%rbkﬁ BFbe A gén&%f’%ng&tu&ﬁ%?e aﬁ;ilarel §ild b8 iioRBYETof  sock,
sweal-amt, 105 gleirt; o prOV|de the electronic field across the
electrodes and the surface to be treated. This
"bandage" |i ke apparatus all ows the treatnent nethod
to be undertaken withoutEXpAMELER the activity of the

pati Rt alsbOE BORd BAL BGtaid SRLGFs Wb ke &M@bu@gmawaﬁ 3hd!feservoir
wll be able to tEglFactlve during treatnent and w

]
can jpgrease the glicacy p ;}Teﬁtﬁneﬁl&ﬁ&‘f&?rb o8 nilsﬁaneg,nx’s hag geen found that an
oxybdrRahgesiirce &Qﬂhfﬁgﬂﬁldfﬂg@ﬁ Perdkidb |aecd:1ér£1te§ iR Bddctivh lof onychomycosis.

e ni ze that be at ches cal i zed ervo
ProfsfihbY P OB BN SHIAERES FBREF R /7 HedFREcoh o Db gt 2 weight
perdefit. Thpaslution aﬂhp&e&&ﬁc@ﬁraﬂ@ﬁafaﬁ lbe p%ﬂep‘d‘bmg)r 4po Be Fraghly prepared
justsI ! eiog{eat hreltéf gglxg on cér\?\éa(:t I O {uspgrfaggﬁ{ :t:oncc ul dﬂkégéf‘ﬁqtthey are
isothtas, aaxklsddﬂneeadlyﬂmffwd systzats cee lbt: addedaddhat ithegsH pOtlelselutions remains

n increase the
c10s%?§“ﬁ1§%§ol§%{;a%%h8£?é% aottf%n%n s‘s?l?eq;eYr%et;ea? hstance. it
has been found that an oxygenating sour ce such as
hydr ogen peroxi de accel egphefprtg reduction of
onychonycosi s. Prefer abI the concentration of
hydRogesr fpefanensiatesthe gffiqay of lgciosurpeny fromp aglgyyvolgage source
(LR HHe1eRGH &8 1atiol (@t laR @n@ﬁmﬁdi‘a &n Q&rlﬁﬁ'igaf #leliR MR treatment

can be pre-prepared, or can be fres ared just
of %VFW“WGSIF lpé‘éﬁ ‘H‘E‘h‘fes B ristorfprordimbyne Bn‘b ” ’ Lo rariggrophytes
growldn £ Qsie® agxrahb@ﬁmswe&mabjebtheyo &LiRichIHO k@Gt doded of LVDC. To

addi ti onal | ffe st ens n ded so that t
dorGatss iitinga b ey Yr kool G o S pigat e PERT Pt LVDC, the
dxarﬁﬂa:dlotﬂaﬁﬁ sorzk i the atgaxsaiumdktﬁe slgcttddeatvhith 1ot/ Ridgalgbvth after E-

. order gD strate, the effi cy of direct current
Stm%”r"%rr%naealsure ?onépmdto cour 105%5 yor el ectrostimul ation

SW Vo
( E-Zonisrfensid aof fangal fg;mg!hl werg eq’userﬁfcﬁ fagl bath Gaichogetannrubrum and

T rzr.tllfz??}?{t] ﬁ{/t olpzz% tef Q)’o%ﬁg 'ﬁé&oﬁlh sanﬁclﬂar End Uitfiéﬁ’ee\%h clinically relevant

rum an ri chophyton nentagr ophytes
dosefr @thBﬁ frorg GI0P dnigxpampenesl fouhrmiiampeigh wett awplied In this dose range,

LVBb'aG{eﬁ%ﬁ%{clﬁﬁ Rﬁg%@osg@éﬁﬁd&t mhiid:  To determ ne

ant | f ts due to germ cidal and/or
fu@‘?rﬂgatﬂf‘% P2gt ity tparss neyDireatpeat protocols which employ electrical

stimulation (E-stim) have begun to be used in the treatment of certain types of wounds. The
clinical efficacy of such treatment is now well documented. One of the ways in which E-stim
probably plays a role in enhancing wound healing is by its antimicrobial effect. Several in
vitro studies have conclusively demonstrated that E-stim application is antibacterial to most
of the pathogenic bacteria commonly found in wounds. In the course of clinical use of low

voltage direct current electrostimulation (LVDC E-stim) in wound treatment during the last

9.
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di anmeters of any zones in the agar around the
el ectrodes which | acked fungal growth after Estimwere
wore@s06Bd1 and conpared to control cultures. ZoPEBUS2006/046452
devoid of fungal growth were observed for both
Tri chophyton rubrum and Tri chophyton nent agrophytes
around both the anode and cat hode when clinically
rel evant doses of LVDC from 500 m croanperes to 3
10 Badsl 1 BEDALS ma@nmcﬁgon ol lehnc B8 Jr MG outt WEfing process,
ngl ci da in a dose dependent manner &
E-smrh élqgégfm@datp vsmﬁsanﬂyewth@éﬂ wmt cased phewichompi¢asts of the toenail.
sub@émleﬁw S I 'eﬁ?ioyﬂe'nmlfqms OfodaRrs i Mhe MAYEndAE WMo ]{yehomycoms
used in the treatment of certdin types of woun
fesﬂ“ﬁé“‘c‘F‘Wﬁaéa‘FCCéf’fsfl cacy of such treatment is now wel |

dOQH FRi¥k €8 bedi Qefminliy tHERStokd re¥htinSiBleSos memb@é&k;)@@ﬂf%acy of this
gla ys a role in enhanci ng wound healing is by

iniths Beatmeniy foé‘é‘?hmgféﬁ?%?’é‘l‘ vitne eetp?rexae@f wayee@nﬁ%ar%d to evaluate
the GANREhELS iefebty o@emmstﬂ aireth ﬂ\la&bntEolsdﬂdIBr &dexdaqaﬁ Io@ fhel t%vo primary

nti bacter.i al st of th path C
ctiof i APPSR G, ST e apLesof VTG ot i clnically
signifienofn tipmrvamengef dh}?dhﬁltnymsfsrlﬁl’ktonﬁirﬁﬁ&ﬂ @8ihi Siuhl@drhaVe to other
in wound treatnent during the |astl10

-stim
r{%”%apllef became evident that, in addition to its
enhancenent of the would healing process, E-stimalso

seened to significant E%nﬁghggﬁb qaany cases of
onychonycosi s of the toenall sequently, regul ar

e n&rayniﬁms‘ "Bie médiem repgddyied jo ¢uiturchal! fungawarBabopfaud Dextrose Agar
Y Sp t n J
PO ALY SRy AR My oo

(Begtgn &t %fMlcgd%‘yloaf Srsﬁms, RN 3423, Cackayaville.d%t Men21030). Pure
cult3RY¥ IQRY G8haRoptyfe Hinkl @ RXHPRS IaHE snéw UGLre Sblabhed from
eval uate the antifungal_ effects of -stlmln t he

Pregoy {sio - uliprastor orarenent stock etugts of rTentfmn Stsrresigplished by noculation
of el &lg%ktﬂso&f) @%ﬁ@og?u@@.shﬁdma cBﬁHthMQW @néDR in petri plates, and

nent a tes timi ni_cal |y j fj cant
subf T PE T e %ﬁwﬁ SUER Eulr 1 Gy %ﬁ?ﬁ?ﬁﬁlm pegiod, each
SDArplak tvﬁsnﬁi\fekéﬂ B30 noinb@is @u%ﬁemtoftzh &uaﬁmes:mdﬂaﬁeelr tdle8ced into a
and Met h | The nmedi um e oyed.to cul ture
honS R i, el G 57 COEP AT ) ofonE FisoSHifre surface
of tRetgdr. PératagentOivdcki cuditirek 6T Beatzgroph)eX wesOgstablished in the manner

desglb%fl%gé)&e %%35" %br%%mfhecét eéugv o‘f‘ %ol&%%%e é%%él%lggy at 4 °C for

the Flwrﬂee tinlet perisl of thére @mcmt:@tpwxﬂewyﬁ@ng'pelﬁy morgtaged &ord viability.
T. ﬁs&eﬁﬁ.gﬁapby&@&r@%m ﬂie&gﬁoé r Qo f&ﬁéﬁ%d $ldim experiments

Cul turest. Pernmanent stoc tures o rubrum wer

desgraed fin finEs@OB Y 5o BERirTEICE dh2 DUARE Glegfahls 'éfafp% A¢B3 fiological safety

cabfifel hfin®E@wddid ras&imm&a&me&mn aveic BNk Wvab %ffbm‘il%da&s%ﬁg a Rich-
ncubati on of these SDA plate

Maf Q?LIS;D(E{ gie;g)ltjl aken ePF nttquffgntﬁquilr&g weé%lgﬁde w1tﬁ a K %‘recmon amp-

meter from I Dynascon Corporation.

For each E-stim experiment, a 1.0 cm section of agar containing either T. rubrum or
T. mentagrophytes growing on the surface was removed aseptically from the respective SDA
stock culture plates using a sterile dissecting needle. The 1.0 om® piece of SDA containing
either T. rubrum or T. mentagrophytes was then transferred to 5 ml of sterile 0.9% saline. The

sterile saline tube was mixed by vortexing for 10 sec in order to dislodge the fungal hyphae,
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’ﬁ‘"ﬁﬂsSFP'cFrréﬂ?%&ﬁ e

SDA pl ate was covered by nunerous colonies of T.

rubrum whi ch had coal esced i nto a honbgeneous, fluffy
wo eovgab7571 awn" (or continuous mass of grow h) BCDO§20061@46452

entire surface of the agar. Permanent stock cultures

of T. nentagrophytes were established in the manner

descri bed above for T. rubrum The stock cul tures of

both fungi were maintained at 4 OC for the entire tine
corfddif iafidl stfred REBAHE KRk r&@ﬂesa%? gééf% ? s%ﬁﬁétk%r&ﬁgétér,o h§ éj ml of the

for viability tgeerlmental e an
nsfestedithe RayDGteEls DA estpeplatee b sultiple SDA

plaféeS@i:é hesb indciilhied ih ARAYS AmbRY i pRdedd?
f\/ E133 g@olnoé%al saf et g%c%bl%&ay% ed multiple

timgs %ﬁlaéﬂedsag?eﬁflgﬂ‘sflé‘ﬁﬁﬂhﬁﬁés °A§“Pg1%@e@§ﬁomwea§venly distributed
ovep elief i shrfasé BYehRIFGhe mU@lIlatV& Sb'Amatgfsb Hyih%taosrterkc glass spreading

de current readi ngs we made
rod, 116 REIK Bl Sift dhonr rgiarociy e CoFor Cr ortihe And s dhis period, a
barelg ofisitile Silinrofetupen igh®nth, coﬁer&d CheCditise Slolw@N b0 Slirface of the SDA

n i.ther m or T. agr ophyt es
plaﬁ?%\ﬁ&'}] gﬁoggl ec%'ﬁrlpir z§éJ CSr gﬁ’ﬁv‘@ﬂlng%ﬁ‘c PRCYy fXperimsptal group to
lnsurh@ersefsmwthenﬁMrmt ock culture plates using a

ste eg The 0 c ce

conég%rﬁ%ﬂhs&e%%hw Jbtrg(ﬁarln or ’# W*’r?e"r?f’%{g‘# g“pﬁif‘?‘ %‘P%@eml SDA
plate Weﬁtatnpwfh@r L exitbyremn 5>r Al mehtagtophytbsebyDa BI6tsMar VG . LIEhEStlmulator
Thesefl@crtﬂoh% Y, H‘zﬁ:c&ﬁ{g V‘mﬁecg]ﬁ&gd Pnyhé ets oF Istggxl%;lo %teé‘lo 355 diameter

in order to dislo unga ae, coni
ands?pé FESloREoMRieH @fesqmtfra@eer&b/ m*eeteégapUgME nep porsibe of hesterile petri

la@l@@ﬁ' 8t 86m kel offle t
P %ragnsf e'rnr ed t gﬂ gqﬁgﬁ}ﬁ %}{ g%g%léc%%di/ﬂgt ?&l)”%én%% OT Fhe outer

| Lecgedesoateedisingictedt apdpgored de IP Mt éféialilcﬁ raiogity end between
expelxzﬁa’itk mﬁ@ﬁ pridrifoSeadh Q&BEHithénht ke (BF 'bBﬁ{oHE(Q)nMJ_ll% Rhe electrodes was

re t§ %(2) qu}f fungal - sal i ne sol ution
mpUGEPmARY PR QBHI PSFP SRS to e ryinch es Mt dcfogveporeheand the
elecxantlesr eers unisfaﬂ&flrmf thea{‘gbr 6f tht Betdr petioatoed @e\th@E(ﬁ{taﬁ)nng 24 hr

r|I ass readi ng rod. The SDA pl at es
gr 0‘k}v\g‘r‘ge}g i en | ds"}% ‘?‘gé"fba"?‘ P oyar the lower P‘Pfé‘o’éﬁ’ﬁ aggetri plate.

Thenhéithep thei ed)@:ﬁrodeslnrmhged\m mebdgar forl30 ain dt u&gﬂherﬂﬁeﬁmfb (22-24 °C)

g% r oWt sur f of the

itk EABC e (P bR 00 o FYDCHRY ppdBuiing B2 S5t apparsus

des‘?rﬁ’@ii GH@@ Preussgohofesither Fofemicabangrecasp! ndlliangires, 2 helliamperes or 3
nmggltyD@‘VJaQ% gi f 4 h f.lncu atl o

™ el eéet TSI cal curren pt%vvagmagg I?lg%tetgoatelg’gﬁ ST MenteAr24 ©)- Al

ampgpggeateeconfrned hy iy esetdfan lﬁdeppwptmnmne“fer connected in series. In

I{TB;Eﬁeﬁﬁfeﬁp by bffer Y c@nfﬁhphm%@rvxéﬂlht!yla% n?édui%u}tdﬁ%ss 4 6ntrol SDA

ect.rodes used to acconpl | hi's consi st
P‘atﬁ F‘gﬁfégméf‘hf‘s!fag??ﬂ gdlungysaised in the prperimgne bt whish was Botgubjected to

elthéldi}gt)mwh ERbtrody 1ﬁtr@§6ﬁmﬁh@ Also)nd il TS play Qﬂsgﬂlo?:llﬂgte& QPthe same
of a ste etri ate19cmapart from

‘““égac‘i&% © ST AeFaran " prvhG e Slins bt e FREpENERt eltast
on Aftve LY E-ssii, feaﬂfSD]Rhfene IR W?ﬁﬁﬁut)gﬂéieat@'ﬁ"@fo? ot & to allow
0 ano i O 0..an
Q(ﬂ'gtl(ﬁltap af grj)vé]tl q'ncl;h ld Q{xen gsx(sﬁgr ﬁfé/ge ?%élowgﬁ this 24 hr

experi nmen pri or 0 eac
mcupetpcm, re dremmr mfragytztmaemaehhg daleal wRevth (where no additional fungal

growth occurred after application of E-stim) at the location of both the positive and negative

SUI'

electrodes was measured to the nearest 0.1 mm using a millimeter ruler and a dissecting
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renmoved fromthe 95% et hanol storage unit, the ethanol

was allowed to evaporate, and the el ectrodes were
WO e®ensBdl i nto t he agar of the bottom porti on BET/ASHDA046452

pl ate containing 24 hr gromh of either fungus by

closing the top portion over the |ower portion of a

petri plate. Then, either the el ectrodes remained in

the agar for 30 min at roomtenperature (22-24 00

Uty V&S A2 ABRE van O

mm\MSE c;rhla siﬁﬁgA eeg (I:E\?éllte??lneég%ar at E?% %Jlggcgrdld%;@ga\gg%es Geys, with
add&wma@%cw&msm@memmmmmlﬁs 1 millianperes, 2

M | td MRRESifWe dedliddb nRARRI §Se1E- WA o¥R S0 3R FGhd QFo BQgi, or if
m nutes at _room tenperature (22-24 0C). Al anperages

any gépanok Bispd imeiginiptionlremaedondhe Fleieqsion dBFipe Mot wimeapplication

(WHIH Gt 120 th@ﬁﬁxgﬁd &Smm'bﬂ @.W)( I@?J"A Bﬁ{éfs wet@m@&d%d WQth either T
conflrmfuna vi abi di a soundness

rubBgh e b mege phlns 00 AR, oo 38 AeEbIEAbop B fstigwing this, the

eledﬂﬁﬂéb iveret icerafol 1RBDA Iplkite \WbihtEiRinge&thBObf ﬂiébfuﬂ@f[ &l Aldwed to
stlm?r el ectr,od i on

|nt
e o T TS 1 BEEEROAE QeI g LR SRt o pplied (0
ampemest) HEhesSID® pmméreahléh incetaddhfor 3 alaps &aiesmﬂ)eﬂqbana&ly, and then

checke% fe Fgferesrg%gof any. 3(%%? ﬁfntg %lﬁf)/%%vgx lETg eac oth thT:sIe SGyen days.

f 0 rTcaddemmw tﬂ anfyungjalor guivhdry whiifuhgad cmdtajaoﬂlm n:vehe generated in the
SD?%E&)\L% ﬁ(éc? 1 O%qgswult ogléf‘ﬁee gatLolﬂl of feétrwc]uhggtu P.%(‘(D V\%mther 3or8
millignpedel waoplied [tmgaﬂDig rpbxmsr(a@ d@@mb@d faf Q(brnnappbnr twainpoation of
eithf Tl%.%u,m)r b e PR ﬁﬁmeém@gi fﬁuwﬁl RES) iﬂo\éﬁlc?cﬂﬁlre of fungal-

negatlve | ectro es was neasured to th e nearest .
saligg spigtian of lefitherel eudrm oF Tamn&zga%%étwgw@m%ab@ted over the

surﬁ@@a%rﬂie@tp?@ldﬁﬁ a/g ThOSDAl ﬂ%?@&ﬁqhérﬁhc@ate@@@ ht POR& 7 days, and

5 days, with additional observations an
the r?é%?%’&ﬁee‘?feﬁw FoReeckag [fyngairgroydh apati the sitg of ﬂ’é‘f ety gomacts (ot
elsermteﬁd)h@ls ob§e$ﬁfldfanMSn{e@QiiréH da0h @iyt her of the two fungl ,

an th in disinfecti,on)_ renmai.ne
Cheteepaneal The 3t s Refad pas i Aen SNEH G ene: (nhibited
ﬁmgﬁlgﬁ‘ﬂcbwihl Bult dich@otfkin gim%ao eelish bt blﬂlnglélﬁalgﬁﬁﬂ%hkllléﬂ%ngal cells), the
nocul a wi.t h either T. rubrumo
ronfis e St g BER R eRh ettt S Sl UBRRE T fisgragrophyres
LV BOos-stimFols|applietpstdeigibet heowe| st afedas hmcnbaltms @t 22U, samplings
h
wole AR PSRl PR Ml Bl rctha b1 CHORkac WMt o strite
swabelp orddydel Jictetmine ifovighle fingakcedls weenpresvas inathpiei 2edeq. IThis swab was
theﬁ‘ IRANS §aocuﬂ;teeﬁ§%ah@ts@§A BEES. ’I‘ﬁ%@é‘?l'a{ég %ﬂée ﬁguﬁa%d fbr 7 days at 25

s as descri revi ous hen cked for

°C 9F‘¥§é'r‘ﬁ(: gbgrvednipr zlern BESSPTRE kqf}r%glw@ﬂ@aahgﬂgmv@ht &’GMdnﬁsult From the

trarRBE D Qhy tvta%eﬁﬁgaamarpﬂ@v& spmsmleamefa&ﬂn{enwxplét@w ﬁlCQfeW SDA
inhibitory anti 8 net abol i tes were generat ed

plateng cepirelgilayGinocpistst ovihaling trligay from Hie e eémm%itl.%e’ but from

a repfon@lvRgtffdng tielbldcBles dniloontaiirgy foh@d] gfovah, Was also included with each
[1ia eres was applied to a SDA plates (as

of thess @KP S or 30 min prior to indculation of either
T. ResltstThahis Tnveﬁtegaha@,rsapé‘ryl ﬂﬁncallyfmduraat abs¢s bOILVDE Bestim were
apptlilgcli %d 22 ?19 pmecéu l Irfe!:sra 2 . enr}agrophytes growing on SDA plates.

Following this, the diameter of any zones around each electrode lacking fungal growth were

observed and measured. For each fungus, each experiment was replicated three times at the
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solution of either T. rubrumor T. nentagrophytes was

evenly distributed over the surface as descri bed
w@e@vioe1ssl y. The SDA pl ates were then i ncubat eBCBUSRB6/046452

OC for 7 days, and the presence of any zones | acking

fungal growth near the site of the electrode contacts

(or el sewhere) was observed and/ or neasured each day.

To determine if LVDC E-stimis acting primarily in a

spe&ﬁ&g Ilr\;/l&fréﬂt'aﬁd W&% gnh&ebgl,&eeéf e '%Qﬁés Aot ek ufec%cﬁl;  that lacked

fungal cell or a fungicidal manner (Kkil

funga] @avthcfm f-oypbrimer 7 df‘?”é%’ﬁd%ﬁé§“6 sheduplivigorat hVDC E-stim at

the @%Iﬁkﬁfslai’fﬁ)@iag&é hiRed EF S amiperdge E:AH1OF anbperbS Gﬁé\ﬁ&ﬁ?%fﬁéﬁy circular
EC E-stimwas applied as descri hbed above, and after

ZongSydHHON] AT B9 s opsrved Anpimdrhgdh (hermositine fapds) apd negative
(camadrea Rldcoldde IrpsiRitSor], aekdbagrvéd By lcrd it the Al01eRd o A zones with

ectrode wt ter|I n order to deter
incigp S Bt O R S I H S escPspog petrdoBeledhades into the
senﬁ-\saﬁld wgs dubface ﬂﬁtﬁfg éaahleﬂﬁcﬁﬁhtﬁit én brRs o gSiepdtt heoubiBh, there was a

| ates. These ates i,n ted.for 7 days at

cereSgR Brodirry e BT Bt IRASHRBR LB fodiyoy gh g RDA plates.
Thig mastihe, tohast likely) © doesaudstmﬁ androt Iimxefarcams f:)ﬁtheaﬁala Qpnsequently, the

' f h [. .
abs%n}cggg %[oaxH:{? %Eseﬁ\ééép%%gﬂ%}m ep ggc elecgrocqg nr{hﬁxgx%r Iaﬁrrgl%u% 1{1 g darevmus
waspat Rorisidegid todkandiativenof ﬁlegwshher fenglemtlmtvay pI ate,

buty.f
Ul dr@P 8 ﬁﬁl’nq Qhﬂvt\_ﬁé/m&{f@ﬁ%i gﬁr&é 6 U ?%%'ﬁrg {; mentchgrophytes

contalnlng SO I NncC
obsgived Hethés Sé%b'ewmm@:f,o theepplicagion pﬁLVlﬂQsEﬁhme@siurgatq @ther possible

cau§&v @t{eakolﬁ)l\dl %%&Ms W& R, HOsSER &ft the/ %ssﬁnﬁ@y' mav\@ﬁee observed
lied 4 hr pure cultures of T. rubrumor T.

ant\?ﬁiﬁ?‘a@ﬁf%y?@sd‘{jr*@ﬁ“‘n gleefFrdsrpatprial disell, ipspelhgung of lexperiments, a

SDAhSIaf 38R tiRSculke ARNhZEIRS BRANUhICREIbAE M MG After this, the
| acki ng fungal, . growth were o served and measured. For

electrodes !fvsﬁzglagertegé% Hleesiiﬁlgrqupé\ﬁlf ang,lo lt}gpqap)@étngdpqrmd@é we would in a
typichlna@eﬂineﬁﬂﬁﬁﬂgeEVbl@ BuChl E@idnt A applm @eﬁﬁpefm) ThB&lates were

si.ze, of ., th one ach eIec I"acked
thes iR PRT R o Ut a0t P etk SRR ditist 36 s devoid of
fungdl grbettapplung ththeﬂ elEf:trdtdéD@eE- Swidr rebsérvéd evithakitl@d ST, rubrum or T.
es .use F ce 0. amn e
men&}n? ﬁFar (#1 5 5Ugh e"“re(r:‘ﬁlr‘{%r Anes e8§ vd%?eamg%e n;?%%}fc;k of fungal
grog'ﬂo wiohndvdreetvabslectvaigs siae dne td ansh rdnrdnipp stttahvle(uéainddijinfect the
ele&%s e Veg\ggénv& QH%EHQP'&) thgI ﬁg{réf%geﬁ[g%}g% Qfg%qs% Ezisg nsom\%leareat %evmd of

an |ncrease e zones
funggicgrowsi spuidnhera deen bhyertsdt ot die (oElo@, Whjre theclaggedes were

inséfedl iRRetht @garlpiies! &ch WABRE: IRtDphidiion YHLVIOE S aﬂg,@fes> No such
surface during each experinment in order to generate

regiofyasRbseryser e was a depression produced in the agar

Sur Aa&BerdostibR kaGaFbOMe %nﬁlhgfﬁefebe %bg&de%smqmsames%on was
thaglates hi s was_due, nost , Lo conpressij

Fhenges Produstale: the fugel tgFFéthBg}‘é?d‘“’EdﬁPé’d (et Fepult tqﬁ dVDC E-stim
appﬁbﬁemcmada‘ tHr MAdiimORS ednged si@ipbRie| of AGATgre®MN To investigate this

ot AR, bl Biriiset W Barmeus heidt (f pRURdtgp 62 Sither fungus

ontb tHREBA atddiunf AIVIVCtoy either 3 milliamperes (the highest clinical amperage used in
this study) or 8 milliamperes (beyond the clinical range used) was applied to 8 SDA plates for

30 min each (4 plates at 3 milliamperes, and 4 plates at 8 milliamperes). 7. rubrum was then

inoculated on 2 of the 3 milliampere and 2 of the 8 milliampere plates and incubated for 7
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In order to confirmthat the antifungal effects on T.

rubrum and T. nentagrophytes observed in this study
wowoog/oaisel t o t he application of LVDC E-sti m anBCTIOB200€046452

ot her possi bl e causes, the follow ng controls were

done. To rule out the possibility that the observed

antifungal effects were due to the el ectrode materi al

itself, in each round of experinents, a SDA plate was

dayé W%&ﬁ&ﬁpﬂt&ﬁwgﬁ 'ir{?)%ﬁlateH %Hﬁargn fif itl{écfﬁgghﬁldwg.ﬁ éndgéﬂngﬁanged by

his, "the electrodes were inserted int .
LVREHnaim apelicatien irwich ar¥eeytas feepigusmt 8 inkibitfngy) gravthothis should be

obstEd £ 1a8X BEEdoR N tH§ h%_ﬂ 1&&4@%@&1&0{1‘&1 the 'éfe@&&de‘é@@r posmbly some
appl.i ed io anper age) g ates were then incub

othey {geion of thrergans Noewich irggien kapkspe funggl ewe% %Bﬂbiﬁf\éﬂde@r either T.

mbﬂ@n of ?ar%erﬁﬁg‘r@bﬂytﬁsf mftHH drths gfr@%hmgreﬂﬁé}dof&hé BI%Etrodes (or any other
area$ ectrode, were ever observed th either T.

ubr
VhEhPageptigtedshe THRE epe? §?ﬁ\e Plate ﬁf‘%ésméll%l’ﬁéseﬁf LVDC

appliéatidg! af I8 ﬁﬁ‘lllhﬁpéﬂé@ RcAedgiodf§ labking Fingdl %M&Q&U&%e%@ for either
§ two el ectro s due tq any remainin ethanol ](
ungs 3 G° A WEV e 2F SR SPaTARRe PR FisFRIRERRPR) I
subtel’qeer_elchpiessiﬁesf thlefagthSs WeERel e thea€ inSWwhieh #ecthode was placed.
el Bl ket PSR R e Y Gabe R aPe i B omion a
millimnnrr¢8h@tkmgwme rgraw&sqccmvﬂirthmughmw thetrhaimpe dfclat plaa. of
LVI C ery

osl?gl %?ga?&;%ge%)“ nng&t E‘g Hnid ?’unga eFf %} ap@gég?lbeg&e in these
exxnmpsntﬁ mee sqqr@mnmmlmsaq fwagrc@hlafrgge%orrfnmim@dagent theareas around
each HQ&%degﬁzﬁ%Jkeﬂ %gd%l W \WeRSafple@ b a &Enlle\éggb Ba ?1% b3 E-stim

appl i cation nmade the di um no Pon er supportive o
applieatigal foyyhresenamof wv'elgtﬁngat eellsm@pgr@gsﬁxwm of24\gangiilipgs for 7.
rublJd@addrd %{ﬁg) S€dr ﬁfme%&@%ﬂhﬁﬁﬂtmﬁre Bﬁdleoﬁ'& §a9nptlfﬂ§ was takertlxt:‘rom the

i nocul at i on of either fungus onto the dium

LVI
et frogpe 1FaTh SleRfreds apnglrRlatey thiehnsgrived o AR 300 microRmperes, 1

mllﬂiwagﬁnﬁﬁﬁ&pbﬁs tahil S milushiperey, Gowid Waama@mﬂ clﬁrbﬂﬁéoﬂi’é&h SDA
at

he cljni.cal, ran plled to

platp roglafb it aroab sk GePine SArPrTaIE Wate. Lhdheytemaining 22
san@hﬂgseﬁo gtowdh miak bbseiydr es) . T. rubrum was then

m | llrll%lﬁt gs(:rj }éaos&r%\flgusl%gedan e ,tngg%?o@ t?on ggégagsfulgbqgs a§ the cathode
durimg mll@gpcrphwtesmd@scasmw, atse cht Hieranbde vys observiel elnnaidition) a blue

apnl.i n such

dlsc‘g?&atiorx]lqsaesdob%}?g%%g th%ygﬁ %f ?3%5{?# it to %%\%{ (ﬁ) em s

sh dEFISQjJSbeno’BISIe ipsstigation Wag ekdafaken m/wrldelr te ddt\@merg:atf thenclinically
obsgtk}gd 5@95%@\@@@% Et'ﬂﬁ nﬂh@ %5%%?’01(&{%&91%%09% Ys &Q‘Tﬁt least in part)

ot her ?I on of agar). No such egi on l'acki ng

%ﬁ@&!ﬂgg elfeat %dbe SH5GakY  Anblopctesil BEFCSTSEai b PARY G fie common

backOBiAl JGLAP P8 Sers hdvaevedh GRMofMAQUM VG Eirt iRl 16§ Jcl&sge direct
el ectrod,eg ‘gqr any ot her area) when we_ inocul ated t

curiehh gpd oy Isfide cumrend r ing sqeral; shges- e‘s‘,IoBFVEL*\/BE? mn vitro
doc&ﬁiﬁ:htam{ isOneglifiblS with lebIP ey &R, cffRt o€ gleaﬁncl aftentign the common
fun%agtpﬁgwggr{ ﬁé\f\g’% ? nggig%v 9c§a§%?1§gté>rx]1§ro n é’lv§ eﬁaccepttxons Clinically
relegfarg Cddses aifi DDA iEqsnﬂf aecd antifufgd in vitro to the two primary causes of
onychomycosis, the fungi T. rubrum and T. mentagrophytes. The antifungal effects of LVDC

?actmn and

E-stim occur in a dose dependent manner in the clinically relevant ranges used (500

microamperes to 3 milliamperes) in these in vitro experiments.
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subsequent depression of the agar was observed in the

area in which the anode was placed. Neither fungus was
w@bdog/0637gr ow very well over this discol ored, PepUSESecds2

anode region at 8 mllianperes. O herw se, growh

occurred throughout the remmi nder of the plate. In

order to determne if the range of LVDC E-stim

application used in these experinents was acting

pri [EVLsTe TR f '

R T e e
rangerysed agesEngspimpaely agia Ringisigtie ﬂgqnés et Hinpipidpl aaqfrtteTo determine

thls,Et}§t LBRLBR & %&vlfeﬂgaﬁ meaﬂaﬁﬁ@ GRC aee&odég aml &ch teszg@rtmem were
| s or spores. of 24 sanplings for T. rubrum

careélﬁh/ papledipith # gfgn'recﬁwvaﬂf 24% aferdi-spm e assaxer enynsighle fippgal cells or

spoe@ rmhdh%umgwe «'ﬂse rao ff&r%ﬁ] &d]&n@sr &anéw @md Eﬁ&@ hsigliRe We@fhologies
on al ﬁg ates recei ved

haVﬁpEerndlé g)rcg%enninenx'f -q%ﬁ&agten?d qr |bp%fﬁxﬁ%s[taé1§ Ié\,ﬂf @ the total of 48
saminlhésl ATTEEES créVOWiE YESrved Al tHE e @y inbanﬁte@seimse&tes The two

pinEs Fef Tt opiocea™ ) et S Mg o0t S Phie 3 Riiempers

dos€ pravd. Thesszonbs Bid &id. lafgeftadidneteraand) &st POENH1O st yhebﬁﬁrplm g swab

A t ti . | t t
R er o B P e e SRl PR 8 gt Bt P fone. s
sucanmdye weadd efigeseviedn drtifaat df tthese  experithetes, dﬂaﬂﬁolth)a‘lﬁhd:tmdl lack of

fun%lﬁl al®, ac f%r Ve\ghl%f\og rilqcefer fhe cI%geh Qg%%ec&g&t?}ln b({me dgge c&%’??g gest that

’SCUSsi0n nves was un
LVDg Rastdwe Is qotingl Bmgrondably in thetalrr@e@m ranga biog ipifge studyd

ef ;é $dfaY dgafth lcylpg'e §r(§1gzl{rh‘6c{ﬁt 59% r{u&rﬁ:@l HP;’atcto% that include: damage or

onycosis 1S ast In art
denaﬁqtauhm rod ey @reﬂelet epfymdse dpmeie] fot QNAAmama@ e ﬁpsampuon of the cell

melﬁfnfaﬁ@ amag b &striB B Fkel REIEA TR DRSS RS aﬁlemk! is balleved to
pat h 0 ens have been denonstrated in vitro for l o

moty dikehigall drPeby aBringntie arleqilag iy teagfethp GPY é‘eﬁﬂ&mee Jpding to

fatal Bha?@é/seih@ell Sx‘idiﬂirﬁl% péﬂ?ﬂéﬂﬁﬁﬂ'y; SShCAR 11 RerMbrhhiddamage could explam the
unent ation i s_negl le with respect to the eff

a““&f“géll teewiod Lol @rﬂ“%ﬂbsﬁﬁ’éd EeHiB H“’P&HG & Vigat Hoyews, Siher factors
mighh@lsy 36t a Gard M%llai‘cbinC&in&ecﬁﬁb RGrroitetoOfhe tdgar bidium can result in

exce t n ni c rel evant doses o V| E-sti.m .
chaieg P PEh G ] Mg oGS ERah (oS PPy B GaBtaph of toxie
meﬁbmﬁ&om&(rﬂ‘ Shese (ztrhl@ofskibl}jrl otflers st{lb) rcuﬂtiandan'ﬁmmroblaﬂy to one degree or
anog%g{??xg’kirl gdp g%%lgage b gr? (éc?:nnﬁ ¥eld?rxg§tlr1]1gresft{1 1e:st lﬁol‘%];l% %th\/ tPC aﬁba&tenal effects
of ed«azltxwunﬂ‘hersa rgpders uaseed np6@dividuely exqueined int ﬂnsastudy whlch was mainly

corfb b LGB HESTIE HAMOBIBAITRINE o oBplle 1
appHcation of phrcfméy o8 dungap growingen adeenail P pepr Syifsegrpsulis dsthe death

of zﬁl BHEI%@B@EHQ& AGRAL SeIR! tHan fvé-’d%giep 't}ﬁ@'ﬁn%%ﬂﬁl acti¥ity was due to fatal
determ ne this, the areas, devoid gr.owt h

chaggesuifdhe ﬁé“ ahairng 86 fimeab Sl aés@paém meﬁ? infges gn PH o increases in

celBRF @étpdritu®AlEPieRBndiry o ahes btkdrt EneBH RAdh spadhd @fill hopefully be
E-stimto assay for any viable fungal cells or spores

addggssedin sehspapegt Prestiealonsy fungal col oni es on new SDA
pl al@Sevesithik lppdsenEinlietightirdi 6ght to demonstrate that any antifungal effects

of LVDC E-stim on the two major etiologies of onychomycosis were due to the application

of E-stim itself (due to the effects of electrical current), and not due to any artifacts produced

as a result of our experimental methodology. Because no fungal inhibition was observed
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have been used to determine if E-stimis bactericidal

or bacteriostatic. In 46 of the total of 48 sanplings,
woeoo7oem§al growt h was observed on the new y i nBPCTIUS10061046452

SDA plates. The two plates that did show sone growth

were both fromthe cathode region of the 3 m|lianpere

dose plate. These zones had the |argest dianeter, and

it is possible that the sanpling swab may have

arolBEMRF ERBrbde dRingNed tﬁ%héﬂ @b lefchong &u/erg SlskRePbut \“%n current
Wagerl phery of the zone. such, they woul d represent

RoL APPSO BPPEEYs éhf'eﬁ}?éﬁ"i?em%eﬂa‘r &ﬁfﬂ% Kstlnnkns steeldb not likely
ant! fagpgl. Q(ncftlhéﬂ@bﬁééi’ﬂ'wa@%étﬂoﬁé ofé Gthahdl, héé@eéoydlglnfaecpﬂx%eelectmdes

b fCons % , the. data strongly suggest that
IR AT EPFH@“’W‘H‘?@%’ dPighy Tefpaimon e&?ﬁﬁ’@ﬂﬁb@%ﬁg@’ﬂon into the
SD4smedinm. Siﬁbs ethbnisl)is aCR$ihfsb@nt, feah kil ang Qﬁlr@m’iﬂ?ﬂﬁﬁ&al and bacterial

tors that .i ncl ude: € or
e Pl R SE e it A3 e g dehaisintction
actidardi@ehanol, Githerupin €He aftifidpal effddts HRMLTAPC ElatBI®o Qinimize the

f k [Jular t {. { . . .
pos%l%ﬁtt{ ?P %hllst, aftgr Je Z%aﬁlg% {&euflsgtfﬁslrgia HSF‘&%TW g%?qlcr rlst%argesuwmored ina
blomfcebhqng, thbnewm:ﬁl gdinwredr tostry diat aimenimiim SE3® edcbnds before they were

d t

MBQP% éﬁg e%%gﬂ{ngntfifp% escpla a%?gf rﬁ%ﬂ %gt&gm ga%)?gﬁ;egfeﬁ at the 0

per neabi brane
amﬁﬁ@ﬁaﬁﬁtﬁmw ng desasibeé cbevef andVideufEcishi (nrobns)eethem:bl hetnined on the

eleéHoYiQs @;ﬂgx 1'n£brﬂ'61{ In%o aﬁ@%&&eﬁl te fthg L1eh P PLP ¢l & anoﬂ}lacp evaporated
pl a rol e. Application o tric current

a“da"éjaérmﬁ%&?‘lﬁﬁf’f:‘&ﬁ opgsgyadtzongs lepldngyBwgaligrawtd. pH of t he
”EdAthfherlﬂc‘;Q.‘fiﬁ@St@ffsoh l[iffort eﬁims%éﬁ %egyﬂcﬁlﬂg f&gﬂ? ﬁﬁ)twltf? gro%Bd either

ole O)éll c nmetabolites. t hese (and

Srorp s At e apiicafien Af LYK e himged the SDA

meditimtlh ebme S&?ho foRat iOESuld Y BorBBCRpE AN HedgbwE: df'%nﬂ&hﬁ rubrum or T.
anti bacterial effects of

t d
bl 5 B ] B S ot

the eneditni egla irddult |’<blf‘$heSI_.Vﬂ7jC Appliedtionasr B Whiinges R n:fifﬁ{erﬁ@ oPMtelnedium
se was

plication i
dueaﬁt | anaqrgﬁ?rfl tllﬁﬁe eﬁ%ﬁﬁ“&’ﬂtﬂ“@ ‘lie@Fneé?té’é't ?ﬁt BPieysary nytrients in the
mediymgwithagt oxtiishy thenfuagt candinbt grovadar 1rﬁwtfgatéeth[se§¢$lsfbﬂlty Neither 3

| freal those fu cel |
mﬂ%\]ﬁe egc%a&rrﬁ]gulh T ergg ogf,l f% was q%ﬁ e'co lssve'regtsgjﬁzb p?ates before
they: waregiageulaied Wethc@tlhbr ﬂ?embrzam @r df mﬁmmgr@luhﬁei I8 ttergD Almsdalium was

indde@ GHARASS LVD@’L&%C&M §P8ESit nBw g&gvelﬁge%r 1S%ﬁe<?¥tyngel growth,

IS secondary to th present I nter
this, Fhoplan o @Y H5ea derdly B8 gEanth rinonbe qgenin the fegion(s) around the

eledtxﬁ&&s(bf ﬁ@isibW%mé'WﬁFwnto@'t& A%ESSEE‘ tnel (ﬁ[’aeschbkvg ab ISIS)(ﬁlf region was

t to denonstrat e hat an antif unga
SbSHURRNE EVYRBReT RSP thetj bt cathads| asgheoanag, or anywhers else on the

plates ﬁhﬂfhyd‘(ﬁﬁﬂréd Ml%hdlht%abl@ SDh&epla@pAt g %hllﬁfhp@fes Enéfel thn twice the
ffect ctric current and

i ptatel e ot o P8 T Bl biogkulnt et i ghode, where

llquefapmm a‘ﬁelrtlepiessma‘t hr@ﬂolbseg)ﬁd IB@G 51 Watl A4 ﬂﬁahmpa’agé) natcktw growth
serv aro ei t her, el ectrode durin

wag % ROR e SRoRD Attt PEoFRCR 8 Bt iar SONFETHoARE to the
genﬂetxorapi)thezdm(etabampe raxshe dedugureti@co otk niadicars, ak ai dogflifation of

sevdrdl b S Sw e Bobarls® 3MMitidnkyffsHvas the highest dose of LVDC E-stim used

in these antifungal studies, at this amperage and at the lower amperages, the media was not

altered in a significant way so as to negatively affect the growth of either fungus. To further
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antifungal. Another concern was that sone of the

et hanol, used to disinfect the el ectrodes before and
WO poobesrseen experinents, mght renmain on the ePEDURIIEB46452

upon insertion into the SDA nmedium Since ethanol is a

di sinfectant, it can kill and or inhibit fungal and

bacterial cells. Thus, areas around each el ectrode

| acki ng fungal growth naybe due to the disinfection

[ ﬁgﬁﬁg ff

supﬁ&rt tﬁ’ig agge[r)ﬁé&l%qg cﬂme ek TN rt]% E}n@ggtlﬁ 5@%:&%&%&?&6@ 1 ?rﬁfh%mpere 2
mﬂilfmﬂsere-*aﬁ%ﬁ méhmeﬁre&)ﬂf Wé)(élfe@tem,oa@sawasotpﬁ thheagar lacking fungal
gro@tlh a0k &le0r PHE %ﬁght:at{o%t QR HINcAPabk QJf%qif,ﬁimg %dglgwm of both

were all onwe dry for a mninumo Seco
ﬁm&le Tg%SéS £HEsncRR Py thefegl t@leﬂlf ithpe® agan platpyaveg prauppish aaRs °C for 7 to

10 Bbﬁt @benthidlyavikble fiH dod Cutidd theVBSMOBS 6F WRIAALIAAAL z8ne would
nperage setting as described above, and insufficient

c‘e=’(flafr DY) tetonenienize aaroReTi 4t volid dhessl Iageyay 5%“ formed over the

entird1 8R4 T@g’étﬂdﬁttﬂeé&%s@@/ﬁhﬂhgy%upﬂ&t h% a8de@tBdn ﬂ:ﬁﬁ&nyafadssﬁathechanges
evapor ated and was F@t a_cayse o

ol
proficd 0t SHACECRATIIFS BRI Byien e ATOTHEY “s dpeing fungal
growéasomnd the ekoyodeb diethe eliniaslda® dvamtidosgrahgNefdl VIDCakidt kve employed
inq% S%Gd either electrode was that the application of
E-stimin the current range changed the SDA
medi umin some way so that |s coul d no | onger support
the gromh of either T. E ﬁ%gg T. nment agrophyt es.
This could result fromthe production of toxic and or
i nh¥ibiilap toy LyDsy dﬁ@@sqﬂh nt BEsampldi 4 maophasicapiied ofrrenhfrom a high
volta P‘Eu%@&’ lsbl?r@é( r Omh@sﬁg eag éngthgp e?éf'regf rg@:?dlment of this

dium due to enat ur tlon
invensigenEeraklVBf- 81% m'é°@é§§apyt ingupnliedtby 4 yoltage S‘PFEQ@ gfjess than about
150Mdidgout which the fungi could not grow To investigate

this possibility, either 3 mllianperes o
mi | Theaiief current i Datiween 20 pvd @x%glﬂaaamréﬁartddmg @sg| widthsbetween

‘ 5 alﬁﬂ 0 ﬁﬁcr@&f:&{cﬁ Efe8)pune rrﬁeé BeaUrbat AdpliiddoiptiBaso -Uolts then returns

m or nment agr ophyt e t he SDA nedi um wa
e &ta&%%ﬁfd%sa By Blypee it AP SRITSS PHEE PrAvHifg pulsed current
in pieveised 160 to BBO it-@eedoudg apargfromtrising dtigs 16 hidiblgCedge. The pairs

serv as_a n the agar in the

repea%"f“(rl)jn(%quem %ﬁgn %%’\ﬁ%)é)elg f? possi bly sone

ot Hﬁrere;felg:l, m:le)fsevtem pagengd foAss bhithe dm\teatmdwmmhoﬂ @nd appuratus have

V, r

beehﬁsgb\ggtaﬁﬁgieg%ﬁ)gé haglgas%g dxgl H]gglﬂgn %etﬁéregj{ & %Icu(sise% hlgrggns skilled in
thisparh tvdl . re@ily\appraséate rthaédrannvm@qml ehmgessmi picamfécanms may be
madk mtiul)dt% i ggfroﬁotfxg sﬁlﬁf‘gﬁ{h\é" n(f@enhgﬁe a@'dg tan%r[ﬁﬁléd;@gﬁated by the

used i n this study, growh occurred at the cat
follpyyingfdtimehe anode, where |iquefaction and depression

was observed. It is probable that at this anperage,

| ack of growth was due to some physical changes

produced in the nedium (i.e., liquefaction), or to the

generation of toxic netabolites, or the denaturation

of vital nutrients, or a conbination of severa

factors. However, because 3 mllianperes was the

hi ghest dose of LVDC E-stim used
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in these antifungal studies, at this anperage and at
the | ower anperages, the nedia was not altered in a
wekgTik7vant way so as to negatively affect thecgusmobo46452
of either fungus. To furthersupport this assertion, in
the experinments involving 500 m croanperes, 1
mllianpere, 2 mllianperes and 3 mllianperes of LVDC
E-stim the areas of the agar |acking fungal growth
1. duey Leulh ?orl-t}éggn@&mrﬂf&?éd' aPkh d‘i‘pcf Qiblet, bile AAREPESRsing:
supporting the growh of both fungi. This is evidenced
by the feapesingaid infectef agse t‘agra?q‘ﬁpm lutiggr @4 ncubat ed
at 25 Ogr&@&m% 118edlQArA S said Wa RS U kditiot RRFet dattNgfected area.
from out si de Re di aneter of the fungicidal zone would
clearly begin to re-colonize that zone until a solid
2. f ungRlmdiRodsenBstthdg diain fi owadn&yﬁraréahenﬁfwtecr\elﬂammaof
Toget her, these results str su rt the rtlon
onwmycaw’ BOLSPHP é%%twge%apb‘f&gm%w Vi FRISFRON i
verNVBif@mig thefpes Pains bbfudgdl aifeétiom. obser ved zones Iacklng
fungal growh around the electrodes in the clinically
rel evant dose range of LVDC that we enployed in this
3. st urhe mdekMet Forth ibichiirh 41 wherein\ébid infested ae ds emth&Exlanpk enid
bAb nonophasi ¢ pul sed current froma high vol tage
sublsht sed source(HVPC) may al so be used as anot her
preferred enbodi nent of this invention. For HVPC, the
puI S.
+ PaRipaitd BB RURR, Sl bl Al RAUt foLe s hAS T
Pﬁ@ﬂdﬂSO mllianperes and has a pulse width betmeen 5
and 50 m croseconds. Each pulse rises to an "on"
anplitude of up to 150 volts, then returns to an_ "off

5. ot o e w58 ErthonsIARBIA whereinsgiddapeQus sqifHoR, eppRgisgs about 0.01
to aselttrsc(ew@fgﬁw&&it Byddbgenqidrdiitlel €Nt i n pul se pairs of 150
330 mcroseconds apart fromrising edge to rising
edge. The pairs repeat with a frequency of between 100

6. andridQfettled $et forfthiarc@fiare whivsin idseNed abrrait@hes wadtform with an
for of the inyventive nmethod and apparatus have been
am@%@%’f&ﬁﬁtﬁ&%ﬂ%é’ * and several nodifications thereof
discussed per sons sk|IIed inthis art will readily
eC| t var ous a d|t 0 e
ek 2h o I b, SRS SR B o o v
Mxmplﬁ1WMmf the invention, as defined and differentiated
by the following clainms.l . A nethod for treating an
infected area on a subject, the method conprising
8. expbsi methed pat forf mclain law@aretzxﬁamta@d@wsms%bmvabout 20 and
pul sed current to said aqueous sol ution
MMﬁg§%?@g%hg%?% infected area. 2. The nethod set forth
inclaiml wherein said area is infected wth one of

9. 0 nmk&ml&e& ket forDinl dEMUMEERIA@IAPlIscARR rbtMaRa PhlkeFidth of

warts, i der. nodyspl asi a
between about and about XO gucroseconds

10.  The method set forth in claim 1, wherein said pulsed current comprises pulse pairs

between about 150 and about 330 microseconds apart.

11. The method set forth in claim 1, wherein said pulsed current comprises pulse pairs

with a frequency of between about 100 and about 200 Hertz.
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verruciform s, herpes virus, or fungal infection. 3.
The nethod set forth in claim1l, wherein said infected
wae@a/06s7on the skin of said subject. 4. The nethos208€046452

forth in claim1l, wherein said aqueous sol ution

i ncl udes hydrogen peroxide. 5. The nmethod set forth in
claim4, wherein said aqueous sol ution conprises about
0.01 to about 3.0 wei ght percent hydrogen peroxide. 6.
The nethod set forth in claiml, wherein said pul sed

current has a waveformw th an anplitude of greater
12-t hafhergethef 6 forth inmlaimple pherginsweid mbicted argr is hredted Wjth said pulsed

curf¥REfoR i infeApedlion B bécwebiatioht BEINERBu APl and about

150 volts. 8. The method set forth in claim1, wherein

said pul sed current is between about 20 and about 50
13.m | Ah gAt@Sfor Greatilp@in TR0 a8 bn h QlidiBct! 1,

wher eiaﬁﬁsai d gu szgaicur rent has a pl]] secevv?hgihgn

bet ween HETUYCS and about 50 ni croseconds. 10. The

met hod Se&ataqixémtsh;olulﬁoﬁ krasam réser¥figrei n sai d pul sed

current gfr seg oaiLs bet ween about 150 and

about 3 T 88%5% THYYS | 1. The nethod set

forth im sebmdmélqtmdbarmdresaircdr putsed current

conpri ses £s Wi th a yency of. . bet ween

Coont 3 gty S fof il S RN, Shia BEe0ET Susopy,

inclaiml, mhereln said infected area is treated with
14,84l et wee out

50 heitbpaths SULOR n cifn B WhBRAPEL KA AR BR imersca
in thgaqugpyscPBioRr ea on a subj ect conprising: a reservoin

an aqueous solution in said reservoir; a first

electrode in said reservoir; a second electrode in

5-sai theraprarpsiset forh in daipnl} aerciowid first Jectmdewndisasgnd electrode
meﬂﬂh&&@f@ﬂﬁkﬁyygap sai d aqueous solution. 14. The

apparatus set forth in claim 13, wherein an infected

area on a subject is imersed in the aqueous sol ution.
16. 15. ThEh@papma st fgh $6¢1ait01y, WhbRirtdadd Mudsus WHRLE 'nﬂ:h§1%§ flydrogen
er 15st el ectrode and second el ectrode are fornmed of
PerY & nl ess st eel .

17. The apparatus set forth in claim 16, wherein said aqueous solution comprises between

about 0.01 and about 3.0 weight percent hydrogen peroxide.

18. The apparatus set forth in claim 13, wherein said pulsed current has a waveform with

an amplitude of greater than 10 volts.

19.  The apparatus set forth in claim 18, wherein said amplitude is between about 10 and
about 150 volts.

20.  The apparatus set forth in claim 13, wherein said pulsed current is between about 20

and about 50 milliamperes.

21.  The apparatus set forth in claim 13, wherein said pulsed current has a pulse width of

between about 5 and about 50 microseconds.
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16. The apparatus set forth in claim 13, wherein said
aqueous sol ution includes hydrogen peroxide. 17. The
wapm@anetsas set forth in claim16, wherein sai dPEUSDNG 046452
sol ution conprises between about 0.01 and about 3.0
wei ght percent hydrogen peroxide. 18. The apparat us
set forth in claim13, wherein said pul sed current has
a waveformw th an anplitude of greater than 10 volts.
19 The apparatus set forth in claim18, wherein said
nplitude is between about 10 and about 150 volts. 20.
22. Th eT hepparatg setfarth fngleim |3, whpginsaidpuligdeneent comipgises pulse pairs
betREnBAnICIBD LA bbbt 306 LHEBSRcaRRUbart0 and about 50
mllianmperes. 21. The apparatus set forth in claim13,
wherein said pulsed current has a pulse wi dth of

23. betTﬁQﬁ?p:ﬂJ@&H?et?‘oﬁltﬂﬁl @QQUB 5@1ef&rﬁ§aﬂ§1ﬁﬁ§bﬁ¢%rr@gtdcoﬂﬂﬁses ulse pairs
ar at us e or | ereln sal pu Se
wif BBt b reredongut De'pdiPatane HEEh “anout 150 and

about 330 m croseconds apart. 23. The apparatus set
e n said ed current
24. o eaBefesipEarms o e fifished 3 aBled €5 B apubsw spmerising:
about 1QOnanbraa®ouatle 00mhierislzhat 2imphrvi@artalbeeous solutions and
apqggg% for. the treatnent an infected area on a
ubj ec n%F|S|ng a nenbrane made of a material that
is inpe Wladh@‘te(ﬂlaqxa@bmssagtﬁdgt pbsrsd methblverej Nng an edge;
an adhe e S [ P an
aqueous %g \éﬁﬁ%ug E&Iﬁﬁ&% al 3%{1%%]% aq%Stfe?écgr £ géé{%é ?‘?%’ds 31%
af fnsaebrap® sai d nmenbrane; a second el ectrode affixed

to sai d ReHEM&Iroad dtfed B hRORAOMhEGniiOr _Provi di ng
pul sed current to said aqueous solution. 25. The

appar at (fisvodiage savrerfor pro¥idingruisgd cment fRsaid FHSPISIONio8
I|qU|d flller openi ng that allows said apparatus to be

alnst saj d infect area to form a, pock
25. i SPEATELED S {BBm HOIh GTH HTRITREH b e ha
alleal suﬁla@ﬁaratﬁﬁ to H’dﬁ;ﬂaﬁdp@ﬁﬁﬁt&&d&ﬁ%etﬁ@ hileh td for@l addddket4vhich is
S adaFted to be attached to

capg Faﬁé‘ﬂﬁﬁ“&{‘ ampynt %ﬁ%‘dﬁﬂ}bﬁ’?‘ﬁ A8 et forth in claim 24,

wherein said flrst el ectrode and second el ectrode are
26.]c 0 rﬁ%dapggraéx% %‘éﬂ{,&ﬁ t glai?neiét, wherein said membrane is adapted to be attached

to said subject.

27. The apparatus set forth in claim 24, wherein said first electrode and second electrode

are formed of stainless steel.

28.  The apparatus set forth in claim 24, wherein said aqueous solution includes hydrogen
peroxide.
29.  The apparatus set forth in claim 24, wherein said aqueous solution comprises about

0.01 to about 3.0 weight percent hydrogen peroxide.

30.  The apparatus set forth in claim 24, wherein said pulsed current has a waveform with

an amplitude of greater than 10 volts.
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28. The apparatus set forth in claim24, wherein said
aqueous sol ution includes hydrogen peroxide. 29. The
wapm@anetsas set forth in claim24, wherein sai dPEUSDNG 046452
solution conprises about 0.01 to about 3.0 weight
percent hydrogen peroxide. 30. The apparatus set forth
in claim?24, wherein said pulsed current has a
waveform wi th an anplitude of greater than 10
volts. 31. The apparatus set forth in claim 30, wherein
said anplitude is between about 10 and about 150
31.y ol The apparatuy et fagth by deins30; stheredy saidl 4mplitnds iglbotveen about 10 and
abowheseighssai d pul sed current is between about 20 and
about 50 mllianperes. 33. The apparatus set forth in
claim 24, wherein said pul sed current has a pul se
32.W dfte @Eaﬂ@ﬁtﬁ VR eBrtRBOAInD2 A RAe Rt R cBFHORGS BOHSen about 20
par at us set forth in claim24, wherein said
a“ﬂﬁ%?% ‘E@gﬁgﬁchonprlses pul se pairs between about 150
and about 330 n1croseconds apart 35. The appar at us

set forth jn c 2 i n.sai ulsed cyrr

53. 0 oD APBE ] FEO I i T PR R SRS BRulSe width of
betﬁbﬂlﬂboﬁﬁ)&rﬂ%oﬂb&ﬂiﬁmﬁ&@cdﬂdﬁtz 36. A nethod conprising

treating an infected area by adm nistering an

ef fective anount of a pulsed current to the infected
34.ar ebhe dpparatiifhsetrfettihocclain 24, sihareB6said prdsel @nrretropripsisasgulse pairs
berEHH Aot (301a1d abdI 185 tﬁ&%gexsnmgw of the pul sed

current m ni ster phar maceutical to the

i nfected area. 38. The nethod of claiml5wherein an

35.€ef f’ﬁiétdfpﬁﬁraﬁg@é’c%rtﬁ) fn &kt 'ﬁ“ lw%@n@n?ééfd' ﬁpéed'cﬁrréﬁmo\};ﬁgisés(bulse pairs

the infected area . claim1
with g dregyeagy Bf bshweRA ﬁoﬁbqu?@dabw@ao Hertzent to said
aqueous solution to treat said infected area is

perL % in the absence of a_pharnaceutica
36. od comprising freating an infected area by administering an effective amount

of a pulsed current to the infected area.

37. The method of claim 36, further comprising administering the effective amount of the

pulsed current without administering a pharmaceutical to the infected area.

38. The method of claim 1, wherein an effective amount of the pulsed current is applied

to the infected area.

39.  The method of claim 1, wherein the step of providing the pulsed current to said

aqueous solution to treat said infected area is performed in the absence of a pharmaceutical.
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