WO 03/ 017824 PCT/ US02/ 26627 NMETHOD AND APPARATUS FOR ACNE TREATMENT Thi s
application is a continuation-in-part of copending U S. application Serial
No. 09/ 20® dAd7820i | ed February 15, 2001, which is a divi sxaamedozapqli cati on
of U S. application 5 Serial No. 09/203,178, filed Novenmber 30, 1998.
Field of the Invention The present |nvent| on gener ally relates to a system
and nethod for the MESHOBANDIAPBARACE OR ACGNHIREAEMENR], nore
specifically, to the treatnment of acne using a noveI 10 corrbl nati on of

phot ot hermal , phot ochem cal and phot onodul atory neans by applying a
cosneceutical cpPasiida@sh 1srhaéoﬁf1ﬁ‘lhe{tﬂ6ngﬁ-%ﬁft'oﬁ‘90§éﬁﬂﬁi§qp|SO ;gahcﬁ)tﬁoﬁé}ﬁ'l No.
light-activated chromophore to or into the oil gland and surroundi ng
tissue ancD%&Qioh’lSn Gladreebommp b%i200 brwhitlised cémsrqmah@pépat@wfdﬂ at ipphicatidn
Backgr qun ere ar ral known techniques for

attenp ingS &Bd%%ggiwde%il ﬁ%‘feénbteﬁgo ﬁ\ég di sorders associated with the
activity of sebaceous oil glands. The primary disorder is acne with an
associ at ed di sorder of acne scarring. A few of these known techni ques are
scientifically proven and w del y Fisld eptlednxentiérd ect i ve. However, their

degree of effic 20 varies rea There are sever esses whi
may be used forﬁ?eri?ﬁaiﬁnf foygatt ’W%‘?W%?O a ysisaraslee @P@ tg‘ﬁgggmleﬂt

process t@%baébgse%lag@aﬁs&%eg%a ﬁBﬁe @e @L@}pdtoa«sﬂé 1B dnf ee&aﬁe%mg A on
the treatnent o aceous follic to el'imnate the associ ated di sorders.
In UI1%. Ramndnhatida. of@hdﬁﬂmeﬁﬂﬂ, phatodkrdecad and ph«btpmbdulstohmmblgs bynappiymog at ed by
ref erence, an 25 atterrp is made to treat sebac ous Ig ﬁ?rﬂﬁggﬁl sorders usi ng

| asers whiCRmerGusgplaoanesidirgynatigally Qousne ghiviioehpE) © R
sensitive I

cernet L1 ve dfstaplhals SR HEEN sARESul Akl g i?@?%% E’f%ﬁ@?ﬁé& by
topically tamﬂﬁcyrbngg@amemha@m.actl vatable material to a section of skin
afflicted with a sebaceous gl and di sorder, wherein the material is
activated by energy which 30 penetrates outer |layers of epiderms. A
suffi clsent amount of the nmat erg@kg}mdd S @kSsvddion af flicted section of
skin and is exposed to sufficient~energy to cause the material to becone
phot ocheni cal | yTigsre pleakadriicmoninl tychmiduey fdrettembtieg einedtdesataingndto theskhaceous
gl and di sorder. In one enbodi nent, the sebaceous | and dj sorder js, acne.
Sui tabl e efH@?fé‘;’fs essppated voly the Actixily eisebaesgeoil glands. The primary disorder is

acne with an associated disorder of acne scarring. A few of these known techniques are

scientifically proven and widely accepted as effective. However, their degree of efficacy
20  varies greatly.

There are several processes which may be used for inhibiting the activity of
sebaceous oil glands. In one process the target may be duct of the gland and the treatment
focuses on the treatment of sebaceous follicles to eliminate the associated disorders. In -
U.S. Patent No. 6,183,773, to Anderson, which is hereby incorporated by reference, an -

25  attempt is made to treat sebaceous gland disorders using lasers which irradiate energy
activatable material, primarily laser sensitive dyes, that have been applied to the skin.

Anderson teaches a method for treating skin disorders associated with sebaceous
follicles by topically applying an energy activatable material to a section of skin afflicted
with a sebaceous gland disorder, wherein the material is activated by energy which

30  penetrates outer layers of epidermis. A sufficient amount of the material infiltrates the
afflicted section of skin and is exposed to sufficient energy to cause the material to
become photochemically or photothermally activated, thereby treating the sebaceous

gland disorder. In one embodiment, the sebaceous gland disorder is acne. Suitable energy
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sources for use in accordance with Anderson's invention include flash | anp
based sources and |asers, such as Nd: YAG Alexandrite, flash |anp-punped
dyes and dicowdaa7829he energy source can be a continuous waE/ESWRREH2T SOUr Ce
or pulsed. In the preferred enbodinent, the energy activatable material is
a |laser sensitive chronmophore, e.g., a 5 chronophore which is capabl e of
bei ng photHEeh fEdspin 2ecpisigage wish gnsleraowg/@.vemmem%l@ﬁe fladclamp fasedzgources

parti cul ar rre i rein.the j hyl ene

bl ue. Ande"lrn\éolggegsf’ (rgr‘écthhag'&\,? ﬂ%ﬁ%\%&%@%?’sﬁ% 1at“1;ahigﬁlgé€cg@@% ggégg#)ﬁ? ie Fecent
devel Oprrerﬁn‘aégﬁohfc@ REn BEh tohtiGods REee EReRNQaG)rbiREd IR /HIY frefetide use of
LEDs for 10 dernmatol ogi cal use in place of nmuch nore expensive | asers.

Furt her, duebademeniethhicgersy petiwitnble paleralis @ lofr saasibive chiomaphereskBnadamage or

ot her i.njury can occur .when e Jight QuUFce .i s i nproper| per at ed.
Furtner, o RaRioPe ilenSrtbobling boRl srolRi s bEneE ik ARGEROE,

Ander son afe8crereR Qb AR GDréRAbd ERbodMeA Whera theQhrdnidihbrd 8 hssigsheuse,

maki ng the invention expénsive and tine consumng to inplenent. Further,
because ofblug Anderson's focus on the oil gland itself, rather than the
elimnation of the acne bacterja suitaple results nma t be achieved in
211 Tcages 1 n WD 00; SRREPIH AL RSy a S 1 ERe ot ek o Bl Lo ar o

di scl osed dQElopRlchiiNBEh iR HIRSROLEH R AP AnRNOE AtHISr M@bs fRans by
exposing the bacteria to a narrow band ITght source in the range of 405nm
to 4400m ddamptolagicahbse mgpdaomeil muchaidre dxpensize laspysr duitheredudio thphight uni ty
for current, LED technal o to be applied to_ dernatol ogic regt ment and,

| ke Ander BSFSHRGO! Mae) SYere kG of PLET TGy Seb At ULeG e ihhnd

di sorders wWntdRQ¥impBFedy Serfas t s théRsGUTER iEstherBFRATRMPokidohECE! Ve
FDA approval require foor high-intensity light therapies with topical
conposi t i otescrshedipyadndeetohyakeenpentiveiand RfuiknFRActppofvat foe themomtended esept s t o
treat sebaceaus _gl.and di sorders, extensive .investnent i xpensi ve light
sour ces arBHBp A G CERTSDS Rl S CLrTRGER PG d MR PEGYET Of none
of these aiifnRhs BN ESEESilMRdIREeNIREY 1 B IRinATHOF RS e WaliBrimacne -- -
acne scarring. Consequently, 1t would be desirable to have a treatnent for
sebaceous gyitamld r&Mitd immymdebsacdimyed imalpeases.cul ar, acne that addresses and

treats acne scarr] i ut the need fqr expensive, potentially dangerous
hi gh-i nt ensi ty%i%’&tgo@%@ge@ﬁﬁfﬁﬁtﬁ r?me&"ﬂ&ﬂﬁﬁpm?éamﬁé‘%@_gﬁc S $f9ror such a
treatment d&iggh acthb&&Jié’fﬂ?o&g@ hH@%%af‘xﬂEMs@gkcég@ﬁﬁ%ﬂglg:?)gctfzﬁgf@é)s' tions

that fall Into the category of snetics and co eut at are
gener al | y narrow band light source in the range of 405nm to 440nm. Harth et al., as well, failed to

20  appreciate the opportunity for current LED technology to be applied to dermatologic
treatment and, like Anderson, do not disclose means for treating sebaceous oil gland
disorders without the high cost and time commitment necessary to receive FDA approval
require for high-intensity light therapies with topical compositions such as methylene
blue.

25 In each of the known attempts to treat sebaceous gland disorders, extensive
investment in expensive light sources and topical drug composition testing is required.
Moreover, none of these attempts addresses the secondary disorder associated with acne --
acne scarring.

Consequently, it would be desirable to have a treatment for sebaceous gland

30  disorders and, in particular, acne that addresses and treats acne scarring without the need
for expensive, potentially dangerous high-intensity light sources. Further, it would be
beneficial for such a treatment regiment to include the use of naturally occuring

compositions that fall into the category of cosmetics and cosmeceuticals that are generally
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2 WD 03/017824 PCT/ US02/ 26627 recogni zed as safe and that do not require

FDA approval, thereby elimnating the tinme and resource expenditures

associ at edwomsth72ihe commerci al i npl enentati on of such a trrEarwseRe62r egi ne.

5 Summary of the Invention In one enbodi nent of the invention, the process

for treating skin disorders, and particularly the treatnent of sebaceous

oi | gl andgeenshises sesafappl {hiahdo Bot rptBtedARM P @PBVBh thermaedinreatigdht tmggaf as a

naturally occurl n ive

directly t'8° A SeBREEOUS 51 O%alqa ‘gnﬁp%scsoh&e}n?r&ﬁ%ﬁn@@gﬁé& aceo%greo enio

gl and, or Bghle, and exposing said photonodul ating enhanC| ng agent to a

source of electromagnetic radiation conprising at |east one dom nant

em ssive wavel ength. The photonodul ati on enhanci ng agent shoul d have an

absor ption characteristic at t dom SI ve wavel ength carefully

select@d to cause the inhibiti gﬁmb'?laryr@ﬁsgnve % size of, or the

destruction of sebaggeus eRbbdigdcANESthe ihv@htion ft@@plbﬁ@s@éﬁtréahﬁgglab@mmess oi |

15 gland, or both. Further, source of el ectronagnetl c radiation nay be

sel ect ed fandmatthglamlbftthaﬂ’@mdnt qf&db?@@@@rpﬂ glalglﬁcomrls@smmmes | asers such
asers

| di
mechant call ot paraisnt rorgne bt e oS TRae p R T Rors & oq

i ncandesceff glih %mxu%%rté? 85 diréal 4b alseceds! dieg18h, %Hmelfg&ﬁng Qhid &pabdonabilons
thereof. In a 20 preferred enbodi nent, the source of the el ectronagnetic

r adi atlilon glandaot baght angrexposingsaidi pb@temhévhahgg enldoeiing agent éork s@ireeofravel engt h

of from about 300nmto out 14 en nore preferred i the |ight
enmitting cﬁ?%:aré’mr‘i‘&get%‘f r&%?ﬂ%ﬁqm@mlg%?t\}ga%ﬁ@ ¢ eTuiSsiyg way; ‘?ﬁ g(%n}‘] 420

nm 430 n%hoﬁﬂéodﬁﬁﬁtmﬁ%ﬁhﬂf&ng@%@nﬂﬁbuﬁl%v@% aBstptidBharaB@rifiR at tH8S5 Nm 810
nm 830 nm 840 mm, 860 nm 904 nm 915 rim 980 nm 1015 rim and 1060 25
nm In anoiolmanam reHﬁm\reewla\@ﬂﬂngth mftﬂ,ly sdlectphiotcanssdbt athilghor nhaeitichep Bigent
has a | ocal netic.a sor on xi_mum at ..t he ant e SS|ve
havel engt HETol Hhe APGRETSD i SRRGRBHOR Slnis dA it SRR S e

cont enpl at§glcy§f9&ht he photonodul ati ng enhanci ng agent requires exp05| ng

t he agent plurality of pulses from30 said source of electromagnetic .
radi ation for durther,apeut ofekttyoredgnet¢ radintioninsey besrelpeteddman thevilisesodnd at i on.

I n one enbodi nent, of the invent ure is . to.an LED emtter
out put t i ngraglﬁ R 11§?h?m1“i1’9€a@1f’ % eréﬁ‘é{]} sglégeﬁ%}ﬂfl]?%gndo‘iyetlﬁse%@lem? gnﬂtl tts/cne
for 10 lamps, flashlamps, mechanically filtered fluorescent light sources, mechanically filtered

incandescent light sources, natural or filtered sunlight, or combinations thereof. In a
20  preferred embodiment, the source of the electromagnetic radiation is a light emitting
diode having a dominant emissive wavelength of from about 300nm to about 1400nm.
Even more preferred is when the light emitting diode has a dominant emissive wavelength
at one of 400 nm, 420 nm, 430 nm, 445 nm, 635 nm, 655 nm, 660 nm, 670 nm, 780 nm,
785 nm, 810 nm, 830 nm, 840 nm, 860 nm, 904 nm, 915 nm, 980 nm, 1015 nm, and 1060
25 nm.

In another preferred embodiment, the photomodulation enhancing agent has a
local electromagnetic absorption maximum at the dominant emissive wavelength of the
light source used for treatment. Further, treatment contemplated using the
photomodulating enhancing agent requires exposing the agent to a plurality of pulses from

30 said source of electromagnetic radiation for a therapeutically effective pulse length and
pulse duration. In one embodiment of the invention, the exposure is to an LED emitter
outputting about 2 milliwatts for about 20 minutes or to 100 milliwatts/cm? for 10

minutes from a metal halide light source, and in alternate embodiments, the
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mnutes froma netal halide Iight source, and in alternate enbodi nents, the
3 WO 03/017824 PCT/ US02/ 26627 el ectromagnetic radiation is emtted at an
ener gy | ewad o3of7260m about 0.1 WcecnR2 to about 5.0 WcnR. Piheusoeps@al agent
of the present invention may include particles of a size enabling
penetration of a sebaceous oil gland duct. In particular, parti,cles may
have an avabechigmagneiiciadiatien sfenpidied at acayergydeavel 8f frompbent ¢d a1 2bqute
photonoduls’;l%iwo{@ enhanci ng agent 1is a conposition nade up of of at |east
one of VitHn'H C, Vitamin E, Vitanin A Vitamin K, Vitamn F, Retin A
(Tretinoin), AdpRALERELagbetdMBE prebbd irD@HiiOMAY itsdjdePasiitleh ofa sigrapublihg
factor, echinacea, an antibiotic, an antifungal, an antiviral, a bleaching
agent, an peattpationnfdrseRacened @il slandduet Ayprosylanprdicles MAYDANe an avgrege

ant i oxidant. triad.conpound 10 aweed rhvativ I

deri vati velagpe ?1@]165%3%?1 d,utg Moty °£%%%%Eag§n€hﬁf%h""é’%?c’&g}aﬁ?étSE echll%r% agent
gal l ate, a&sRkykPBMtibh BAHe uf 0Pt ANEERbNPSOGhin @ VRiHA TS Ve Ad Vifamid
hor mone, an enzyne, a mineral, a genetically engi neered substance, a

cof act or, 1§, ¥iamindsRetingh (Bnatinein), dglapalbss, Kebnol, Hydioniinone, deyis asiderent s

(including ionigc calcju magnesi. etc 1 neral s,, Rogaine haj r
growt h st i’ﬁﬁ?"g’t ﬁ‘ﬁ r’seﬁh]é‘f‘n%%c%’? aﬁ%ﬁéﬁ ajé%t\)ﬁuﬂga[ nh adji%tvfr?ilga%%aglﬂf}% ?geﬁlé’ea,n a dye,
a natural O5hSHtdEE dckd, ABcBNiyaroxd SR BAHRE Béie] HdRidemitibl bofpowRidhi ne,
hydroxyprol1ne,” an anestheti ¢ substance, chlorophyll, copper chlorophyllin,
car ot diffoi deawedshdrrionatios hlselt wpkey (derivasivecabiritionglani apbyteaethossanthophyl |

ant hocyani n, and der.iyatives and analo f.the abqv ot h natuyral and
Synt het 1. HERCRSTR Sotlft agPyoRREEbARS BRI Doy bR er bt 2

car ot enoi gy dRL i hahi- RS, 4 A8kedfa %&@chﬂy%gfn@&e@ Bessepte, 200fh86r, ARhLRGHL Of
the present 1nvention may be further enhanced by subjecting the

phot onodul &t dntiagiog spbatdnst Hesulm, trecenelementy (iaglading tienia cyeinat, maghesiusnételaci ng
procedur e ri Qr to exposi.ng the en cin ent .to the,source of

el ectr onag‘ﬁg'iefags’lRé’ﬁf”é‘Fi Ebﬁ&.‘”_f E"Eh SWE@B%F@%&% raé?gegr?)‘&hrfﬁg%ﬁmgt y of the
skin ofs deghease, §|ﬂg& DBRIhESr sRREGE RR1AN a TR RBrotBBhRS iHhib{teY, pRMneM Zi Ng
the present 1 nvention. Options for this include, but are not 'imted 25 to,
st ri ppi ng, hydesnypiaige, arhamesthate srbstines, chohophylls doppst shlroplndlin, foaraderionds,

t hi ckness or perneability of the stratum.o um.by vari oys, nechani cal,
br s ve. NiSFEHEBHBH LR o bR SEOWE, YU SHE AP, B P VE B
enzymati c ﬁﬁi&;@%gthe@seva hSth ﬂi@hﬁﬁﬁyﬁ%{ié anti RO HES HALYE M QontBBi%ion
stripping, scrubbing, |aser ablation”or vaporization, chem cal “peeling,

m cr o der nmby bs tidoropayltyamtaedds, derivatived tiseof, tané atinterds thgeoly hi gh peak

ower, 30 short pul se duration |asers. "
P 20 Thepmethod of the present 1nventi$on may be further enhanced by subjecting the

photomodulation or photothermal enhancing agent to a penetration enhancing procedure
prior to exposing the enhancing agent to the source of electromagnetic radiation. Such
procedures increase permeability of the skin or decrease skin barrier function and may be
helpful for optimizing the present invention. Options for this include, but are not limited
25  to, stripping, removing, thinning or diminishing the structure, function, thickness or
permeability of the stratum corneum by various mechanical, abrasive, photo acoustical,
ablative, thermal, chemical, abrasive or enzymatic methods. Examples of these could
include solvent or tape stripping, scrubbing, laser ablation or vaporization, chemical
peeling, micro dermabrasion, enzyme peeling, or laser treatment using high peak power,
30  short pulse duration lasers.
The method of the present invention may be carried out with a light source
alone or, preferably, in combination with one of the topical compositions listed above. In

either case, a preferred source of electromagnetic radiation is a light emitting diode having
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The nethod of the present invention may be carried out with a Iight source
al one or, preferably, in conbination with one of the topical conpositions
| i sted abewees/oirs24ei t her case, a preferred source of el ecthrcamegyresd2C

radiation is a light emtting diode having 4 WO 03/017824 PCT/ US02/ 26627

a dom nant wavel ength of 410nm and a bandw dth of +/- at |east 5nm
Furt her, usémsinantwervetrnsth ofgH Onwoad edendwiddnefibneleasi éney dartdpnse of t he

present inventi b hot ot hermal, neans is.also desirable.fo rms
bt r eat notiroua g 3PuEEn S GRRE s TRy ot 31 B oS ol s g A

conj unct i ogestilaltd ackitabRBt s B btréAmentt reatpiehtinddfiokinis.beusbd i ef
Description of the Drawings Figure 1 is an illustration of the chem cal

st ruct ur e asfdepmitiey loe ecdsijunstion Riguiragitonghasns skinearsHegaiments snd et ur e of
indocygni n green. 10 Figure 3 a is a representation of the general chem cal
structure of a chlorophyll nolecule. Figure 3b shows the structure of

chlorophyll b. 15 Figure 4 shqygefih&cApiios 8f the B ivARLs Structure of a
por phyrin nol ecule. Figure 4b shows the structure of porphyrin I X 20

Figure 5 a il | uSiguatless ahidusplatien ofithe shemictlstmciufe ofmethylganblubond porti on of
a chlorophyll a nolecule. Figure 5b illustrates the physical structure of
the ligand bond portion of a protoporphyrin I X nolecule. 25 Figure 6

ITustrates a sueal 04 Achehlie SRS draaok s i, humen skin. i gure

7 is a graph sh ng t orption spectrumo 3% Na Cu chlorophyllin
in watér. 30 Figure 8 illustrates the relative absorption spectra of
various natural ll*‘i)éur%%(:aulg Ll?(ﬂgpres%pl{aggl? 8 t %%gﬁéraISCh\é\ﬁ%c%?ét%ZEr%%f Eg(o%%%§{126627

molecule.

Figure 3b shows the structure of chlorophyll b.
15

Figure 4 shows the general chemical structure of a porphyrin molecule.
Figure 4b shows the structure of porphyrin IX.

20 Figure 5a illustrates the physical structure of the ligand bond portion of a

chlorophyll a molecule.

Figure 5b illustrates the physical structure of the ligand bond portion of a
protoporphyrin IX molecule.
25

Figure 6 illustrates a sweat gland and the epithelial layers of human skin.

Figure 7 is a graph showing the absorption spectrum of 0.03% Na Cu
chlorophyllin in water.
30
Figure 8 illustrates the relative absorption spectra of various naturally occuring

chromophores..



Figure 9 shows the absorption spectrum for human fibroblast overlayed with
the wavel engths of various, commercially produced LEDs. Figure 10 shows

t he absorwa @amwispect rum for human fibrobl ast overl ayed w tHCTVbUS®2/26627

wavel engt hs of various, conmmercially produced LEDs, and al so the absoprtion

spectrum of chlorophyll a. Figure 11 shows the absorption spectrum for
human fi br obl askigenee} shaysdhebsprpiins spesdval ©ngrman gbropiast evsslayedbivitbihs al |y

produced LEDs, and also the absoprtion.s m 10 of chl orophyll b.
Figure 12 %’%e\'}%lgﬂﬁé%é’%g%‘f‘spf?%wegcg%fé'tprrﬂc}ﬁcfggi%'rran fi brobl ast overlayed with
the wavel engths of various, commercially produced LEDs, and al so the

absoprtion spectrum of indocyanin green. 15 Figure 13 shows the absorption
spect rum f or huliignrefi0sholyk dwt absompkipa yragtrwint for hivsan fibspblashejtanleyast wilathieous,,

iall d LEDs d_ al t ti . of
o7 ot opo IR Senngn et G e dRs B RO WPl BRI loerom o o
three- panebr Aldrgphy@fa. LEDs for treatment in accordance with an embodi ment

of the present invention. Figure 15 is a perspective view of hand-held LED
devices for treatnment in accordance with the present invention. 25 A

detail ed description of a preferred enbodi nent of e.present invention
Wi b made v EA i oEopian SRRy WGP RGEe B Ve e
Descri pti ofaffiedoht FPvafishs 8RRy R R edNE DOl oMb e d8HrtGspdas&hi pt i on
is of the best presently contenplated node of 30 carrying out the

i nventilon. ofidhiopledids.i ption is not to be taken in a linmting sense, but is

made nerely for the purpose of illustrating the general principles of the
i nvention. The scope of the invention is best defined by the appended

cl ai 5. 6 VD 03 (25RARCTIAISHRIAA6R feck mAloPRHES HBMHREDOL IR with b

present invention is directed to a process for dermatol ogic treatnent. Such
a tr eat nenwavabgngisalfvdaots) eomphetaattydubditded AL.EDSs, sebasethesibsapirtiongpacidenand
t he surroundi ng tissue or producing tenporary or pernmanent reduction of
activity off HEYPURE SR of sebaceous oil glands or supporting tissue or the
renovalg in 5 human or mammalian skin, of sone or all of the hairs grow ng
approximate to oil gl ands.

Figure 13 shows the absorption spectrum for human fibroblast overlayed with the

wavelengths of various, commercially produced LEDs, and also the absoprtion spectrum

of protoporphryin IX.

20 Figure 14 depicts a front view, in perspective, of a three-panel array of LEDs for
treatment in accordance with an embodiment of the present invention.
Figure 15 is a perspective view of hand-held LED devices for treatment in

accordance with the present invention.

25 A detailed description of a preferred embodiment of the present invention will be

made with reference to the accompanying drawings.

Detailed Description of the Preferred Embodiments
The following detailed description is of the best presently contemplated mode of
30  carrying out the invention. This description is not to be taken in a limiting sense, but is
made merely for the purpose of illustrating the general principles of the invention. The

scope of the invention is best defined by the appended claims.



In a preferred enbodi nent the process produces little or no pernmanent
injury or damage to nearby skin tissue. Substantially only the oil gland
and i nmedwat®sly7sur roundi ng tissue are affected. In a praEssgsoaeerdi ng to
one enbodi nent of the present invention, an agent may 10 be sel ected which
is capable of penetrating the oil gland and surrounding tissue. The agent
may be char act dniapeefered embedimiente theguesent inverion is dirpeed wradgrogess ffct i on in
addition t si fmpl y _occupyi.ng or_cont am natin ace in t

cur T oundi HEEHEBIFAT Sarharr eyt meh Db b FagCRE Al PRePHELE: L.
function fgil J1i08 ahBehe/QndusMas Bsdul dr PRodubing trémpotbry0ot M shdnbfdgtnds,
dependi ng on the nature of the treatnment desired. The agent 15 may have

suf fi ci entactpity eadestibsonptfiseracedusailglomdsengupporivrg tssve abihgaemnoral.on

wavel engt hs of a coherent or. non-cqherent .light.source.whjch ca
penetrate q{“%ﬂ?“ﬁ T4 !:ﬂﬁ‘a??cg’r’ 9% POHE ﬁgﬁétg? b@&s %ﬁwf%aﬂpﬁ?’a@?{e;t& 8 ﬁtgrl]%’lds't he
new agent 'Iﬁ'agr%{@rr&%ﬂ%@dimeHMe BfRBssYPro@lce D 1A npigaeim e ﬁlg&rp@r Qithagtl and i's
| ocated may be cleansed. After the 'skin is cleansed, the the skin may be
treated tdoinapbpvien pissuee Mubbtantyally tuilsthewil ghard2mddmmmdpdtels hedounding tsgaepl e,
by treatigg trge %{in wWith steamor a hot noist towel to hydrate the skin
and hair © PIATRY 'ng a portion of the stratum corneumthrough various neans
known in the arf, SX&8P : ' Qi BRLERY &ion] iEaREeRhy TRY be
applied in suf fllhgipgnt q%%gyﬁl%toﬂg%?lr?oghiﬂgtrggfgﬁf or mﬁtta%k’%g fncogr%por a}t,ed

i nto tlbe tharsgkettet!vdscleisicapabieofiznetraingdhe birgland mpd strsounsling tissve. t Hee

production 25 of the desjred tissue effect. Excess agent .na) ..renmoved,

neutral i _zea(g,entilﬁ%l?q 5‘_&{3@&,“28 EDPLIGYE SR %haéﬁ Pgto %E}“\ﬁ}l X’aq%gg‘roél ®so

that residyg), éﬁo%&&ﬁﬁﬂ%:aiao%nﬂﬁaﬁr{%%é e Y 1S Uabis S¥E6RRIADAR LIS, € ther  (a)
0€s not’ | the |

absent and o teract wt I ght or energy source, or (b)
present i Misamndtivebireid aggnianay perfdrimathe passpredundies filing theniooh$paed ingbe . 30
Delivery of the desired agent [nto_.the target tissues nmay .be enhanced,
facilitat éﬂlcﬁrsmﬁﬁ%n%g@s%?ﬁdé’ cl;:yeqchgg o gled%t‘%ﬁ?%/ﬁ@ére@%%{% FIESIPJ"E' gﬁ? 88Mg t he
structyre, felch ' 6 b6hbRatiGS o Patdihgisy at um
corneullr% orm%ﬁﬁggtﬂs%&%fmﬁﬁl ?%ggg%ogmﬁ%%%gﬁ gﬁg?esi s el tlhe? f%r gftis)
penet r at i @ aldoherehth® Phanierent Isght sournelivhizhtcan petettaiesthaskinadequadetobeND

03/ 017824 PCT/ US02/ 26627 penetrated, to cause the release of the agent
fromthe eabsepedbuthedagel aaratqr thepew dediidissuecomnlehsones, pol yners,

m cr ospher es, eﬁ% arrréaa{;oiﬁsght (g\gig@#%%ﬂqu ﬂ{er At #l?rg}i Brlocaattédarﬁgynﬁé'é eﬁfse(i. hA?ter active

agent. U trasoun er apeuti ca to interact directly with the
agent or the skin is cleansed, the the skin may be treated to improve permeability. This may be

20  accomplished, for example, by treating the skin with steam or a hot moist towel to hydrate
the skin and hair or removing a portion of the stratum corneum through various means
known in the art, exemplary of which is microdermabrasion.

The agent may be applied in sufficient quantity and in suitable form to be
incorporated into the target tissue in adequate or optimal amounts to allow the production

25  of the desired tissue effect.

Excess agent may be removed, neutralized, inactivated, decolorized, diluted or
otherwise altered so that residual contamination of the skin by such excess agent is either
(a) absent and does not interact with the light or energy source, or (b) present in such
small quantity that it provides no clinical effect.

30 Delivery of the desired agent into the target tissues may be enhanced, facilitated or
made possible by the use of enzymes capable of altering the structure, permeability, or
other physical characteristics of the stratum corneum or by the use of ultrasound or

phonophoresis either for penetration into the gland or surrounding target tissues or, once
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the agent-tissue conplex to produce the desired danaged target tissues (to
be used alone 5 or in conbination with | aser or non-laser |ight sources).
M cr oder nwabosag7sam nmay al so be wused to permt greater permtmegozaes2of the
skin, wherein the upper epithelial |layers are renoved. These |ayers create
a natural barrier to the perneability of the skin ?nd 63%/ 1%{}?” removal ,
penet r at | PANESFatdh i eaushthsyeleassiol s aggahremithe encapyulated delivemsieicestebeF nay

De o Ur N SHRAN 5§l HELBG T 85 0 B0 Borftiralith SONRLRALL YR !

alteration*o um-cor neul n, ur I nprove the perfornmance

of topi calace@mesi. UlensundmaD be uséttthatabadicdis o inpiracd diredtlyseiiethalagaspect s of
t he use of ultrasound maf/ be found, for exanple in the applicant's U S.
Pat ent No.theagyablisna cowplexiip prosuee e desirrsiloaingrd tasget tisgies (jp bsastrsalerqg

Ab i on" . which i.s h ] . f i Nt i .
N fﬁgﬁ 'ho[ém %c};ﬁ%laétzo%vggﬁ b &%%%H?{?ghgﬁ RS %f%gcfa%nh Qbfagl%ngﬁ;aty'l_ags%ts‘t?'e 15

ments "o esent ‘rnvention may u

ul t r asoungs@n@/ REmitasEferPendtifioh of (s Wih, WHREiPTRISPEr dpithielidlilpprs e not
limted to the use of these energy sources. O her sources of energy,.
%El’éner gy

i ncl udi ng rembyddoUkhess laveraicraste)a rateebbwavier todhepygineabitity efdheskin arf; &

may al so be used. enpl f. known |igh I t lights,
f1 ashl arrpsf?mf’Yaﬁal?Teél%%tg}é ‘rafir%%?ci%? léggo .10%3% ntéi(’i%&#%@t%?eg ' '?f??es %%t# 8(\51\,18‘1%?%% ecogni ze
that any |fgkdr cERACEE G aBARLRragbuRIhiohe BEinedoRifMTAGHET dlterdtdicddiieon at a 20
medi cal | y useful wavel ength, as described herein, directly, or by neans of

opti cal ~ fsithtunaedroenm,te finitheniimprove thecpsplormancs fiftenicd cpmgpditiansy e Bigre

accordi ng Ah resent .invention, ar. pu ses _af the ory
and phot ot‘{_‘?%ﬂlﬁ‘éﬁe‘{%flgg?%mevﬁtépﬁ%ﬁ% | gg’fr%sggé&%g%%/un%sr%a r ceefgglg%g(gfegglg?}e’

em tting lij ghtappavidts (&S Veuek ang o303 m el auit astRda BrohencBeut o1400nm  or
produci ng el ectromagnetic radiation which is filtered or otherwi se altered

t o exposurRer@farehes BRigAbsamtiop!’ sdlichvis igrsby fncomordged by Fdereeenipdis AEICHE t he
present treatne regi to, a vel ength of light .in the a ment i oned
range i s medi caﬁt‘]%f’”ﬁgdgﬁ?ﬁe%bc},dﬁwﬁ%tﬁ 88 _I%’.f?feﬂ%‘g"%’ém&é%%s“esa 0°one or nore
wavel g0t Ry ahuhdFhhd/d@8&E of light¥RBrdyase F)résbﬁhhvéiﬁ@fi igsotllinkitedrte thefsk arent ous
sources or fluorescent sources or single or nultiple frequencies of

ul t r asoundhesé euengy soyrcest Qihciasontess of eneygyhénalieding (Witlut Hmilgtipulreieroggve
duration, energy, sj.ngle or nmultiple pulses,,the interval between pulses,
the total ‘Wﬁ’i%g%d r"td‘lo GALRSY cRieY %W&gaé’ﬁ“\%dr mﬁq@?’é’?ﬁ?‘l%\%ﬁ Ve €ner gy
to Interache b séeﬂﬁigrgg HasPhmbs, SR MBent6 XRURY etcl MDSe k@ifddlihshd £t WP
inhibition or destruction of the sebaceous oil gland or the supporting
ski n ti ssuecddnizeudi aphtipbinwdideatpable ofamistingiedtonieeneted radgtiogat or 8 WO

»? g/ ggéﬁggtﬁ?%/%allj]gfg}%/ \?Vé{/?l@ggct)ﬁ?alé %%f:n%ga ggrg?nr, %ﬁgétlyylolt' ﬁ}? %%%‘sdof %%Mca?l S0 be used

filtration, is within the scope of suitable light sources according to the present invention.
For purposes of the photomodulatory and photothermal treatment methods described, any
source capable of emitting light having a wavelength from about 300nm to about 1400nm,
or producing electromagnetic radiation which is filtered or otherwise altered to exposure

25  the skin, a topical composition, or other component of the present treatment regime to a
wavelength of light in the aforementioned range is medically useful.

The targeted skin may be exposed to one or more wavelengths of LED, laser or
non-laser light such as filtered filamentous sources or fluorescent sources or single or
multiple frequencies of ultrasound. A variety of parameters may be used (including pulse

30  duration, energy, single or multiple pulses, the interval between pulses, the total number
of pulses, etc.) to deliver sufficient cumulative energy to interact with the agent or tissue
complex. This results in the inhibition or destruction of the sebaceous oil gland or the

supporting skin tissue through photomodulatory means, photothermal means, or
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entire skin. Further for treatnment over a broad area of human skin, the

i ght source may be diffused through a device such as a hol ographic

di f f user; warq3/at2er nati vely, the light source nay be conmdmesb2eéc2an array
of individual emtters such as the three-panel array 5 of LEDs illustrated
in Figure 14. For l|ocalized treatnent, smaller arra%/s or individual @ LEDs,
such as i reanthinaiiond thessod. dliyasourd mepialse b vser toingeheat the tavast sactyEs@r s nce
LED sources. are cansi dered “insignifi ri 1L.GEST . 1 i

supervi si on S st lg'q ullni eeé%%rntae atrflﬁrgts?g' el{:igei\)/li%%@tsmﬁé@ EB%%%%%’ %361 hg teS%E%F i(hgir?’t for
at - hone t rigadiffsdd thfoudh aRidtice Shchadd ayetriithic 8ifubers 8, Gltenati w1y, dlid ght
receiving treatnment by a physician. 10 The topical agent may be

i ncor por at Wrdemnay beeompisgé of en esayeofipdiyiduak ¢reittrsuch psibn direepancl THase

mechanisns_| u ut. ar.e nat, ldmted taQ; hysi.cal _incorporatjon into
the gl and Fad i LN leﬁﬂqcég%eé‘g "ia}l{ée‘_ﬁh WeErro Sl o
essenti al | ypogahtesd ®dhe Bindeldislgsd Aepigicd if PR C B mh9B6 Lk JigeUIRDNg in a
new agent- tissue conplex which then becones a target for energy

absor pt i onsoutdss Treecopsidened Sinsigypifiventriski dryicss'o no medidal gipepripen sasguitaddngay
involve the use of cofacto catal ysts, .enzyne r multjple agents which
i nteract t%d° ‘feivffﬁf 8%y Bélé?f{]@?}Fpa@?ﬁi‘fredtﬁlﬂn?éﬁa@wg%ﬁstpatgf‘gija?&e Pessue
conpl ex. %E%e@?é&elhr&?cﬁr'ﬁ@@iviﬂﬁtﬁé@ﬂﬁeﬂtb%tpﬁ%igﬁm. the foll owing conpositions

and derivatives and anal ogs thereof: hair dyes, vegetable dyes, food
col orily, fabri thaippial agit iy bemcstm@iaie] inkhihe toeet tisatdleyr a dyresty oot her pl ant

products (such as flavonols, chlor |, copper. ch] or l.l1in, bacteria
chl or ophy| PES4EFB f%@?é@ﬂ?ﬁé’%‘?&% hB@rB Hg 1 ‘rii?(r{?o JS E’B sical
i mmunol ogi ﬁ%rg?&%@ﬁ int §Nelhebl troRNGdshE @él%@vlﬁﬂﬂ@%vin?%'cﬂ&nic@f SRlchRYS

agents, wheth natural I'y occurring or genetically engineered (e.g. the
bact eri a tésa¢ntiatly madffsctade i Aeumiergolreg a ienmica uedetias reauhing bae newiagentet c. ),

anti biotics, agents i.ch attach to sebocytes in the 25 sebaceous gl and or
Guct cel | <Tises Ganpips ik wen bEPmiesagR Bt 55t SPEieden o that | ocal ze
In thege targetThd HPEES md 'é@ﬁé}go@ﬁhltpﬁgb BRocBYs AR RARVGI6ERRPBLT €
conpounds of these structures. The preceding list is”illustrative and not
exhaust i vecaffictdispsalpgge mhsymsaes, dainbkiploagentssehicnindered tal altiomtely becdanieopr esent

invention. In general, the topical a eqt chosen will have certain
absor pt i onCTEMS AR AFEYCAEPRIOI RS- ST PlPhe penetration of the radiation to

the 30 tissue LAEARL by if@hdel HARbIERit tlon®the fél‘ﬁﬁﬁﬁggfﬁg&'iﬂio&! And.
acne-scarred tisSue, etc. st preferable are topical conpositions that
i ncl ude a dpravativésyandfanalogatherealf:lhair dyes wegeteble dyesmipdaormgcfabas dyes,

chl orophyl |, chl orophyllin, polyporphyin, bacteriochjorophyl],

pr ot op& y ploTSpR s, Shoe or imhee dyssnpibes rlpgmsodics Ewlas aéf?lﬁcgwﬂwowﬁ,

copper chlorophyllin, bacteria chlorophylls, carotenoids, enzymes, monoclonal antibodies,

any immunological agent, genetically engineered agent, benign infectious agents, whether
naturally occurring or genetically engineered (e.g. the bacteria that normally reside on the
skin such as acne bacteria, etc.), antibiotics, agents which attach to sebocytes in the
25  sebaceous gland or duct cells directly, whether by topical or systemic agents that localize
in these target tissues, including antibodies or antibody-chromophore compounds of these
structures. The preceding list is iltustrative and not exhaustive of those agents suitable for
use in accordance with the present invention. In general, the topical agent chosen will
have certain absorption characterstics that augment the penetration of the radiation to the
30 tissue targetted for treatment, i.e., sebaceous oil gland, acne-scarred tissue, etc.
Most preferable are topical compositions that include a quantity of a naturally
occuring chromophore such as chlorophyll, chlorophyllin, polyporphyin,

bacteriochlorophyll, protopolyporphyin, etc. These compositions are characterized by a
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WO 03/017824 PCT/ US02/ 26627 netal -l1igand bond as is illustrated in Figures
3b and 4b, specifically, and in Figures 3 and 4 nore generally. Further,

Fi gures Swoamsdi1Ba4show the netal -1 i gand bond physical st rraavusoe/2éd2at i s
common to the naturally occuring native chronophores of the present

invention, as well as the cyclic tetrapyrrole ring.Lhat ch]orgophyl]l shares
W L sur AP B e b RS LIRSS 30 S PRI OO ARA

i ncl ude a =1 d i bi . | physi cal
T Lt b R R s b e

struct ur e afuctieé¢ thut Brenbhdieio the gatally ocanthgimdoe ylanmophsreeof thEipeasere 2.
Agents may be delivered in pure form _in solution, in suspension, |

f
enul si ons, nvention; gsoeihasthe icyclistaiapyriode Brs Wat ‘%hl‘éllophﬁllc%l@?ﬁﬁ’élﬁé%{ltablel "
! X . . ! _ .
cori nat i onretidte Ha SR st B RERRRRRLUhOARCMEN BB PR ho! |

exhaust i vedo thepsehibk ifld Rehel ganériEplaisicaldtidctu € ogirally b&airing RBregndheres, asw de
variety of forns for the delivery of to?i cal conpositions suitable for use
in accor dandustigiebytthe simichire af meHhyleps blysy Breses1.ipag indosyude SeandfipiEedat i on
of an active aggnt .and treatneni. w 1 r I S Lngl
treatnent. Alt e‘g%%{t? I\?@Vﬁ?? %?1 %\éeng Cfrrlél rﬂutrtt’v]\{o?% ’ glnS%élﬁ{éﬁggysg 3 eglglégh%yenﬂgéo%g Plgyed

for hours mgosemy¥s i@fsylﬁnetmﬂlnbﬁlaélin@mrd@{m@es, afitoypnageitothdikpbivgat i on of an
active agent may be perfornmed or applied at another |ocation, such as

pati ent0 s ismesncensubstion yehigles, adonerqyyn comhingen. . Thup lisrofdhe Bwas @f theragamtfent

has occurred,it .ma e desirable~in s sit.uat o t .20, 1 Ve
neutrali zel,s%i%ﬁvsyafl‘?gog?x 8?‘%%’ r WiT?%S‘% S%?getdi 195’51 eearla\r;]vgflgegcggn %Jeaﬁhagc Ry %gent .

In other gideWatib9F foretbt the @l ARP loif Gplidad BorhSositedils 8titsHle fiRpketed
chronmophore may be desirable. One preferred enbodi nent uses the transdennal

appl i cat i osrcofdands withghyinvention he sebaceous oil gl and and surroundi ng
ti ssue. The chlaorophyll is.then exposed.to squrce f_electramagnetic
PPk p i SRRE O et SR ERb IR

radi ati on such rsource 25

filtergd teeRfyosohfR a8 adaIHldRekmyuaY Qil%i‘ﬁﬁtﬂegﬁ, trEAt@RhEREN in 480y Sorabouhy
e

4501im O her preferred wavel engths inclu from about 360nm to about
440nm and, benel4yed ferdhaars ongdays eftenapplicadtiooraf ab eciive3genimAnplisaion of4poeHve Pul se
durations may, be ﬁel ected with .. uftfi ct'henlt fj‘Bower gensitt%lgtg1 al | ow tthe
target tisHRBIVEY BRPY; WBPF&P@@% ARTBF QG0 YEd Gt B2 AL A D&Y aYi'd
content anflelRekPHusicaf, destroy gland activity through photonodul ation and
30 phot ot hermal "neans. Wiile blue light is used for illustrative purposes,
it has been fouAfier arhatergydeatmeyitthas scaakrsd ilohfiekd dasgabln imewne sitmatienstiot h t he

b AT TR MEC MR RTINS R
situations, continued application to replenish depleted chromophore may be desirable.
One preferred embodiment uses the transdermal application of chlorophyll to the
sebaceous oil gland and surrounding tissue. The chlorophyll is then exposed to a source
of electromagnetic radiation such as from a laser, an LED, a flash-lamp, or other source
25  filtered to provide a dominant wavelength of from about 400 to about 450nm. Other
preferred wavelengths include from about 360nm to about 440nm and, with greater
preference, from about 380nm to about 420nm. Pulse durations may be selected with
sufficient power density to allow the target tissue to be appropriately inhibited to reduce
acne bacteria content and to reduce or destroy gland activity through photomodulation and
30  photothermal means. While blue light is used for illustrative purposes, it has been found
that red light is also effective in accordance with the present invention. Generally, one
skilled in the art will recognize to choose a light wavelength for treatment in the range of

about 300nm to about 1400nm based on the absorption spectrum of the chromophore or
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about 300nmto about 1400nm based on the absorption spectrum of the

chronophore or 10 WO 03/017824 PCT/ US02/ 26627 other |ight-activated

topi cal cwopisaiitszen used. Figure 7 shows the absoption spectwusmher7 0. 03%

Na Cu Chlorophyllin in deionized water. The primary absorption peak is

shown to be at around 400nm This would indicate that for this

chr onophorahertight-peivates ippiss) compraifien st Higge 7Phevs tiscbsentin spacrusy for

phot ot her o e r 0 peak
rBabB/h i\ daa%\ggﬂ orx\frﬁ)llﬂl R de?om&d%ﬂgr 5l“h% Qﬁlﬁgr%pg%) R’é}ﬁd{n 911% bl s%)bv?ﬂ

occurs at aro I'n an T nstance ere ource Mﬂt

dom nant vsvgheAH200HmaTREoWE Gt e shah R tidY ShrbaldbBoreathke ing3t suidbler ce vvi th
a dom nant wavel ength of around 620nm coul d be used. This figure further

i 11 ustr at e¥avel 9@pb@tpm@dgl|@§nstan@{oephcéof@ammlérﬁetimfn@wnlddaemt@mnébsor ption

Phoae oAt | Ahibet BEEP R fkicosdis Gl G A b R AR sl 1o

spectra ofjighaEhRbSwithWodlihaht QeGHIELAE of GRAATBDNGE Sfs ndt ShOWIe] Nigfitgur e 8.
One acne treatnent Process uses a sol uti on of gra hite in a carrier

sol uti on esetrcg with @dmmmeﬁwa%magﬂmﬁ\mmzoagmoul used| Jﬂm&ﬁrgmmiurﬁr@r
applied ta,the. s which is th as kn

o anet er SIS BB sPeriaC o HOR S A it o dBurer i B8 BHG move
the laser handpiree @h@\a/lwweﬂwmn&laa&ave}éhgt% ufé'hﬁh gsttllaéfé(@idgreéﬂ1g}@('ﬁ)05p0t
for several pulses before the handpiece is noved to an adjacent spot. It
has bdén o0zt Ah@nparlssnaf tteaibsorptiewp spacke o0& ragis nafurallyccewsrg al
terrperatur%ﬁrl se in.t e se eous, glands with the second and third pul ses
versus a sinyrePieLs é 18 %petition rate also tends to help build
the heat up fasphgs acn@@x@aﬁ&n?bﬂﬂ@gs ds@é’@Loﬂuuo-lfmis%ﬁlﬁﬁﬁﬁnta‘%aﬂfe?gélﬁﬁoﬂﬂﬁ‘i4'20
maxi mrum heat (which is desirable, |l ong as t heat stays confined to the
sebaceous Qgivitnlisl Hitd mnhn&D: mlaamel'ﬂheasd]u@oe miaysheppplitd toghe slgs odoh isSi nce

this effect occ bstantial |y sinultaneousl ith other destructive
bt oot orbengeduih e iR v e p e b B e e D g SE p b
enhanced. rkﬂétitﬂf)‘ﬁ 15 aREMAXRAOUEL tRAAYEG S 9nbi il that JTBRE rc “sldiedligS and
simlar ts may actually remain absorbing for a brief tine until they
reach 25 aom':rspou ﬂm‘sevteer}rpe}sest kaferedhe htmdtptece ismeotdidy anradjadedtspaty dthasbebecone
non absorb rs Thll acting as_.a sf%é: heat sink for a. b“%g té’)rre,

al | owi ng ?]i‘é%l ctegs aStrmiellse ¢ffecho HP’E?me&? BERP e HIMFISS AR themgbackons

pul sed Q Sgﬂﬁlgﬁ U5ith hBSEIchd o Mt pUIEARIRRS 8LindROMIscl D£8R FopelifUflate AlSICE
dye rel ated danage ten s to be confine t tlssues T ere i's no

appr eci abltendshafngm Buildphd hean tip faseat arr&lnb hngheseleval@. Ahmttlamis tp :pecfdealce the

enbodi rrent uses a | onger. pul sed |as in 750 Mh -
20  maximum heat (Which Ps desirable, as ong ast eﬁeat stays conﬁne to the sebaceous

glands and the immediately adjacent supporting tissues). Since this effect occurs
substantially simultaneously with other destructive effects of the process, the damage to
sebaceous glands tends to be enhanced. Unlike carbon exploded particles on light impact,
the dyes and similar agents may actually remain absorbing for a brief time until they reach
25  acritical temperature at which time they are destroyed or become non absorbers, thus
acting as a sort of heat sink for a brief time, allowing more heat to accumulate than with
carbon solutions and short pulsed Q-Switched lasers. Safety remains at about the same
level, since dye related damage tends to be confined to target tissues. There is no
appreciable change in patient treatment time.
30 Another preferred embodiment uses a longer pulsed laser in the 750 nm - 1000 nm
range and appropriate parameters to achieve the desired tissue damage goal.
Another embodiment uses a tissue dye which attaches to, or is incorporated into, a

target cell and surrounding tissues. The target tissue may be illuminated with a multi-
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range and appropriate paraneters to achieve the desired tissue damge goal .
Anot her enbodi nent uses a tissue dye which attaches to, or is incorporated
into, a Wwargsi7eel | and surrounding tissues. The target tRCIZUSH216527 be
illTumnated with a nmulti 11 WO 03/017824 PCT/ US02/ 26627 wavel ength

non-l aser |ight source using appropriate paraneters to achieve_the_desired
ti ssue dameayelegetainonApsst Heht sopfssdismspPIpESteparqniers fnapheave iy dasirpd

wel | -absortbed &)%[}the niel anin naturally present in skin and undyed darker
hairs. NatiiP'H “O1*8Ey¢Rthetic nel anin or 5 derivatives thereof will be

vel | - absorbed yndih® cfddBinGY abRndidht 8durtd @hich (OWeRlabivat EJM% Yoeldryo or
nore wavel engths, one for nelanin and one or nore for the . This

: . e)
mel ani n  agbmally pregtol invekireand widyed Aakedivas e Hlatirgl cmsmthdmm,eﬁ@m afupporting

tissue, resulting.n an..enhanced or _greater inju o_th arget tissue
(or permi tEFHYYC fhsre r“ég{%ﬁ&é‘]"@%ﬁ%ﬁﬁ?f T S4Mst %Vg,i%g@s(lﬁlﬁ?’ﬁ{frﬁﬂe?%?‘éey
treat ment {(BR nidre (WAPISEARS 8QL ForGhiin aBWEhe 0:0hoRUBPAE dyE THE hiREME Were
treated without the nelanin dye). This tends to benefit peopl e having

dar ker  skigentds delaereldnktha seageais Igtamdndudt.owsnproresg tissue, Tesndiing/in afor
|ight source could produce a

exanpl e, a diode |aser or. LED or non-|aser .
c)(;nm) nuouse“g%’ncﬁg%a’i??@ﬁﬁ’ﬂ‘i‘rﬁﬁ%g& tB’@&Fﬁl%Pe? TPEHRTEEIP Y HEAmER PR dur ati ons
as |ong 8%a BdSeedtiti M{as\é?ér%gﬁ&nmaﬁ@%ﬂhé s@RSQRYHndPIud NS supporting

| i ght-acti'vated chronophore, native porphyrin containing acne bacteria

por phyioi n tikSueccoenpdueactd vathonathieweslaeh dye)o disgeadsdo bauafit people Sayipg dekerg

ti ssue pignent and aiso bg the _nelanin or d%re used. A pul %lcla%ldgration on
t he order S ?f_é%gﬁ“é‘b% lQKme Ao rapspt e8a&%n S AP & % epEer o

pref er abl §. s B} forla8@ HER It Ocd FrodHEdh EEREuS drReltddadbntifiudti@atdf MOSt

systens in use today. Another enbodi ment uses an agent which facilitates
cavi t at i orlighhaskgwasiespuse dura@énstds donpgpads seddnes bt owabdength Fhich ipalesbdrednt i al |y

damages (or stinmulates) the target tjssues while . mnimzing.damge. (or

ot her advé’ryége ghitzzctivgted, ﬁh@m"&’gg‘ﬁd]?%’demm P geRtaiiigs38s %a‘%%?%po%mge used
Wi th very ShoGhn®Y: 366yd é%ﬁ%e%u@%lag&,gﬁh, %P%@ﬁin%rtis%éﬁi?ﬂeﬁtr Adquadyahone. In
one enbodi nent a’process 1 n accdérdance wth the present iInvention may be

used to prmelagie osdpe tsedr A puige dwentiorcanthe @rder iofibetorcemebrut oneshdcthirgn or

elimnation of acne 25 or other related skin diseases. An active agent may
be physi c&PFndsaprasETiolgInrsierple. s F%Eﬁng%ﬁqugﬁ %Iﬁ&%} ]g’BS%&tgaeﬁ & WEL Y of

t he Sebac%ﬁbﬁsﬁs@éﬂﬁin%s@@&% ducts, or supporting tissue, or into the
natural ly occurring ache Acteri a, porphyrin conmpounds, naturally occuring

l'ight activat edAsdih@ritodireant uyeamtagent whith Failitaicgeavitation siock wabesest 20n t he
ol r]20 thermal effect or both. This preferentially damages (or stimulates) the target tissues while
minimizing damage (or other adverse effects) on surrounding non-target tissues. This
may be used with very short pulsed lasers or light sources or with ultrasound alone.
In one embodiment a process in accordance with the present invention may be
used to provide short or long-term control, improvement, reduction or elimination of acne
25  or other related skin diseases. An active agent may be physically or chemically or
immunologically incorporated into cells of the sebaceous (oil) glands, ducts, or supporting
tissue, or into the naturally occurring acne bacteria, porphyrin compounds, naturally
occuring light activated chromophores, yeast or similar organisms which feéd on the oil in
the oil glands (or sweat glands )or exists in the oil or oil glands as otherwise relatively

30 benign inhabitants. Some acne bacteria may not inhabit all sebaceous structures and other
strains may not produce native porphyrins to target with light. Other acne bacteria may be

located deeper than 400 nm to 420 nm light can adequately penetrate, thus treatment with

light alone may be only partially effective in clinical treatment. Improvement in skin
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the oil glands (or sweat glands )or exists in the oil or oil glands as
otherwi se relatively 30 benign inhabitants. Sone acne bacteria may not
i nhabit aWo sahzeeous structures and other strains my n@Ccprssdner7nati ve
porphyrins to target with light. Oher acne bacteria nay be |ocated deeper

than 400 nmto 420 nmljght can adequately penetrate, thus treatnment with
|i ght al orfasondsys By bayditsat oningdirept erplsef ihg @pplicadipn qf theiasents it thisrocess,

i Toot o Al BRI BB 85the R A el SHRRE AR Rhed BURRAEE SO O

as may reduggieht mP@&fonak alsb@seldl for trethgeathraddzmres, oy biinj sldethappear ance
of pores, etc. The present invention is also useful for treating enlarged

pores, oi |disosiérawharedhereneno aftiysreges-elafprbdisondfler e is no active acne-rel ated
di sorder. 5 O si.m.J ar. disorders chy: ol l.] | E1.Scwhi i pvol ve the
pi | ose_gaceous h@hﬁf FrgRf fhﬁ?rgﬁr&_)suc ?Sti%ﬁﬁllhg?‘s’%n elmfoﬁg% Sg’ll\ﬁgé.b%%"%l e present
| nventi on. (nJif@ilHH3% Bhit ma) @0 beAFealtBisitk 36 Pesdis @flchtor. EThecGedeat Spi rati on,
sweating, or hyperhidrosis from eccrine (sweat) glands or apocrine gl ands.
A pr ef er r ddvantioo diayerso lof useh éo yedueseprrspitatiomvicanngrey himerideasgistfeorer eat ot her
skin disorders such,as, .for exanple, viyal -warts 0 or.l,asi

pr ecancer Oqggngeofsgp a) .gfaﬁfi%gﬁ Pognsgapds édg P{?ﬁgedh%bé):dﬁ'f]%ftg S pé;g(gg rel% sive.

sweat i ng, in@Qtde m#W ik Qat SHREFTRARArdRId dhich a dosklampld, satBwatitgbet i ¢,
pressure, venous stasis). Scarring is comonly seen as a consequence of

di sor dér s,psdiises pessancarowhysotan ketatasseor skintl prionse hypesloidrogisfraeessiys SWSeEi% i ng

may consi st .of on r nore of e fallow,ng:, .raised hypertraophi.c.scars or
fibrosis, %ﬁ@g@g@%ﬁ rsB’b(fﬁI%agg(ig\flg’, @%§kﬁw8%§§db%§ﬁ‘f’fﬁ% o Yl%‘gsr %?%%@m ary
redness or tel afQggeloAsicBmniNOl QERIYh 85126 uencPBPEIS6ABH] diddasebr Phot ot her nal
treatnments alone, or in conbination wth exogenous or endogenous

chr onophordysfunctionsafithascbacavs appreatesf Scacdng ey oersibt of ong eranes s ithe,

sequent i aloéD , etc. . descrjbed hergin fo theC{realhmant of sebaceous
gland dis ﬁgwgl,g- faafieg_}é’e op S&%f%f’ﬁﬁférto%ﬂ‘ie.prﬁﬁ? HEP 25 Fer ei n descri bed,
the term %&@gﬂ&ﬂtﬁdf ﬁ%ﬁegﬁi%ﬁm%@y fe@ndsB6r %dlﬁ%%éflﬁﬁ%hpﬁotbﬂnwﬁlﬁkoﬁy,ssue with

light alo emtte y a light source, i ght- activated chemi cal
conposi t i opiwiochemamal; oc phbiotigtmarirdaheemdodlondal in engmiynatiinwith exegengs asf

phot onodul atory treatnments are photot.hermal freatnent, . t oactivati on,
phot oi nhi HIPEHOUS %ﬂn’&ﬁg?@&%ﬁg@g}llab?@afga?@ﬂ{; ¢ a]_t:’? F%ﬁdﬁagﬂgaé@ﬁ‘?ﬁ%nd, in
particul arg, ﬁ&@i@ﬁﬁ,ﬁi‘ﬂé, %d&?ﬁ%ﬁ%ré{‘ﬁ FR ik (RAHRBL I IsBbackIstdMald: disorders,

el ectromagnetic enitters of the present invention can fall 25 into three
cat egor i esdisdabess er dysiindetions. t Furihghtas heretohdeswitsidpthe tepegtatemvdndierefeans ef ul

for hot oacti vati on an hot oi nhi hj ti an phot onod t Oot. rocess;..those
t hat gqg t qoit]a%%/reqtl:’qe]@qg hq/ir}?g t?ssuels Witlhlﬂ ’Icalon , heat e%%ttgé gy a'iléhtp source, or light-

activated chemical compositions, or any combination thereof. Falling within the scope of

photomodulatory treatments are photothermal treatment, photoactivation, photoinhibition,
and photochemical treatment of living tissue and, in particular, sebaceous structures
within human skin. Further, electromagnetic emitters of the present invention can fall

25  into three categories: those which emit light in the visible spectrum and are useful for
photoactivation and photoinhibition photomodulatory process; those that emit light in the
ultraviolet spectrum and are also useful for photoactivation and photoinhibition
photomodulatory process; and those that emit light in the infrared region and permit
photomodulation treatment to be carried out through photothermal means, i.e., heat

30 activation of the exogenous chromorphore, living cells or tissue, or both.

A preferred embodiment of the present invention may use various

microencapsulation processes to deliver active agents. If the diameter of the micro

encapsulations is about five microns, then there may be relatively site specific preferential
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ultraviol et spectrumand are al so useful for photoactivation and

phot oi nhi biti on photonodul atory process; and those that emt light in the
i nfrared wegison7samd permt phot onodul ation treatnent to rEmBEsSIIRZREE7 OUL

t hrough phot ot hermal neans, i.e., heat 30 activation of the exogenous
chronorphore, living cells or tissue, or both. A preferred enbodi nent of
the presedeliveiyite itfmﬁehwoms@l glanﬁlmsﬁkmﬁue?aeemaéw@@pmquweﬁﬁ oHdBges to

del i ver atlv i anet.er t he is
about fiv E‘?ro ’i“h%%e“tcﬁ%sﬁ%aq %VSB% ﬂ%e rlaggei c\)/fe%l)? s? e “’é‘o ﬁ}%flgﬁ%o%g%gr enti al
13 WO 03/ Qgﬁ%ﬁ@%@@&%@@ﬁﬂa mdéie kamdefrydlbtmau@lheeme&aﬁe@luﬁ datds agdl gRds or
skin surface stratumcorneumcells. If the dianeter of the

m cr oencapsiglands offghe diaimetar joé theamigroentansblationoi dargere p e arderoieheutadt i ve

t be del i tri but t he hai
Guct's: namens g PegrE e Aoy S iR Bter o a oot Ba S PutfBne 1 <
l'arger, ompbRGcRy éﬂx%ﬁpsﬂfah%HQHlta?/ 80 syﬁltﬁ@tfér&@ﬁt&ﬂ U @ah®fund iN@Rd debinagey Wl |

tend to be restricted primarily to the skin surface. The mcro
encapsul amemtmtmawbbeﬂsﬁmmttns end pltraaoundaieatthéntplatanzeters mdryinseditodet t o

enhance netration, n arret ers a ound rea .

par anet er §8 (7d pecading t‘bg"e aQH]e??g’ ee@“‘&&é%?ﬂﬁﬁb akIBWt BOSI HOEQEH’E? WL pl es
whi ch all qy fésbﬁl@ggrarﬁe&fsqer @ivih D SmAP bRl es ittb tHASIY @ﬁmp&%bé‘l'iff‘agé’sf& sfkﬁf
driving small particles into the skin, skin appendages or skin

orifidés. ollficemencapsul at| on may be used to inprove delivery of knovvn

agents such as_ _chl oroph ot enpi ds, net hyl ene ue, indocyani ne green
and particles e\ﬁlcﬁoﬁﬂﬁ%ﬂﬁu Pon B“raé{ fiEE: oAmpﬁ%Meiﬁgwmf EH%W‘F Bge“lgfsﬁ‘%ﬁ 38 | aser
to producey SRR @?Ssemhpqﬁetﬁs%ebﬁue ahGRyARH: B¥eh Qﬁ@ﬁ%ﬁ&‘l’e@@f Ghe&lof Or a
hair renova tment prdcess 1s described, for 15 exanple, in US Patent
No. 5, 669 gﬁa}:ﬁ;temhhimwrstecmn@repforwmgja bgsentefpemdmee wavelehgth tbtetemaylfeound t hat
by using s particl es and the smaller particles.i nor e
aniform @by %q%?c{ew Wew&ewea%%emfgw ﬂggell%ﬂyraétreqteenfsrﬁQeiS? iSCAea(f‘nh.?Hi 51 m

targey 5n9eQ§¥Pfeelna(9§n>§eéﬁpNo fﬁ@@%@wh% léﬁa{a&ﬂcﬁ&teee %xreh&clwﬂa-s ueeﬁiocyam ne

green or dyes or agents t orma corrp which is fat-1oving
(1'i pophi | ifednd thisbydeingsanalleapatticles adphtting ﬂmcsmall@f paargelm; mt@ﬁlommlﬂyes such

as indocyani ne green dye may be refined and enhanced b seI a
carrier ordlaélﬁ?é%FﬁE‘{?F%ﬂnF%uH&W%&%e EfF%ﬁPEP OFF‘P&% onT, EAr gl F%B?ﬂ)i lity
of prefer I

interacti %f)l\lﬁnﬂt%ed %ﬁ%ig%ééln@%o t er e y [ nc gglggpé‘ﬁér& g%ﬁ %ﬁtgsf%

pref er ent ilipid etehpleemwhichds itdovihg elipo@hilxegzt Thedslivetyt achdmidabefifdvts ofsgbatseous
gl and, duct, supporting tissues, oil itself or_ bateria, %east s, or other
or gan ,29 s and dyes such as indocyanine green dye may be refined and enhanced by selecting a

carrier or encapsulation having a diameter that increases the probability of preferential

delivery to a desired space, and/or that enables interaction with ultrasound to thereby

increase the probability of preferential delivery, and/or that selectively attaches to the

sebaceous gland, duct, supporting tissues, oil itself or bateria, yeasts, or other organisms
25  residing within these tissues.

Indocyanine green dye is presently in medical use, appears to be relatively benign,
may be activated by red visible lasers, or other source of monochromatic or
multichromatic light, (in the 800 nm range) may penetrate deeply enough to reach the oil
glands, is used for leg vein and hair removal, and is relatively safe, cheap, and reliable. A

30  known technique for using a laser to produce a wavelength that may be absorbed by
indocyanine green for use in a leg vein treatment process is described, for example, in US
Patent No. 5,658,323, which is incorporated by reference. Methylene blue has also been

used according to the present invention with good success.
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25 residing within these tissues. |Indocyanine green dye is presently in
nmedi cal use, appears to be relatively benign, may be activated by red
vi si bl e | e®er3m17sas ot her source of nonochromatic or rmult irdweserea7! i ght,
(in the 800 nmrange) may penetrate deeply enough to reach the oil gl ands,

is used for leg vein and hair renoval, and is relatively safe, c{)eag, and
reliable. A 30 JKSSHSasReRsss sovamae the pryereenidBry sdechy oty FHact o4al/&tstngt h

that may -1, Rdo, ' ' bhidkhieat ment
process. i SRUE ISR i RACBKRREARESR g0, IRRICN B o8 ToMukER 12
i ncor por atwith byids,efigcienoald thed hylcanafihivefonds dl glandse exiternsmdlyatheor di ng to
the present invention wth good success, 14 WD 03/0Q17824 PCT/ USQ2/ 26627

The ni cr oHOHRS ERAYQECHT HisT theackve pgeat wgeleasedions diegnicreraryeeatithitn, or at

| east have_a. ] L] nj t I t i | CN dye
oy be SconfuLtiod PherRceirshenftal LR el of e thierddpBiiadiE | C
oi | gl andscarrfdr vekiaRE, réRla¥e mhy6ccud bit@ciidrepiion®ithe octiitle aftbgity ifoelf, pokdible agent

is released fromthe mcrosponge, either 5 passively or by attractive or
chemi cal flyrdeasound or lasercudighbdr ofkarenisy sewse apBehasi aomenical FgaghoR ehi cl es,

rel ease may ocoyr, atLerq diALNRLEPR. {:}\%,t% Uil Wiﬁlgl'{diiéé’ ot biGhi

possibly by u r energy source or perhaps

a chem calmicRRpbhaR (a.kA. AidbHherespaneireadp totiheskiChirgice, diRwebio Bit ked
with lipids, or put into mcrosponges (a.k.a. mcrospheres and t hen

appl i 6@ t @ tithe Ek¢ass dye gy be remdvsdesnditbersthe afegrmay] e taeqwdmt% eedightaye may

b d h h ted with | l,i 800
m | bet wedhoRnig: e 50 o Sod b &Gt ol ARHhg 1D BbyBIH"

Joul es/ cng. USIES155?817;0@5%&@1?@5!“fphﬂﬁlé'slha{ffh%%hﬁ@oh@iﬂﬂneﬁrafzﬁﬁiiut)[ niltiefet gr - of
about 1 mcron". It has been discovered, however, that these dianeters may

not be optliashken disdyes:d, Mraevendhaitthesa digresiers ey Hobbe prfimaly tA 9% by Rol | and

et al desctibes a e treatnment .1 rei t opi cal _acne dr i.S

del i ver edcl{/ﬂafrﬁa‘fegﬁgﬁﬁ]ers?at“&} iomagwlﬁﬁt%%ﬁﬁnﬁee?ﬁlrcgeoc&rﬁs &" ag%entf%grgiﬁg pol ymer
ni cr osghergn $HRNaSHicalldths davstis LB ek@PRIth &ds fiakion by RttinFahe diughi@ber for
site-specific delivery into sebaceous oil glands in the skin was about 5

m crons, ayuthetiapolymenimierosphoea pougess Thisatbeleyenpeted ieat ed opmekdiameter for
i ze. _HoweUErP it HELY T A GEOARRN: NAFPHAY B ey Re ARty BrER 1o
the sebacegifoOhARESs RYdShERivexakd Ble HairTb BIcRSRIISK SR c&thelrh POSOMES,  OF
al buren m crospheres, or other simlar "delivery devices". In a preferred
enbodi nent f or Mostageets mayfnoaorherenty hp Hie eptipaal size] Eoweser migtually any agent
20  may be preferentially delivered to the sebaceous glands by either synthetic microspheres,
or liposomes, or albumen microspheres, or other similar “delivery devices”.
In a preferred embodiment for treatment of acne, graphite particles having an
average diameter of about one micron may be placed in delivery devices, such as
microsponges, having an average diameter of about five microns. The microsponges may
25  then be suspended in a lotion. Ultrasound may be used to drive the particles into the skin.
The optimal ultrasound parameters may be based on the outside particle diameter
(especially if particles are uniform). Selective delivery of the particles to hair and perhaps
to sweat glands may be improved.
Use of such applications could enable selective delivery of anti-acne agents, or
30  hair dye for laser hair removal, or agents which stimulate hair growth, or other hair
treatments, where the encapsulation diameter was used, with or without ultrasound, to

preferentially deliver, and ultrasound at different parameters or laser was used to release

(not necessarily to activate or interact).

15



average di aneter of about one mcron may be placed in delivery devices,
such as mcrosponges, having an average di aneter of about five mcrons.
The m cr owoorsgess2may 25 then be suspended in a |otion. U trcasseadedray be
used to drive the particles into the skin. The optinmal ultrasound

par aneters maybe based on the oputsid article dianeter, . (es ially jf
particles are uﬁlilqssﬁwgmqs%% BeY b/ aprlierit Sm}ya?hef ﬁ%enbsawfiéutégtf?ﬁfmgw dngh g
per haps “O o) STRRQY £ i%fe”%l{%@d BRI £31dA8% a4l d
enabl e SE|%C?I vebggl}s?cfeir&; %ﬂ?l -acne agglﬁts(%v air acci ge orC féaser
hai r r enovahichencagenis altsuchpsadsibledtane hair gr ovvth or ot her hai r
treatnents, where the encapsul ation di aneter was  used, wth or w.thout
ultrasound, to PiSFRFEMEKPE 49dyio dapshRarticles G e etaphile GAPoRL Orther @R

par aneters, t iwate or

i nter acste) g%&t m‘ia@@%@ﬁ ;’é}ll ?C lljgag‘lﬁ %@gﬁb# @%ggg&?g épé%egé)%hng{/ehg%@appl i ed

to many ot figitura gefietmi mtcaﬂﬂlmairomctts(andi Ghr dylticlen dh@sebpddoueoil @lands)or offiee term
"encapsul ated delivery device" is used herein as a generic term which

enconpass egrughyress uéc\,lﬁ PES8WT BT ather gasss oripadsiney bayscHdo grivgce delivepedr

particles (i rQ

cont am nan{mlbeg§ ﬁﬂ?itﬁ?fdeﬁ%ﬁtﬂ %gelgcki nf,zﬁ]og{q% %&Mléﬁe Euﬁﬂ%%ﬁg@%ﬁ%%en t he
strat um codévetsfor tdﬁidanﬁg@nmajrfacéwd@c@bﬁd Poriekarhple] ind$Patehf 0. SEEBICAIUS Oi |
gl ands, or other structures. Air pressure or other gases or |liquids nmay be

used tid enWhWhéS@épm@%dwfefqrﬁ@ﬁease the quantity of delivered agent. A

o dosori bed. 1 o1 gliFLRS 6 nFulo BRI Relifg Hou 3 GRMGRaR iR T 2¢€

i ncor por at @b B haRBACNSRE (skd, Foras@biptt, UByPAent e ,810,08Dyist&pbrajeddetdiv er
hair dye and to enhance penetration into the hair shaft itself (see, for

exanpl e, Uy wégrenne)-Nbhe ssegf pltpgound teddypietllt &tverssprite pamelqseip@rnefﬁt@)e The
,tl ? g a,? :YElI:ll![ t tra?aa %llﬁl qdorfuga’p t\éa ?1211(1)‘ r0|1‘ écc deralp\égarg{oai?ameﬁ)%% ar t I G(F mn tgg \é\ﬁorf (%{ t he

ne ars to een suggested in the
prior gt. H&&emvm phdahﬁsaﬁ@fd Sfafdtprics aﬁVéﬂS’cﬁbsQfe de;quds@dSn af: {1)dhsadensgur e or
suggestion of. e use of wultrasound to enhance the penetration of an

agent int oultrlasaoumdm erﬂtaam thietpsedtratiopof pmagent e theudi ahgftetéq:lf $1ifig) the use

f | t dt d hi t 1 t t t
Sor noum ¢ SBimhng b AR ML SRRl B Sp R IER A i Baesh Bl o ™
renoves a Pefkirhidfh QmdudetPsihehice tAY BffSctObf 4 §18n pYdl Prévess @ﬁﬁdh pI@IElCﬁl%)

physically renmoving the 20 hair by nethods such as waxing pul I'i ng and
t hen i nj ectemuyes inportion & thermuterdaysosefithe skin surface); or (3) physmally removing the

20  hair by methods such as waxing or pulling and then injecting the treatment composition,
i.e., the chromophore or other topical composition, into the sebaceous gland or duct.
Such methods are contemplated in one embodiment of the invention.
A known skin peel process may be improved by using ultrasound to open
intercellular spaces in the outer stratum corneum layer of the skin via cavitation. Then an
25  active agent may be driven in further with the same or similar ultrasound. Fibroblast
stimulation may be optimized with both topical agents that are applied afterwards (while
the skin is still relatively permeable) and also with additional low level light stimulation.
The processes described above may be used to deliver two different agents, either
serially or simultaneously. The two agents may then be activated by the light source
30  together to work synergistically, or to combine and then have an effect, or to deliver two
different agents that may be activated simultaneously or very closely in time. Two
different light sources or wavelengths may be used serially or simultaneous to have

. different effects such as treating active acne lesions and also acne scarring; treating acne
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i.e., the chronophore or other topical conposition, into the sebaceous

gl and or duct. Such nethods are contenplated in one enbodi nent of the

i nvent i onwQAsknsam skin peel process may be inproved by usamgusskeé@azound to

open intercellular spaces in the outer stratum comeum |ayer of the skin

via cavitation. Then an_ 25 active ageng may be driven in further with the
t

same or sitpAared lesipRy A lerrosasen Pl y&sse qrﬁ?}Wé%eF@ﬁan%FWSH’é RISt wi t h
bot h topi till
relativel 3&4 63?%;%5? P)t&gl%u% Orﬁﬂél\ﬂaﬁ %élﬁlt% ?%Y%g%? Fﬂn\%e?&]g ﬁhgslgl: S?r{lljli%atl on.
The procesgasklgescri bed above may be used to deli ver two di ffer ent agents,
either serially or sinultaneously. The two agents may_ then be activated by

t Ee I |h ght sour @é"%@ttfﬁgé‘#ﬁﬁ@?mtléﬁ%érﬁp s%f hehgreemsaady BF debivered seRsARtiARY and
t f f |
a Cte In va \ég gg%qnf:cgucs A 1;nglrled gaéllrlevgﬂt cE‘é‘Pﬁhfféfefnt ?&%’éteﬁsg%trg # ?@r O I i

sources Ofy eﬂﬂ%& riffRYilyo® r@l%@gb &eb laaida}é afid 5 k¢vohdl ampﬁniamyhtamat
different effects suc as treating active acne |esions _and al so_acne

scarring; Addataye affpctsgnay leachipved bp 19182 4w pbianusy thoweetime.ceg exthp 885 ohs and
For act: vaTseohr st SeRvhheftho! SREPITal L Pratindlsd PEnEpRl SWAHER Y o PATe

for activ eating acne scarring
or skin %bﬂﬂﬁlﬁﬁely-@(\)gnﬁnmof ekamplef 4 1eioent prbege for skidpeedind h@h%dlhlﬁl@ms may be
del i vered substanti al 1):11 si mul t aneously through the same optics at

di ff eldént mparzmtionsd at ey forpeety @WefObéaaﬁngrﬁékﬁksecca@usm}éroém prinaril y to

rel ease or to i vat d .a second A iV
effects ma¥? 8}5@ 5%‘ 3’3 bﬁgerutg i eY%IQDW GHBI §e¥ﬂ%rgu§sgggg Hﬁle%?ﬂagtﬁb%%gé th
use of b'rle'&lclubﬂmacmetvbd By WY ploeag! & wéil @@fm%qa@efgair@m%ﬁmmmmvemgﬁti ght
with a wavel ength of approxi mately 600nm _For exanpl e, a known process for

skin peel sandehbi wavedength pmseuacqms}mgéo thetebsraption speosam of fhcrtepicalaf et y and

f b
hohi eve o PORCFEOR S SR T RER S ol B OB RN S oS, |
achi eyed %tﬁrﬂﬂfo&ﬁﬁﬁ%%lor@?hﬁﬁédntalhhﬁg REmb SRS, TaftedokDeOMSining & ohPvhdy el

light source dat a wavel ength chosen according to the absorption spectrum
of the topledahtives drpox] andammeslthemf,tasc\(ﬂllasldpnmt@fesrane@gqi aind gepdtically
conpositions, are hose conpr i s ng 15 naturally occurring

chl or ophy| PSE5HES W@fé}}% s, car ot enoi d- cont ai ni ng conpounds,
derivatives theg ﬁ%d-haaqeﬁbék&ﬁtﬁﬁlﬁghﬁéﬁm 1eve§11%1ﬁkd>ura§nﬂ%b\4§édlwes anal ogs,
and genetically engineered fornms of such agen A hand- hel d device

cont ai ni nghotrenddoiwté evghiotdtheimallyaativae, rmjbb’él thedtyingtissue or active ingredient in

20  the topical composition, or both, for skin peel, hair reduction, or acne reduction, and

either simultaneous or synchronized sequentially in time to deliver another wavelength
that may be optimal to in view of the absorption characteristics of the patient's fibroblast
spectrum or the spectrum of the topical composition. In the one case it may be the best
wavelength to stimulate fibroblasts. In another case it may allow selection of a melanin or

25 dye (or other agent) having very strong affinity for the sebaceous gland and very strong
absorption at the wavelength used for treatment.

There are a wide variety of different operating parameters that may comprise
conditions effective to produce beneficial cellular effects such as triggering cellular
regeneration or photoactivation or photoinhibition which, for example, could reduce the

30  activity of, or even destroy, oil glands in the skin, thereby indirectly reducing acne
bacteria. Also, it is preferable to target a natural chromophore for photoactivation or
photoinhibition, each falling under the general term photomodulation is possible for

directly treating the naturally occuring porphyrin compounds in acne bacteria, in addition
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phot onodul ate or photothermally activate, or both, the living tissue or
active ingredient in 20 the topical conposition, or both, for skin peel,
hai r reduetd@mi7as acne reduction, and either sinultaneoucru®gned2roni zed
sequentially in time to deliver another wavel ength that may be optimal to
in view of the absorption characteristics of the patient's fibrobl ast

spect r um de targeingsEesenens shiropepheispilkaparewapidsi dilapphylipndhes dsHeatiese |t

maybe the .best. wavel th,tQ. sti.nul ate fi - ot he it may
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affinity fubie dReasehaeaOstsnElsanshs &A6wN & thosé SlONG inahs o Pt Fafheat the
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oper at i ng phataremelr modiatiomelithe othglinde and snthunimgdisade wabicvecanapliphediuce
benefi ¢i al .Cﬁ%l ul ar effec(%s sliy h,as t;thﬁggﬂthng cel.l ul ar regener ati&xﬂ or
phot oact i VAT P§F8F TSABY 31 FRFRPSS DR Gt RRIENHIBF CRYAMN R g Petide [Phe 30
activity ofiffeihcetail HeSIHoherlal troAtARABudeOhéN o Slthbe minRieRdéntd rectly
reduci ng acne bacteria.” Also, it is preferable to target a natural

chr onophorasmduots gftisarmatinjwat the ghand quisorronnhiissiie fooreducsdbh adtadiyiofigheunder t he
general t rm&?otorm%%atio?} i% ossible for directly treating the ’
nat ur al | y YEEHFRYOPEEBAY Hidfiog h‘%ounds in acne bacteria, in addition 17 WD
03/ 017824 PCT/H43024 AR ERomIphotR g bib5iEn S QEBAPMS o W SHTRP BRE®SmAdrkfc

carotenoi ds, chl orophyl | andol ts derivatives including copper

chl or dphyIrhdiati@nish abidastrorsdyrasrostizind asf Wwavttengthsiané agpist enthdhie freateehinethed bl ue
dye, and simlar c ositions kno to. those skilled in the art. Further
phot ot her r?&H]S?‘ﬁSﬂH |°§§fédﬁe§9fﬁ Pﬁsﬁm\'@-‘/gﬁpamgg %ﬁﬁl g &P%ﬁ?ﬁ&?‘ﬁf’gg?? g’s etrecag# be
acconpl i sheghcoN bAmbRRoSHIRs BRBRDpASe 4e8IEMmBR BPMYGLs RHIAUDBtiAT the
operating paraneters may vary. The difference being that photothernal

t r eat ment chsesophests and is dependentrion dire waveahmgtr eff tbe namowpind nofltichrematie i njury
to the gland or surround tissue to reduce the acfivjty of t . target
ssue or SHERH o gk Rbeorengeine Pitrab bty i B it

whi ch 1§bs O ibABbhAE Wil &5 indfeaRG b ﬁﬁﬁ’olfr@% flabiQfe u&nﬁ%n! &aghirAne narrow

band of wavel engths and assist wt e treatnent netho and system of the

present i nvamrtdngth dithemgrtoptragds hetlichmnatic aadatiof totfesctsie at oot the stratiat ed.

Sel ection of the exogenous chronophore i s determ ned by the absoroption
spectra ofcorfam laygr %@Wl@nagﬁéﬁwmowtfwwﬁe@ﬂ%mnﬁ Phe

nar r onban ] i 1 r ok wth a
B S e e i R i

treat ment thystenmablconguat Iheasi idsdtmcel) then@ntomodudand tisdue cavabebdogtall adf t he

narrowhand, nultichromatic radiation to penetrate at |east the stratum
20 the epithelial layers of the skin.

Some examples of possible operating parameters may include the wavelengths of
the electromagnetic radiation to which the living tissue containing cells to be regenerated,
stimulated, inhibited, or destroyed, the duration of pulses (pulse duraction) of the
electromagnetic radiation, the number of pulses, the duration between pulses, also

25  referred to as repetition rate or interpulse interval. Intervals between treatments can be as
long as hours, dayé, weeks, months, etc.; and the total number of treatments is determined
by the response of the individual patient.. Further, treatment regimens using a
combination of more than one wavelengths either simultaneous or in sequence may be
used. As well, the energy intensity of the radiation as measured at the living tissue

30 (typically measured in Joules per centimeter squared, watts per centimeter squared, etc.),
the pH of the cell, tissue or skin, the skin temperature, and time from application to

treatment with a light source, if used with exogenous chromophore (which can be topical,
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corneum | ayer of the skin and permtting the photonodul ation or

phot othermal injury or destruction of living tissue, sebaceous oil gland,
duct, or wwpponts2zmg tissue in and bel ow the stratum cor neravudon/26me

i nstances, the photonodul ated tissue can be below all of 20 the epithelial
| ayers of the skin. Sone exanpl es of possible operating paraneters may

i ncl ude t HalewadelrBgimyidiuliragoundg|os sysiapsyisatefeminedibytthopatiss afficch t he
living ti kg o 0 ated, stinulated, inhibited,
or destro?g%,gn%ﬁgﬁ(ghﬁﬂggﬁﬁg%ﬁ&ﬁgﬁ%{:‘%L l‘Lgigg'duraction) of the

el ect romagnet i cwaadlemith OrEachhagaiwehier seiceullas esnpdraat, dtimdldcanr beidveen

pul ses, also 25 referred to as repetition rate or interpulse interval.

| nt erval s thereinetands fodvaahiegstoan uplug gnd Plsepteistia Gagtipon sgesigim v ybdch Hpnt hs,
etc.; and the.total. n er of treatnents |. term sponse of
the | nd i Fhliin HehSin e o BT flitn PEAS SEHERfus Ried®S ke nat  on
of nore t haampRe siEvethe BNt dpbefurs bibhd BMeslamen fittosiedeencia my be
used. As well, the energy intensity of the radiation as neasured at the
living ti gsuel®er (isspsicoliuey Diffarsut eedi lings fofuhesampreeellcefir ienanple berldasty,
watts per centipeter squared, .etc. the pH of .the cell, tissue.or skin,
the skin cEpardiitre PRARERRS forby issrPelindiet SRofonsnisE i fis” | ghe
source, i fyg Pan@rRQEpREmats [i@lﬁi&?ﬁl@éf@h&(ﬂ’&hbﬁ&hﬁ&ﬂa&%ghmb gRb usdifil WO
03/ 017824 PCT/ US02/ 26627 injected, driven in with ultrasound, or systemc)
i s detlér mingdoduyinghike pptimaleclinicat ¢ffect.t W ilrase cellsdorisybdaliptan epmponenstarat ed in
t he Exanpl.es.. Wgvel.ength --. Each target cell or .subcellul ar.conponent, or
ol ecul ar BEACTET BRYFeTE RO R RATE ‘2 BaSPiEh B AR G o

char act er i igfnkferre@GlohPhe IRBEHRM aritf abdbibed b the targ@¥ TR padtiGfirtfdthres of

el ectromagnetic or |ight absorption peaks or nmaxima Figure 3, for exanple,
shows t he thbddivsrddomergyatetarommeasthe oelbnlini eftscist Thawemplexiy obthass camehinationg

nonol ayer tjssue culture. Different .cell. lines (of the sane cell - for
D! & 1 [ 4POBRLETE hog PGP P R Y B DA GOTE AT b ces | n
t hei r 18bsafhBhjd9BuREEskAaRReH Blibsolptibh thaRkfhd SN tRAAbFHIL biChbIREdC |1 ght
(rather than nonochromatic light) is also useful 10 1n producing the

opti mal cldonipvatntef tisnte, olr@gendve sbroosiphsreo rln sorbe ehdes ktanaycendssmahie & ar e
irradiated with vvaﬁel engt hs, corr.esponding to. the abs él%i ogjgpeaks or
maxi ma, erf@iEgiPE hh GREFEK AT FHSHPPHEERPIRE BRETERUANCREESFEE by t he

target. Tgtﬁf&%ﬁ{ ﬂr@aﬂ#}@ﬁt da8ARt dfhg ?ré@fzncetotf ?mﬂfﬁgl-b VehGHa ﬁ&ﬁfn%gcﬁﬁi £ BbAmohhe

cel lul ar ects. e conpl exity of these conbinations par anmeters has
produced nfoch gventels bosubicellulecoprjonentan txoBasuceirbmophdre andudfesmngt h 15
shoul d roughIY c?rrel_ate. WL.th an abs%r pti.%‘n maxi for the target cell or
subceldOy| ayavelength maxima rradiation may produce difterent results.

If the wavelength band is overly broad, then the desired photomodulation effects
may be altered from those intended . Consequently, use of broad band noncoherent
intense light sources may be less desirable than those specified for use with the present
invention, in contrast to the use of multiple narrowband emitters. The laser diodes are

25  also multichromatic with narrow wavelength bands around a dominant band, i.e., they are
narrowband multichromatic devices -- devices which emit electromagnetic in a narrow
band of radiation either symetrically or asymetrically around a dominant wavelength. For
purposes of the present invention, any device that emits electromagnetic radiation in a
bandwidth of +/- about 1000 nanometers around a dominant wavelength can be

30  considered to be a narrowband, multichromatic emitter. LEDS, while not monochromatic,
emit in such a narrow band as to be considered narrowband multichromatic emitters. The
narrow band allows photons of slightly different wavelengths to be emitted. This can

potentially be beneficial for creating certain desirable multi photon interactions. In
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conponent or tissue, or exogenous chronophore. In sone cases it may be
desirable to target nore than one nmaxima - either sinultaneously or
sequent i aMoyosan72lhe sanme or different treatnent dates. ThrETwseseee of

mul tiple maxi ma action spectra are common for a given cell or subcellular
conponent or exogenous chronophore and different 20 wavel ength nmaxi na

i rradiati 6AntrARY wém@emlarlﬁ@r%@rﬁmbgﬁ|af§§1ng£e ‘Y%Yé%%é%?fgwgt ?gPdt?éﬂd is overly

broad, h%&sﬁ&?ef@%{a?c@mﬁ’orﬁ%@ %q}ék 3k ia%&s,?c&&?ﬁr%ﬁo n?ll?& 2 h&y I%Hﬁ %}&[H those

i nt ended. nsequ road band noncchere i ntense
sour ces nNEe doBeteds $.cd@mnbetbmatibiaiatiré oSthes picirbinegndtioremisstonsi t h t he present
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in a bandw galy atsp be/differgaifor sion thay hesdhRsh abraded eusrayRatielypspled Rathst engt h
can be 30,consjdered to_ be nar r owband [.chr i it EDS
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nar r owban gy drit 641p Q1¥BhicCan§ Mtk e chfiBopHbas tavalba mskotdsl HWEs pihes ons  of
slightly different” wavel engths to be emtted. This can potentially be

benef ilBi alwavelengthdagi dryk ethnicaskin, otastie Beirie dialies for pisgesn ceheeliletdtohdtis| n 19
WO 03/ 017824 P%;E/ US02/ 26627 .. cont ras;ms im)gst ﬁg}vngmrci al lasers emt light at
a singl e WEDSERE REHaYe K ESHITE L e BHEIRSEFEd” nonochr omati c. The use of
| asers, accor difgetfnpiBgight h¥in@h Homhaat HaldlabihpRaksiohhe tieahteasTtaboit. €. |,
monochromatic, nature of their electromagnetic em ssions. Wavel ength may

al so det erfip e toi dbsuedIPemehassichn sHep avelength dhat mpball spheceons glepds oriclesi r ed

| th t t t | i Tl : ti
Gopth T or DAREHERE QEicH Ve FeREY 45F o et R P el pER Db BEHE RS et
for uliger ahipebQlicRUtRA StvhvblertofMMoubbGPnho Shdii 666 i daimdikessilyhat has

been abraded or enzymatically peeled or that has had at |east a portion of
t he str at pengotaeungregnndepth, bftreatmentatf odlower deral kiyets or evgiokeepeitis t o

penetrate any_ interfer.li hr amophor t&at. al so absorb t_thi.s same 10
wavel engt Keg: b:}f ‘g‘éqﬂﬁél@%}g( nﬁ% Sglﬁ?tfﬂn ﬁfl%?ﬁ ‘?”Em%"tv?(‘fvf?e&ﬁ cgfgﬁ? iy fﬁlgt?% r cell
cul ture, &fggd degehdélﬁ on tHP@EHIRBE tré LmBRNRE RS, Tha BdledtionT e Sop&r gans 1n its
pat hway. For exanple, |ight "having a dom nant wavel ength emi ssion in the
range of atovatengh(fomewf the sigoificadiaBirametera $orsaffative viemithapresdnemyertiarhat not
al | seBac%Pus glands or_ acne
2 ut oth€rs are 1mportant as well:
Energy Density -- The energy density corresponds to the amount of energy
delivered during irradiation and is also referred to as energy intensity and light intensity.
The optimal 'dose' is affected by pulse duration and wavelength - thus, these are
interrelated and pulse duration is very important - in general high energy produces
25  inhibition and lower energy produces stimulation. |
Pulse duration -- The exposure time for the irradiation is very critical and varies
with the desired effect and the target cell , subcellular component, exogenous
chromophore tissue or organ.(e.g. 0.5 microseconds to 1 0 min may be effective for
human fibroblasts, though greater or lesser may also be used successfully).
30 Continuous Wave (CW) vs. pulsed - e.g. the optimal pulse duration is affected by
these parameters. In general, the energy requirements are different if pulsed mode is used

compared to continuous (CW) modes. Generally, the pulsed mode is preferred for certain

treatment regimen and the CW mode for others.
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cysts can be effectively treated due to the Iimted depth of penetration of
the radiation, 15 whereas |ight having a wavel ength of about 600 rimto
about 660waon3gars2wore easily penetrate to a greater deptlpcrfSoereatr ment of
the | ower dermal |ayers or even deeper is desirable. Accordingly, the

sel ection of the dom nant wavel en%tih of the radiation emtter  is also
dependent on t AeeaiepeHiigrlseds atee mighee Spausacy tnds tahemibdRNoY I HIOWSF oper

wavel ength is on f . oni £ -ggq[ r effective use of the
present i gﬁ?%g?n%sé%ﬁgatfmg@@g,;bﬁg%c% rlrpor éff?ccgfs)' wel | : Energy Density --
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irradiation and is also referred to as energy intensity and |ight
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very critical and varies wth the desired effect and the target cell,

subcel | ul accardansomatit the praserinestion incidssine ve mors e Bitgninge girapa . 0.5

M cr oseco t.0 .mn .be .e ive_fgr.. . fiRkrobl asts, h
greater o ?\g?aé@g gt Q’rf%ﬂné P;gé’lg‘éﬂlﬁ g@ S}jliaggg Es g?ttlﬁ M??GQ?BI‘%)%?%‘P%@%I ESR%AQ@ gg (cW
vs. pul sediydr&qinodeNRopPhdiAB orBWhis ficthif RhindPea, &n adiftR6isen bytifubd s
parameters.” In general’, the energy requirenents are different 1 f pulsed
node |1f§ usaagw;‘aiomb}aa@dr}g agenbaniakphe hydoRYcidnelbeia hpdeay atiflysalieHis gsifhsed node
v b3/ 01 78BHORE Tebromesr EraaEhty T it bt B e R 1 cquency
except | one Y et vy e T Bneoutput
tic ur. y Cycle -- isis e device light output
repet i ti ohetactmisphetushy Homond, an atiand, enninsral, egeneticd!lx engaedredisubstance,
intervals, also referred to herein %s the i ul.se d 5 (.tine between

ht |
pul ses whérfofarion # e bingn @E_&aﬂ“&?u@ ApEr @é‘él?%%rég? ?18@‘38‘% @%1“ 818 i t abl e
activ g g agelich ,Q?%%T%giuhﬂ elcPRhmdlalC REPARL td 1MSraR dtRshihend i®stakdd) a hilir

accordance wt redent invenfion include one or nore of Vitamn C,
Vi tam n E,growihtiahibitir, substtmnes adys, aViatuaation sigthaticmelianinFa nikélioprofeinase

Fact or . eaRRAES RIOIGR BOFPUPBLITE, St AREPT TGRS SHORSTRlt fvi ral &
o e2Eh 0 A g AR g, Bt e |,
deri vat i vahodpgie anthocyanin, and derivatives, subcomponents, immunological complexes and
20  antibodies directed towards any component of the target skin structure or apparatus, and
analogs of the above items both natural and synthetic, as well as combinationé thereof.
While not a limiting factor, a common aspect of the most useful natural
chromophores of the present invention is found in their chemical structure. Naturally
occuring chromophores have a metal-ligand bonding site. Figure 2 illustrates the
25  chemical structure of chlorophyll a, characterized by R=CHj. A magnesium atom is
present at the metal-ligand bonding site in the Figure. Chlorophyll a exhibits absorption
maxima at 409 nm, 429 nm, 498 nm, 531 nm, 577 nm, 613 nm, and 660 nm. Chlorophyll
b is characterized by R=CHO exhibits absorption maxima at 427 nm, 453 nm, 545 nm,
565 nm, 593 nm, and 642 nm. It can be readily seen that various types of chlorophyll, or
30  combinations thereof, can be used as topically applied chromophores to assist the
absorption of certain wavelengths of light delivered through the skin or soft tissue for
various treatments. When used to enhance the absportion of a wavelength of light that

coincides with an absorption maxima of target cells such as human fibroblasts, treatment
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anti oxi dant, a phytoanthocyanin, a phytonutrient, plankton, a botanical
product, a herbaceous product, a hornone, an enzyne, a mneral, a

geneti cal W0 ®rgiszeer ed substance, a cofactor, a catal yst ,pGamsaeé@gi ng
substance, insulin, trace elenents (including ionic 15 cal cium magnesium
etc), mnerals, Rogaine, a hair gromh stimylating substance, a hair
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and anal ogs_of, the. above | . . ' as
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a, characteriz by. R= . nesjl um.at Qm.i s. e .Jyetal -1igand
bondi ng si Em?(ﬁ%f ﬁ%lalg}ng}‘ﬁ%@\/f‘%[?&lgglmﬁlorgp@kﬁgp{% éhegg{sgt)arl% Ii%’%&wgngxi nma at
409 rim 42908 AR sNBY eRaddpl,isiith 85 doppal, afibdntit[ro eetBtdentss, &hl or ophyl |
b is characterized by R=CHO exhibits a so;(gti on maxi ma at 427 nm 453 nm

545 nrh0 S6%ibady cEgFexdsm Suahch Sbtitntion istmaderbydecating the shloyephylh Wik av agif ous

t f chl orophyl |, 30 cqnbi,nati t f . b d as topical |
appl i o criAUNBRNGS e o B st G AR aS A By bR i KR, AR 5

l'i ght del i\g&gdethRr ough the skin or soft tissue for various treatnents.
Wien used to enhance the absportion of a wavelength of |ight that
coi nci des wi t h Enlilkbatifipallysynihesizetchspmpplayes, ngwrally osgungehrermaplipres

fibrobl asts, treatnen 1 03/017824 [ US02/.26627 .can .even re
ef fect | ve. B e UR AP oy ma o By TPrge Taraidl eSS hdRe
produce mMuhtiaPlog peh elhiiaat withhbaGhR, THeGRid®nidhest nifarPdkieisasi@dit fo and
reducing or elimnating acne scarring. The al kaline hyrol ysis of

chl or ophy| triggerethis redution pod.dp énhacrunetheichtprepidlly bplinglost the meted ierethyl and
ST M SRR R
chl orophyly s GEQWMAtesE FEGLGE fonYh iigaﬂ(ﬂ%ﬁhtunhé} 118 M dibRrsaphyd pdrphyriut '
other salts can easily be forned by replacing the My atomin the
chl or ophy! for ekdrhplef thales mateatallent topgabednvmsitionavish supsronentiebpropetiesoanpl e,
such 6}2% ¢ O&%%[g as glcﬁrrgn{]olf) orei tE) %ghanrgg tlc?vlv—ir(l:tgr?slit?/tlggﬁt th?a;apies. In another embodiment
of the invention, therefore, the preferred chromophore is a compound having a metal
ligand bond that dissociates the metal ion under acidic conditions. In one embodiment of
the invention, topical skin care formulations may be used for altering the pH or acidity of
the skin.
25 In addition to being an effective treatment method for reducing and eliminating the
presence of common acne bacteria such as acnes vulgaris and for safely treating
conditions such as pseudofolliculitis barbae, acne rosacea, and sebaceous hyperplasia, the
present invention also has application to the reduction of cellulite. Using any of the light
sources suitable for use as described herein, adipocyte cells can be photomodulated.
30  Photomodulation increases the local microcirculation in the cellulite and alters the
metabolic activity of the cells. Enhanced local microcirculation, metabolism or

enzymation activity, or combinations thereof, may be produced by photomodulatory

means. To enhance the treatment, any of the topical chromophores as previously
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10 anti body conpl exes . Such a substitution is made by treating the

chl orophyll with an acid causing the My to be renoved and repl aced by H2
whi ch, 1 nwouwsm17428 easily replaced by other netals. Unli keTavsoekéal |y
synt hesi zed chronophores, naturally occuring chronophores bear the simlar
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mej or  defgnse archa envi ronnent al damage to their cells and
DNA repai r systgc%C E#II S system I's present in many if not all living

or gani sms r angi Awg efizyara dadled photalyasechejmsas trsstore the original structure and function of

20  the damaged DNA. Interestingly photolyases are activated by light.....to then act to repair
the DNA damaged by ultraviolet light. In the dark it binds to the cyclobutane pyrimidine
dimmer created by the UV light and converts it into two adjacent pyrimidines (no dimer
connecting these any longer) and thus the DNA damage is repaired. This direct reversal
of DNA damage is called “photoreactivation”. The photolyase upon exposure to blue light

25  absorbs the light energy and uses this energy to ‘split’ the dimer and thus restore the
normal DNA structure. Other mechanisms of DNA repair exist as well.

The photolyase repair mechanism is not well understood at present, but naturally
occurring or synthetic or genetically engineered photolyase from essentially any living
organism source can be utilized for other organisms including human and veterinary and

30  plant applications. DNA damage produced by factors other than ultraviolet light may
also be repaired including, but not limited to, such factors as other environmental damage
or toxins, radiation, drugs, diseases, chemotherapy for cancer, cancer, microgravity and

space travel related damage, and a myriad of other causes.

23



to insects, anphibians, rodents and humans. This DNA nechani smis one which
is involved in processes to minimze death of cells, nutations, errors in
copyi ng DN® wro17¢2@ per manent DNA damage. These types of erndwsweetal and
di sease and drug related DNA danmage are involved in aging and cancer. One
of these cancers, skin cancer, results fromultraviolet |ight damage to the
DNA produced bythenss plomwiel netrallydsoxed er arblipially prepted oppenghieallyngiisered) |

living organisns_are i I j . h
damgi ng BOOPEYE el PR AL RO TS S Bt Al R, BEUS o T s
st ruct ur e r§fait e PMAGE Mredf o P3ppilibatihing e Fotlb:iiil§ theldbikityeausfskinndaniaNéd

structure to be altered so that it cannot be read or copied any |onger by
the skin oglsislighvhitevidlstdight ofdiprase ansbiotrepat. relsvas) diptish onpilienyrigpisduce

functi oni of the. i nmmune system ,An enz cal.led ph | vas . to
rest org tﬁlge %?ﬁﬁgﬁ Ca?f‘?rlfefl%lrsbé’ grde qf?ﬁ@?lng%r%)fum%ﬁaﬁheg& %a%%ga 289%{&2

I nteresti 'ﬂﬁﬁa)!ur@tf&tﬁyo}éﬁsﬁiﬁq fvBreRedundah 8ebdkid, Wathiprecancdroud dk@mlediohs,lop repair
t he DNA danaged by ultraviolet Tight. Tn the dark it binds to the

cycl obut anethpskin eandeme  di nmer created by the UV light and converts it into

two adj acent pyrim di nes o diper,  cqnnectin hese a onger ). and thus

t he DNA dan?ageyI{hés I?TB&R%? éépﬁlef’ﬁf’ggr&y Foe%[m Féifeafigzﬁfﬂn e t%&a%%&égfoggcal | ed

"photore aghleRyrlsPR and ThemN@E QY3 SEse4Ba) d?@fﬁ&%‘éﬁ@,tgﬁﬁetm dioriérgamaBe albor bs
e

the light energy and uses this energy to "split"' di mer and thus restore
the A6r matmENANg tancetsurle fachphientiatycinadivengscedls noli hawphenefisiel sifecisirol | |

The photol yase repair chanism.is not well understopd. resent, but
natural | y "eBERH ﬁﬂ@%ﬁ@ﬁ%%ﬂlf@r W?ed’ésrfgtologﬁfl} 08%%@3 "ot ol yase from
essential l'y anywhily inhtur® HiEARILS 3 idﬁ%&%h&@ﬁbt@@aé&twibagﬂhoms Rk B84tuRN gani sme

i ncl udi ng human and veterinary and 30 plant applications. DNA damage
produced Bynlight}eassentiolli eny tighamowice, laser adnor fagdn nameyv bandsw bbederpai r ed

including, but . not limted t fact th i tal d
ot ox1 ne barduidlt st art et otn BEBRue B e P PR LT B ar
m crogkav ':?%8?%%7 ARkl AYRE nitblaf el HRARGEd (1R5EhP b s\ Blscreb&duld
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as a t her apuldite utilead amhthe ainga®{ thepe Bswiendribed elsewhere in this application. For
20  example a low energy microwatt narrow band but multispectral LED light source or array
with mixed wavelengths could be utilized. Another embodiment is a filtered metal halide
light source with a dominant wavelength of 415nm +/- 20nm and an exposure of 1-30
minutes at 1 — 100 milliwatts output can be utilized. Such exposure would occur mintues
to days after application of a topical product containing photolyase.
25 Another example would be the repair of cells in the skin which have
environmental damage but instead of repairing the cells which lead to skin cancer the
cells which lead to aging (photoaging) of the skin are targeted for this therapy. In one
embodiment, kin fibroblasts which have been sun damaged are treated with a photolyase
and subsequently the photolyase is photomodulated with blue light to set in motion the
30  DNA repair mechanism of photolyase — that is photoreactivation. This allows the repair
of the structure and thus the normal functioning of the fibroblast DNA thus allowing
normal functioning and proliferation of these fibroblasts — which produce the proteins

such as collagen and elastin and hyaluronic acid and matrix ground substance which cause
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effects in the'skin as well as inproving the structure and healthy function
of the skimhetic or genetically engineered, etc., photolyases and use them in human skin for

20  beneficial effects thus not limited to same species derived photolyases. One known

photolase is derived from Anacystis nidulans while others can be derived from bacteria —

yeast in fact protect themselves with a photolyase which can be used in humans, other

microorganisms, plants, insects, amphibian and animal sources exist.

25 The photolyase enzymes function by light induced electron transfer from a
reduced FAD factor to the environmental exposure produced pyrimidine dimers. The use
of free radical inhibitors or quenchers such as antioxidants can also be used to supplement
the photolyase therapy. Other light activated chromophores may be utilized with light
sources and properly selected parameters to further enhance, stimulate, photomodulate,

30  photoactivate or photoinhibit the target or supporting cells or tissue to promote the most
effective treatment.

There are many causes of free radical damage to cells. In one embodiment wound

healing can be accelerated by utilizing a combination of antioxidants, cell growth factors,

25



Various cofactors which are involved in this photoreactivation process can

also be 5 added either topically or systemcally to further enhance or

i nprove tw® @sfifiTeiency of this process. O her cofactors rradesh2i2es2t he

production of these proteins once the cells recover normal function al so

may be added topi call }/tor system cally to enhance the anti-aging or skin
a

r ej uevenatlirest pholovensiylatipn dphinsogctisrtiony P pelisnandighoirrsrcdiveianthaeighor t he

cof actors escrib ahpve can. i ld Z] to

i ncrease Bﬁ%ﬁfyﬁﬁq’shg[gB}CFf?g/sy%tFH&‘gﬁltegagpS}gg@gg Eyotp ?%%ds%(iz)t&rn{gg%g# %Jgs t%e skin
barrier aggfidiBi@estdiRofkiots enrdfutthelesihyhdegvdingHeakng. IRerm¥ablepd clonpoleti on of
the stratum corneum of the skin can also be used, alone or_  inconbination

wi th ul t r absuwdund ecowddhatregepwitbtangntiondanianigaire obyiangn B, yeégain ggpeal | y

appl i ed agents. Additi.onal such.nmethods .of r Vi R r terl t he
strat u§1 c%ﬁ’ﬁ@ﬁ%ﬁe’&iﬁ” Ak Cgk%fcﬁs E)lécrli‘eatsrflé\k& O So%ndﬁ%%go %ﬁl(%ha?ldég‘ktlﬁ&k ggl?ti ci ency
of sane okRddAWikiSHAAED aMey wih pheweiad sélbadd toghetramulde ibdbhegtshade use
devi ces such as battery powered LED sources. A variety of sources exist

f or obt ai epitieliphodlislcpalsledso retavetreaiymentiwit 8 phetabiseandtdue Hghtitherapsethns i ng
phot ol yases, .co unds derived.fro ther |iving,or i that i ne
may use f&FaEyY2 eéatggcwgyr}daquayn%gﬁ geeaﬁ},ngavrou%sacgrtbu&lgsra{ﬂ@é%gulg P Blﬁ aﬁgfl 81?1
rederivedy.Qlatafiént hetic or genetically engi neered, etc., photolyases and
use themin human skin for 20 beneficial effects thus not limted to sanme
speci é8 deri vedhpipotentiglasesof ghutolkarenand hghsttiadraseintlydetdhe redtmenigmrmppaty st i s
ni dul ans whil e others can bed.deri ved from bagt eri.a R%%’?S& in fga%tce yotect
t hensel ves? W"Fﬁeéle’a’i‘?dllamaﬁ‘é% Wsé%ln&]éﬁlfﬁépﬂgﬁ 8°1flrllr_lJHU A ia il

m cr oor gank i refpthftft x%latécf‘ﬁx‘égfeﬁas iﬁﬂﬁ@ihg5ﬁﬁatﬁiﬁchln§'&h&ﬁbth§f%§,(&§vi@éi| st. 25 The

phot ol yase enzynes function by light induced electron transfer froma
reduced FARsflasia and ¢sophdpealatysplesinfBarett’s esopbagispanst gfercepithphjal idedi vidre!l

di mers. The use _of free_ radical ainhi.{)itors or‘ﬂgﬁuenche s such a(f ease

ant i oxi dart STEARMISords B S S, 8T RV ti¥ie s 1S ]ﬁﬂfjsfSCya?%’%retl%% 4S5 her
light jacti; (ﬁﬁcﬁﬁégl}{ mmférﬁ§nﬂ@ﬂlapﬁe%gf’:ﬂaﬁ&ﬁ,@aﬁatcth, kicght  sources and

properly select paraneters to furt enhance, stinulate, photonodul ate,
30 phot oact i vatFhenr arplvetydirodi lmatth thé commgatial @ppEeapions of phyptadpdse mediated ssue

Lo PromLe e Mot et CEtl e AL ok o G TRk caags of Tree
e 1 Sl IS Aot G ot
( phot oact ior ajnthetic @fgeadidally eagideqrbplastelyates.v The addition ofighicalpMwtlodby ases.
Top! Ca2|O Orsystgri%cglrﬂf 3d§x?n?§t?r% p\tllmé)tto{]yatsehseangra?s%etﬁehg ggfg((::ttor%rosr cg&gtogse cptl e E:e g any
whose DNA is being repaired further enhance these applications. The enhanced delivery
of such substances topically via ultrasound assisted delivery, via alteration of the skin’s
stratum corneum, and/or via special formulations or via special delivery vehicles or
encapsulations are yet an additional enhancment to this process.

25 There are also blue light photoreceptors such as cryptochrome which
photomodulate the molecular clocks of cells and the biological or circadian rhythm clocks
of animals and plants — that is the mechanism which regulates organism response to solar
day/night rhythms in living organisms. These protein photoceceptors include vitamin B
based crytochromes. Humans have two presently identified cryptochrome genes — which

30  can be directly or indirectly photomodulated (that is photoactivated or photoinhibited).

The clinical applications include treatment of circadian rhythm disorders such as
‘jet lag’, shift work, etc, but also insomnia, sleep disorders, immune dysfunction

disorders, space flight related, prolonged underwater habitation, and other disturbances of
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chromophore or as adjunctive supporting therapy. These compounds are listed elsewhere
in this application. In another embodiment an immune stimulator is utilized in
conjunction with photomodulation with or without an exogenous chromophore. In yet
another embodiment a higher powered light source either narrow or broad band can e

25  utilized with the same chromophore therapy as outlined above, but with parameters
selected so that the interaction with the chromophore is non photomodulation, but rather
intense photothermal effect so as to damage or destroy the wart but with minimal damage
to surrounding uninvolved and non supporting tissues.

In one embodiment a chlorophyll and carotenoid topical formulation is applied

30  and natural sunlight with or without a selective sunscreen are used to interact with the
topical formulation. Another embodiment utilizes an injected or ultrasonically enhanced
topical delivery of a dye such as indocyanine green which has been used for vascular

injections safely in other medical applications.
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ultraviolet A light), but in addition the psoralen drug produced DNA damage. Safety in
children in an obvious concern as is use in pregnant or childbearing women.
The use of a topical light activated exogenous chromophore such as most of the
agents listed in this application present no risk of DNA damage and also are generally
25  very safe products — many are natural such as chlorophyll and can be safely used in
children and pregnancy and child bearing age women. In addition the treatment is only
activated where the topical agent is applied — unlike the use of oral psoralen drugs that
activate not only the entire skin but also the retina and other tissues. The light used for
this therapy is not only low in power, but it is for the most part visible or infrared light
30 and is not ultraviolet ~producing no DNA damage.
Thus the use of photomodulation or photothermal activation of exogenous light

activated chromophores such as described herein represents a signicant advance in safety

and efficacy.
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In vitro fertilization processes can also be enhanced by photomodulation — with or
without an exogenous chromophore. This can simply target the cells or subcellular
components themselves, as described in the applicants copending U.S. patent application

25  serial no. 09/894,899 entitled "Method and Apparatus for Photomodulation of Living
Cells", which is hereby incorporated by reference in its entirety.

This can result in a greater success rate of fertilization and/or growth of embryos
or other desirable effects on this process. In one embodiment an LED light source is used
to treat sperm of animals or humans or genetically engineered embryos or subcomponents

30  thereof to enhance fertilization.
In another embodiment photolyase or other photoreparative or light activated

DNA repair proteins or substances combined with photomodulation can be utilized to

‘correct” DNA damage in embryonic tissues thus generating a normal or more normal
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activated chronophores such as described herein represents a signicant
advance in safety and efficacy. 28 WO 03/017824 PCT/ US02/ 26627 The
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effects onchtaﬁ% REREEERd doRfPReti QP etingeNt an LED |ight source is used to
treat spermof animals or humans or genetically engi neered enbryos or
subconmponent s  The wavelength or bandwidth of wavelengths is one of the critical factors in
20  selective photomodulation. Pulsed or continuous exposure, duration and frequency of
pulses (and dark ‘off” period) and energy are also factors as well as the presence, absence
or deficiency of any or all cofactors, enzymes, catalysts, or other building blocks of the
process being photomodulated.

Photomodulation can control or direct the path or pathways of differentiation of

25  stem cells, their proliferation and growth, their motility and ultimately what they produce
or secrete and the specific activation or inhibition of such production.

Photomodulation can up-regulate or down-regulate a gene or group of genes,
activate or inactivate enzymes, modulate DNA activity, and other cell regulatory
functions.

30 Our analogy for photomodulation of stem cells is that a specific set of parameters

can activate or inhibit differentiation or proliferation or other activities of a stem cell.

Much as a burglar alarm keypad has a unique ‘code’ to arm (activate) or disarm (inhibit or
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up-regul ate or wn-regul ate a gene or group of genes,
sources may also be used.

20 The photon energy being received by the photo acceptor molecules from even low
intensity light therapy (LILT) is sufficient to affect the chemical bonds thus ‘energizing’
the photo acceptor molecules which in turn transfers and may also amplify this energy
signal. An ‘electron shuttle’ transports this to ultimately produce ATP (or inhibit) the
mitochondria thus energizing the cell (for proliferation or secretory activities for

25  example). This can be broad or very specific in the cellular response produced. The
health of the cells and their environment can greatly affect the response to the photo
modulation. Examples include hypoxia, excess or lack or ration of proper cofactors or
growth factors, drug exposure (eg. reduced ubiquinone from certain anticholesterol drugs)
or antioxidant status, diseases, etc.

30 The as yet unknown mechanism, which establishes ‘priorities” within living cells,
can be bhotomodulated. This can include even the differentiation of early embryos or
stem cell population. Exogenous light activated chromophores may also be used alone or

in combination with exogenous chromophores. Genetically altered or engineered stem
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activate or inactivate enzynes, nodul ate DNA activity, and other cell
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in cellular effects — even at the subcellular level or with DNA or gene expression.

20 i& final analogy is that photo modulation parameters can be much like a ‘morse
code” to communicate specific ‘instructions’ to stem cells. This has enormous potential
in practical terms such as guiding or directing the type of cells, tissues or organs that stem
cells develop or differentiate into as well as stimulating, enhancing or accelerating their
growth (or keeping them undifferentiated).

25 Another application of photomodulation is in the treatment of cellulite. Cellulite
is a common condition which represents a certain outward appearance of the skin in
certain anatomic areas — most commonly on the upper legs and hips which is widely
regarded as cosmetically undesirable. Cellulite is the result of a certain anatomic
configuration of the skin and underlying soft tissues and fat which may involve

30  abnormalities of circulation or microcirculation or metabolic abnormalities —

predominantly in the fat and supporting tissues. Photomodulation or photothermal

treatments of the adipocytes (fat cells) or their swrrounding supporting structures and
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t hem undi fifgak gRtdpgtvaeh or Wlthout ultrasound may be used to photomodulate or photothermally
20  or ultrasonically increase or otherwise alter the circulation or microciruclation or local
metabolic processes in the areas affected by cellulite or other tissues. The proper light
parameters are selected for the target adipocytes, blood vessels, exogenous chromophores,
etc. Since some of the target tissues in cellulite are deeper than for example wrinkles or
acne, typically long enough wavelengths of light must be utilized so that the light
25  penetrated deeply enough to reach the target tissue.

Various topical or systemic agents can also be used to enhance the cellulite
reduction treatments. Some of these include various cofactors for the metabolic or
adipocyte interactions described and have been previously described herein.

Additional topical agents for inhibiting hair growth include inhibitors of ornithine

30  decarboxylase, inhibitors of vascular endothelial growth factor (VEGF), inhibitors of
phospholipase A2, inhibitors of S — adenosylmethionine. Specific examples of these, but

not limited to, include licorice, licochalone A, genestein, soy isoflavones, phtyoestrogens,
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externally or internally applied ultrasound can be utilized either to
enhance delivery of the chronmophore or to alter local circulation or to
provide thermal effect or to provi ggrAMPILEUCti ve effect or any conbination
of these actions. In one enbodi ment"the chronophore is delivered into the
fat |ayer under the AKNE REDUGEIQNi-gRONTINUOUSTREATVMENK ound t o enhance
skin perneability and al so enhance 15 transport. The alteration of the
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ingredient. The treatment includes subjecting the target area of the patient’s skin that has
been treated with the topical composition to a filtered fluorescent light operated
continously and providing full-face coverage, i.e., the entire face of the patient is
subjected to the light from the light source. Three treatments over 12 weeks to the entire
25  face with at a light intensity of 11 milliwatts for‘15 minutes per treatment session,
resulting in a total energy exposure of 10.0 J/em®. Thermal injury is produced with blood
vessels included among the target chromophores (but no skin wound care is needed). The
average reduction in acne is shown in Table 1. The light source has a dominant emissive

wavelength in the range of 410 nm to 420 nm and is centered at 415 nm.
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descri bed herein. Additional tgﬁh%él agents for inhibiting hair growh

i ncl ude iphibitor ARl 30 dec hibit ors of vascul ar
endot hel i al gromﬁgwg%g?%pl(VE( |nh|b|R'Q'?@gh%ﬁu %Q pholli pase A2,
inhibitors of S - adenosylnethlonlne Sgaﬁu&usnexanples af these, but not
limted tio,include licorice, llPnrhnlnne_Ar_%enesLeLn__soy i sof | avones,

pht yoest rogens, 33 0Wﬁ@3$017824 PCT/ US02/ 26697 vitami n D and derivatives,
anal ogs, njugates;—naj ura—or—syntheticve §6 ons—or—gernetically

engi neered or alter@&'SF i mmunol ogi ¢ conjugé% 5 wi th thege agents. Also the
same topical agentsgyegpgenous TTght activatggechronophores and treatnents
described_ fro cellulite abovelalso are hereby iIncorporated into nmethods for
5 reduci ng the grovi2hwedkshai r. | ncreasing the % rcul ation or mcro

ci r cul at i en—ef—t-hehai+—bearing—ski-n—rray—alse—be—aceonptshed by sinply
produci ng vasodil ation by any nmethod know to those skilled in this art.
Sonme exanpl es of topical agents whi e used to create such
vasodi | ati on include, but are not |§§%§g§i?5? capsi cum gi nseng,

ni aci nam de, m noxi di IACNEREDUCHON-RBENSEDVREATMENT f ur t her
illustrated by way of the follow ng exanples. EXAMPLE | ACNE REDUCTI ON - -
CONTI NJOUS TREATMENT 15 A team of bl i nded expert graders view ng before and
after photos of pat .

Intensity Light Therég OPEI%C%E%Q%; g?\%}gl\/ %\%ﬂ P%fg}esa\élgralgle{t_%h&o%_%\gal

| mpr ovenengatiehts sisjette@ tathe@oprabhitine ILT (‘Lovelnteasityal igheTkaapyB) afnhe mal es are
treated to reduce acne by, first, treating their skin with a 20 topica
conposi t i oifcFhinyPRIGIScatsdhe gpb Bﬁﬁl%wmﬂgﬁfwé%kﬁﬁéﬂe enthsrigpRlATEd N as the
active ingredient.

the patient's skin t%QqhﬁEEQE g%u§?§%¥ﬁgﬁ%ﬁ@%!?ﬁ&h@ﬂﬁﬁﬂ& Eﬁﬁ%ﬁ%?@% n to a
filtermd flovessdstemtdutingiiie Dweélﬁtlﬁ&ed@l@tthmmérmlﬁI@élssﬁihomlt}dh ttgudaw | -face
coverage, i.e., the entire face of the Eatlent is su jected to the |ight
from t he |GoghtosEionrceBtainipg & auxtueeifedio shisyenhyliz, d0khlerwphribb.cmdi Y7

carotenoids as the active ingredients. The laser diode treatment includes subjecting the

target area of the patient’s skin that has been treated with the topical composition to a

laser diode light having a pulse width of 800 msec and a pulse frequency of 1 hz (1 pulse
15  per second). Three pulses are administered. Six treatments over 12 weeks to the entire

face with 400 nm laser diode with a 10cm beam diameter at an intensity ranging 2500

milliwatts/cm2. The average reduction in acne is shown in Table 2.

Table 2
Week/Value Averaged Value of
Reduction
0 weeks 0%
2 weeks 36 %
7 weeks 58 %
12 weeks ' 82 %
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25 face with at a light intensity of 11 milliwatts for 15 m nutes per
treatnent session, resulting in a total energy exposure of 10.0 J/cnR.
Ther mal i wjour3y17s4 pr oduced with bl ood vessels included amigusokesdar get
chronmophores (but no skin wound care is needed). The average reduction in

acne is showmn in Table 1. The light_source has a dom nant em ssive
wavel ength in the range of 410 run mm and is centered at 415 rim
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Reduct i on Ogv\%g\lelgs A)gﬁ%e S 1?/oélgE%/ee S 5%1@0%@[12 vve]st GFXEE/?%XAI%PLE 2
ACNE REDUCTI ON -- PULSED TREWAXKIPUBSBDUEREAGMEBNIhded expert graders
viewi ng before and after photos of patients subjected to the non-abl ative
Lll Lg I( Low Intensity Light Therapy") of the present invention score the

gl obal <i nprove I.al: ar L e
Preated for aonaitsplSpBhbaaras, A If AR b S IR T, cach
ni ght dur ifoginigievenst ek scap pRoddénts, ddetckneqt.adeodr vidbitityoefodetand afteropi cal
conposition containing a mxture of 2.0% ch| orophyl | 2. 0% chl or ophyl | b,
and 5% cdpPeiEns e mest npscadansgavitinhe sgnaplagive W@qdég“éhe RECSEE VER e nt

I ncl udes subjectir he .tar.gei i - : ] ' ShSki has been
treated V\ﬁs%l %é(aonfqglﬁlhglglw@garrtgﬁ%?lﬁoo 0? lfélo}érag?tg@téﬁrge%%gg% :ngﬁ%i{% aving a pul se
wi dth of &f@bropesl iantaiidyhsensioeat@ityspohgd Haringh dishster 465 pédrosseaond) .
Three pul ses are adm nistered. Six treatnments qver 12 weeks to the entire
face Wit h 1880 Mepsigmentsdiro tikemfrom by wiemguhiscHy anedwtions ciuctsd 8Ksi ty

0t h 1850 Miepshisentsc | el | _
rabre 3. tomred BB Ay i RARS AT PO AR B g, "

composition containing about 5% carotenoids in a liposome carrier (alternatively,

microsponges can be used having an average diameter of 5 microns) to the skin of the
facial area and allowing it to penetrate the stratum corneum for approximately 15-20

15  minutes prior to beginning treatment. The first step in the treatment process is to expose
the facial area to a continous wave from a filtered metal halide lamp having a dominant
emissive wavelength, i.e., an emission peak, at about 415nm +/- 5Snm and an energy
output of 100mW/cm? for approximately 10 minutes. The patient's facial area is then
exposed to a pulsed LED treatment includes subjecting the target chromophore fibroblasts

20  and subcellular components thereof to LED light having a pulse width of 250 msec and a
pulse spacing of 250 msec for 90 pulses. Six treatments over 12 weeks to the entire face
with the metal halide source as previously described and a 590 nm multichromatic LED,
i.e., an LED having an emission peak at about 590nm and putting out medically useful
light in the range of about 585nm to about 595nm, at an intensity ranging from 1.05 - 2.05

25  pWatts. Further, the treatment maintains a skin temperature below the threshold of
thermal injury. The average improvement in acne scar visibility is shown in Table 3. In
accordance with the present invention, this dual-source treatment method employs the
metal-halide light source to treat the active acne and the )LED source to reduce or

eliminate the visibility of acne scars.
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2 weeks 36% 7 weeks 58% 12 weeks 82 % 35 WD 03/017824 PCT/ US02/ 26627
EXAMPLE 3 ACNE AND ACNE SCARRI NG REDUCTI ON COVBI NED CONTI NUOUS WAVE/ PULSED
TREATMENTW® oBrnes24f ermmal es showi ng active acne and acne scaam/vsy2i2én2t he
facial area are tested for inprovenent in scar prom nence, skin texture,
and scar visibility before and after _recejving treatnent in accordance
with the non-abl ative nethod of the plTégl?rﬁ i nvention wused in conjunction
wi th a tgprcgl—conposi tiom contar iy ' Tve In I L arophyll in
a carrier szg%f@ﬁ'éﬁ%rgﬁe%e%ﬁospon %‘gqﬁ%‘%ﬁg&a d ane?sesﬁq%e%%e%gro ns or |10

| ess. Medsur enyids Fddseicitpken from by utgilizing subjectivegsval uations
conducted by trained nedical personnel The tobical treatnent includes
appl yi ng |t he car ®camding conposi fi on céntai ni ng| about 5% dfrotenocids in a
| i posone tearrer—{atternattvely,—mergsponges—tanbe u;eg} traving—an

aver age di ameYdivedsens Lgsiomsns) "t the skin of the facial area and al | owi ng
it to pe rate the stratum corneum tor approxi mately 15-20 15 m nutes
prior to beginning treatnment. The first step in the treatnent process is to
expose the facial area to a conti nBEXAM®YI¥F 4roma filtered netal halide

| anp having a dom nant __em ssive wavel ength, i e 1.Ssi.on peak, at
about 415nm +/- 5nm IAWE&%C&%WUQE{%N“gplm%ﬂﬁﬁtpproxi mately 10
m nutes. The patient's facial area is then exposed to a pulsed LED
treatmént includes subjecting the target chronophore fibroblasts 20 and
subcel | ul ar conponeni sednhef gafdet expdrDodaderh vicwang before gndladter pliadosofof 250

meec and a pulse spacing of 250 nmsec for 90 uI_seﬁ, Sjrg tr ,gt%ts over 12
weeks to tieéicatssnbiactediadhe pppablative hiyTal Ta¥ Intrasibplicht Fsra@? AR EIRY

descri bed an - . |4 ] “iﬁ%]:jr I: éﬁ% avi ng an em ssion
peak at a@oﬁ%ng@ggl?nﬂd%nrgﬁg%t} %gf%‘é’lou CS:rr\{s\ |C<tat f{gllsﬁéee%cglgs |g%t in the range of

about 585nmto about 595nm at an intensity ranging from1.05 - 2.05 25
Watts. Further, the treatnment maintains a_skin terype,r_atulce ow t he
thresH® d of t¥iarfemples wetn tpstedf rednshagef ponssevrangRtity: n 1&‘2@ Siggjment
visibility. i h I | , C | SEM 0 nB%ERMI ON,

t hi s dual _1£8131§1§ses%[\6?eé:{é %%-1%3) aﬁ%‘%hso E‘hetrcr)rana\ %@%qgﬂgﬁa% gPﬁlﬁg?"?‘gg Fi ght source to
treat the agilky/§as@aefantinisbefdrBesodbe0 palseediight toratmelis ovendb evecketo

visibility of acne scars. _ . ) . .
the entire face with 590 nm multichromatic LED at an intensity ranging from 1.0 - 2.0

pWatts. Having a bandwidth of +/- 5-15nm, the LED therefore produces light in the
15  wavelength range of from 575nm to 605nm. Further, the treatment maintains a skin
temperature below the threshold of thermal injury. The average reduction in visible acne

scarring is shown in Table 4.

Table 4
Week/Value Averaged Value of Reduction
0 weeks 0%
4 weeks 42 %
8 weeks 51 %
12 weeks 48 %
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36 WD 03/017824 PCT/ US02/ 26627 Table 3 Percent |nprovenent Pre treatnents
Post treatnments (% Skin Elasticity O 85 Scarring 0O 46 Active Acne

Lesi ons OW0B03/0EXAMPLE 4 ACNE SCAR REDUCTI ON -- PULSED TREATNHAND2/2862A t eam
of blinded expert graders view ng before and after photos of patients

subjected to the non-ablative LILT ("Low Intensity Light Therapy") of the
present invention score the gl obal t of visible acne scarring. 10

Six fenal es were tested ' of ISl ity. The LED
treatment includes suﬁé@ﬁi%@ﬂmfwf“egﬁﬁﬁsﬂﬁb?}ry D Iiyght havi ng a

pul se width of 250 msec and a pul se spacing of 250 nmsec for a period of 90
pul ses. Eight treatments over 16 weeks to the entire face with 590 nm
nul ti chromati ¢ AEBtlad fantreatingrashe Yy r aergbingtien erphotghernpl gnd WAt ts. Having a

bandwi dt h of +/- 5-15nm  the.LED.ther.efore produc | i.ght _in

wavel ergt W?Péﬂﬁa%dugaﬁowg?ﬁ%%@ig ﬁsn“i‘Stht%f?gH‘f‘ﬁ tﬁlﬁﬁ?ﬁsﬁ%cre,o(?\t%ﬁ%e - %eeélta’rrrée%\‘fngrﬁ%%n% ains a
skin temghahiti# rLRbeY ffe tAERENheRE of BRIABAIL drbd. UnYhis thandeadage
reduction in visible acne scarring is shown in Table 4. Table 4 Wek/ Val ue
Aver aged \GirereogforRedetargatied. A natizknadwelly orsakisg porphyrigingear endans, 12 weeks
48% 37 WD 03/017824 PCTgU802/26627 EXAMPLE 5 ACNE REDUCTI ON -- CONTI NUOUS
LI GHT A neCRIWYF 6784 ng acne by a conbi nation of photothermal and 5

PQ?LF{T}DS;' ?;O;W&ﬁ%@ﬁ% phfortAdishe 4 BFGEy SiicRtRSANRR0RS IRANE bact eria,

10 example, the topical chromophor is an aqueous solution of Na Cu Chlorophyilin and
carotenoids is applied to the skin. The skin is first cleansed with a low residue cleansing
solution, then a pH adjusting astringent lotion is applied by a 5-10 minute application of
an enzyme mask for remiving skin debris and a portion of the stratum corneum. The
topical chromophore is applied and delivery of the chromophore is enhanced with a 3

15  megahertz ultrasound emitter using a duty cycle of 25% and 1.5 watts ouput using a
massage-like motion to cover the entire face for 5 minutes and the shoulders for 5
minutes. Any excess lotion is then removed. The cleansing solution used for this
example should include at least 40% of either an acetone, ethyl acetate, or ethyl/isopropyl
alcohol solvent, from about 1% to about 4% salicylic acid as a penetrant enhancer, and

20  about 5% glycerin, included as a moisterizer.

A filtered fluorescent light source having a dominant emission at 420nm is set to
emit continuously for 20 minutes at an intensity of 10 J oules/cm®. The entire face and
upper back of the patient is treated with minimal overlap during each of 6 treatment
sessions, each spaced two week apart. Approximately an 85% reduction in acne is

25  observed.
EXAMPLE 6
HOME-USE DEVICE AND TREATMENT

The treament method of Example 5 is carried out. The patient continues the
30 treatment at home using a home-use device comprising a hand-held LED device, a lotion
containing an aqueous solution of about 2%, by weight, chlorophyll and about 2%, by

weight, of a carotenoid, and a wavelength selective sunscreen.
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substantial reduction in the existence of acne on the facial area. In this
exanpl e, dual chronophores are targetted. A native, naturally occuring
por phyri nwiow3aame4 and an exogenous chronophor. Pretreat madr/v®pent or med
using a topically applied chronophore. In this 10 exanple, the topical

chronmophor is an aqueous sol ution of Na Cu Chlar ph?}/ﬁl.l in and carotenoids
is applied to tHe rekpw aprhes siiloropRyl-rodpnmedaps FOWIPR (X MeFF esi due ®

cl eansing prml,%gu} f0ucd REQoR s%mgiogl%& bALIASIE IR bul Bt hoRslaFilApRhE d by a

5-10 m nut'e ap ron of an effizynme nas or remving skin debris and a
portion ofméfthgs tRugtheinieaiatentapplitea sunsgreaatypichl efithpdedme winsn dligrt edepind
delivery of the chronophore is enhanced with a 3 15 negahertz tﬂltraso nd

enitter ushudtis famaulateqtq perart thepssaaes of radighen RavingAra Rt B NFEECEGE- | i ke
' @on BBl RoART by sheHidetnd &5 O

notion.to cove thee%}ir C
m nut eé. f‘ri)ﬁme{p(%lrsnstolag ?to%O%%a?hen renoved. eansi ng sol utTon used for

this ex a%ﬁﬁerﬁiﬂ@ﬂiedréaﬂﬁéﬂﬂ?ﬁbc@is. IBrRhroA@i df previtib protationcethenkin aningt
acetate, or ethyl/isopropyl alcohol solvent, fromabout 1% to about 4%
sal i cyl i c desiage &omaulirevietst sadiationirasrivad, from qunlht. abigally, sbe patiprtsen thej nel uded

as a noisterizer. filte fluor e i i : 1 nant
em ssi on a‘%anﬂ%mlﬁé dggf;eﬁ"?dm@?ﬁ Qerg%}?it ?b\%}dj&%{%v?églréhgg r%‘l(ﬁ%ﬂllj esa%ggoa[;n
intensity Qfmidbhtdeidsesd &BoutGaadn@nt/L 5:@nfaaseemng outpReT appokimdicly2@ pat i ent
is treated with m ninmal overlap during each of 6 treatnent sessions, each

spaced 0t wonigeskatispaptcontipus xiaiiat Bagh EaatBeysesineov el artyercne lgsions dor

Bxanpl 6 5 T4 (5P 8 U AR SAPTIRE. coRETALER s ebd PRRPLaf R hone

using a hoBni$Ss Sehed. AIRIdnS] Mtpravdhaditl ihadnd stdrPediRYbSs €an Be hdbidved

cont ai ni ng an aqueous sol ution of about 2% by weight, chlorophyll and
about 2% tsynganedQgirh madficlwomatiol ERuit dn intebity revgies oyt s@0a6W ptfscas
sunscreen. . 38 WD .03/.017824 PCT/ US02/ 26627 The patient applies a

chl or ophy! 4es AP RPAGEXBMISal sol ution to the areas previously treated for
acne sgarring once per day, preferalpy,fpy 9t necessarily in the norning.
Further, the patient applies a sunsCreen typical of those known in the art
except that it is formMEXED LEDPANEL TREBAFTMENFARBRAY I ati on having a
wavel ength in the range of 5 about 400nmto about 420nm and 600nm to about
660nmto all ow natural sunlight to

An LED array includes both blue LEDs having a dominant emission at 415 nm to

treat active acne and yellow LEDs having a dominant emission at 590 nm to treat acne

20  scarring. The skin is pretreated in the same manner as described in Example 5. The LED
array is then positioned to cover the entire facial area of the patient with a 20 minute
continuous wave of blue light (415 nm) and an exposure of yellow (590 nm) light pulsed
on for 250 millseconds and off for 250 milliseconds. Approximately 100 pulses are
delivered.

25 EXAMPLE 8

SEBACEOUS GLAND SIZE REDUCTION

Female skin exhibiting active acne rosacea and numerous sebaceoushyperplasia
lesions is treated with a metal halide light source having a dominant emission centered at
30 415nm +/- Snm and an energy output of 100mW/cm? for approximately 10 minutes after
having been treated with a topically applied composition containing chlorophyll and
carotenoids as the active ingredients. A mixture of 2.0% chlorophyll a and b, 6.0%
carotenoids (carotenses and xanthophylls) and 1.5% phycobilin is used. All percentages
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further aid the treatnent process. The carotenoids provide protection to
the skin against danage fromultraviolet radiation received fromsunlight.
Final ly, waoeospatdzent uses the hand-held LED device 1-2 tireagupencéday. The
LED device enmts radiation having a dom nant em ssion at about 644nm +/-

5nm at an energy. out¥ut of approxi mately 8 10 nlcromait$ in. a_continuous
wave. Eaclre Py¥eisdht @@§§F@ﬁ“@EV%$§m§E¥$@' aldwe-Vesk 8IEvdor Visidne | esi ons
for appr O‘héﬂ%&ﬁ&}'sl%w@a %1%101’1'6}1 Féﬁa&&)%r \%[a%qlé%'o?rﬁd"/n 6b'be visibilit y of acne
scarring is served onal 1nprovenent in acne scar reduction can be
achi eved usi ngeheGf6sently distlosahemivmlimentk &f2 tatbe@abndiddrediai dlyrespaegiasg from 1. 0
- 2.0 Watts as described .in prior ex l es. 15 EXAMPLE 7 M XED LED, PANEL
TREATVENT iAmsmiivaand pos rastriahive, e sea@%oﬁgg% HvBRtRh hatpgingicated Py dhe enneadsst

em ssi @n e cdom nant
em ssi §n a lalééor i Eho‘mtt{riéeaéil égé)%?r%&eggn@?&f ?@gl Xhellak‘ggwﬁflnggﬁg&gwé ated in the
same nman nQﬁea’iﬁ?ngjﬁﬁiQénélﬂﬁf dqlivaleRBPO£LhS clalihe aﬂeEﬁbreﬁ»fe’ myenidsd t‘dﬁ&nerﬁmtddl oned to
cover the entire facial area of the patient with a 20 m nute continuous
wave of bltherein ght (415 nm) and an exposure of yellow (590 nm |ight pul sed
on for 250 mllseconds and off for 250 mlliseconds. Approximately 100

pul ses are delivered. 25 EXAMPLE 8 SEBACEQUS GLAND S| ZE REDUCTI ON Fenal e
skin exhibiting active acne rosacea and numerous sebaceoushyperpl asi a

|l esions is treated with a netal halide Iight source having a dom nant

em ssion centered at 30 415nm +/- 5nm and an energy output of 100mWV cn®
for approximately 10 m nutes after having been treated with a topically
appl i ed conposition containing chlorophyll and carotenoids as the active
ingredients. A mxture of 2.0%chlorophyll a and b, 6.0% carotenoids
(carotenses and xant hophylls) and 1.5% phycobilin is used. Al percentages
39 WO 03/017824 PCT/ US02/ 26627 are by weight. Three treatnents are

adm ni stered at two-week intervals. Visual inspection shows a reduction in
sebaceous gl and size of 40% 60% The presently disclosed enbodi nents are to
be considered in all respects as illustrative and not restrictive, the

scope of the invention being indicated by the appended 5 clains, rather
than the foregoing description, and all changes which conme within the
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meani ng and range of equival ency of the clains are therefore intended to be
enbraced therein. 40 WO 03/017824 PCT/ US02/ 26627 CLAIMS | claim 1. A
process fwo @roez2 ng skin di sorders, conprising: 5 applyi IETAUS02/26627

phot onodul ati on enhanci ng agent to the skin proxinate to or directly to a
target living tissue; and exposing sai d phot onodul ati ng enhanci ng agent to
a source of electromagnetic radiation &dwhBMSat | east one doni nant

en ssive wavelgﬂgth. bet ween about 300 nm and about 1400 nm wherein said
phot onodul ati on ﬁﬂﬁncing agent havi ng an absorption characteristic 10 at
sai d dom nant em ssive wavel ength sel ected to cause the inhibition of,
reduction in size of, or the destruction of said target tissue. 2. The
met hod of clai m.1 whérmepeess &irdreptamgyekin tliseslges, tempmdiegt ed from the group

consi sting of sebaceous .0il gl and ebaceo duct ebocytes, s ortin
tissue Yhereof, 15 SRIVBBABTAGHCGHEDPRENEBFDLIEH T (eAHUFOSPAT Hth 2
wher ein Sa&i?ecﬁ?%&ﬁ Piré&ﬁiv@;ﬁ?ﬁﬁﬁ&;%hﬁ%&b&i@ sa Iﬁ)tmﬂ@&lﬂé’cﬂ&d&ﬂﬁﬁdi?oag‘eﬂh%' ng

agent is an abSorption naxina at a wavelength equal to said m nant

em ssi ve weouedearfgidetromagedtit radiaticrehaingdtdedst omadmeing enaskivg wavelerth 4. The
met hod of claim3 wh ins ig source of electromagnetic radiation is

sel ected fPSHFEHEPOY g@fﬁn@cﬁ’? i ?‘?tr}éogf’n’an ultrasound radiation enmtter, a
light em tting wHkeeai Pl ASRbdhRHConhan Gy EadeABBlvin stogﬁﬂoh@ﬁaﬂa@teﬂaic a
flashl anp, a nechanically filtered | uorescent |ight source, a

mechani(al atysafdi dofenad emmssavidesetmigthoreldeidddmeaiseise inhipitiorsafiiredection2h stre
conbi nati on 'gl@lereof . Trfle .met hod. of claim4 wherein said source of

el ect r omagMePt ©edsdiuetiop 9t padd taaeqtitisthe: emi tti ng di ode having a doni nant

em ssive wavel ength of fromabout 390 nmto about 1060 nm 30 6. The

met hod of claim5 wherein said dom nant em ssive wavel ength is selected
fromthe group Zonsi$he mgthofl of0DIM] wiRDeinrRid43@nnssdelBaiected rom thésboum 41

consisting of sebaceous oil glands, sebaceous ducts, sebocytes, supporting tissue thereof,

15  and combinations thereof.

3. The method of claim 2 wherein said absorption characteristic of said
photomodulation enhancing agent is an absorption maxima at a wavelength equal to said
dominant emissive wavelength of said source of electromagnetic radiation.

20

4. The method of claim 3 wherein said source of electromagnetic radiation is
selected from the group consisting of an ultrasound radiation emitter, a light emitting
diode, a laser diode, a dye laser, metal halide lamps, a flashlamp, a mechanically filtered
fluorescent light source, a mechanically filtered incandescent or filamentous light source,

25  or combinations thereof

5. The method of claim 4 wherein said source of electromagnetic radiation is
a light emitting diode having a dominant emissive wavelength of from about 390 nm to
about 1060 nm.
30
6. The method of claim 5 wherein said dominant emissive wavelength is

selected from the group consisting of 400nm, 420 nm, 430nm, 445nm, 635nm, 655nm,

41

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 03/017824 PCT/ US02/ 26627 660nm 670nm

780m, 785nm 810nm 830nm 840nm 860nm 904nm 915nm 980nm  1015nm and
1060nm 7wolis@imeehod of claim 1 wherein said said phot onmaul/edoenes27
enhancing agent 5 is exposed to a plurality of pulses from said source of
el ectromagnetic radiation for a therapeutically effectlve Eulse Iength and

pul se dura@ﬁ()@m 680Th A Omit, H 2o 8 10na, &9 nrpiehOai, 86

enhanci ng IS d @@rther exposed to a continous vvave of | i ght at a
mavelength Pﬁb% L55%M300 nmto 10 about 1400 nm 9. The nethod of
claim5 wherein said photonodul ati on enhanci ng agent is exposed to a
plurality of pul ses of electromagnetic radiation having a wavel ength of
from about 4007.ri m Tle mbtet ofidipim ivehetein sad seid photesmagalpsing enhanging agenti ng a
erei.n sai.d continous

I th of 15 f t
have hae. SRR ohe BRI of Bulse B itd 1M of ot SRR ces has
a durati onggfy Féﬁﬁﬁlﬂf battRR Pulse lerzBfMAbulselddratidhe met hod of claim5 wherein
said source of electromagnetic radiation is operated at an energy |evel of

fromabout 0.1 gWcnR to about 5.0 WcnR2. 20 11. The rret hod of claiml
wherei n said phgtono ulat conpr.i rticles f a size
enabl i ng penet I’gtl on @gﬁgﬁg g‘%%relgﬁ%% é’ha‘if?g{)odu %ﬁl@nﬁ‘é’ﬁﬁé g9F claim
11 wherei nfuﬁﬁbxde;@agéd tBla%nﬂﬁMﬁ \RlrcRY BEROR 2 RRRKSH HafweABbbeSHOHRR about 5
m 13. The neth of claim1l wherein said photonddul ati on enhanci ng agent
conprides @oobifi¥sirhi on have an active agent selected fromthe group

consisting of at Ileast one of Vitamin C, Vitamin E, Vitamin A Vitamn K,
Vitamn F, Retin A 30 (Tretinoin), Adapal ene, Retinol, Hydroquinone, Kojic

acid, a growth §actofye ﬁ%moa%@efalm%he?ah'sgu%bﬁmﬁmaaeh'eﬁwﬁgﬁl agBit is
ant|V|raI a bl eaching agent, an al pha hydroxy acid, a beta ydroxy aci d,

salicylic aq:xosbd taratplmmhtjmﬁpuﬂses aﬂelecztrqmmgndt;c mdmeaméedngemavabngtb of drogal t

t d t 1 dant 1 th
o e ot i 01 oAbk Vb T DAre B B M e e Ay YRS 01 7524
PCT/ USQ2/ 26627 bomgo%w LAt 70 PR 0% AL AL IREHE s wiveBl RIGERWE dphpduct, a

hor none, an enzyne,
least about 1 mmute and each of said pulses has a duration of less than about 1 second.

10. The method of claim 5 wherein said source of electromagnetic radiation is
operated at an energy level of from about 0.1 uW/em? to about 5.0 W/em?.
20
11. The method of claim 1 wherein said photomodulation enhancing agent

comprises particles of a size enabling penetration of a sebaceous oil gland duct.

12.  The method of claim 11 wherein said particles have an average diameter of

25  less than about 5 pm.

13. The method of claim 1 wherein said photomodulation enhancing agent
comprises a composition have an active agent selected from the group consisting of at
least one of Vitamin C, Vitamin E, Vitamin A, Vitamin K, Vitamin F, Retin A
30  (Tretinoin), Adapalene, Retinol, Hydroquinone, Kojic acid, a growth factor, echinacea, an
antibiotic, an antifungal, an antiviral, a bleaching agent, an alpha hydroxy acid, a beta
hydroxy acid, salicylic acid, antioxidant triad compound, a seaweed derivative, a salt

water derivative, an antioxidant, a phytoanthocyanin, epigallocatechin-3-ganate, a
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m neral, a genetically engineered substance, a cofactor, a catalyst, an
antiagi ng substance, insulin, trace elenents (including ionic calcium
magnesi unwoetspi7semi neral s, Rogaine, a hair growth stinul admgsosnbrrance, a
hair growth inhibiting substance, a dye, a natural or. 5 synthetic nel anin,
a netal |l oproteinase inhibitor,. prol.ine, hydroxyproline, an anesthetic

subst ance, phybinairespiba hotargend pearducth b diedbpbgaus produgh b doopdas B8 enzyarwienoi ds,

bact eri ochl orophyl |, .. cobi li ns, .carotene, . xant hophyl |, anthocyanin, and
dor 1 vat | B e R emes g B 1 12F RE B BERHSE LI
synt heti c, in@ngh, fhed dE@8nts (HREILERE 10mi0 cdifiuml A oiBIiNadetef, nGh@hR) RSgamenei n
sai d photonodulati on enhancing agent is selected fromthe group consisting
of chl or optayt growttestondatngisibsiancs, e heiwghdvathophibiting subdtgricecd dyens naead whyr i ns,
derivatives thereof, .and mi xtures thereof. 15.15 The thod of claim1l
Furt hors o GRBITEGE R 0ty dR P e B FER s BHICEAMGIE b SsBiicr o

penet r at i ofy,eRAGNEHIBEPRYRSBPHEShRIbRy I BIPGRANY csdtdhoiRhOt ompdul at i on
ectronagneti ¢ radiation. 16. The met hod

enhanci ng agent to said source of eIISH
of cl ai m lirctwhecldbrophgil bhyesieling tamoteneratvphyll,pniveganie and@edwatpes,ses a

procedure selected fromth r onsi,sting of enz .peel., .m croderm

abr asi on, YBFUEANCEES ﬁr%]p@%&g%@gﬁ@ a@?}f%&ﬁf@@%@ﬁ%ﬂ#@l&aaééw%?sat i on,

| aser vapogizgkion, chemical peeling, electrical stimulation, |aser
treatments using high peak power and short pul se durations, ultrasound, or

conbi n&t i ons thereof. 25 17. The nethod of claim 16 wherein said
penetration enhanci nﬁ pr o %gure . conprises mc odergl ahrasion., 18. The

met hod of cl ai M6 wethod Af glajra A& harsin aid RRARICAR 2P ERIF S a8eHpt i ses
i ' LAR; ' et 9. Th
exposi ng S&?éétem m@f@#g}s gcg{;gﬁggaﬁemmpﬁgf,%&&o%s, pasli rﬁ%ﬁyﬁ, he

met hod of claim urce o ectronaghetic radiatron is a
l'i ght em tphyhgidhgerghgvinggleavaors taentofymdehengehthofeoA10nm and a bandw dt h
of +/- at least 5nm 43 SUBSTI TUTE SHEET (RULE 26) WD 03/017824

PCT/ US02/ 26627 20. The nethod of claim 13 wherein said source of

el ectr gnheti c 4 adi @ i I j LELng di VJ }
o o BNt 43 o 4 0ok L b i . 1B, OB
enhancing agent to a penetration enhancing procedure prior to exposing said

photomodulation enhancing agent to said source of electromagnetic radiation.

16. The method of claim 15 wherein said penetration enhancing procedure
20 comprises a procedure selected from the group consisting of enzyme peel, microderm
abrasion, solvent stripping, tape stripping, scrubbing, laser ablation, laser vaporization,
chemical peeling, electrical stimulation, laser treatments using high peak power and short

pulse durations, ultrasound, or combinations thereof.

25 17. The method of claim 16 wherein said penetration enhancing procedure

comprises microderm abrasion.

18. The method of claim 16 wherein said penetration enhancing procedure
comprises exposing said photomodulation enhancing agent to ultrasound.
30
19. The method of claim 1 wherein said source of electromagnetic radiation is
a light emitting diode having a dominant wavelength of 410nm and a bandwidth of +/- at

least Snm.
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5 21. The nethod of claim 13 wherein said source of el ectromagnetic
radiation is a light emtting diode having a dom nant wavel ength of from
about 600wamnostoa7s2lbout 660 nm 10 22. The process of cl ai mci/vgeeneizn sai d
emtter of electromagnetic radiation has a dom nant em ssive peak in
portion of the el ectromagnetic spectrum consisting of visible |ight,
ultraviolet radiation, infrared radiation, or conbinations thereof. 23. The

met hod of cl ai 3 erei ai.d emtter of electro netic radiation 15
has a doni nant % s\é\fhﬁernﬁtg‘ﬁ O%%aﬁ%#%f" ot S%é‘“&f%gf‘%%“ﬁ&é‘}?&%&c f&S{é‘@??um
consi sti ngs QfiighVéfiRh Edibighivingh He@Waat Shvdl@thiRbi PTonnl Md 26 8dwidHAL)-ON, or
conbi nations thereof. 24. A skin treatnent systemconprising: a first |ight
source foratégastinmg |i ght having a wavel ength of from about 300nmto 20

about 1300 nm and a topical chronophore conposition, wherein said topical
chronmophore conposition having at | east one absorption maxi num bet ween 300

nmand 1300 nm@and g ﬂEthbﬁ%? Ellaﬁﬁ'g.% WBlcRin 5iga0dcbonden e lifatieh ur e

according to general fornula (1) 25 [see netal |igand bond structures with
t he Fe andisbtiighephaiiegldioge haviigd a (lbninanhereilength bEfremlabotte@Ofmotn atoet gr oup
consisting of Fe, My, Cu, A, reactive transition netals, netal chelates,
or anti bod?ﬁoc‘Bﬂ'pl exes. 30 25. The systemof claim 24 further conprising a
second |ight source, wherein said first light source emts radiation

havi ng a wavel engt h between about 300 nm and about 600 nm and said second
| i ght 9ource enmi2.s rHgh @boten ofialimg whenein shid rgtitierbdtelweenmagimtio rad@pbmm and
about 1300 nm 44 SUBSTI TUTE SHEET (Rglhgefg% WO 03/017824 PCT[ US02/.26627
26. The sykas@HAoSHNAYEPHssPs ReAk HEpeTtien PHiheiclectromaghgicSBEFRER eMstsEngl el enght

having a dag{b@%{ﬁﬁ&éﬁ&@{"ﬁh&ﬁbﬁgnﬁ%a?ﬁ&ﬁ&ﬁ%&&ﬁ&u&ﬁﬁgqhé}e@@nd 440 nm and

said secon source has a domnant em $sion int range between

about 590 nmand 5 about 660 nm 27. The system of claim 24 wherein said
topi cal conposition is selected from .the grup.consisting of .chlgorophyll,
por phyrin, carot®noi Hac mpiet of FigpnyP I"Yheb%‘}/é%giemlﬁtn%r,"fef?é??@é%ﬁey%adﬂﬁ@lneof ,

or m Xur el?asta%l}rﬁﬂint emissive peak in portion of the electromagnetic spectrum consisting of

visible light, ultraviolet radiation, infrared radiation, or combinations thereof.

24. A skin treatment system comprising:
a first light source for emitting light having a wavelength of from about 300nm to
20  about 1300 nm; and a topical chromophore composition, wherein said topical
chromophore composition having at least one absorption maximum between 300 nm and
1300 nm and is at least one metal-ligand bond having a structure according to general

formula (I)
25 [see metal ligand bond structures with the Fe and Mg replaced by anR] ()

wherein R is selected from the group consisting of Fe, Mg, Cu, Al, reactive

transition metals, metal chelates, or antibody complexes.

30 25.  The system of claim 24 further comprising a second light source, wherein
said first light source emits radiation having a wavelength between about 300 nm and
about 600 nm and said second light source emits radiation having a wavelength between

about 600 nm and about 1300 nm.
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26. The system of claim 25 wherein said first light source emits wavelenght
having a dominant emission in the range between about 390 nm and 440 nm and said
second light source has a dominant emission in the range between about 590 nm and

5 about 660 nm.

27.  The system of claim 24 wherein said topical composition is selected from
the group consisting of chlorophyll, porphyrin, carotenoids, bacteriophyll, phycobilins,
derivatives thereof, or mixtures thereof.

10
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