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-{54) Title: METHOD AND APPARATUS FOR ACNE TREATMENT

3/017824 A2

“~~ (57) Abstract: Disclosed is a system and method for treatment of skin disorders. More particularly, the disclosed invention is
directed toward the treatment of acne and acne scarring by treating sebaceous oil glands and the surrounding tissue with an exogenous
chromophere composition and then exposing the target tissue to visible, infrared, or ultravialet light to inhibit the activity of the
oil gland and eliminate acne bacteria. The treatment method of the present invention may be futher augmented by enhancing the

3 penetration of the topical composition into the oil gland and surounding tissue through the use of pmcedures including enzyme
peeling, microderm abrasion, or ultrasound.




10 conbi nati on of photothermal, photochem cal and photonodul at ory neans by
‘applying a cosneceutical conposition, naturally occuring chronophore, or
other light-activated chronophore to or into the oil dbdiebruand2@érr oundi ng
ti ssue and exposing the conposition to electromagnetic radiation. 15

. ‘Background of the Invention There are several known techni ques for
attenpting to reduce or elimnate the skin disorders associated with the
activity oWOBHBMous oil gl ands. The primary di sordePChgs02zeie with an
associ ated di sorder of acne scarring. A few of these known techni ques are

Zci entifically pr OV@gﬁ% Mﬂw‘%ﬁ’i@tﬁ}ﬂ% Q%Nﬁfltrﬁf&h\fiﬁN;l_‘However their
egree of efficacy f- processes which

may be used for inhibiting the activity of sebaceous oil glands. In one
process the tar be. duct. of. the al and a treat f ocuses on

Phe treat ment - of s it weor o R PR L S e Ney ol sor der s.

| nf' U S. Paioeos, 1Mﬁ1e6Fah‘B&r)717§2%momﬂ¢lﬂeﬁ &19i3mnag/6pfﬁlbatioﬁo{[€.5(?pghdaﬁitﬁlgrpOI’at ed by
ref erence, e t eat sebaceous gl an i sorders using

| asers whi cﬁﬂﬂﬁ%ﬁ/%@gg%ﬁ@@d@%%@[?%é %ol e material, primarily |aser
sensitive dyes, that have been applied to the skin. Anderson teaches a

met hod for treating skin disorders associated with sebaceous follicles by
topical ly applying an energy adhsid afthenventimerj al to a section of skin
afflicted w thyg 560AGREOMDNbRAT fylawaiaegysteaﬁfaﬂ]ﬁaﬁbatf&%%ﬁfeh@f i's

~activated by energy which 30 ene¥rat es outer layers of epiderms. A

suf ficient sghreepys gled chsqéiem@momsmcﬂﬁcalm todhetecatneat of génelusing apvelect i on of

skin ang i g ﬁl&ﬁa‘ﬁ%fﬁ% Fefhd1 SnGBne ARG Y ploforkR Leilifka to become
phot ochemi cgflﬁFy or { ot her %&Pyeact@% vaPe: %%rg{oy tg% ﬁ%]géthe sebaceous
gl and di sorca%neceumal@mpoembmatamﬂx gcoering chlemani@wsr officalaght-elitisgedder i s acne.

Sui table e raa 6 P sources for
use in accgﬁlr% %Dr%\ntgt E%%%e& lf’g"ﬂgm}Sn\é%/&e)n g}lzsg g %Js#ﬂgﬁg%&%%g%z%ased

sour ces andelkawmagctisadibiaas Nd: YAG Al exandrl te, flash Iarrp punped dyes

~and di odes. The energy source can be a continuous wave energy source or

~ pulsed. In the preferred enbodinent, the energy activatable material is a
- laser sensitive chrom)phore B&ckgmunﬂoﬁthehh@ﬂmmore whi ch i s capabl e of

bei ng photoactiyed b Ander s descr.i bes
palrt?cgl arly plri éeralr% %ﬂ‘g% %Pﬂuwgr g‘?’ﬁpq‘]ﬁé‘”@ ?HBWBPE“%‘G E’rrhat hyl ene

bl ue. disorders associated with the activity of scbaceous oil 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 teéches amethod for treating skin disord_ers associated with sebaceous
follicles by topically applying an energy activatable material fo 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 photochemjca_lly or photothermally activated, thereby treating the sebaceous

gland disorder. In one embodiment, the sebaceous gland disorder is acne. Suitable energy
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Ander son's net hod, however, fails to take advantage of the recent

devel opnents in light emtting diode technology that permts the use of
LEDs for 10 dernatol ogi cal use in place of much nore exXpgRBius J@Bers.
Further, due to the high- intensity nature of |asers, severe skin danage or
other injury can occur when the light source is inproperly operated.
Further, the | aser dyes and other topical conpositions described by

Ander son awel¥lpehsi ve and require FDA approval for tHeaUsS2za2ended use,
maki ng the invention expensive and tinme consunmng to inplenent. Further,

b f X [ i | f h h
ecause or F’?‘?ﬁ%%&%ﬂ@cc&rﬁ%@% Ritn Rﬂdegsggs ]?llg‘%nflgll ﬁagdﬁ' f{a?aelhaggbgﬁ%{ JES cest an the

elimnation o e acne erra, sul e resu e achieved in

al | cases. ahdla’sB, GO BMOYAG, Aleklardtite, Sxsh kinppuapadatybseed dindksfipar at us are

disclosed for elim n%ti ng.acne bacteria throu %{herrnal means by
ARt e <

h fo
exposi ng t K& Pacteri 2 VoW BAnd T Ty ne %duglc FERf%e range of 405nm
to 440nm kabédimet, i encrgptiveedble mdidial e d ldsa seitiapgiaadphdre eig)@ opportunity
for current, LED.technol.o o.be a ied to dermatol Qqi treat nent and,
ke Andor CmoR i Slras Brne Bl ed PtiEiens tob MhcSHA e | "o and

di sorders \dkschies b piriiélditly gRfeeas tmiridBndhni, MBer6ig M¥chiIdBBFhoRGSAGEAEN L O receive
FDA approval require for high-intensity light therapies with topical

conposi ti of¥®such as nethylene blue. 25 In each of the known attenpts to

treat sebaceous gl aRgdeloROMmHREE hoPrbC Bk 18ake AIVARRETR He rdcBhteXpensi ve | i ght
sources and topical drug conposition testing is required. Mreover, none
- of these afltElpueniyig sl suatng dinde dshupingy iyt B terayse alddBEifdt ed with acne --

.acne SGRr I ulfhatofoRidaGOUE Blabdlof mlubh MBlethRGvaARRls! Pty b DAY GioE- L reatment for
sebaceous gl and 30 di sorBderos élnd, ir?gpparti gﬁsar, acne t hat ggddr esses and

treats acnatsssigmaiurpiviserhevereskip daraaed or ftear indyrpesnsicgie whpdbelight al | y danger ous
hi gh-i nt engj COs. t i . pcial for such a
t.r eat nent ?%%%éﬁ%h%ﬁ%g@fbﬁ%ﬁ%@e t éer’%gteas% %ﬁaturﬂ%lr Pném%l?gﬁ |Slrtllghsaconposi tions
that fall iestmbet heAstrseyar prrefisicesteiicsingrovd fedeitntedcdusehat ar e

screr 211 ubf EFBGAREL 43350 601 BMFRA EEARIE Bpa T Lgpau 2o og oaf o

resourdé erxpémoin’ focesordissdigiat @stlfathr thivdhedimietion oflthd ao tesenit, at | on “of such

a treatne ntsuita‘tglg gelsrﬂg 'ma? not be achieved in all cases.

' Tn WO 00/02491, to Harth et al., a method and apparatus are disclosed for
eliminating acne bacteria through photothennél means by exposing the bacteria to a _
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 diug composition testing is required.
Moreover, none of these attempté addresses the secondary disorder associated with acne --
acne scarring.

Consequenﬂy? it would be desirable to have a freatment for sebaceous giand

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 naiuraliy occuring

compositioﬁs that fall into the category of cosmetics and cosmeceuticals that are generally
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Summary of the Invention In one aspect of the invention, there is provided .
use of a photonodul ati on enhancing agent in the preparation of a :
conposition for treating skin disorders, wherein said plagtebrmeyr@is ng
enhanci ng agent is capable of being exposed to a source of electromagnetic
radi ati on having at |east one doni nant enissive wavel ength between about
300 nu an¥O&MPIE4 1400nm and wherein sai d phot onodulP&TUsH/2663hanci ng agent
havi-ng an. absorption characteristic .at said donmi nant emnissive wavel ength
- sel ected (QEAMIR find BRbEL IR OtDA LERWAL tRRY) Qindhdifly mOtimeaka t he

~ destruction of a target tissue . In anot her aspect of %he i nvention, there
i's provi desouceskpondifures assaunied wihstheepmueerni) ithplpmegtation ¢fispabta trea@gieat sour ce f or
emtting Light having a wavel ength of from about 300nmto about 1300 nm
and a topical chronophore conposition, wherein said topical. chronophore
conposi tion having at |east one absorption maxi mum between 300 nmand 1300
an and.is atl east one netal-ll anquRppv V|ng a structure according to
generaP formal. m|[see neP |gan3'% Rd structures with the Fe and My

repl aced by a rein i,s._sel i ng of
oP! oo 'S debla OEEE o SpEF LTS R oGl SR | 19
conplexe5q¥hmnﬂm@n@ﬂﬁmﬁuﬂaanmﬁﬁmméxMﬂumgBhoﬂﬁmﬂhe process for treating
skin disorders, and particularly the treatnent of ebaceougloll gl ands
conpri ses apptwmngnamdpmmmmﬁubumavm@ﬁmeﬁﬁﬁﬁéﬂﬁgﬂﬁqg N2 SXRKAL a naturally
-occuring natlv r @%mﬂ@ﬁ@nﬁﬁwgwmﬁhh ﬁtly to a
sebaceous %MP 3%H?§§£%§MPg§olng ggFgﬁggiaceous oi | glandg or both, and
. exposi ng bﬂwdmphntSMbumMahmwgléﬂhahémhg agent to a source of 3 16 February
- 2006 el ectronmagnetic radiation conprising at |east one dom nant emni ssive
vavel engt h.  Thgerdd QP pRAstheulH0n eAHALGE Agene By a*mbx@ﬁhaﬂa?rmma%or ption
characteristic at the "~ dom nant em ssive wavel e % aref % selected to
cause t heatsaifideminentremissivevayalength selpaied tejcausehe ‘Bg 055‘?5% PSCor
sebaceouefqhhmgkggg§muﬁ@$§g@tﬁ@@dlng of f the sebaceous oil gland, or both.
Further, source of. el ectronagnetic radiation may be selected fromthe -
uItrasound .radi ation, Ilght entttlng di odes, | asers such as | aser diodes
and dye lasers, netal hali

| fl.ashl Lly fil d
f1 uor escent b@o@g&ﬁ%@f ﬁncgtplie)}saqsr?w?g% sémqe %n{sg‘@t ,lny Iltere

comprising:

a first lig'ht source for emlttmg light havm—g a wavelength of from about 300mn to
about 1300 nm; anda topical chromophorc composition, wherein said topical
| chromophore composition havmg at Iaast one absorption maximum between 300 nm and
1300 nm and is at least one metal-ligand bond having a structure aocordmg to general ,
formula () - '

fsee mctai‘]igand bond struchures with the Fe and Mg replaced by saR} @)

‘wherein R is selected from the group consisting of Fe, Mg, Cu, Al, reactive o
ummnmnnmﬁm:nuﬂﬂdmﬂMﬁaormﬁbmhummphmx

In one embodiment of the invention, the process for tre'atirrg skin disorders,
- and particularly the treatment of sebaceous oil glands comprises applying a
- photomodulation enhancing agent, such as a naturally occuring native chromophore, fo
the skin proximate to or directly toa sebaceous oil gland, tissue feeding said sebaceous oil

gland, or both, and exposing said photomodulating enhancing agent io a source of .




i ncandescent |ight sources, natural or filtered sunlight, or conbinations
thereof In a preferred enbodi nent, the source of ‘the el ectromagnetic
radiation is a light emtting di ode having a domm nant e Bbiruagy 2606| engt h
of from about 300nm to about 1400nm Even nore preferred is when the |ight
em tting diode has a dom nant em ssive wavel ength at one of 400 nm 420 '
nm 430 nm 445 rim 635 rim 655 nm 660 nm 670 nrn, 780 nm 785 nm 810
nm 830 nm 840 nm 860 nm -904 run, 915 nm 980 mm, 1015 nm and 1060 In
anot her preferred enbodi nent, the photonodul ati on enhanci ng agent has a

| ocal el ectromagnetic absorption nmaxi nrum at the doni nant. emni ssive

wavel ength_of the light source used for treatnent. Further., treatnent

cont enpl atErBAgCE “O’bmpﬂﬁlﬂﬁiﬁﬁ%ti%ﬁd‘éﬂﬂ%@?“ﬁﬁyea%ﬁf %H%d'a"ﬁ es exposi ng
the agent ghétoRodlldiioa bribbcir@fagdidbiHaR hhveiabsaiion Satatlefstioht tRd ect romagneti c

radi ation for a therapeutically effective pulse | ength and, pulse duration.
In one entfSBHNFREsissIve Wﬁ‘@lmﬁbéﬁf@@fﬁeleﬁtﬁ%méﬁ‘ﬁa%P@lﬁl@ﬂw&} B ot t er

out put t i NG;z8 RO theddirhdkiby\Giisbiicdos oiPRSHAL, 1186k Melivlg 6P the Sebhodedd M | | i wat t's/ cn®
. for 10 mnutes froma netal halide Tight source, and in alternate

~enbodi ment#ndiorboth6 February 2006 WO 03/ 017824 PCTf US02126627 .

el ect romagnet i fudiide 8fidcioSiinbic8lifion Aty BRI 6% Blo ufashin@m about 0. 1.
‘Wcn2 to about” 5.0 WcnR. The topical agent of the present invention may
i ncl ude pardiatien.dightemittingdiodss,davers ich gs lagse fiedes and bn lasers. anebbdideous oi | gl and
duct. In j | gty J: : echadl! i§Lg of | ess than
- about 5 m&%’r e ggﬁnpé‘;?lg%éd,l&jtlﬁghp ongﬁego%ﬁgﬁlﬁs\éﬁ&%%ﬁanm Jr:{:‘ggggent is a
- conposi ti dwanvgstent lightsbureds, naturdl ecfitered wentight, &icombination; theefalian E, Vitanin A,
Vitam n. m.n F, .Reti Treti ﬂ al , i nol ,
“Hydroqui'n lr}ggfﬂg%)?log] Hée&t’gl,e_s%mgegdr%g\%te[?c 0&%&% ecglgig%(%zlgﬁ “&n aéhti biotic, an
ant i f ungaldiodalmviug tiduininadt emissiod eaelehgil oSfgenshoutdiOnma topdbentiY@lnoxy aci d, a beta

hydroxy acid, salicylic aci .antioxidant.triad.c ound., a seaweed

deri vat ilvgyendn%}’r? e&/ﬁ‘i lé?v%ﬂje'g‘!f FRre! gg}?ggﬂﬁa&%ﬂlgﬁﬁ Sgwf)P@‘f%eé%P hocyani n,

- epi gal | ocatone bf 4003m, ¢l ing 880 neA, 495 b F34 tnfn, €35 nm, 86000rh, 8670 ax@) 780megiuct , a

- her baceoqu ro t, hor pone n enzyne, _a mnperal, a gengtically ,
engi neer ed? s%gltlj(g?fﬂeg%o &mc%{éoé’& B?Oam%t%gﬁ{rﬁ’l )4 Pm’nb@r?néﬁ?]isdlﬂg ﬁ'bde]tsoggst ance,

‘insulin, whmace el enents (including ionic calcium magnesium etc),

m nerals, Rogaine, a hair growth stinulating substance, hair growth

i nhi bi ting 15 [ #0SERRE Fedfﬂ&v@?ea*sﬁaPW%ﬁlodﬂg“W%%&geﬁéPaﬁi n, a

met al | opr @Al ieRaEfhakAbl Bhshipfion RbShiR 8 the Mﬁﬁ&&ﬂg@&eiwwm%m dmest heti c
substance, chl orophyl |, copper chlorophyllin, carotenoids,

bact eri pcﬁ&bémymwﬁqd,form%bﬁ Fsgher, teaiment eprtemplaipd wEBIBA |, ant hocyanin, and
derivativ tﬁb@ﬂaﬁ%ﬂﬂ&nﬁg&%ﬂ&%ﬁos@%&ﬁmﬂ AhaRGersydes hehi ¢, and

m xture$ thereof. conposi tion ]
- 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 emiiter
outputting about 2 milliwatts for about 20 minutes or to 100 milliwatts/cm’ for 10
minutes from a metal halide light scurce, and in alternate embodiments, the
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maybe chl orophyl |, carotenoids, derivatives thereof, and mixtures thereof.
20 The method of the present invention maybe further enhanced by subjecting
t he photonodul ati on or photot hermal enhanci ng agent t d6&epmant20@6i on
enhanci ng procedure prior to exposing the enhancing agent to the source of
el ectromagnetic radi ation. Such procedures increase perneability of the
skin or decrease skin barrier function and may be hel pful for optim zing

t he presenWO0¥9g#¢i on. Options for this include, but BOTAISASW6AIi mited 25 to,
stripping, renoving, thinning or dimnishing the structure, function, %
t hi ckness of [ +ity. of . ' i Ol hani cal ,

abr asi ve, -peil%ttr%%{fg%ﬁg dfaga%{fsg%tteﬁ%t@%é%w@gfﬁn@%@gﬁé%ﬁg&@ g’ﬁ’?ﬁgi ve or
enzymati c med Wads. Exanpl es of these could include solvent or tape
stri-pping, scruhbpin | aser..abl ation_aor vapori zati.on hem. cal  peeling,
mcro dermabras?%rlt?}g%arlu%%?ﬂteo%gé’mser%fnwgl op RaplpeRH esn?fcatflsf'ﬁnga hiegh peak
power, 30 shdtiatigudsesbekev@tdiiafnt dser & parfitidar pattislasimaf hdvlhien peegent i nventi on
maybe carrigd out_with | i ght urce | one or, .pr.eferabl. i n conbi nation
Wh one of e pHET R eshnye Moty Bireabetisin SiRiitEace,
preferred SQuém@ofionthsie b orergiedsi dhe bAitAih O VitsniaE) Vighiin £/Witabding di ode
having 4 16 _February 2006 WD 03/ 017824 PCTI USQ2/ 26627 _a, dom nant wavel ength
of 410 i m dhd’ “ﬁmﬁ‘eﬁmﬁﬁ'ﬁrﬂ% hirefinoin), Adppaleae, Ketingh RydregrpgreSogedddr  vari ous

l'i ght - sour c@swih ficlh) eaReR, nhatlisRAERRRhg0 bn LiiQirdl! A5QBking 4p¥@NkI On by

photothermal neans is also desirable for sonme forns of treatnent- The

present i nvahe hskpxnagidpdetadudioxysidareles prit angioxidpnt Ei9d COPROEPGA wi t h
- traditi gpals.AcBeicsitYe GRAB whibARETERIL, Sn Atdxiltdnt, 3 phifbdniibcRaCr i ption of the

Drawings Figure 1 is an illustration of the chém cal structure of nethylene

bl ue. Fi gurepigdiostieshin 3t pallatehephyonntiat.ieteied pofindadebgeepisirfiden. 10 Figure
3ais are oﬁéo%@,tag%ﬁzgﬂg,\?\a;mi%} e,aggaﬂé‘t{céﬂ eglgiﬁ%}eﬁh bs&ﬁéeuﬁhiﬁ&gor% catrygf! Or ophyl |

nol ecul e. Figure ructdre of ¢ -Qrophyl ~157Frgure 4
shows t he genwiaging afvemicedhsulin, tacstelamsnis {indudingrighs salairmyoiegessive, etQi gure 4b

Structure ool P R APE Indne SR iR pfBEE P2 10 PV

15  substance, a dye, 2 natural or synthetic melanin, a metalloproteinase inhibitor, proline,

hydroxyproline, an anesthetic substance, chlbrophyll, copper chlorophyilin, carotenoids,
 bacteriochlorophyll, phycobilins, carotene, xanthophyll, anthocyanin, and derivatives and
“analogs of the above, both natural and s;mtheﬁc, and mixtures thereof. The composition
may be chlorophyll, carotenoids, derivatives thereof, and mixtures thereof.

20 The method of the .present invention 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 stratufn comeum by various mechanical, abrasive, photo acoustical,
_gblative, 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 usiﬂg 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-preférred source of electromagnetic radiation is a light emitting diode having
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Figure 5b illustrates the physical structure of the |igand bond portion of
a protoporphyrin I X nolecule. 25 Figure 6 illustrates a sweat gl and and
the epithelial layers of human skin. Figure 7 is a grapls Febmaarngodsche
absorption spectrumof 0.03% Na Cu chlorophyllin in water. 30 Figure 8
illustrates the relative absorption spectra of various naturally occuring
chronophores.. 5 16 February 2006 WD 03/017824 PCT/ US02126627 Figure 9
shows 't he aggpsidon spectrnn for hunman fibrobl ast oveCTEYEWe2Ai t h t he
wavel engt hs of various, comercially produced LEDs. Figure 10 shows the

absarption spectrumfor h fihrobl.ast, over | d wiih the vel engt hs of
vari ous, co %ﬁ“‘a‘ﬁvﬁgﬁgﬂbﬁi@&l @Eﬁgand%éah %f?/""zoat %#EQ%S%W?H R 0%évi)lect, rum of
chl or ophyl | vafiousfigitstereck lo Slommee thd ez bpiht prescaiieehiisnhyfpbotothannein f i br obl ast.
~overlayed with the wavel engths of various, conmer.ciall oduced LEDs, and
al so the abB&t Fiﬂéﬁd?ﬁ@iﬁ 3?‘1’5‘1’6?%’8‘?%"8?{0 ?/H’rFseﬁt.mvlﬁ%ﬁh%"Zusg ows t he
absor ption gREeEtikdd @ fnQonjineABdwitt tidRiha 8dne RILEdrSyRBhenlstai ilge wavel engt hs of
various, comrercially produced LEDs, and al so the absoprtion spectrum of

i ndocyan?n green. 15 Figure 13 shows the absorption spectrum for human
fibroblast overlayed wi th thegryayshfmuoh BSthODr#dhgsous, comercially
produced LEDs, and al so the absoprtion spectrum of protoporphryin I X 20
Fi gure 14 depi cFigusg liis wyillusirptiop of thp chsaicglsirpeting ef mefhylepe pip-ee- panel array of
LEDs for treatnent in accordance with an enbodi nent of the present
invention. Figure 15 is a perspective view of hand-held LED devices for
treatment in afzoredahew the dbmich sirphesdmdotyaniagiseon. 25 A detai | ed

descri ptlé]on of a preferred enbodi nent of the present invention will be
made with reference to the acconpanyi ng draw ngs. :

' Figure 3a is a representation of the general chemical structure of a chiorophyll

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 .

7 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 Ca
chlorophﬂ] in in water.
30

Figure 8 illustrates the relative absorption spectra of various naturally occuring

chromophores..




Det ai |l ed Description of the Preferred. Enbodi nents The follow ng detail ed
description is of the best presently contenpl ated node of 30 carrying out
the invention. This description is not to be taken in a6 Febfubdyd®osense, but
is made nerely for the purpose of illustrating the general principles of
the invention. The scope of the invention is best defined by the appended
clains. 6 16 February 2006 WO 03/017824 PCTI US02/ 26627 In a preferred
enbodi ment wotop/ei7ggs esent i nvention is directed to a prRSF@S®/26@T
- dermatologic treatnent. Such a treatnment may include the photonodul ati on of
sebaceous oil gl ands, and the surroundi tissue or produci tenporary or
" per manent reduc?@ﬁﬁggkwwg¥¥$§ﬁﬁvn8¥Hﬂg§O?H%aP%ﬁmB “§§%§e§§ﬁ§g§i| gl ands or
supporti ng wivslsnuhs@f vdrioss, ceaiey@dily pioduded RBDRN or manmal i an skin, of sone or .
‘all of the hairs growi ng approxinmate to oil glands. 1In a preferred _
enbodi nent the process produces little or no permanent injury or danage to
- nearby skin tissigere 106 @idbbsaiptiyn HBduymt fhchutioh fgblatiowlshed whete at el y
-surrounding tissue are affected. In a Erocgéf acggidin t o one enbodi nent
of the ptes¥ielengiyohyarigrs. coupmegllyprodased LEBs, gud o e bsr ARSI capabl e of
penetrati NGrbh6ropiyii a9l @and and surrounding tissue. The agent may be
characterized as an active agent in that it perforns a function in addition
to sinply occupying or contaninating the space in the ducts surroundi ng the
gl and.. Al t er nagigehy sholyl the 36KBRL A BYctRE hiuflh fGoRASSIeBed Wb on fil1ing
the void space 1fi the ducts surrounding the glands, depending on the
nat ure of t%ﬁlﬁmﬂapﬁwu&dwim@ﬁﬂyvmu@@ZEDS,2@1 Fapherphseprusy fferteient opti cal
_absorpti@n(ghﬂ@nﬁgﬁ%length (or a conbination.of wavel engths) -of a coherent
or non-coheren I'ght source which can penetrate the skin adequately to be
absorbed by the target agent or the new agent-tissue conplex. The area of
skin overlying ere.t.he oil, gl and i After the
skinis cIeanseggm?ﬁésoﬁggfﬁ?hmﬁgvgg%?#ggﬁ%gg%gﬁgﬂgfgﬁgsggﬁﬁggﬁiIity. Thi s
may be 20 acwdmglisshedipus amnexdailypodudey LEPg atd sl thepbscpkiomsparitum st eam or a
hot noi st Hﬁwﬁl ta hydrate the skin and hair or renoving a portion of the
st rat um corNBURPEHP 8GFh vari ous means known in the art, exenplary of which
is mcrogermabrasi on. The agent may be applied in sufficient quantity and

in suitable formto i ncor por.ated i nto the rget -tissue.ipn adequate or
opti mal armunt_sg] eé? %Wﬁ‘ﬁéb WB%S@FFBW forégmﬁlf h@ﬂ@”&i‘é"ﬂlw&gwﬁ@gue effect.
Excess agenpaviiagiher vaomy &thmonedlly hakihe UEDS, aaiCdldovied Bshpride getiam zed, diluted
o of protoporphryin IX. . : S

20 Figure 14 depicts a front view, in perspective, of a three-panel array of LEDs for
{reatment 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  camying out the invention. This description is not to be taken in 2 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.




otherwi se altered so that residual contam nation of the skin by such excess
agent is either (a) absent and does not interact with the |ight or energy
source, or (b) present in such small quantity that it pse¥bsas 206c!inical
effect. 30 Delivery of the desired agent into the target tissues may be
enhanced, facilitated or nmade possible by the use of enzynes capabl e of
altering the structure, perneability, or other physical characteristics of
t he strat uwodddrieem or by the use of ultrasound or pHIABEeREsi s eit her
for penetration into the gland or surrounding target ti ssues or, once 7 16
February 2006 3/.01 4 PCT] US02| 26627 ..penet cause the rel ease
of the agent fygﬁtpfeﬁ eé%%%%‘t“@#@&’“&%t?t“\‘}%ﬂf“ niéggl ?eéﬁ%zﬁ s fglluI i posones,

pol yners, rd[iaxﬁfamfc@,twfemntemch aS@atagnitndny Gretligle thp pledmaitiation cni gebatebc hment  of
this active UItras und maybe used -t herapeutica .0 i.nteract
directly V\n"flﬁgg‘ﬁ’ %ﬁ’ﬁﬁ‘tm&}? g e gy Riuce qé‘t?@”@’o‘ﬁﬁfﬁg’ﬁmtutm%‘tp @e the desired

damaged t argeity b c&%ﬁor(df@ebb&o&b&ﬂ@gl@ﬁﬁ&@u@oﬁhg tlﬁummlrﬂﬂdvhloiﬂ with |aser or
non- Iaser lLight sources)..Mcroderm abrasi on nay al rgjrngr to permt
a

great er SpeRERRLATTSHISHAY Sip. fispme onglof ke Haltsr%o“ﬁtﬁ@@?m@ﬁtat%?l yers are

renoved. T@?§?refeﬁé’(ﬁ€n§ao@iﬁ1@ﬁttﬁe fRocB@prfd@les RAIE b R pehﬁhn&rﬁﬁxgﬂ?ﬁﬂﬁﬁbge' ity.of the
skin and. b heir renoval, penetration of the skin tgpi cal agents is.

facilitatede ﬂﬁFfWélﬂﬁﬁtSh%csuhﬁWeﬂyWr@?@rgl@ﬁﬁ%ﬂﬂwdﬁﬁ?]y@%‘i‘%d‘ﬂﬂ #$$%sound, al one
or in conbip ‘? Wy Wth alteration of the 10 stratum corneum to furt her

i nmprove the performance of topical conpositions. A nore detailed

descri ption of Ige\z'e:rceﬂsafaqu%ﬁ(somfe@mnﬂ%eﬂbffpfwetitrl@@@tmﬁdaﬂrt‘&?ﬁﬁ@/ found, for
~exanpl \%ﬁ%& AskQr eUI trasound
Enhancglr?enltbgsqfl&%gg?gh sc%tgldez)f%n ugggqgg% 1P%dnamﬁ Qﬂéﬂg e ere y incorporated
by refer enragentmayltes:haram:anzet@%anﬂdtwwghnthafefmﬁomae?wme@nlrreﬁhtsmdﬁ t he present
i nvention ma 15 u ound t energy,-the
present in ]e‘ﬁ”foocﬁup VS RO 'mtmg ?%acteﬁnea{ﬁggecsg ?E‘egﬁlegiﬁ%?gy sources. O her
sour ces of Adtemntipely, ﬂlmﬁgenldilay@el(fmntﬂmt;snterfmcumﬁumg)themomd gpwavethe ener gy and

radi o freq enc al.s I Ll f,_kn t sources
are fluore P:%?t P‘l“ﬁﬁ‘%h né?ﬁ%g ﬂ?pg?fﬁ%g %i%i%%e"?é) %eq‘iesm‘gﬂgwa%ﬁge skilled in
t Ihe ar t1sw Intay hﬁt&@ﬁﬂ&bﬂ@pﬁdﬁb&bscﬁ;ﬁ}bﬂof ghtvemgm @eacamadﬁtm dfwaemngﬂ'rs)ng

.el ectromagn

g radi atio 20 ne allﬁ/ usﬁfa{# waye g %kt{ as descri bed
herein, di PEREqRGentFagRLo %{’ﬁ FOL’B‘fS’tVT [ca FePEEedps S5 2PN thi°n t he scope
of surtabl @bdoﬂ:@@ﬁytﬁ@i&fg@ﬁe‘geﬂﬁﬁﬂéﬂévﬂ@eﬁt&tsiuheod@m&ﬁent invention. For purposes
of the phot onodul ator%( and IEhot ot her ma) gég eg rrﬁt tlods descri bed, any
source capabl e BF Xlwheﬁéb??tbg%‘ wedmgY ke #r5tafttt 300nm to

_ about 1400%51{111 is cleansed, the the skin may be treated to improve permeability. This may be

20  accomplished, for example, by {reating the skin with steam or a hot moist towel to hydrate
the skin and hair ot removing a portion of the stratum comeum 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 t:re 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 111 such
small quantity that it provides no clinical effect.
~ 30 Delivery of the desired agent into the target tissues may be en]ianced, 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

7




or producing el ectromagnetic radiation which is filtered or otherw se
~altered to exposure 25 the skin, a topical conposition, or other conponent
of the present treatnent regine to a wavel ength of |i gbFebiatyB®06
af orenenti oned range is nedically useful. The targeted skin may be exposed
to one or nore wavel engths of LED, |aser or non-laser |ight such as
~filtered fil anentous sources or fluorescent sources or single or nmnultiple
frequenci ewo@$/01G82¢ r asound. A variety of paranmeters neRCIg@sapsed (i ncl udi ng
pul se 30 duration, energy, single or nultiple pulses, the interval between

pul ses, 1 NGalBh 8], (MR B rcifle g%esagaﬂ 68 Gholent Beflild dlfiferiidlibd Gpat cumulati ve

energy to PRteract Wt agent -or tissue - conp I's results in the
i nhi bi ti on lipssomtesspalyodrs, onicresphdrdsests ebamde cuse whdtratdnamditashmenhef thisuppor ti ng

~skin tissue_ throu hot onodul at a : e OF . 16 o
February 266%eﬁ¥?%§F%T?§g%a S%@%%ﬁﬁﬁéﬁ?%od%%%ggggﬂgk%ﬁ%%%%fF U t r asound

may al SO beheugaeitidste giplee &d prodiee haigiréd dunaged targed Sssoes (folve useénlpna e ski n.

Further for treat.nent over a brqad area of man ski.n,.the l.ight source may

be diffds eaflflﬁ?’g‘e}{j?‘u’méwﬂ%ﬁf% & %@W%@b”ﬂ%?%&ﬁ%ﬁ%? Sprpio By aliche

al ternati veked o poifiit ble@ipench@itnGE thdElin, StheR iR ipp&rdpidtfelisitayas ray of i ndi vi dual

emtters such as the three-panel array 5 of L illustrated in Figure 14.
For 1 ocal i #8tVed JRESTEAYELS CISp| P PV @ﬂl?rpef“i‘f’g‘? Yetde gk“f_@ﬁgb,y tf%‘iﬁrch as in the

hand hel d dg\vasndRRbLSRE skid bTtdptthBigdits iTBYNRS Ehls mSihbERaHeD sources are
considered "insignificant risk devices", no nedical_ supervision is required

“and  t hese frdoig CﬁﬁyﬁﬁégﬁgéﬁmﬁyﬂﬁﬁéwB%?mgﬁﬁkpd@?éF@ﬁﬁﬂﬁf*?eatnent or as
Part ofyoan QGRL kSRR B Bk BENARLEE of 666) WniGsEAANTRAL DY a

physi ci an. ) opi cal agent may be incorporated.into the target tissue
by a vari etstailsfl despimtion nf ssvasal aspeets ef thastsh afilzasennd mey beiounds for exgrglenot | nit ed

to: 1) physj . f Al i i e adgetofti ssue cells while
| eavi ng th§h§§%W$%§f§%$$%%%E$§fuggggﬁﬁféﬁ+€&%ﬁg%%%bted:)pr 2) undergoing a
cheni cal r @ecttimsousgsgAbsorpton rwhichnsivrely swerporaied brefersnerit dsenigfstye h t hen
beconmes a targeg,,f Q0. . J be a single or
mul ti-step procegg%gﬁﬁgﬁgg%Pﬁeﬁﬁégh#ﬁgpﬁégﬁ%Pgﬁg%?%gﬁ%ﬁgﬁxcataIysts, '
enzyneds omultmzouhd pker kepe ot lzhivduiergl, thapresem atvertion id not Weited|tythbussofre or  create

B Ve BRENL 2 BGOSR S ORI oMb matt P
hair dyes, exggehahlie fdyeacy chaggmepdlartensyd. Esdmlay ofieswn lighsduicssue st ai ns,
Sopper chi rapmeR et JelanPs Wen BBt o SRR BRB R Sy s, P
monoc | onal reafdnize @t £ light source capable of emitting electromagnetic radiation at a
| 20 - medically useful aneIengﬁ, as described herein, directly, or by means of optical

filtration, is within the scope of suitable light sources according io 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 compositioh, or other coraponent 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 sipgle or
| multiple frequencies of ulirasound. A variety of parameters may be used (including pulse
30  duration, energy, single or mulﬁple 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 sebaceoﬁs oil gland or the
suppbrting skin tissue through photomodulatory means, photothermal means, or.
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any. i nmmunol ogi cal 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 acneepashgfyizoscetc. ),
anti biotics, agents which attach to sebocytes in the 25 sebaceous gl and or
duct cells directly, whether by topical or system c agents that |ocalize
in these target tissues, including antibodies or antibody-chronophore
conpounds ¥P0MERE structures. The preceding |ist i sPGTUSKRR26$28t i ve and not
exhaustive of those agents suitable for use in accordance with the present
i nvention. ner al t opi ain

absor ption cﬁlaggt(l: e&lgte?%gﬁ?aﬁ%d% 9‘:9[%%% "fﬁﬁgg‘%ﬁ% Mé{a{ggtnsg-gﬁ\f&eﬁﬁo‘%{r adl ation to
the 30 ti ssméretskingBirtherkof tmauﬁenﬂaemmad atea ef hmmlsiammlhghtamkrcegh@nd

acne-scarred tiss t c, .Mbst f re . CO si,tions that
e o drsReiersi st Ry o BkatiC e PoRl R T R B O™
chl orop hy |1 spmedn;ha@mrmbmbﬂmem of ala@iragpﬂ Iirﬁh}}duﬁll emithRCdizel astﬂﬁ-hhreef-mnéi)ahhy

Febr uar y? 200G Dy 1 SO TSBRP Rt o TRt BONY | s

illustrat eomm dﬁblgdéfiﬁﬁleﬁﬁxdax@ld dées SdpReddfid Eigdrk Y5 maﬂdadséﬂl Bigeres 3 and 4
more generally. Further, ures 5a and 5b show the netal -1jgand bond

physi cal SergesErRoansided "1n§1g1§1 cé%}'lqeﬁenm%de&ahqupwae%ﬁ FAaRiEe ive

chr omophor ecﬁeseaevtcbﬁmwb%%@éatby PR foP-homS tréiithdnt &Sas bitEofG Ghdofngt €t rapyrrol e
ring that chlorophyll” shares with suitable 5 cytochrones. In contrast,

synt hetic @i@@ﬁ@ﬁﬁﬁ%ﬁﬁﬁ%ﬁhﬂ%%@@é@%%@t%ﬂd i gand bond, nor do they

. exhi bi t1d he Saredifl .?% nf] é&&yﬁt&m&a@aﬂaﬁwwmﬁ@cu“ ng

chr onmophor es trat ed y the structure ot nethylene blue, Figure
1, and |ndmmsmgfmmeﬂﬂlgmsen@demw@Eothmste(b*e deibysiedt ed in pure form in

sol uti on, ']ﬂco@%ﬁag%{o‘%ﬂe gclén'a of ﬁls%%eust ile Eﬁﬁﬁtﬁg%%mxﬁ]hlgtrﬁ%ﬂéhe“ ¢ or

natural mcro res rosporiges or o roencapsul ation
vehi cl es, ab@maﬂmmafﬁact@bn@)memmg aThengcal fesdtionfesylting if opeveagofit- t he agents is

illustati veﬂs%ggmgqex%&atﬁst}iego%leFnggségfm% rgk’?%"h’g I% he art-will recognize

that there are a de varie ivery of topical
cofnposi i3 ons su'il‘heqhd)cessﬁmybusanglﬂornadtcﬂemmss anfl trlay infaolge themsenf | on. The

LOSS T 1595080 SBRLL b1 B RV R R AN T
ener gy souroe@tera:ﬂycnvbegediﬁirag(aﬁdhs&&rcoﬁpm s or days af t er application of an
active agent. | icatio Ive erf med or applied at
anot her |ocati é‘ﬁ oS ey pind %8‘?@‘"%‘“??8%‘3 g?“"ﬁg ¢ 031 ergy treatnent.
After an eriefigyvdsaRbinaBE thétécﬁ' 105 QYs REutdble dyay foae ccﬂ@'ﬁig,l’fath-lcelytsp sone
_SI tuati T?Ons tltss‘gle staing, shoe or leather dyes, other plant products (such as ﬂavonols chlorophyll,

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 bacferia, 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, inciuding antibodies or antibody-chromophore compounds of these
structures. The preceding list is illustrative and not exhaustive of those agents suitable for
use in accordance with the present invention. In general, the topical agent cho_sen will
' have certain absorption characterstics that augment the penetration of the radiation to the
30  tissue targetted for treatment, i.¢., sebaceous oil gland, acne-scarred tissue, etc.
| Most preferable are topical compositions that include a quantity of a naturally
occuring chromophore such as chlorophyll, chiorophyllin, polyporphyin,
bacteriochlorophyll, protopolypomhyin, etc. These compositions are characterized by a
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20 . renove, neutralize, decolorize or otherw se inactivate any residual
active agent- In other situations, continued application to replenish
depl et ed chromophore may be desirable. One preferred engadbrmRi2008es the
trausdermal application of chlorophyll to the sebaceous oil gland and
surroundi ng tissue. The chlorophyll is then exposed to a source of

el ectromagnetic radiation such as froma |aser, an LED, a flash-lanp, or

ot her sourv@2B2i| tered to provide a dom nant wavel aengtusozebs2f r om about 400
to about 450nm Oher preferred wavel engths include from about 360nmto

about 440n Gk E &ﬁ%g{ oAbl . %&g& about 420nm
Pul se duraﬁlﬁggﬁnﬁa&? %H%éﬁﬁgistﬁétad% t Sg’ﬁﬁﬁl gl%ﬁ%ﬁ%@)&gﬁd‘gg Si t%/ghtdo all ow t he
target ti ssumeort genblin divrthgrhigtres|Sy and-Hhishiw the meg!-ligadd/omd physisel bacteri a _
content an [ ce or destr I . b Vi ro nodul ati on and
30 phototth%% eﬁ%dﬁ?? wﬁﬁ?§w8§ﬁgﬁ¥?ﬁﬁ?@%%ﬂﬁgéﬁmﬁgym?ﬁﬁﬁ%@%ﬁ i ve purposes,

it has beerinfentibngas veiat the ewtlid iegiptyrrols riag that chlbofoplnill skaes withaoitbiedance W th t he

present jinvention. ner aj | on skilled in the art wll recognize to
Phoose. o | S ERh PR Siphbes ol Rt Jfna i i onm 1 o
about 1400nwnthgsadhitte iahe galBOpHIbitQd BnEpBCs hitialf odclittigehonogpfere or- 10 16
February 2Q06 WO 03/ 017824 PCTI US02/ 26627 ot her . |ight-actiyated topica
conposi ti or® 8‘&%’&?‘38%8’6?@“ H\ng]F?Feb%% ‘gﬂfilﬁﬂd?ﬂ%“g’%ﬁ‘t"’%%gmﬁgos% Na Cu
Chl orophyl I'i n i Radh@ingibe Bslivivad Bipure Foeh, BY sofiRéy indBsperisithl i@ BmPEiels, inS shown to

be at around 400nm This would indicate that for this chronophore, the nost
suitabl e \ROWMEHF Fthefic oprbire AICTOTPAEIES MIFRIPUIESS R BRE MY hal t reat ment woul d

be at  ajpunicreeftGRNMonARRHRCH10RRS BY dinbRARidAe Rlis B GEHhS foRhs &TiRiBEHE20nm  t hus
in an instance where a |ight source with a dom nant wavel ength of around

400nm was nbillusiaizg prigiobexhapstiveqg Rhose sialigddn thapst Wilbreepsniraae thoyedie? engt h of

ar ound 620Ry b S6khe deR Sy & Uitk suidabib #5 e es_the absorpti on
spectra of a cargggndﬁﬁ\Mti1eiizoagﬁgﬁ%%#bfﬁﬁns andﬂ?r§n1400 run to
520nm Thi gceerdenssgvithdhis Fentior.e wavel engt hs i ncl udi ng those of green i ght

(500 10 run to i ] ra of various
nat urally occur?%ﬁQ&%ﬁpgﬁggﬁgreglﬁ@mgIﬁﬁﬂg?ﬁg%%%ﬁ%%9@?&@ﬁg$%§ﬁe treat nent
pr ocesslius esergy ®ulceits apmglftregmaph Adternatively, teatmentovithso kerrgyomregrdaya Q swi t ched
1064 nm ND, YAG. | o d tign \ | i ' ich is then
treated.mﬁ#ﬁdgaggﬁgéggsﬁéfﬁgh%ﬁ cm%%ﬁ?%ﬁ%gggggﬁtkﬁ%%gﬁg§§%£¥%@abIe to use
~a high 15 ragmemny beguerfoated omappliedavamothbrdodatias such anelfient’s korsd, pridryo enough t hat
pul ses are 'stacked’ | one spot for-several pulses before the handpiece

i s noved témﬁﬂmgﬁT%%@WF spot. It has been found that there is a stair-step
like effect of Afigaeaeiyakatheltpeyroatuiiee it Oe dadirdbledn s@atiemiuss o

20 . remove, neutralize, decolorize or otherwise inactivate any residual active agent. In other

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 eleciromagnetic 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 44011111 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
307 photothermal means. While blue light is used for illusirative 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 ueaﬁnent in the range of
about 300nm to about 1400nm based on the absorption spectrum of the chromophere or
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glands  with the second and third pul ses versus a single pulse, A faster
repetition rate also .tends to help build the heat up faster, and to
higher levels. This tends to produce the 20 maxi num heak HebhiafLdos
desirable, as long as the heat stays confined to the sebaceous gl ands and
~the immedi ately adj acent supporting tissues). Since this effect occurs
substantially simultaneously with other destructive effects of the process,
t he danagewoanssgelsaceous glands tends to be enhanced.prdwispimsxar bon

expl oded particles on |light inpact, the dyes and simlar agents may

actually re bsor bi f.or a brief.t reach 25_.a critical
' terrpera%/urer[g'alJrﬂt ‘lastﬁ"a%ﬁ%gw%lﬁ%@pog 811855&#15‘%@%“815%%&%“085%6 T8 &Fbers, thus
acting as a0.83% NaOh Chleﬁ)phﬁlimk délﬁlﬁzea viatet. e’fhefphﬂfﬁ‘,y alsolptuni gk ¥Bkicevoeat to
accunul ate than wit S_a ho ul sed tched | asers.
Safety remais™ 8‘Endﬁﬁ(3ma§hﬁ eetgaéf r&gﬁ wlw&%%ge tends to
be confi nedwivelehgit ﬁephotdnﬁ}auasl- mﬂ?ﬁﬁﬁlﬁtd&&nﬁ’@ﬁéal&%eﬁbﬁ@b&t eloadage i n patient
treatment tinme. 30 Another preferred enbodi nent uses, a Ionger pul sed | aser

in the 750 $00R™. Angskes aRsaiplionnTaleocavE A AFNRGIAONA: IS TR AiRsEns? WEY%2 achi eve t he

~desired ti sguesotRERAR 8RRhant MVRIRER ﬁmﬁ&iumtwagﬁaivﬁlam 3@ dye which
attaches to, or 1Is |ncorporated Into, a target cel d sur r oundi ng

tissues. Theurwyifes daminagtwavsietivel rqupdpR0amcaeld b wsrd 'Hﬂsfﬁﬂﬂ{elfﬂr@ff 16 February
2006 WO 031@].f8embptobRA%12RO8 aaﬁaveﬁblﬁa%ﬁbm&ads @Jn blaﬁtgﬂ?c;ru &Qur ce using

- appropriate paraneters to achieve the desired tis mage goal . Anot her

enbodi ment WS¢t | Hirallowtise of mpre zgvlqvqlaggbh@mqsluchmgtb@slgeﬂgr@pp lightd5¢0e| ani n
‘natural } n r synt hetic
mel ani n %r prgl?ggr&?n\?{ t IA\Slcéfgf}a flﬂ%%&%quedg alcl? Oﬁs %%H’lggé utng% sanme

wavel engt h @IoniOplgirnSls(shDWJaintFﬂurmﬁl vely two or rmre wavel engt hs, one for

rTEl anl n and one Ora ne{r it fe(I)I{ IBC%S?SHngSe 8 lut-{cpnl % d r]!'EIIEIDCHII’I eorf&ﬁonancfjel I ver ed I nt o
“the sebaceous gPan(f demf 5 P rgrs NG in an  enhanced

resu
or greater Quyitchyd 1064 te NTE: ‘aA@éﬁsezt Hbsamt@mmapmapplieﬂltm@e klmvwhzclt iseat ment

energy par resulting.in safer tr if.t sebaceous
oland dberReeR st R i vt Pl Rt PR B Ut 19 ol ani ndye)
: I'S terds remti &k hild e Hedas dpfecelas 9Enou thdt pﬁlé;esta&ﬁ‘ﬁiﬁ e®’khn, by

Thi T fevrat [He@askreti elgsd §lk cked ki b
al 'owi ng | ower nt en For, exa ode | as LED or

non- | aser |G ég%%’? PEsERI 81[ g%‘%%ﬂt?e@lﬁe VFqﬁﬂ %?Pntﬁgoéuﬁgasgﬁ?ﬂl nuous beam

of |ight oot ﬂi&bﬁb&sﬁkﬂs&? QR &Elﬁreﬁﬁnthlﬂélﬂ:e%ré%%‘ﬂS sebhceduswavel engt h
which is absorbed- by the |iIght-activated chromophore, native porphyrin

cont ai ni ng SaAAEVIEbs BrFond %%%Wﬁewws & SagepHiE, Adasty apritiongipdieous gl and,
duct, or s UERPThR Bulld BSERL | B Hnd ®NE1RY 18RO Y his RRds to produce the

20  maximum heat (which is desirable, as long as the heat stays confined 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 accunmlate 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 thé 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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mel anin or dye used. A pulse duration on the order of between about one and
thirty seconds appears to be preferable. This also tends to be a nuch

| onger tine than is used in nost systens in use todayiéfapuRgr20egbodi nent
. uses an agent which facilitates cavitati on shock waves or a 20 thermnal
effect or both. This preferentially damages (or stimulates) the target
~tissues while mnimzing damage (or other adverse effects) on surroundi ng
non-target Waw&ue®. This may be used with very shortP@uiseeds’asers or

| ight sources or with ultrasound alone. In one enbodi nent a process in
accordance w th the rg invention m

ent be .used t.0 provi.de short or
ong- ¢ o m CEMEIHIR kst plt sehs e abRie s Parmets Rentifvelie B8 cne 25 or
ot her r el atiBsheskinipe@bfeases. An active agent may be physically or _
chem cally or i ologically incorporated intp cells, of the.sebaceous
(oil) glands, dtEReTe g"dgﬁ%%gf’??‘r‘ﬁ%‘tg’f”fcggﬁ]@, 158"1’3813'??[08’3‘?%&7113? B4l 1y occurring
acne bact erdaturallp @feinin iskin &QITMAYE dakerMaiksl Natutay or so@RaiEE nf2fnihoght acti vat ed

chronmophores,, yeast or simlar_organi sns which feed . on the oil _in the oil
Gl'ands (or et greami smeep Sl bt R Gt kgsgr OB EAFEARENL her w e

relatively +30 oPak 9avdidARad bhadt SelansiPiR oAERSoRAGE BE i), "BYs i Nhabit al |
sebaceous structures and other strains nmay not produce native porphyrins

to target vaBeisideiered inty the pebateps sl dart o StpROUIBRISSISHIeEIEE MiFeper than 400
urn to 420 eﬂﬁ@nl:éd%?he&%j@ggm@{a@eyﬁs%q&%aﬁ@ng fobtiSrehthRAlARE W th 1ight

al one may be only partia effective in clinical treatnment. |nprovenent in
skin 12 16 pRepeigeysultpn 6 salr 9Sueny danif heTibusoe/2eé 2uctdir swpelers may be a
~direct indi t : [ ' .S dafited NI S Process,
as may %dd@%ﬁ%&l?ﬁﬁ?@? %%%Q@?%B'r%%@gt@%%e? erOB%?rri |dsa{l1}gd appear ance
of - pores, ekip.or taified sipn,d3 eliawvirglowertticgtment sneagys Fonrsafplt, afdgde lapegat i ng enl ar ged

pores, oil in . and.gther disorder ere. th 1.8 '

acne-rel at eﬁgﬂ(}frggl? %Seerr h@g S?fﬁé’?“@? rr?lglfcgg “di s‘%’r%%joer géugﬁgimg%u?%ﬁ%;égul i'tis which
i nvol ve t hdight dnagetsigeolisdurdtivas asloiglas ghadddt awaidengywhidh ssablrebedr eat ed usi ng
t he present invention. The present. invention.my alsq bhe used to reduce
perspirati B’Pf heiRRAETY, flcgrﬁm 36T ?ﬁthﬁ? %Oéli’\ilgm? ?Og%mngc%rﬁbﬁém(aé)\%@gw gl ands or
apocri ng glcampsnd Ar patiet sshicechsginhd) didtppbuppbrtihdtssyeipigent and blsvigrthé on nmay be
~used to treat other skjn disarders such as, for ex le, . viral warts, 10
pSor i asi s, TG QGBS AR Armekoeiam iy aliep P! hepierp bR ogRid ity

hyper hi dr Ost@h@epRaSitd/B: fsoerallé. NThis alddndgto bk ikl 16skeblimstidanegid skin, and
skin ul eers(di abetic, pressure, venous stasis). Scarring is comonly seen
as a consediREhB¥IYR B8 BYders, di seases, or dysfunctions of .the sebaccos

apparatus. Scar ghdugtr BBbodfAEEsS anQEer®@ B faciieScaitatioh Shock waves or a
20 - thermal effect or both. This preferentially damages (or stimulates) the target tissues while
minimizing damage (or other adverse effects) on surounding non-target tissues. This
_ may be used with very short pulsed lasers or light sources or with nlfrasound 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 dcne
25 or otherrelated skin diseases. An active agent may be physically or chemically or
- tmmunologically mcorpofated into cells of the sebaceous (oil) glands, ducts, or supporting
tissue, or info the néturally occurring acne bacteria, porphyrin compounds, naturally
occuring light activated chromophoreé, yeast or similar organisms which feeld on the il in
 the oil glahds (or sweat glands )or exists in the oil or oil glands as otherwiss relatively
30 benign inhabitants. Some acne bacteria may not inhabit all sebaceous structures and other
~ sirains 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
lig_ht alone may be only partially efféctive in clinical treatment. Improvemeht in skin
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foll owi ng: raised hypertrophic scars or fibrosis, depressed atrophic scars,
15 hyperpi gnentation, hyperpignentary redness or tel angec tasia.

Phot onodul atory, photochenical, or photothermal treat NBFHbrualy®0e6 Or in
.conbi nati on with exogenous or endogenous chronophores, or conbinations

t hereof, can be used sinultaneously, sequentially, etc., as described
herein for the treatnent of sebaccous gl and di sorders, diseases, or

dys: ftmet i wo9301R2#t her, as herein described, the ternqiustzesadul ati on
refers 20 to the treatnment of living tissue with [ight along, heat emtted

by a light source, or lLight- .activat chem.cal .co Ltd.on or any
conbi nat i o™ rﬁ%rf 5184’%1&61'%]{6?%06 IW?%feﬁ&tﬁgm%polﬁ%mg f&%r?%ﬁ%%%u %%egsl’y treat nents
ar e phot ot hemaplediceddingdf, thepking odctd stator dminighhdippeatdncdifipbes gtc. and _
phot ochem gal treatnment .of. |ivj ti and, .in particul ar, sebaceous
struct ur es%&PWPWWBWS gy ‘}??‘!"j;%’f‘f%gfg, en%%??ﬁﬁgﬂé'ﬁgﬁ %gg%ert ters of the
Ipreﬁent in\ﬁgamgﬁwgfraﬂlefeaglhoaztiﬁablgaxelaﬁemtﬁag?@fit ]tcagori ef]: t hose whi ch em;jt

ight in the visible spectrum an .e.uyseful, faqr toactivation an

phot oi nHi bi t | onO‘BFFé’f“BF?ﬁéllﬁq’fgecr*bﬁ"gl] ﬁrfg@@é@? Wlﬁlﬁb’g}éﬁi’%‘{)ljlg’m%?ce?‘isg ht in the

. _ h i ;

ul travi ol etnSRAGIkHE Ina Rty AsSbAtaRd LHRNR présedt ibRMRAThd pratdton and _
phot oi nhi bitiorl” photornodul atory process; and those that emt light in

“the i nfrar dyertionimgy alghbe et Rireducelsapisiiey AV e ing oT WPEAFER{OTo be carri ed out
through phoighh E@glﬁﬁ@&sapoéﬂn@glandg.eﬁﬁareﬁeg'e@&ﬂﬁo\&ﬁie'n%f iRfprdséie exogenous
cbronorpbore, living cells or tissue, or both. A prekrred enbodi ment of
t he pr esentinvierfips may bausedip testethenskinglisprdersisashaforpampiarvitgdwapt ocesses to
. deliveryjactve. f j e GG Qe EBCARSMRL 1 ONS 'S
about f]iove%%ﬁ\ﬁgsrlgg%%?ﬁ%dﬁs? er g@ﬂﬁfg;{? e E?Sg({ng’th?%é ylggsf?etxec speci ?Elin% preferenti al
13 16 Febr uging w2ipkiel WeuOBadd 8dY, RCRIIUSG(EE82F pueiic engusisiati. t he sebaceous
of | glands or skl SHlAGSuS LLALIMAALEUDARMSs diskfe o di ameter of the
ni croencapsul at’ onseis i n-the fange of -about one m cron, then the active
agent s nay difundidns vBhe stbadcbsupparaioy Scardupooancdissst of doeibi mere idherveen the hair
ducts and the-.oil.gl.ands. .I1f the diamejer of .t m.croencapsul ations is
| ar ger, onfqﬁ“é'mérla]é%lgper%%p&ﬂﬁsc{ﬁf)“ﬁ?ﬁ“é’r%%@“%%atr@?@% %" then delivery will
- tend tasbe hyealignentatich, Bypetpignichitrytraintds or islibgeciadia. fRcemoduldtey,m cr o

-encapsul ati pns_ may .be nthetic or natural.. If .ul.trasound is used to
“enhance pé& ‘ﬁ?crhﬁ’f'ﬁéﬂ’rﬁr pﬁ‘?\%%tﬁi A% ?18‘?'35OI&ﬂaonEﬁl?ﬁf‘&%‘B{%fhﬂm%er"%‘ﬁt%e nt
par anmet er s efifdyeno@alirdhidphdies, athibinfldnotbieodflan Be tised sifaltapiatl,cabl e princi pl es
which allow the estimatjon. of the !l%gti mal Li_ltrasou d %ar%maters for
Cdriving smatauenbalb e asdesorbet hepri fepdhe ireatmento Lé?]’ﬁ%%%%@é‘ BP€kin 10
orifices. WsekReNaadSittials! PRHRYs REIHRSHbED tHe MRMUGoE Il ¥feRl known

agents such as : L o _ . i
20 - to the treatment of living tissue with light along, heat emitted by a light source, or light-

activated chemical compositions, or any combination thereof. Falling within the scope of -
_ photomodulatory treatments are photothermal treatment, photoactivation, photoinhibition,
- and photochemical ireatment 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 photdinhibition 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 pennit ‘
l photomodulation treatment to be carried out through photothermal means, i.., 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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chl orophyl |, carotenoi ds, nethyl ene blue, indocyanine green and particles
of carbon or graphite. A known technique for using a |laser to produce a
wavel ength that may be absorbed by indocyani ne green fj@rFeBriag) 200genmoval
treatment process is described, for 15 exanple, in US Patent No. 5, 669, 916,
which is incorporated by reference. It has been found that by using
smal l er particles and putting the smaller particles into nore uniform
di anet er n"O%BH¥Apsul ati ons, nore site specific or uPFHEPHISEAEr geti ng nmay
- be achieved. A preferred formulation may include indocyani ne green or.

ot her dyes f oY f | ovi ng
“ (l'i pophili ggfve%gﬁg S%ﬂJ\CC/)Kéerogsrcg11 dﬁrirgl%]ga']ﬁﬁg?%tg@gao aaélﬁtls%hfo and dyes such
as indocyaﬂwnewgm%bnnﬁmsmMEWMhmsmeﬁﬁnﬁmgaﬁdhammanmednbymﬁehavwing a
carrier or 0 tion. hav ia r..1 hat [.eas robability
of preferef ““i“aslnpaY§8? I‘V‘%redwt%b aé‘?‘r’ B4 %‘ﬁac"él ba‘we s Betts %ﬁg‘bﬁo
HumaM|mm@m®ummmmwmﬁMWmMW@mmmmmmmﬁmmmmmwﬁmumyof
preferential. deliver ecti.vel sebaceous
0 and.  ductiottigs Bt b it i b S BT B3 8ub or ot her
or gani sns TBémIcﬁSénddpQﬂaﬁbhixhwbetsﬁﬂfeﬁc b iBfk SIf ultAsh06d/8 Récd & @h@ea dye is
“presently in nedi pear? to be relatively benl%ﬁﬂPﬁna be

activated B?’GF@H"‘%?% ‘gm’lleéeéw Bt BRSO S MK matic or

mul ti chr onMadjhdted debiding to k2 abﬁlﬁalﬁ%nl’n?l&s WBGE SllowBY esBRRRM bAHE o I'y enough to
reach the oil glands, is used vein and hair renoval, and is

rel ati vel yiiafound ppvangisrs fgninvingspahpagic %%@fhﬁﬁlﬁmklﬁé@?ma&ﬁ@r?l%‘f using a

.l aser ti9 peRgldce a wavel ength that may be absorbed by i ndocyani ne green
for use in a leg vein treatnent process is described, for exanple, in US
Patent No. 5, 65¥icRemrapspiatienmaydensed do isprove delivey of lfosmaeeis sudbkss hy | ene bl ue
has al 0 DeaRels At ARGGHA LG, b e Bl ARl RUENIR: WidBoggod success. 14
16 February 2 WO 031017824 PCT1 US02126627 The m cr osponges cont ai ni ng
the acti vegapfoist Adﬁyws’@t@wp frehigingat lasgetie pragpceat wavelength thitapaeba cheni cal

affinity f P%B :CONj ugat ed

wth |ipi dgﬁsorb &%&aﬁ“élg %l\l/a!'e”%{]] PR ?y‘l &Qs,sq%’%,gé]%?é ?gl ands-

- Al ter. ndﬁl v etayplet indJS laaltdn’elﬂwfféﬁ? 9lréayh1dcmunco@b1taedbﬂe&rmc¢ ihtesbggant i s rel eased’
o e R0 Sy Sl 21 PRRS YL o SR RS BRI w0 e cal

f orces. e ca e M- Cr 0e I'onh arrier v rel ease
may occu r arhltnam xﬂmmemmsuhmon&fmdréﬂevphim loeutifotre giedeting mdydekéhjevedbssi bl y by

eact on. - ARTRATBRPi TR HESEHE T oby Bty LR b {h 11 pi do.

or - put I Nt Bpid complex which is fat- 10v1ng (lipophilic). The delivery and clinical effects of agents

- 20 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, yeasis, or other organisms
25  residing within these tissues.

- Indocyanine green dyc is presently in medical use, appéars 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 rehable. 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 i_ncdrporatad by reference. Methylené blue has also been

used according to the present invention with good success.
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m crosponges (a.k.a. mcrospheres), and then applied to the skin surface,
allowed to sit for 10 a tine. Excess dye may be renoved, and then the area
nmay be treated with | aser |ight at about 800 nm betvveem:abmufyﬂ)oﬁ and 100 :
naillisec pul ses and around 1.0-10.0 Joules/cnez. USP 5,817,089 specifies ]
"particles having a major diameter of about 1 micron". It has been ‘
di scovered, however, that these dianeters may not be optimal. A 1993

Phar maceut WO&p0IR&éearch j ournal article by Rolland eRCTAIS02P6&Eri bes an acne
treatment 15 wherein a topical acne drug is delivered with less irritation
by putting the gUgbQffees éaﬁ%m‘pgtth&acﬁw BB maf L AL AR ROS, GRPRESS., This

article reported that an optinmal” dianeter for site- speC|f|c dellvery into
. sebaceous dive @hmd@iafﬁmtrf@esgkfrmﬂwéﬁm&ﬁ@md StheilEN dyespaydpepnjugated 1 i cron

particles randam %ifel ol\ﬁﬁrt%qha\%a}lgﬁinnﬁg) mfeBilgiaﬁdseAﬂ&qat&&g%ﬁélm corneum Nbst
agents nmay not | nherent ti Siz wever ‘irtual ly any agent
20 may be pﬁ@hmm&mayactcklyaﬁ@eme awamaagemt@s ehscd Bhndeougogbundithdsy ei t her
synthetic melg gpf?ra‘azsacnveprcl}e%m Ig{hegisgﬁfg%%ﬂ%c?{&?g&?#@ or ot her

simlar "dé’f‘l Ver evices na pre erre eat nent of
acne, gr aphatier v;alanb]bs edlaase Mp\okdug aften dlsmpﬁrnagéledelaaiemegntgitseﬁbmmblgne m cron

maybe placed jn de such SP havi ng an aver age
i et or - oY Misaitnd gryenty BN RETRe i e PER GBS S R HEh e cuspendes
inalotion. U lhra@mﬁdexﬁwnmttusmmmhmwmﬁemmmams odg@siniont 0 t he skin.
The optimal _ultraso arameters may be, based on the sj de particle

~di anet er (U PRERESF {3y g‘“’f?éi’}{efeé @’émé%é‘f’ﬁﬁﬁf"d}‘?ﬁm SE@?"&?@P‘(‘?@ &t g’(/er y of the
particles ta(ﬁrdaaﬁicegdweﬁ@imaﬁove&@nw@@me gleaneshd eIt BRF Bes Use of such
applications could enable selective delivery of anti-acne agent,s, or 30

“hair dye f@ﬁ’O“F %@é?ﬂvﬁﬁi”?e‘lra@%gélaﬂdH}Onag’é?ﬁpglsﬁfﬁnéﬁo‘é‘tdllrﬂﬂoépéulﬁ%?‘? growt h, or

other hair' trgg m’ytm sMBBELphNQLNGRP S HhRt diftfetdofimiEmibRs” used, Wi th or
wi t hout ultrasound, preferentially deliver, and ultrasound at different

par amet er s @rbeFfa@@PV%h%é%t%meéqWWWW@%@élaﬁ1I99 to activate or
interact). Pﬁa?m@%ufe%?ﬁi&# %; &%@mﬁ@egyﬁ dithnd et aBdeerthed i hhAdHAARR627 These

t echni ques may to man er agents in addition to ICN dye and
gr aphi tlé IGfﬁlﬁremgtomacu@mlséﬁwaqﬁémthﬂeéﬂnﬂﬁim\bépvﬂwmmms used herein as

‘a generic wiﬁ ure may be
used to i Ee %g&%ﬁﬁ@@@§% ahllstazﬁa eé)c%%%hlgéaﬁ Eﬁ'ﬁer a’é"?‘%‘?@‘é 5 agent
or skin coaimamﬁqﬂeh}zwtﬁoadtaa@esmlglmdemth@km«ma pboait § figronk,aud thet Ispaces

between th Shicron particles randomly delivered to the hair follicle and stratum corneum.

o Most agents may not inherently be the optimal size. However, virtually any agent
20 may be preferentially delivered to thg sebaceous glands by cither synthetic microspheres,
or liposomes, or albumen microspheres, or other similar “delivery devices”.
In a preferred embodiment for freatment of acne, graphite particles having an
_average diametér 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 uItrasouﬁd at different parameters or laser was used to release

(not necessérily to activate or interact).
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stratum corneum into the hair ducts and hair follicles, the sebaceous oil
gl ands, or other structures. Air pressure or other gases or |iquids nmay be
used to enhance delivery or increase the quantity of delRcyeastomgent. A
known technique for using an air pressure device for renoving skin surface
is described, for exanple, in US Patent No. 5,037,432, 10 which is

i ncorporated by reference. Utrasound may be used to physi cally deliver
hair dye a¥8%8™hhance penetration into the hair sK&FUSQ2R&ETf (see, for
exanpl e, US Patent No. 5,817,089, incorporated herein by reference). The
use of ul trasoun@sétechaiqyeﬁlnc@bééppﬁédtyﬁxaﬂmn&ahgeﬁtswdmh&mscﬁ@mnﬁor t he

~ treatnent of unwanted hair or acne appears_to have been suggested.in the
prior art. s1Ehifsdoliops rThedaya “espnspletah delivery devigeeisgped herein s peengiicttem scl osure or
suggest i on yafich(egdontpiiEes'4fi Such ossﬂ:t til.gsound to enhance the penetration of an
agent into the hair shaft itsel f, or into surrounding cells; (2) the use
of ultrasound tPfG%WV@Y@%WﬂéP%mﬂ@I(@SEFm@@ @ﬁwmo gta@ien the stratum

COomeum t g éﬁ%‘&%ﬁnﬁ:&ﬁmﬁ%}? 91 %ﬁtﬁ'ﬂi&s@ﬁ,ﬁ%e &%ce@?@ﬂge whysi cally

removes a p rtlon of the o ers o |n sur or (3)
physical Iy Str@mnwm@mim@tﬂﬂlaﬁraiwts whﬁbfdi@ibs,thmbﬂcmsmmg Oop‘fhpul ling and
then inj ecting h r fk cht: hore or ot her
t opi cal corrpom%l g%r m%&%erﬁpﬁeré%g%gifé udglﬁdé1 gén%f%droe%ﬁ‘]’g e.c{éﬁ‘%ggcﬁ met hods are
cont enpl at égtrdase tienmainhadeliverst! ageht. tAlmnown veehdiqefor uBingkaoavprakirgl peel process

may be inprove usin rasqun open . i.n cel ces in the
outer stratf gfsfrrﬁ'&%‘?ﬁﬁ g?é‘lﬁﬁ?ls RE™ d%eﬁiﬁqr%a@plg’d@fjgg?tf%w %g A n 25 active
.agent may bi&loﬂﬁdlﬂ@’ﬁ)otalfbdfbyi'dfd%&j’cew th the same or simlar ultrasound.

Fi brobl ast sti ation ti.mz wi.th both topical agents that are
applied after wa% a}nggu‘ieﬁ g#ﬂ;{g hqrdyeeqnﬁfqe&gqnﬁeqf@?“%é%l e) and al so
wi t h addi t ipaak hzhﬂéhlaﬁﬁééﬂ‘l(seb itk angdld, mlmtehm 5,3BoIrReResASeERSCr | bed above
may be use ei t her serlally or

del.iver tw different a
si rrultaneoggf‘%m“?ﬂe These digde ﬁéﬁﬁ? y Veﬁﬂppkﬁé{aﬁ’ﬂeﬁ’gz"w&rql‘? ght source 30

t oget her t@(emedfoﬁaﬁwtgd&sﬂo@@nbyppeﬁgtoth@veoaeamu@@s@mtﬁerpﬁarmve an effect, or
- to deliver two different agents that maybe activated. simultaneously or

very cllgseHpwryenthefaplioas avgerf B BT it figilesus onsugasstioyofi (R wRgt hs may be

‘used seri ahiﬂso‘&ﬁdt’é'eﬁﬂéhée@ﬁh‘iﬁhﬁm&&d?@ﬂ@genﬂh%ﬁﬁ@ﬁ?&haﬁﬁtﬁe@ﬁ&ﬁnﬁUCh as treating
active acne lesions and al'so acne scarring; treating acne 16 16 February

- 2006 WD osﬁwefhngfﬁu;rmg@m%@wmwwgraéut@mtcémmwp@@esbmeﬁéea bl ood
vessel s or uﬁ%ﬁﬁ&ﬂ@@ﬁ ttaenh et%%%&sm%mg&?f)ﬁ@éss 71 si‘c active acne and

nont her mal phot ono ron for treating acne scar ing sKi n
removes a portion of the outer layers of the skin surface); or (3) physically removmg the

20 _hair by methods such as waxing or pulling and then injecting the treatment composition,
1.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
intercelhilar spaces in the outer sfratum corneum layer of the skin via cavitation. Then an
25  active agent may be driven in further with the same or similar ulirasound. Fibroblast
 stimulation may be optimized with both topical agents that are-app]ied 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 simuitaneously. The two agents may then be activated by the light source
' 30  together to work synérgistically, 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 fo have

. different effects such as treating active acne lesions and also acne scarring; treating acne

16




winkles. Two entirely different |aser, LED, or fight beans may be
delivered substantially 5 sinultaneously through the sane optics at

di fferent paraneters. For exanple, one beam nay be dell6F¥FebmaryR00farily to
rel ease or to activate, and a second beamoprimarily to treat. Additive,
effects may be achieved by using two beans at the sane tine, such as the
use of blue light with a wavel ength of approxi mately 400nm and red |ight
wi-th a wav®0gt’#4of approxi mately 600nm For exanplRETUE03ABHhN process for
skin peel and hair reduction 10 may be optinmal at 1064 run for safety and
for treati ng,aleSk Mq 5104 BERea itk vOLAES: el NBYBEBRNILAR: fRMtIR Pt Ler to
achieve a low | evel laser stimulation of fibroblasts. Acne reduction is
achi eved bymaats for agtivscensgnd santhgeid! photpsiodglaiiondieriatig A EPSUEHE of & | ow- | evel

i ght - sour al a wavel ength chosen according to the absorption spectrum
of the topical conposition used. Particularly preferred for topical
conposi tions ar Bwd ¢ntisdy Gt lasar gD, 08lighthesmuiniybeaickivgred isybgtantially

chl orophyl | - cont ai ni un s L.d-contal ni nds,
deri vat i%ylessm%%tglreg%sj tgll% &nﬁg%ﬁl? Ee’%ﬁicf ?&Z‘%@%ﬂﬁ,&gagle%%f wa%h%l%?’%g%%es, anal ogs,
and genet i asdylby detingredyeiaeity tb edda®: cofo stirate, g @ntcond Healngnoialie todredievi ce

containing the. | | eve] |jght,,source - be, used.to hot.omodyl at e or :

phot ot her mﬂfﬂﬂp" %%lg-icﬁﬁ’ta}éj?e ‘54”% SO0 U o E?%]sﬁtgﬂ“? R3S L?EG’OSP&aaéth}e\lll%e (itfngr edient in
20dt he topibﬁﬁgigmm?@sdab@l@@ﬁh otﬁﬁpphﬁiﬂmtelfmOnxﬁhﬁdTecpEgitmﬂnabVaveteggﬂlulofi on, or acne
reduction, and either sinultaneous or synchronj zed seqguentially in tine to

del i ver andPHetmglely 8PQomy Ry oxpmple: W%@X‘E?bﬁr}igr PF% a?‘ﬁh i'&[ﬂmﬁ’f‘ t he

. absor ption nehaE aHkAl it 306458 ﬁfsa&’d@ﬁmﬂﬁriﬁeﬂi&lﬁaﬁékﬁﬂd@hﬁﬁsﬁt ofhgpect rum or t'bc
spectrum of the topical conposition. In the one casgblgogl may, be the best

wavel engt h "seleehipRbederirit sheEst 8Y Iave lasfstimualationsd *Hhy>8f | ow sel ection
of a mel aniQufon Zack¥Ra bPhisPhdA8s, RYLN ki AYEIE LYBE ¥s b loogvedfignt ni ty for the
sebaceous gl and and very strong _absorption at the wavel ength used for :
treat nent. sqesaa wpelenglh ghose ageordieaty thspbsarpripnperp diedtWatly par aneters t hat
may compri %anp&ﬁeﬁhgea.%cﬁiahﬁ@%feﬁ@d foProfbR RGNl thdsadonfiibihg!l ar ef fects
such as triggering cellular egeneration or. photoactivation or _

* phot oi nti bingturshy edaiteing chiasepbalk-anirining compouatsy carpippeidtcrialgiog epaprowdey of | or
‘even destraqy.. o I i, e LN A BE LY oh8dME N acne
"bacteri a. svgﬁéﬁls%hg%ege%?e#gtru%gﬁee tbgkt“éetrurgagte%a nat’uraadlpg ’chr%rmpﬁ%}re for

phot oact i vabgimared formpdictdiagenthi t i on, each falling under the general term

~photornodul atiop. s . si.bl e f i re r i Lhe ﬂ)atural'l y occuring
por phyrin corrpo%lﬁ%@hlg@ g%lérieeC%B%lg{néFhlgé{ﬁ%%léﬁ%F‘ﬁ"?égﬁ&%? Q % February 2006 WO
03/ 017824 photomodulate or photothermally activate, or both, the living tissue or active ingredient in

20 - the topical composition, or both, for skin peel, hair reduction, or acne reduction, and
either simultancous 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 Cel_lular ,
e generation 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 photoacﬁvation 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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PCTI US02/ 26627 to targeting exogenous chronophores |ike carotenoids,

chl orophyl|l and its derivatives including copper chlorophyllin and other
dyes such as indocyani ne green dye, nethylene blue dye6 Fetirtlarsi2o06 ar
conpositions known to those skilled in the art. Further phototherma
nodul ati on of the oil glands and surrounding tissue can be acconplished 5
via the sane neans as descri bed above, although the operating paraneters
may vary. WRE&0#24ference being that photothermal tr @&EWBREEL6Z5es heat to
i nduce minor to noderate anounts of thermal injury to the gland or

surround ti . LV P ' . tisske or destroy it
al t oget her .tét%%%lg%’é‘{ E&g ﬁ&éﬁ%@ﬁ%&%@&g%étegoﬁ%éﬁoﬁ%%@ %?iltltcshé a tg%? b light or
el ect r omagmstuding ¢@pperatiiosdphydtin and ofier dyecrsth smeloraninogvedpaine methylemey el engt hs and

assist with the treatnent nethod and.sys of. t he present invention by
app! yi ng ttlfilél‘?ngjfeomgﬁmggg‘éomﬂm 16 s%nno%é,eﬁféﬁ?arlga ced: P@%frecti on of the
‘exogenous ehnaheapileidulatonddtienilighadd ahd subdendigsiessuee pinibe acceipplisheda of t he
chronmophores and i s dependent on t el ength of the narrowpand '

il 1 OhPormBiE St RIS R JPaited P ADaR OB AR ABE VTt e pr ef er r ed
enbodi ment dferchdt@®einp wanghodtherndadtréah@enCieCHRID BidGee\Whihdr taxhélietatt t r eat ment by
enabling at |east the dom nant or centurnglltis wavel engt h of ch% nar r onband,

mul ti chr on@FOYRE of Bl ImgY fodbeslame oy sy e lpgpdues e &V QfA® cor neum | ayer

of the ski pr@nghsRe) diskeby A GitdgBBerPhot OnDdul ati on or phot ot hermal injury or
‘destruction of_living tlssue, sebaceous oil gland, duct, or supporting

tissue in and BeEERNs drEopkqrERIRHRsERre Hich pFODJise o plsttapmagnstic ¢ he
- phot oma@ul o ih $8IHEt GRRaRGy RRK Q)WW@\Jeieanls and BsslsNGineRl thedhdheb@yers of the

-skin. Some exanpl es of possible operating paraneters nay include the

wavel engt hendgysten piheiressrtrioyeatipndy prrhingthean ogn aepolipn div te brsrsatedi ng ti ssue
cont ai ni nggGekihs Equ DS GRRRMRhRE i e‘fér#ufﬁg dab &rPﬁH' Rifebith of@fe destroyed,

t he duration o% %u sest Fpul se g{’]racl%(lion o‘#g)ttlﬁlea “elect (%nagorjetei c radiation,
t he nunber clofmephbreeand is dependent ar tho watslangib ehthp pirpedandapuishPBatief erred to as

repetition | I | . bet : tments can be
as |long agﬁﬁ%ﬁrs %fo%%ﬁ&%%ﬁcg%ﬁ&n%%m?pﬂg@%% é{%}ﬁ ﬁé’\ﬁlt&lg?lg%{uﬁ%nber of

t r eat méAt s the shrawopdorsiwill did ibyeatoivat yeshling 8 laft thdomimoiorcaitrall  patient . .
Further, el aaNbe f e AR Rk NGt SIREARL AR 9L o TBlGh fa; O
wavel engt hs Sither S ATirancous of in sequencg may Pt igen: wel |, the
ener gy i nt edusdutnyayef oftilfeeskinadd parinitngals: phvtamoduddion br gthhethkimal ingrtdcssue 30

(Lrprcally st o 0 S5 L PAILLIEL 1o SOHRL S L GufPr cont ot
and tinme fhesiafpPpéontainl OGisob instahdes dkePROOmBldIedRishie @it bedelwarof i f used wi th
exogen%ls &Qgp?trgapailggl‘% &y&j S(f(]t.;ll can be topical, 18 _
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, eic.; 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. Aswell, the enetgy intensity of the radiation as measured at the living tissue
30 (typically measured in Joules per centimeter squared, watts per centimétcr 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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1 6 February 2006 WO 03/017824 PCTYUS02/ 26627 injected, driven in with
ul trasound, or systemc) is determned by the nature of the treatnent and
is further illustrated in the Exanples. Wavel ength -- Ha®Ebtvargzioscel | or
subcel | ul ar conponent, or nol ecular bond therein, tends to have at |east
‘one uni que and characteristic "action spectrunf at which it 5 exhibits
certain electromagnetic or |ight absorption peaks or maxima Figure 3, for
exanmpl e, sWOWOY#E absorption spectrum of one |ine of PEHAH6Y br obl ast
cell's’'in nonolayer tissue culture. Different cell lines (of the sane cell
- Tor exanplgdd 8RR tARkSurdshRE) of sfleht islerAld 15 MeShrufOtRinb! t Some
differences in their absorption spectra and thus  using narrow band
mul t i chr ondXertmentiagthis figrthgt ilestratedimrihafdmameles.omat i c 1ight) is al so useful 10 in
produci ng the opti 8+l &N f ubcel | ul ar _
conponents are %{r’ég%gfhat%%hv%%&&gge %%%?ﬁ@@%%?@%ﬁ%%@ﬁg%ﬁ% t he absorption
peaks or nekdrem tendniehgye bt kast preamiifiemdebardatapintict Tagioh spghirunghbwioeh iand  absor bed
by the tar o The . i.C . f : Y ergy determ ne
t he cel Isﬁl %r%ﬂélfsfcg[g?lgag%nelg%‘%ﬁrqu@% t;é %/S%gnfng% %eeage]&ggﬁ |an1§%'|g g‘:srig& of paraneters
has pr oduceganpl€ khoeatifelsbsonmion fpetthen @ionelineaf humdbairadbtkticgllsih he wavel ength 15

shoul d roughly, correlate with a sor.pt.j on nmaxj for t arget cell or
subcel I ul a °n§18¥ﬁ'5B?‘f&%?‘ﬁt&‘ie%i‘%eée&g‘feﬁ5?656(5%1@%%§éic{$ﬁ%’%18%g‘.ogl?%sgsorre cases
it may be d@ﬂ:’nﬁﬁéremtﬁﬁﬁentspdxgmﬁ smcfﬁffférhﬁés iﬁﬂﬁirﬁﬁ&fpﬁﬁmpetﬁiabﬁtﬁmﬁlssi mul taneous:cy
or. sequenti g on.the sa or, ..di rent treatnent .dates. T presence o
nultiple nEd® ch%mglﬁgg? cag‘&(re Fﬁ{ﬁﬁﬁ'm%“rah’%?a&f’l} iE@P el subcel | ul ar
.conponefit  Gf prokRHIE ARWHHHBMICOMNEID BB Wt iHsd deBE @libcdlulnaMBpRREE e maxi ma

irradiation may produce different results. If the wavelength band is overly
broad, t heAradiéedrdd;vregelensths cororpuing fodhe AbpqRiton @eakpaMayEmas FEEY Y f r om t hose

~intended. GoRSSAY Bkl lighSHoRh al¥ Bath A B the RREE ONREMELIarifheRSE | | ght

8]
sources may be | ess desirable than those specified for use with the present

i nvent i on, theflebvsrrdrenaey detonine the selluker effagist T complekibOEEPRPOBANINOEF s, The
| aser di od%ﬁ%%n%teizéhea@bﬁta%%ymﬁ%ﬂﬁml%e roPlarh) a0y WRY-ShveRgHD bands around

a dom nant . €., y are narrowband nmultichromatic devices -
- devi ceslSwhiskdvldenighlyedowelate with gmabsorptignmaxineasior thevarzgtasd oubeeldirat i on ei t her
synet ri cal loy., 06 ASYARL bfdthkooR RGBS M NRL:VRYE! GNP Pur poses
~of the pr egemn}?Jnfnvent]itlén, a%youggv?%gpht%ﬂeé?ﬂé@nﬁtsegé\?egi{rorragngtdl)c, radi ati on
in a bandwirgk mofthan/one miyome — H0BOspraifroemsly pssequentipllyl cathd smmeraint wavel engt h
- can be 30 copsi der e nar.r i chs i.c_em.tter. LEDS,

whi | e not r‘ﬁor'f%ﬁ?%ﬁ%ﬁ%}eg %%pfe%lgnﬁgé%%}q{%%eﬁg r'%\g/v&ggg}gs%smto é’gconsi der ed
nar r owband ferizlgtviex tmilcmathcdlubirtdripenant orbaegenma chromogharcdnddiffows phot ons of

~slight |2\3 dIWIaIfe gn%fﬂtma%ﬂaelhgd}g}og Isnagtr grogu%e Ell%}e}e}lt%gs'ultg his can

If the wavelength band is overly broad, then the desired photomodulation effects

=
-9

may be altered from those intended . Consequently, use of broad band noncoherent
intense light sources may be less desirable than those specified for usé with the present
invention, in conirast 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 eIeétromagnetic 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
7  bandwidth of +/- abqut 1000 nanometers around a dominant wavelength can bé
| 30  considered to be a narrowband, multichromatic emitter. LEDS, while ﬁot 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-einitted. This can

potentially be beneficial for creating'certajn desirable multi photon interactions. In
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potentially be beneficial for creating certain desirable multi photon
interactions. In 19 16 February 2006 WO 03/017824 PCTI US02126627 contr ast,
nmost commercial lasers enmit light at a single wavel engtli Februafygii06and ar e
consi dered nonochromati c. The use of |asers, according to the prior art,
has relied upon the coherent, i.e., nonochromatic, nature of their

el ectromagneti c em ssions. Wavel ength may al so determ ne tissue penetration
depth. It weu¥pe+tant for the 5 desired wavel engt h ICO/USBA6NRT7 t he t ar get
cell, tissue or organ. Tissue penetration depth for intact skin may be

di f ferent j Ft il £ or burned skin
and nmay al éogé%étr%?tfc%}g%g}r‘%ﬁl Q%%%ﬁ}ﬁh t'(tjah?it ‘1%£}a‘fe%%yh@$g5§énggrgr enzymatically
peel ed or tdsifleredragnotiganaic. Teast ofdasperactodingdh ticlpdosaty bas wird eroneum r enoved
by any met Ecﬁlgelll 4 50l ‘2‘60 8D gm{ ?Fheéae&r%%géneéé i@y | nterfering

chr omophor a0 A i S wave engfh (e.g. dark ethnic
skin, plastic Fetvelesittinshs d&isnmma tsam@entratmaldbpmm ismnlmnaﬂtfm-ﬂ)e It is

i mportapt to. penetrate i ssues n its pat . . For exanpl e,
light havi %‘F@“ W&ﬂ?ff%ﬁﬁ{’ iﬁé\}h ¥ BRGCR& Jimg erare RSty \Qg‘%{h%out 400 nm
to about 4ﬁﬁctl’sldilﬂ n’ﬂ@ﬁe&ﬁﬁﬂantahaalﬂﬁrtissu\ﬂ/pmirﬂiagﬁépﬂi:hﬁﬁlcméd aabhmﬁmﬁceous gl ands
acne sts can be effectiv eated. due to th te depth of
penetratl o dapay el be ﬁ‘?@ﬂf %Sy%éﬁe’éﬁ’gaqeg aﬁ‘é fength of about
600 nmto Edagaaat@6@aﬂé&lmfﬁ&&mmhwnreﬁmwaﬁﬁnmda Igeaact er depth, if
treatnment of the |ower dermal |ayers or even deeper is desirable.

Accordi ngl %Poﬁ%t%’é‘lle@ét?|aﬁﬁnf61ffeqnﬁéhf%?ﬁhﬁréﬁlﬂat HeRAPBPRGE RISSPME he radi at i on
emttefy igaRleSan ROPEREaRTc &, bhRKi-PeRE Btk drgas ROk a8l &eflrisThe sel ection
of the proper Wwavelength is one of the significant pararreters for
effective weﬁ@ftotph@tfptﬁé@féﬁfue$WM@P?@MSPatWYbut others are inportant as
wel | : Ener gy D%&?x%}gleﬂ g%%%ﬁé‘ﬂﬂnaﬂ%feﬂgﬂ?&fﬁﬁﬁﬁ&g%n%@oﬁa%tam)unt of

e a

ener gy del i ver irradiation and 1I's so referred to as energy
intensity 409dm t giout 426merhss suph a sipievapglengighat d@gﬁsebﬁ@owfgﬂ@éwdcu?y pul se

duration ﬂnﬁ%%‘ﬁ%'eﬁ‘&ﬂwyﬁea{eﬁuﬁet hﬁ%ﬁ&e@ﬁegth dfpéng&e&r%h opul se duration
~1s very i rtant ener ﬂ h ener uces |t|on and | ower
©ener. gyl@rodhamashgithavuigabna@ﬂengmm@uu@mamtonboutGﬁﬂ@mmsmre@ﬂb’l me for the
l I re adl at I Onene':tratevter eculérl ée tﬁa%tre%gnent thquwer\ﬂt‘ar}ngl lgyrg% 099&61’1 I&ﬁegerql f eCt and t he
t ar get cellf ol & nponen exogenous - chr ono re tissue or
organ. (e. gdes:fhbﬁ mcmrmgﬁ thadsledimn dﬂh&ﬂomﬂmwdyelemlf afdlia mchatﬁm emitiet man

fibrobl asts ater | esser 0 be sed successful | y). 30.
‘Cont i nuous' 9@?/‘2 ‘%W%{} edﬁ’fﬁ drfatmegt ﬁsun?ﬁ%‘e% etcfl%qf GLW‘?% duration is

af f ect ed Dbiyavelength is one of the significant parameters for effective use of the present invention,

(r
b

. 20 -but others are important 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 optimél '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 n‘rad1a110n 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 effectiv&: for .

‘ human fibroblasts, though greater or lesser may also be used successfulty).

30. Continuous Wave (CW) vs. pulsed - e.g. the optimal pulse duraﬁon 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. ' '

20




- of the nost "Use

t hese paraneters. In general, the energy requirenents are different if
pul sed node is used conpared to continuous (CW nobdes. Cenerally, the
pul sed node is preferred for certain treatnent regi nmenédebriaRe200@ node for
ot hers. 20 16 February 2006 WO 03/017824 PCTI US02/ 26627 Frequency (if
pul sed) -- e.g. higher frequency tends to be inhibitory while | ower
frequency tends to be stinulatory, but exceptions nmay occur. Duty cycle --
This is th¥wWode0i78¢ | i ght out put repetition cycle wherRIIyUSpHa627i r r adi ati on
- IS repeated at periodic intervals, also referred to herein as the
-~ interpul se del | 1y A1 W@ﬁﬂ o s t ssion
conprises a se?%ggé%c&tﬁgﬁ?%egg) g@%‘éﬁh?ﬁ%‘%g&gc“ vé&%gﬁl{;@%}f@rﬁﬁd%%?i n topical
- conposi ti ofsqeppl tendeltotbe stitdately] bt exseptignoorydaswce Wi th the present invention

i-ncl ude one or re of Mi.tamn C _.Vitam Y/ } Vitamn A Vitamn
K, Vitamn F, R@??’WC%"( rséltsimr?gfvﬁﬁe,hghfd)élg}ﬁ & g?oﬁg%]?%%?ﬂ?’tﬁdr oqui none, Kojic
aci d, ~a gr omddintibrais tepeatedat hariodic érervamalantfehedit hepinanthamtarfulsadelty an 10

antiviral, a bl eachi agen an al pha hydroxy acid, eta hydroxy acid,
sal i cyl i%c é‘t’:‘P%l?et‘”eﬁ?lP'irl]%ﬁi th'i’é'ff?ag‘éeﬂl %’E‘ﬁ%‘cg e “58%5\/%8@8 erivative, a salt
wat er deri vat i VSuitalilé @fi@s ageits for BdeiiDtohidal Bbmpositiphd)sblia tdbegkaninn, a
. phytonutrient, plankton, a botanical product, . her eous_product, a
hor none, aﬁ“@ﬁli‘%?&‘ﬂl@eﬂ‘ﬁ@’rtg’!"?m_ﬁ“ gehd e PYe & %’_éegg‘t%‘b& ance, a
cof actor, &igainad Wetemind) VARG VIGmSU) REBIL Eiretind®) |Adapaldné, Retinog| ement s
(including _ionic 15 cal cium magnesium etc), mnerals, Rogaine, a hair
- growth sti Ayfmayrege.dins eeidhegrowl alps cchgnesiR 2HHRTS: TR YEb& ance, a dye, a
- nat uraloor SYALNEbELhBEhRH M alfha Wdielyl 0 RINASE) acld BBt @id, Prol i ne,
hydroxyprol i ne, an anesthetic subStance, chlofophyll, bacteriochlorophyll,
copper  chl ertispieyititiad comprusd, g sparsedsderivaiive pariovay defsieiveplete #  r hodopsi n,
ant hocyani n.. & bESin. $ BRAR SMoRton, HIMRRA @RiakAla conpl exes and
20 anti bodfq{emsoag%t’cei%{ gg toov\gar%g‘é any conp_’onentn’gf_the 1('.13_argeta skin structure
or appar at hsthacard pededt.adwmaine;tah enzyme saningralmgebeichlyrraginecaid sy nt heti ¢, as
‘well as conh i . 1 J Lk : comon aspect
%bﬁ&&ﬁ’&?}aﬁ{sﬁ %ﬁﬁ]%%%tr’r%%ﬁ%?%% #dcfgh%lh%gse@%%t %10\?% ntion is found
~in'thei’s chadiroahagatsing eig), eiinehidy Bogireye hay gowth sigubhinpsvbgitnos.@edaihave a
nmetal -1igand bonding site. Figure 2 jill| . . jcal structure
of chlor opﬁrﬁwl?hlﬁf% ¢ Srulab?:t w4 %a%%%ﬁeﬁgﬁé%g%@gﬁﬁ@% present at
t he met al - lishipéios] plotimchyigoxgprokne) 4 dhésthetic gQlistace, Adboploihyl | a exhibits

absor pt | O&tﬁw&n&ngi:}ﬂ%mr%{[yﬂﬁcggpep (r:&orép%gﬂinmhioﬁo%%stg ¢ 01:56§0]fdsl; Iljilr]]/bobl 1711,7 n m 613 nm and

660 run.
' ' ~ thodopsin, 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, 2 common aspect of the most nseful natural
_ chrorﬁophores 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=CHz. A magnesium atom is
' present at the meta1~1igand bonding site in the Figure. Chlorophyil 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 nin, 453 nm, 545 nm,
565 nrm, 593 nm, and 642 nm. Tt 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 2 Waveléngth of light that

coincides v&_ith an absorption maxima of target cells such as human fibroblasts, treatment
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b is characterized by R=CHO exhi bits absorption maxi ma at 427 mm, 453 nm
545 nm 565 mm, 593 nm and 642 nm It can be readily seen that various
types of chlorophyll, or 30 combinations thereof, can lé Rebadryg20060pi cal |y
appl i ed chronophores to assist the absorption of certain wavel engths of
light delivered through the skin or soft tissue for various treatnents.
When used to enhance the absportion of a wavelength of |ight that

coi nci des WQ@/oEmR4absor pti on maxi ma of target cells sPEMISAHE266IMEN
fibroblasts, treatnment 21 16 February 2006 WD 03/ 017824 PCT/ 17502/ 26627 can
be even mor g6l LRG LN A0 CANaPE, SR bA%iA YWl indiRBUAELulLONt T ntensities
or can produce nultiple Beneficlal e ects, such as treating acne bacteria
and r educi ngodice meliplrbarafidiad gffetsneick edreptinggeiFiectaldeatl radeciigyor ol ysi s of

chl.or ophyl IEIolear}% gcggsc%%%l opentanone ring and replaces 5 the nethyl and
phytyl esterlﬁg?éu%s W €odi um or potassium These resulting salts are

cal | ed chl or ophyht ilkdinaindolgiseof wilbrephyi opanbihe cycldpentadokatingred feyldees| ysi s of the

chl orophyl |, sh i igure 2 wi.ll result.in a / | orophyl lin, but
ot her _oad t st BAOY ded Phybi e Bttt iR i etentia, DR EE REAY, he

chl gr ophyl |caﬂkddhloiﬁiphﬁﬁnsrmﬁ_ei&leSral@fso!u@ﬁlcH‘he/ﬁcalihd‘l@d&ﬂ)fsis?gth&&ﬂ@b;ﬂlgﬂf or erarrpl e,
such as copper, . alumnum iron, net chel ates, or ant.j hody conpl exes .
Such a subg T 0 s Sl twwﬁh@%ﬁl?’f@gk@’ ’%P%?réf}wmeaﬁ)y?’ﬁ zm ag}jd

causi ng thefoh@edtbs)ré@ﬁcihgm@mt@pﬁltﬂ@@ioﬁ%ﬁjmmdtHer&ﬁaiaﬁfé_nehdﬁvé urn, is easily
replaced by other netals. Unlike artifically_ synthesized chronophores,
natural |y OEEEHEITEetER S 5ER BKh aponper-pREIRtpRmel ehelalsior of having t he

-metal | jgangdihondbngest { SutistRiiidd is Ah&D9 Gl tHeRBloropBIWRAah 2di@N UPON
treatment wth an dacid. The acid content of human skin'is sufficient to
trigger thisusinsths Mst henepovehandgencedyibavhicheindwmp.ds eapihyenlacedayi ng | ost t he
nmetal ion, rREROME | ess soluble in water. The resulting chlorophyll, or
ot her naturally occuring agent that dissociates a netal ion froma |ligand
bond under aci dUnliksertificellyomyghesizedchemnopbmsheatirally deeping staprpipkoreimkes an

excel I ent t,opi.cal Lt i-00 .\ ' [ : I for 20

acting as doAHDoHBERaRaRle Bl hein Gl BBk Bon A Phick bR |

~anot her 1&nbodalientpon patthdnewitinanewidi Ghe actdrenteftof bumaplslen prsefieientdel chr onmophor e
is a conpound having.a netal |i d.bond -t hat. di 2 he netal ion
under aci dﬁ?g%%%ldﬁrﬁg%or?sa.g&luﬁ 0 ‘éaueﬁtg%c|°§%§Yﬁ’3%£fg&%%\%eﬁl%§h% topi cal skin

car e f or muliztinpaisss ariybldm wase dTHeaesulibg ehldrephyil, loe othét vaturally oaiving agdnt t he ski n.

2T ot heledaSh Akafih B S Bhind Bod 3% HRE oSRdR buliCls s M9 2N
' for example, makes an excellent topical composition with superior optical properties for

20 - acting as a chromophore to enhance low-intensity light therapies. 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 acné bacteria such as acnes vulgaris and for safely treating
conditions such as j:seudofolliculitis barbae, acne rosacea, and sebaceous hypetplasia, 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 phqtomodulated.

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 ephance the treatment, any of the topical chromophores as previously
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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;gpebhgdidoes to the
reduction of cellulite. Using any of the light sources suitable for use as
descri bed herein, adipocyte cells can be photonodul ated. 30 Phot onodul ati on
i ncreases the local mcrocirculation in the cellulite and alters the

met abol i ¢ NAPPIBI of the cells. Enhanced | ocal nicr oR¢TEW 65 on,

met aboli smor enzymation activity, or conbinations thereof, may be

produced: by;Rhateamdulal Qirrbbn-cﬂi’é‘ﬁl'&i?horiézr &E@Bé}ﬁdﬁg Sanlbl Gsch SRhilRRbn wiY Of the

topi cal chronophores as previously 2 February 2006 03/ 017824

PCTI US02/ 2669 Pf tie pleidnipdulatenymddwds selidig lomointcasiy Hght Sigtny- ifertessnposi ti ons can
be used in ' ' ' I ] , 1 ncluding
| ow-i nt ensi @3@%’%’? ln? ﬂ]é}%g%ge us%{}%td %‘ér? } %%Qﬁeﬁg? %IO?%%glméggﬁg used to
destroy adi potyiodulgedynsans| witteorerithéun the oseif eedgirons dhirdnipphgetsot onodul at ory
means, With or wthout the.use of ex s.chromophores. 5. Many |iving
~or gani s\r/\r% - bot ﬁﬁa& ﬁ‘ﬁ%chgaénnsampfb%%?%lm%g%é%gméss Sﬁeeasgfle {fﬁieellrrm cyj!aor def ense
‘nechani sns defmbeadchaibvis aguiveayadnneaniigmageto theie bells aeld DA epalr SPbdmr epai r

system Thi,s systemis present jn.many if. not all.living organi sns ranging

7 om bact er [ SHEm by R foat N prr B Rea i L ilians.  Thi s

DNlAI mechani s Mskdgs, Briychibidis Gbdenss andhamhsvemisimmigamﬁ@eﬁ oﬁm}[f&hrii;(rjri ze deatﬂ of

cells, mutatiqns, errors in copying DNA or 10 pernmanent DNA damage. These

~ types of enYHGHAHPERCHRPIYREE IS el sdFUE e FELR i BN YithBige are

i nvol vedy i NpeAfingg DMNIIERBE Ethese Gpes FenvildR%éhidl B Eete afikiriy 16BREEr , results

fromultraviolet |ight damage to the DNA produced by environnental

exposur e t PNarlipaee A dolghin 258 #9SECEt | |1 ving organi sms are unavoi dably

exposed to sunl ipghbrRicdhbiss siiPeah e SR uIETRORG Y 11513 VSnagd REHELS danmage whi ch

is produced is a change in the structure of the cal 'ed pyrimdine

di mrers. THPNA preduced by swirgmysnigh expespigienatusal senlight Segf a§&vipgat it cannot be

read or copj.ed: i i : S s and tunor
mr&ﬁljgm@‘ oY uJ]aQ'HiQ?le Q{%éosieﬁ'{% sﬁﬁfﬂg.?t atﬁﬁ bhSto &n@%&%ﬁ? zixge'ﬁ‘fe

devel opnent and proper uncti oni ng e I mune s n An enzyne called

. phot ol y&se dawhgpoviidh is produgedsis o plangsrin Hie saictuss of thetRNAcalledipyriotding  on of . 20
“the damaged; NA. 1 i ; r | jght ... .. to
~then act to repai Jrrmﬁl%w&%%ggg%%%%ﬁ t%%vtlﬁaéﬁg#n}{%ﬁ%&%ﬁyf e dark it
bi nds t o t ey bpgdr bipthe slriecqlly.r Thid afiesie geneli amigmoc devalpprdenbgndtplrpetV | i ght and

converts:i tﬁn'm%n?ngto c"’};%h%ﬁ:ees%teﬂy“ m di nes (nQ di mer

An enzyme called photolyase helps to restore the original structure and fnncﬁon 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 fo the cyclobutane pyrimidine
- dimmer created by the UV light and converts it into two adjacent pyrimidines (no dimer
7_ 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 caﬁcer, cancef, microgravity and

- space travel related damage, and a myriad of other causes.
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connecting these any |longer) and thus the DNA damage is repaired. This
direct reversal of DNA damage is called "photoreactivation". The

phot ol yase upon exposure to blue light 25 absorbs the hightrugReigy and uses
this energy to "split' the diner and thus restore the normal "DNA
structure. O her nmechanisns of DNA repair exist as well. The photol yase
repair nmechanismis not well understood at present, but naturally

occurring BOWBAYi#Meti c or genetically engi neered photRITHREE662F om
essentially any living organismsource can be utilized for other organisns
i ncl udi ng human.a L ' |, | i i . damage
produced by fac h(?;&geao%t%ﬁ&ucgrn t@%%%de&@?drog\%n%f%@ﬁrﬁge%t&%g%/ticﬁgfég% edrepai red

i ncl udi ng, phatblyssetnzimesiof ethidlenzysuebr digcproe®ms fmctoning for O ar 8Bhident al damage

or toxins, radiation, drugs I seas che her. far..cancer, cancer,

ni crogr avi lri’i’aléhﬂ'e agvbdaeggn#f%f\?gﬁm%gn%teﬁé’ae R&S%? aeoél?\rg%ér e‘“(P)ﬁf‘r“Fa%‘“%F“ ot her

causes. 23 b3 embgivliaripleAAto \Weed341{d Ty RBalr, RUdd JHaRihar 2ferFiseradsce of such
natural ly derjved or artificially created or genetically engineered

‘phot ol yds e%’ﬁ?% c?F‘ncFI@oB]fiéEI“s@%] %gaélPera@Pchet?eaWBttoéﬁfs‘%?vﬁﬂg'ﬁ oni ng for DNA
or RNA r epgbsurdTaMRofle Will@vately n@lymRkd & Witk fletaattsous Fad legta) @l €, the
ability to treat skin damaged by sunlight/ultraviolet Iight of disease and
to repair, VB§EREECE]| nini sh or otherwise reduce 5 the risk of skin cancer

coul d be used ejtid}Rincip afplied iRk B o sKinlcEIRAMIBM cafider B8 toth RFyAYRAL | ve  neasure
for people wth severely sundamz{ged skin, with precancerous skin | esions,
PrE

or with skinge efakiaerd ntrpkdisgrders s, dppriciasypstetip Aipgrdes, danagaid cel |'s and
~skin cagpce antl QarferY, €1 YacPS Rty BP G RO delSiich: 1B behdHoRl diRbts Bbm Or der s,

di seases, dysfunctions, genetic disorders, damage and 10 tunors and
cancers. | fredtment with pieatalyass rypingilayprpieips powbinstion yiith ight stapy.-benef i ci al effects
fromtreatment yih )o¥:8 ik i ' Lafion with

| i ght therapy. W%Hiﬁ%%gﬁ@zot lgﬁ‘!f %h@?@gﬂgﬁa\ﬁ}gggﬁﬁsﬁgﬁﬁot ol yase

typi cal |y swriglt, dsscotinlly atsiight sourses idsergind nondssere nariosi biagd axpader ght  sour ce, | aser
and non | ager.. .nar [ | : activate the
phot of yase S AL RN AP e iR ae i bR DB GRS BT TR

sel ect dd. Plrausctarabrasddctes uiihis ghitiral sublight Biterédihroughha selediné @oicroprcaidnscr een
~could be used.to activate.both native and .exagenous)| | i phot ol yases.
Anot her tr E%W%htacgvgtﬁlﬁo@‘ﬁa%&fl exl?éento%s%a&i%?ef} p?%glyebsﬁsc')t o%@%@%m&nﬁg then treat
w th a conbpikivwedlidibe ghppls diepheiolysx pasibdnarebtovithheoptrolipdlishtwet engt h band and
parameters. A wide variety of light sources could b .l ized and the
range of tﬁ’@?@“?@%zfé’§%§‘ﬁ%'ale’éﬂt%{éaaﬁé?%’afaﬂwieﬁi SAETLSEBIV g’t"?hﬂﬂ SEEF® 20 exanpl e a
| ow ener gy calitCheQiiidd afdihe oWgdudidsdibl Hestibed tlsdbed irbthis bfpRcdiiogiForsour ce or
array _

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 mechaniém 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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wi th m xed wavel engths could be utilized. Another enbodinent is a filtered
netal halide I|ight source with a dom nant wavel ength of 415nm +1- 20nm and
an exposure of 1-30 mnutes at | - 100 mlliwatts outQytpeGRArPROYLi | i zed.
Such exposure would occur mintues to days after, application’of a topical
product contai ni ng photol yase. 25 Anot her exanple would be the repair of
cells in the skin which have environnmental danmage but instead of repairing
the cel |l s whioghi7d2€ad t o skin cancer the cells which ragasoaes2agi ng

(phot oagi ng) of the skin are tar geted for thi s t herapy. In one enbodinent,

kin fibrobl,as M Sun da d phot ol yase
and subsequ@h{ Hf}ﬁ p‘t"tr'qa\1 se |sm%q$on%%ig)d S roﬁ aﬁtg%?r"ﬁ ]lg%ht to set in
notion t hereﬁﬁeﬁhléh afﬁaawthmﬂnamnmmbropimgt}mlsyme andfhba@thy fimction of

phot oreactivation. This allows the repair of the structure and thus the
normal f unfEFEhi ng of the fibroblast DNA thus allow ng normal functioning
~and proliferat ivofo@fcofattes ehich Bfe@ilobsd & this W(Ed&ctpfaﬂduﬁﬁ:eishm zﬂfo()ieei ns such

as col lagen,and_ el astin and hy uronjc acid and rratrl .Subst ance
whi ch causaddsgeiter t ﬁ@%ﬂaﬁawstm% R e %n to be firm

and el asti groagl Ot@éﬂ:md%rsh&d@ﬂ@ﬂﬁﬁ)ﬂﬁﬁ&;mohﬁé&@p@fcﬁﬁﬂﬂde%calllktrbcoaﬁl ng or skin
rejuvenation effects in the skin as well as inprovi neght he structure and

“heal t hy f ubsipldpncgen aljoaaydripdded tpnicplhig S¥§E?f”éf@’c%‘i°§“%ﬁ? e HHSENEMl ved in this

phot or eact kﬂ@ﬁeju@&&nﬁfoﬁﬁﬁé&s CRR ddlivaf d?8oth @e%ﬁ&i@lﬁjas@bﬂdmﬁ knelcORbea! | y or
systemcally to further enhance or inprove the efficiency of this process.

Q her cof aéftS@rrbgd thoueiead b enhegred by wiliging iiyasonnd tp fnswaseskis pemsabilgnee t he cel | s
. recoveng ﬁ@éath}bﬂgprth&oéltﬁe%lgﬂ%m& AF9RImt OBl £Rkbhaer9he B¥edem cally to

enhance the anti-agi'ng. or I'n rejuevenation procesSs. The delivery of
bot h t he pRenwkidseoriompidhe shwmeoapn of the skitesse plsdedisedpdlowe an be enhanced

by utilizi 0 i ncrease
transport glg?l%bsugsa %ﬁ‘gmﬁsg‘%}lé% er &I@E &%%ﬁﬁ Eﬂ?'ﬁi-%ﬁsgliog#gl@}rl ying tissues.
Rlermval of amh@mgents)mwﬁzohdile rs]ls:tlmaaetthsmdrs azfcmnmrmg\ooﬁlthetﬂwths Kiratinc@nrwal so- 3e used,
alone or inco Jnat SQ enhance tion an
delivery of EHE: I@W%B?%‘?I"F&“éﬁ ?’85& lﬁ%cﬁ’togsamﬁﬁrﬂfl o'}r%g{;ﬁé&eguch met hods of
renovi ng opov&kdd@ghtmguédsmchxﬂfnghommﬁeMMucEMaaagpMeredmﬂmOmmsat| on of the

light or the eff i d 1ight
slo‘grcegrincleugl%‘lﬁ‘%lf’ltgﬁg%ﬂ%ésesa&%’é@%m@ﬁ% ° %%5‘? Pvnﬂ’dﬂé?dgpom‘%gesoulrges. A

vari ety of nf@ulyeesinéigiphbtolyses, dhiuidsdgrivet abmlomsmng o¥§mﬁas (®yisi ncl ude
i o Gk Fgens s 2RSS BIREY B Ll
synthetic 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
p.hotolase 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 .

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

25 The photolyase enzymes fimction by light induced electron transfer from a
" reduced FAD factor to the environmental exposure produced pyrimidjne 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
7 sources and properly selected parameters to further ephance, stimulate, photomodulate,
30 photoactivate or photoinhibit the target or supporting cells or tissue to i)romote the most
effective treatment.
There are many causes of free radical damage to cells. In one embodiment wound

healing can be accelerated by utilizing 2 combination of antioxidants, cell growth factors,
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one may use for exanple bacterially derived, or yeast derived, or plankton
rederived, or synthetic or genetically engineered, etc., photolyases and
use themin human skin for 20 beneficial effects thus 1a®ebidarkt200d to sane
speci es derived photol yases. One known photol ase is derived from Anacysti s
ni dul ans while others can be derived frombacteria - yeast in fact protect
thenselves with a photol yase which can be used i n humans, other

. m croor ganwoxespipdant s, i nsects, anphi bian and ani mal pcrosonz®e7exi st. 25 The
phot ol yase enzyrres function by light induced electron transfer froma

reduced FA tor tq th Vi ron Sur.e r.od ced pyri m di ne

di mers. “E? é’°t°87f°d‘ﬁ?té°é’??b§ oz (R ”ﬁﬂ[fc%]:lst %iégg%?reac&gﬁlgﬂglrms such as

i’:mt ihoxi danbﬁot&%d@esﬁﬁﬁﬂci]’@r dysafic tRrapypih ﬁ:?(]&ﬂbf)er cbhgorp halreflycigent her apy. O her
i ght activat ed chronpphores e utili Wi sour ces and
proper |y s8fisipee 05&?%0 g durt qﬂl ?“P?\‘@?ungrzt?F?i‘H%elgor?ﬁ“%’rﬁ %, ghgm Leﬁot.ormdul ate,
30 phot OaChlcbiaekﬁn@éoumméﬁz@&téﬂuamahahﬁtmdaﬂtrrﬁ%rewfwwﬁpﬁrvﬁmg @elil's or tissue
to pronote the nost effective treatnent. Ther?efépare rra bggses of free

radi cal Sdasbifiqus 3 Ell as colptop Taehan Artsnd KRiRprds apliowi ‘ﬁ’@” h be

accel er at eqleaé y birlgl ahd | O fﬁ%ﬂmeﬁ@a@&e@s\ HoRosiid ek Sibrosiedtd angr owt h

factors, Februz%{l% 03/ 017824 PCT/ Us02/ 26627 direct

- phot omodul apitheliel ¢alin e RAwirgstve seAmet wilk p piotolyrrrnd e S Serepy B on t hr ough

- photol yasegrea%gé oo bro AL tnd IREIAMG: bR BRE biGOAaGHOr S and

repl acing dn nC| es o cof actors can further enhance wound heal i ng.

For- exanpl éetr@tabhonl c leg ulcer wound could be treated wth an anti oxi dant

-m xturggof vit L oBSpe§Of actors

such agl fatty Z@e gt@gﬁéﬁs&sat?gﬂ s anggitow F%’\J}QP&I fhgﬁrfaeﬁ 418flgpy usi ng and

LED array mmirerqaamamgsorsdﬂe&s ledudmg @hﬂ@ltoositmjnuﬁsandadl‘sqa@s,@mcamrs and

epi thel i al ceIIs [ecenv. yase and bl ue

i ght therﬁaﬁ’y ﬁgwﬁ{é‘gatechr&l%nésc% C?a 01\.71\/ta')nun %’XD& heal i ng wounds

or buns thajzsplacimhlﬂ eﬁiph@‘eﬂdg@la&@(Banbﬁ’sbs‘oghﬁgw)bm otﬁg@eﬁﬂn@mb@ecﬁdeal uses of

phot ol yases_and t de: the treat nen alLr__or reverse

nerve danageo & 5P ’%Srﬁ%cg % ﬁggﬁﬁ'??f‘é'}é%&uﬁ%}ls n}?@g’r&nﬁshef (f]’r'c’iy%%dageﬁ “H Seases;

' Cﬁncerhler ]I@ﬁﬂﬁ@'buttnbﬂlﬂﬁl’f&lftirlnicﬁlaﬁd@dleﬂh&bbﬁmtd gel udi ng radi ati on and
-chenot her apy; cervical dysplasjia and eso ha e sia rrett's
esophagus) and W&evgﬁ%ﬁgpfai‘,’ PRASE %B?S%P%ﬁﬁ é‘ﬁ s such as

l'ung, oral meﬁaﬁmﬁﬁém&mmfm@s@rmmdmg@mmﬂ@mm seases 15

i ncluding but not |imted to nmacul ar. degenerati on, } rac El etc.
photoreduction/DNA repair via photomodulation or native or exogenous y apphed natural

- or synthetic or genetically engineered photolyases. The addition of topical. Oral, or
20 - systemically administered photolyases and also their cofactors or cofactors of the cells
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
straturn 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 molecﬁlar 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/might thythms in living organisms. These protein photoceceptors include vitamin B
_ | based crytbchromes. “Humans have two presently identified cryptochrome genes — which
30 canbe 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 dysfanction

disorders, space flight related, prolonged underwater habitation, and other disturbances of
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There are very broad health and commerci al applications of photol yase

nmedi ated photorepair or photoreactivation of DNA (or RNA) damage with

flavin radi cal photoreduction/DNA repair via photonodub@eb@aryoxoosat i ve or

exogenously applied natural or synthetic or genetically engineered

phot ol yases. The addition of topical. Oal, or 20 system cally adm nistered

phot ol yases and al so their cofactors or cofactors of the cells whose DNA

i s being rvpamEs4f urt her enhance these applicati ons.PClfisoxxéranced del i very

of such substances topically via ultrasound assisted delivery, via

al terat i on cifadiah Erydls] iR aSimals CRkAATn G080 8RR LRy HhA 1SRE6E@isdsOr MUl at i ons

or. via speci al_delivery vehicles or encapsulatlons are ye? an addi tional

enhancnent”Fg‘Pﬁﬂ§P Heegdem 25 There are al so blue |ight photoreceptors

such as crypt OC\WE%M&Qdu%Q@QQHlo%nQOéeH?J Ep?ﬂo%gwﬁﬂlg ks of cells and
ani ma

t he bi ol ogi cal or circadian rhythm cl ocks ant S - that is
t he mechanPadieihmmeler pafbiraelpbolomeriatiohicshainyemse arombivition ofbdﬂly/ ni ght rhythns

Lt DS PR R0 Bt b L AROLAC AR SRIAL S MOl IS 1 B based

cryt ochrones ave two present genes --
whi ch 30 cafihpeaseilar blovd supply of theliwarewith glthphmtm:dndmﬂaaEmder(eﬂhat |s

phot oacti v o Yo The c ations include
~ treat nent gr%ﬁc' r%lé :ﬂ%ﬁ&r#}gﬁ, aﬁ‘?%)ghe eorr%njescﬁgﬁru‘gas m)?@?' Iﬁl 8 shift work,
etc, but aHgweiyoforna auorsdpheplmh thoweteorsis bimupﬁlydyaﬁ)pmﬁztgm@es di sorders,

space flig I ate r ol rwat er.. habi ion, and ot her

di st urbanc‘é&s ) eﬂf@“&@b#ﬁﬁ@voﬁg@%’ Htyesee tahﬁ 926627 circadi an
rhyt hmibn ani msudmekaﬂﬂhmld&&hﬁﬁfﬁdhlﬁbpﬁﬁlﬁ}pmﬁ@drmﬁﬁﬁmsﬁﬁlhﬁfo l'iving
-organi sms i nc nt dom Marts can be treated using
exogenous Bf éfﬁ lj% E?ﬁ‘g eﬁfl%}’ﬁ) fb‘iag RR¢ effugbes sqatentrating fgrREEREI or non

t her mal phpﬁrmmlopﬁmﬂéufoﬁﬁ:hﬂh&hi@@ndth%na@toﬁﬁﬁﬂ’@éaﬂ@&éﬂﬁbvﬁhhsB@E h. 5 Exanples

- of preferred egbodl rrent f ‘endogenous _chronophores include the targeting
of the vasTH'BE Bt ngk%Pf fand anight bg fopoudgted iifereptly faeithatant her

preferred ueabodigWarlsy ANEEDSigh Qburek cbﬁmbgﬁéeh Yor B dsEFitRB4dnfpizgCt €d or

uItrasonlcaII enhanced delivery of such a chronophore into the wart or

its bl édd %?PHBV?OBW@H’HW{SW topied fregula g WPWH%@Cﬂméﬁ-’PaHPMPf)nDduI ation
“or phot ot heﬁmduﬁ%y%lpeﬂo&%dwthew&g%ﬂsﬁs arth@{&%rtﬂtﬂﬁdgge &xgnpl e would be

that of a chlorophyll topical fornulation sim escri bed
el sewhere in t Frsthegppationaf vagmabvarts.afeytlindtinal deyisnwisih ooy ey of LEAhd vehi cl e and
particl e Sigeanhd ey lfbed ¥t md: BRELARY A &L ARAYE ABhG:! ocation of the

warts (for
illuminated in a medically performed procedure would represent another embodiment of

20  this therapy. A wide range of substances can be utilized either as the primary
chromophore or as adjunctive supporﬁng therapy. These compounds are listed elsewhere
in this application. In another embodiment an immmne stimulator is utilized in

'rconjunction with photomodulation with or without an exogenous chromophore. In yet -
another embodiment a higher powered light source either narrow or broad band can &

25  utilized with the same chromophore therapy as outlined above, but with parameters

" selected so that the interaction with the chromophore is non phbtomodulation, 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 chlorophyl! and carotenoid topical formulation is épplied

30 and natural sunlight vﬁth or without a selective sunscreen are used to interact with the
topical formulation. Another embodiment utilizes an injected or ulirasonically 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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exanpl e warts on the thicker skin of the hand m ght be fornul ated
differently than that used for vaginal warts). An LED |Iight source could
be used for honme use with 644nmin 15 a battery power edéFebiuas@06i n t he
topical forrmula was applied daily and treatnent of individual warts was
performed with the proper paraneters until the warts di sappeared. For the
situation of vaginal warts, a cyclindrical device with an array of LED
arranged ameptBaal |y diffused such that the entire RaEgisesissmavity coul d
be properly illumnated in a nedically performed procedure woul d represent

anot her enbodi rrapilosqhamodé) edzBhsodsREd ABMNasifbmMnd G108 aRbrasyPsances can be

~utilized either .as the prinmary chronophore or as adjunctiveé stpporting

t her apy. THEEYedSARRIFH duged of qven clesred by dhvemaphotomoditition aippl i cat i on. | n

anot her enpioMimeRnil iRQadibAWRCeabdeldts 3t Qb od Il | e g0j unction with .
“phot onodul atjon with or1 W t hoqtgeansex%é%éﬁguﬁgmgﬁ? ﬁgeﬁ‘hgl%eé’.mcfgﬁ yet anot her
enbodi ment %l §B sartywdeeather disprdersdu thispplantidneuay bansedr exchbr oad band can e
25 utilkzegeMbitd THD GBS BAE ﬁggn h as_outlined abave, but with
par anmet er s esﬁ%I ected so t%sa'%]{d? e |%@%§ﬁ%%ﬁ?ﬁ“ﬁﬁgs ﬁ‘f%’r%lﬂﬁore i s non
phot onodul gPFRA diseases a5 et breyme pastsendehqhethodheitimehthatheetcasity &m t 0 damage or
destroy thg, . 1 anj.mal damage  to surrounding uni nvol ved and non
supporti ng tn}é\%glh%s. gl t\r%%ﬁseoggs? ¢ ?n&%%fe’%mgﬁlag}a@ﬁﬂvﬁfm%@"’E‘%’ﬁnbtenoi d topi cal

f or mul at i ofierpesaBpicirasipn oBdugnad opital bedtsSUKeWEE mWo er@futitdi t hout a sel ective
ical formul ation. Anot her

sunscreen g S interact . with the topi )
“enbodi ment él'%in T ?gtgé %ﬁﬂ?lﬁf%@f 8@3‘3}?3.3‘& W?%%VB&EM@@HF%W&%% t opi cal
del i vely ofinalatty Sutbergtowaisof ROAMEGHHRNGE BBHasMI el TRsm BE&Rdiged for
vascul ar Ilnj‘i'%t i on%r safely (ii)gthher medi cal applications. 27 16 February
2006 WO 03P 8TTESHED PR RERTS P EBE R Sl araly et et lad
psori asi f chenpgichiaiont: ght s tusdiesRk S0k GRBr P aish SIS i&%g} rolled,
reduced or_.even %létﬁaij d by the sane phot onodul ati on or ;%hot- t her nmal
interacti dghgnﬁc?nﬁ 8 %BWB&%’GR‘}F‘“&E%BW@ dightdherapiio plrosech thelpe process
outlined fgicanpintsivandatinl Gr@bhey o s WLGES L) G, _%’91;& gk On TRy be used
for sulgbh 5 therapjes. The use of ultrasound I's par Eicurar useful in the
- nore stal y'HPEBH fike bejpging gnniggrhs phish isglandinswsizhiy Tmenetnaly despeel s and
ot her net hedin¥itps GRS ledors SRS GAllsH T &E}:&mal oG EAIdOr of light into
psoriasis presents for exanple a rmjor problemw current therapies.
Penetrati &WI%FY@WS%G@dwms uliggsioteblight | i kewi se a mmj or theraputic
chal lenge. | ferkledt t5hdafstihols BRaeoriBGTR e bronli GHRYGH,d ¢ T8 vl known
: | psoralens. These drugs cross link DNA and are light activated. Thus DNA damage in
20 produced not only by the ultraviolet light itself (like being out in sunlight but primarily
uliraviolet A light), but in addition the psoralen dmg produced DNA damage. Safetyin
children in an obvious concem 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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. gets exposed t

10 stimulates further growth of the plaque or | esion of psoriasis -yet
renmoval is needed to allow the drugs to penetrate and for light to
penetrate. Currently alnost all psoriasis |ight therapyFelsustyt2005i ol et

| ight and thus the risk of skin cancer and al so of photoaging is very
significant with a lifetine of repeated ultraviolet |light therapy. Al so
such therapy typically involves treating |arge areas or even the entire

- body . (st an®o§017$24a | arge light 15 therapy unit is |i¥gUSE2MG7i n a tanni ng
bed which is standing upright). Thus not onIy does the skin with psoriasis

| esi ons get_ tr gﬂ{eﬁ;gotglg&é% et ks dedcP d’lﬁév{é?g%‘gﬂah‘z' ”‘{I‘Pe @ﬂa&o‘ﬁ' typically

magli ng u F&vI O] rnore typical
psori asi s tdiseatseeit a5 psoniesid. \Fer folme cusseofhoriasiadre ebmg&en&aé ¢ozeting g al ens These

drugs cross_|ink at e in

ot oduced. narebth Sy T eBRE Rt &b wl ey BhiS R A RREMEERE oue

sunl i ght buUte mfphdmnm bﬂa toflidal foviutatiad to Aielaregd”ﬁo) beinytteated)- atdbll iebodyhe psoral en
drug prgguced an obvi ous capcern as is

S t
e P s P urd B AL RS A e SR Brs act; var od

€ex0genous  GHEpRGERAe bel mmighﬂﬁerﬁpgﬁtmmi ofttii€as R¥ Smiidote @cthd N t hi s
application present no risk of DNA danage and al so are generally 25 very.

safe produ aftaviolet pepriasis QP‘&“H%’I‘H%“Q‘FT&%‘G}H{‘?% ot HN&daprapite nogfet HESYR WA safel y

used in chigsgiRe iRBEdRES WIRAME tRPorall IhaPeahhd 16nREE sipRARALy hé addi tion the
treatnent is only activated where the topical agent s applied - unlike

t he use of g efiskip sencenashphpiaagiss niire Y@t i vate not only the entire skin but
~al so thg retinayapd, &ﬁﬁ%@ﬁneﬁiﬁﬁﬂ'&%&h@ﬂ%%fl;dcﬂ%ho‘tb‘iﬁgeﬂr&faratx&bin%het herapy is not

only lowin power, but it Is for the nost part Vvisible or infrared |ight
30 and is ﬁmlaﬁva@wgﬁompﬂ@d@@iQfgcwaatmsmﬁg@reormrﬁsrsant he use of

phot omodul gbh s i REt LRSI PRl ARl R AL B CARNAHSld B Ot | vl ed

chronophor es such as Rerein ese Ats a si ght cant advance in
safety an@mﬁﬁﬁmmﬂb¢WEQBVﬂﬁmF%hﬁuumydaﬂﬂﬁdDN%@@%@Q@@@WMH@TI||802/26627 The

phot ol yase paad] RN, ARG bRBNARONE, SRS OB ARRYSE L 0" 1 O°

di seases sl psori asi's. sorirasis a very extensive
covering | afge whﬂ&ﬂghtts&uwfwh@e:ostmnédam&gh pé&e dn‘s;retdtm\rumgh A el propge be
‘resistant to othe

f onul ati on?#8™ ?t?{%{oa{’foér}gm%f e t?ﬁh%%?"é’ﬁﬁ iRy lé:a?att iﬂﬁ?ﬁ’ @Onbctg IyC gl ar eas
.exposed t obt fi® dpplieditd intnirailze ggBEnmomt sthahmﬂ«airdsmafmyomhnﬂuﬁbuhe Oat ve a post
2T M e B P25 S0 P A LU Sl 0K O (10 o0
repair of biNdsigle/Heeid Dand ghidliordelaBE & fMBScids and one or more keto acids. A
20 - similar formulation could c;cntain these agents but utilize only one or two of the three
antioxidants listed.
_ 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. themsélves, as described in the applicants copending U.S. patent appliéation
25 serial no. 09/894,899 entitled "Method and Apparatus for Photomodulation of Living
' Cells", which is hereby inéorporated by reference in its entirety.
This can result in a greater success rate of fertiliiation and/or growth of embryos
or other desirable effecis on this process. In one embodiment an LED light source is used
o treat sperm of animals or humans or genetically engineered embryos or subcomponents
30  thereofto enhance fertilization. )
In another embodiment photolyase or other photoreparative or light activated
DNA repair proteins or substances combined with photomodulation can be ufilized to

‘cotrect’ DNA. damage in embryonic tissues thus generating a normal or more normal
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facilitated imedi ately following the psoriasis therapy - thus reducing
significantly the risk of skin cancer and photoaging in future years. 10
Anot her enbodi nent invol ves the use of such a photol yadé Fpbrapar2@06on in the
- evening after returning froma |ong day of occupational sun exposure or
after an accidental sunburn. A spray or |otion containing the photolyase
could be applied and then photorepair/photareacitvation of the acutely
damaged DNwoiosrotrsze skin could be perfornmed - and thi scosudmdszbe per f or ned
with a | arge beam di anmeter honme therapy unit 15 of by a white |ight source

whi ch cont ai ned ou f .the desired wavel.ength th . [~ paraneters
to produce eﬂ%)fyé’ ’ ?@58%%3%? Ho 8‘% ]tniv%?zﬁr fnymear(r’]?uélﬁ%ll %til}yzfgﬁﬁ(’pg?(?eﬁgﬁ?fwl ation
could be ahgmomphdht patath@ersd- o the ght @n bt Bdiveredifian odtkidr thendesiatbd ef f ect s of

t he sunburn, e. such. odi ment ul d. be the preparation described
earlier wi t"f?“?"&lm#ﬁea?sgg’ﬁmg?gg\l}gﬁﬁﬁ?rﬁp ,d%‘\"/‘f‘?’am n E and gl utat hi one and
free fatty aci dan@ng pRides arwHipRotsRbdulAioh 653 be Atiled Sk Skdifdanibeniaitil at i on coul d
contain these agents but_utilize only one or. two of the three antioxidants
TSt ed. 3 n RPdRICRalRen SEp b ouL BT Hion e Bem s SHBCR by

phot onodul atving Rrganivh { Sler Eelis Blolwilil dRrefNABCRRUSsD srORR @ sRuctofddi S can
sinply target the cells or subcellular conponents thenselves, as descri bed

in the applo edhfuluesfoeinfsion mplatatony cic{pndihel subssayepierogh alls sush no.

091894, 899 yhdr b6 de EMEtREL A ARBRAEARMEA bORRIBIRAL QRO MR Of Living
Cells", which 1s hereby incorporated by reference in its entirety. This can

resul t in ategrosh esr be fiom ewslivingttissug pr ¢ragnism. iy kumagnstaperlis for hegpwt h of enbryos

- or ot heyy desij i e 1 n LED Ii ght
Source |0 el Sl SpoBiay i Bl AEfiTn bldy ARGpRIBAGERED IR |

engi neer ed tertongweray, bivabcobporrdasenda, SOust kehilve! cordoreerdlvod afdganpbé i zati on. In

anot her_ emagdl A OO K870l DS iRLL A1 £BAL A Ve Gry it 2ct T vated

DNA repair ances co Ion can be
utilized t @geneticalteration br iDidiputhdnmerengineesnd) rSpcissuetcas suedrommg ligeher at i ng a
‘normal or nore normal .29 16 February 2006 WO 03/017824 PCTI US02126627
enbryo. Thi*®" & Weonﬁg’forrred invitro or in utero (utilizing tiny fiber
opticc d&livery of Sk @ilo@abe plicgdattivard angib®inkibitediry phitembdufpkion. can be

:jﬁlt Ir \cl)gtrjgid n@%@%‘iﬁf"’f%gﬁg@%ﬁ@%d%&'?“qﬁ\ﬁ%%ﬂﬁh%#%ﬁ%&w&ﬂ t 2 ﬁ :)Ih?)? o(r)rfodul ation
can be uti Inbadénicte idt@eliuiar hamial SRARE by contribute via such effects as membrane
| changes or structured conformational changeé.
The wavelength or bandwidth of wavelengths is one of the critical factors n
20 selective photomodulation. Pulsed or continvous 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 pro]jferat_ion 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 alatm keypad has a unique ‘code’ to arm (activate) or disarm (inhibit or
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5is in the stinmulation of proliferation, gromh, differentiation, etc of
stemcells fromany living organism Stemcells growh and differentiation
into tissues or organs or structures or cell cultures 15@ebhiafuzi0an,
inplantation, etc (and their subsequent growth after such transfer) can be
facilitiated or enhanced or controlled or inhibited. The origin of such
stemcells can be fromany living tissue or organism In humans stemcells
for these WOegmbedi nents may cone from any source in pdreushamean body, but
typically originate from the bone marrow, blood, enbryo, placenta, fetus,

mbi | i cal d d_bl ood t f N
cr oat e i DREPh b6 4Pl w0t Fio v Bl 1reBE Sl Poggneti ¢ -

alteration Mlpﬁﬁﬂh@iﬁtaﬁbnmwﬁlrceﬁmgl neering. Such tissue can conme from any

living source 0of any orig 5 Stemc hot oacti vated or ‘
phot oi nhi bi t ed ]B‘;ﬁe‘iﬁﬂ ﬁl“&@]}ﬁﬁameﬁvgﬁﬁgﬁ?aﬁatv ‘“égglfe’??tf“‘%@’ﬁf)er ature rise
with this Bﬁ&@ﬁﬁeaktWQMf&én@ﬁﬁm@dﬁs $fB@bmoduegeEtL patfithede i ntracel | ul ar

t her mal changes may contribute via such effects asrmr‘{eg_grane changes or

st r uct ufed SEBHSPIRt et it mye be Profised ibeplBmg s NeRSdt h of

wavel engt hgpdr$ o@&gmﬁ,ﬁ wmal Eifdrbdt fRAMEAEHO1RA bddial P8} s&RbREMY MSeffects

phot onodul ati on ul sed conti nuous exposure, duration and frequency of .
pul ses (andredisp Riffeppt— lpéact@asndm@n&q@ﬁgyntw%wa%c@a%wﬁ%ep&erwe|| as the
presence, 3RSENG g Mmitl | cofactors, enzynes,

catal ysts, gor ot 11113}1&{) F%laﬁik E&geé éb&?%t he gr ocess bei ng phot onodul at ed.
Phot onodul ati o nThvawlec@gm Dwvelmgfhnhp@mvdlﬂiﬁ@ﬂ frectibicabes ipthe hmﬂy@ﬂbf
differeptiat ; n their
ot 1oy agd il bere gy SLER Brh oaldiBld oP Al Bl A O AR R
act i vat i on awbidlogivathy achmp@d’tralsntcﬂvalprmtly tha phdRipaidolibahuyiBtagsh can

up-regul ate_or regul at ne.or f tivate or

i nacti vat e%%Wn%s r?gwﬂmmeg i Iétq"ﬁfub?\(f%l BX?Sf%l y, %m en?ﬁﬂl:? e?tﬁ&r egul atory
functi ons. H&&ltﬂjmeahmw@yonﬂ@ﬂmcﬂﬁ‘ﬂsmuglﬂwlthmlt@]rtodfmi&t emcells is that a

specific set of_para tlvte .or i nhi jfferentiation or
~proliferation ?P i&]{%ﬂ}»ﬁ){rﬁ)p@g oLeE PIEHeTiSIF PE otds #°&% a burglar alarm
- keypad 1Bas ‘aaneuﬁueqprhomdaeptot ﬁoladflﬂﬂs.( E‘.ﬁ‘dsd: mtcfz)cc@for ﬁiteS&bd&iVe(ﬁhmhilskﬂ”(ﬁn or 30 16
‘February 2006 . W0.03/017824 PCTI US02/ 27 inacti |ng an alarm
si gnal whi EFCHOmEaneR fauraes sy TslﬂiFﬁeéa.fj‘s Shl%‘fppg??g \é%sa%% ?ntcﬁ B8 with
phot onodul adicegidness fdFowatd, Slectfidafl Juﬂfuﬁﬂbn RAERAEHEHS anll alsh ndalibe SaMe

wavel engt h ¥ have very diverse and eve
affected by the state of polarization of light. Combmat:ons of electromagnetic radiation

sources may also be used.
20 The phbton energy Being received by the phofo 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 theﬁ environment can greatly affect the response to the photo
modulation, Exampies include hypoxia, excess or Jack or ration of proper cofactors or
growth factors, drug exposure (eg. reduced ubiquinone from certain anticholest_erol drugs)
, | or antioxidant status, diseases, etc. |
30 The as yet unknown mechanisna, which establishes “priorities’ within iving cells,
can be I;hotomodulated. 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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opposite effects. Wien different paraneters of photonodul ati on are
performed 5 sinmultaneously different effects may be produced (like playing
a sinple key versus a chord on a piano). Wen different FebfanElo®es are
used serially or sequentially the effects are also different - in fact
déepending on the tinme interval we may cancel out the prior photonodul ation
nmessage (like canceling burglar alarnm). The selection of wavel ength

phot onodul 30wm1788 critical as is the bandw dth 10 seb@utsezksees t her e naybe
a very narrow bandw dth for sone applications - in essence these are

bi ol ogi cal %Xxm%?&%ﬁ%%@ﬁ%ﬁ E\%'ea;@l%&h‘éaleﬁ? en%‘%‘&gcf ﬁ{d&fuﬁc%&w%ﬁ%omd“' Z“ on will

target flavins, C ones, 1ron-sulfur c r?p exes, qui ni nes, hene,
enzynes, anesiwblherbendficahisiittmaynequriee adiffbreg dcvchbbpinel” sfpanokasdsntlivough not

limted to these.. These act. much |ike Qr.o |1 and .ot her pignents in
phot osynt h&81¥4%s n‘i’gmf FpErligemay I(’)r?&(uﬁ%%&ge‘gcc glg%atr oTr ol ]glclzsﬁ g s‘q’fpmghes e photo
Sccep_tgrdsicblﬁ?ﬁmﬁefpa?m{e?p Uaiﬁgft/)ah‘;nmTlﬁh&bbfphﬂ?gmmlﬁmngmmcﬁes such as these
escri in this application, but. a i acl udi adj.o frequency,

i or owaes btigie bioRRin 8 phoreri SHbGreRe e B el S Ghadtny he

af fect ed byoh$ehHhas Gapire pdtoridadakd.on of |ight. Conbinations of

- el ectromagnetic_radiation sources may . also be used. 20 The photon energy
being recei ved 1 ta@leptoatider aeeld Fslpntiike bep song ?GEFﬁﬁsg’\?é’F?PF"dVﬁorisnt ensity

|'i ght t her apywAillsbtlid dnofich Sbthcs bEdvems rebdtifih &@bmﬁhﬁoﬁwﬁmsﬁ@iﬁca@mds t hus

“energizing' the photo acceptor nolecules which in turn transfers and may
al so anpl i BpaesEeoregraongy If hewgienpne wepe sienabroosrio sish thebatton preyegylk t s this to

~ul ti matg theﬁ&'ms& MBE: thOlesitedBliintd b RRectivd L&g@@@akm%an%e@?xgygi zing the

cell (for proliferation or secretory activities for. exanp This can
be broad omrdgwsributioresilipiprednce thedesicddioyicame.r esponse produced. The health of

the cells and theli, 0N fORIRIY M EAGE YorPhbeRtn LGl ROgARSE 1O the

photo nodul ation. anples 1nclu ypoxI a, cess or o r ration of
proper cof &ehenpthegarangtesntethd aotlo rQne subh gxpradgoe the catps fetweanduced ubi qui none

from certai I eh . ; i% %ﬁgt- t Uﬁ)? di seases, etc.
.30 The as %dﬁﬁﬁ&c%g%ﬁ%@%%&@%@%%%@& I % es hg%tr—?%rl les' within
-+ 1iving 16el light prodamns igprogivetadniit Hategeatef DNG. yamidineclmalethantba3dSha
-differentiat, on of..earl nbr yos stem cel.l popul.ation. enous | i ght
Gcti vated OHY BRSPS thifs Rrela, Shenels B iueng Ry HB o REE U T
exogenous ehiypimiesy ddders. e ideniklytniletchamedt inphoengidue®ned stem 31 16

. February 2006 \A\D.O /017824 PCTI US02/ 26627 cells or .st.%m &%h.l s whi ch have an
i nborn genBRPRERIF Feagion AUPREES G FITECHHTBHATEY I very signilcant ditferences

, in cellular effects —~ even at the subcellular level or with DNA. or gene expression.
- 20 'jA final analogyis 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 ireatment of cellulite. Cellulite
' is a2 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 surrounding supporting structures and
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desirable or beneficial trait may require a different "conbination' of
paranmeters than their anal ogous normal' stemcells or may produce
different cellular response if use the sane conbinati a6 Rebruasy 2006t er s.
Usi ng various et hods of photonodul ati on or other 5 techniques known in the
art nore specific cellular effects may be produced by bl ocking' sone
“channel s' that are photonodul ated. For exanple, consider an old fashioned
j uke box, wWbozmnessel ects the proper buttons one wi | IpcgaBo2ize62TOti ON a _
series of events resulting in the playing of a very specific and unique
record or o | f however ope were given a broom.t ush the buttons one
woul d 10 h&le gl PIGRAO 31 SRRt a0 FEE PSR AT B MOT ect i ve. L kew se

~ pushi ng annbrmmzélﬂeets%h&ureaﬁHﬁfcﬁmomaﬁsgfesﬂmwedm%tmwamm@ the desired
out cone. The nitude of effects on cells may al so be very dependent on

t he wavel engt h ipedilasion et adiparasttnheperracd HnesadRernovEHEPAREH exanpl e i s

the cont ra%ch@é‘s"tﬂﬁ%fﬁocﬁé’s RN ek, Qﬁan‘?d?i%‘dih&ﬁha QA Stalghs Miin Wt h 302nm |i ght

versus 365nm | i ght the 302nm 15 |i ght produces approxi mately 5000 tines

‘greater 5DWWWR¥@HOH€MPW§WIPWBWSR%@TH@%M otlegr pupcellulenenmporintst ance up t he

spectrum ratio or type of
PR ot B FL RO, L0 ROnGRe L DB

t hese di ners. m ot omodul ati on or
phot ochem gldtomadaleted (photpantivatestcs photaialibifsd out phq;oth@mga thterpgjionsag alyer y

o S L et PR ERS Such A bl Blng S Gl ohncro ANAD aflicAdd oBEERL | LAY | OVE

or with expressi o I'nal anal o o nodul ati on
_par anet er st@amlmswmmhaﬂyzhmochcedMDﬂeta:gmla§suds(or mimmﬂen mmml fic

.instr t| to, s mce i S ha r l. jn.practical
terns guc hglggd kel e@’@i[’( HJER lyta ngHD (?gﬂ“f l%‘*51I'Sr”ﬂdeesﬂ‘h%r or gans

t hat stem toCeahdnSe dtéiveey (ﬁfpha]ﬂlrodlof)]ﬁ(ﬁﬁ aitb hlak bedl ﬁifr@laﬁ&n oneth prod@de thérmail at i ng,
enhanci ng or. accel er. thei r om them undi fferenti ated).
25 Anot her e%eﬁb‘frt%%ff"f@erfl 8%’(3 Bfﬁﬁagwﬁﬂg‘ﬂgﬁ%en r“%at ment of cellulite.
Cellulite is aneaumBbdiseddicchomophiris dé’lﬁ&é@ﬁaﬁﬂhﬁﬁfaﬂaﬁﬁﬁﬂd&lm\em war d

appearance of the skin in certa n ato c ar st .commonly on the
upper | egs e heshysing g ?ﬂ‘f‘lP]g 57‘%“31“‘{?6 H%‘H‘e@ﬁ&%ﬂg’%ﬁ’ ®8r%y undesi r abl e.

Cel l'ulifse iefnspdie The MiskkioPbs the HBfuinomhe albMYBr & cof®@Mblicilfiditheon of the skin
-and underlyl ng soft tissues and fat which may involve 30 abnormalities of

ci rcul ati oRfr é‘i"“liﬁcé’il%P‘?f@%ﬁﬁﬂﬁd@h"e@fﬁﬁ@t“ﬁ@&oﬂﬁ’mabﬁ?ﬁ?rﬂ”éHafsﬁ%?stherﬂpypr edoni nant | y

in the fat5aAqafMPRGMIGuASah bEBHER enRG] RIRAIM AL frQRssO T HB@EOT her mal
treatnments of the adipocytes (fat cells) or their surrounding supporting

structures erafpdingat cb@nwehﬂrw injecig g ol e prevraarrgidishs Gome
light therapy with or without ultrasound may be used to photomodulate or photothermally

20 orultrasonically 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  penstrated deeply énough to reach the target tissue.
| Various topical or systemic agents can also be us_ed 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, o
- Additional topical agents for inhibiting hair growth inchude inhibitors of orpithine
30  decarboxylase, inhibitors of vascular endothelial growth factor (VEGF), inhibitors of
phospholipase A2, inhibitors of § — adenosylmethionine. Specific examples of these, but

not limited to, include licorice, licochalone A, genestein, soy isoflavones, phtyoestrogens,
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bl ood supply alone or in conbination can reduce the appearance of cellulite
and/or normalize the structure and function of the tissues involved with
the cellulite. Photonodul ation of adi pocytes can be pent®bRErLE06]
endogenous chronmophores suche as the adi pocytes thenselves, their
m tochondria or other targets within the 5 adi pocyte el ectron transport
systemor respiratory chain or other subcellular conponents. Exogenous
i ght or eM&t®B#BPEgnetically activated chronpphores cRIT&EPEWLHe
phot onodul at ed (pbotoacti vated or photoinhibited) or photothernma
I nter acti o A A 36ivalf ihalof AHRLES, difurd HGDnhHoJBBRCE Sheftfly | [ St ed

el sewhere in this application and can be topically or syStemcally
i ntroduced snaiperet opaltered geimnpunglggie sonmgatesdvifhcdhage egsntor  surroundi ng 10 bl ood
vessel s. The us r.l . [ rasound can be
utilized eitherﬁhﬁ%egnEﬁﬁ@%b%%Wg§%¢%$%¢ﬂ@%%%gﬁggﬁ%%ﬂgﬂg&ggéto alter loca
ci rcul at i onreaimettodeseribed e cdllnkte twlve alef freiteby ncorporpedintodactiddsfor uct i ve ef f ect

or any conmbination of .these .actions. In one enbodi nent e.chronophore is
el fvar c BhE e sPly HRFE RGo8R B ko TSR S HE g ot e nal
ul trasound teaing sitiamapalsikticncipmplishadby sidiply prodheRl ssodiRliaiganit methédnsport. The
alteration . of the stratum corneum alone qr in conbination . wth the

01 t 1 asound 10 alfst AFEOShIE R oSHE] FoRhs SonteRu et YRR £ et nal
massage t hexeaRyuchvisatilatad infllde, i@ aRAbiHxERd GABapkieuny $Reenk hiRhhaaidee t he
treatment process. In another enbodi nent chronophore is injected into the
fat |ayer pPP¥dilestereatment with Iight. Some Iight therapy with or without
~ultrasound may PR pHEel iveribh RlranRedithahed F wite e (I8 h R lekapld. Or
ultrasonically increase or otherwise alter the circulation or

m crociruclation or local netabolic processes in the areas affected.by
cellulite or other tissues. The pg LEijght paraneters are selected for
t he target adi pocytes, blood vessel's, exogenous chronophores, etc. Since
sone of the target tASSLREDURTIGN TONEINHRUSERBATMERNEN f or exanpl e
wrinkles or acne, typically |ong enough wavel engths of |ight nust be
utilized so that the light 25 penetrated deeply enough to reach the target
~ tissue.l5Vari ous t opiAdsdm efiblinded exneit gradgeviewingbaforaiigiitrphoiseef t 0 enhance t he
cellulite I: ] avapious cofactors
for the ne?gggﬁg%ﬁg%d%ggg%%gg%éﬁ#%%ﬁﬁégP%%gaﬁég%?#%%ﬁqgn “have been

previ ousl y pesitinivdngoh sveredherglobAduipiovemral of visiblecare pagpaingns inftlgr fadialhi bi ti ng hair
growt h incgyge i nhibitors of ornithine 30 decarboxylase, inhibitors of
vascul ar eRoat hel i al grom h factor (VEGF), inhibitors of phospholipase A2,
inhibitors of S - afirfesaldsrettehtedionainceSomcyf firt, Reatngrhasskaf withese, but  not

Lt Ok Ah Sk SO (blOOSNE) 90 S SRR Bl wTRucki?' | 2VvOTES:

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
7_ continously and providing fuil-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’IS minutes per treatment session,
' resulting in a total energy éxposure 0f 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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WD 03/ 017824 PCTI USQ2/ 26627 vitam n D and derivatives, anal ogs, conjugates,
natural or synthetic versions or genetically engineered or altered or
i mmunol ogi ¢ conjugates with these agents. Al so the sanaétFepiuasi20dgents,
exogenous |ight activated chronophores and treatnents described fro
cellulite above al so are hereby incorporated into nethods for 5 reducing
the gromh of hair. Increasing the circulation or mcrocirculation of the
hai r beari M9 B8R1784nay al so be acconplished by sinply PTd$0RA662§ vasodil ation
- by any method know to those skilled in this art. Sonme exanples of topical
agents which mght be used top,pffi€ate such vasodilation include, but are
" not limted to: capsicum_ginseng, niacinam de m noxidil, etc. 10 The
~present inyention WeekiYaleder |i || ust r AAwethged Volayofof the fol | owi ng exanpl es. |
EXAMPLE | ACNE REDUCTI ON - - ©CONTI NUOUR JREATMENT 15 A team of bl i nded
expert gragers view ng before and after otos of patients subjected to
the non-abj ative Llnﬁeﬂ&Lom/ ntensity nghBGTherapy of the present
i nventi on geore—the bat—t+fprovenent vi-stbl-e—aene promnent in the
facial arpa. Six f@ﬁﬁ? S are treated to ?%éuce acne| by, first, treating
their skinfwth a 8@e&i@pl cal conpositi onggegnt ai ni ngl about 2.5% by wei ght
.copper chl prophyllin-.as the active ngredient. The treatnent includes
subj ecting] the targ@™eafea of the patient®J%skin that has been treated
with the topical conmposition to a fiftered 1tuorescent |ight operated
continously and providing full-face coverage, i.e., the entire face of the
patient is subjected to the Iighﬁﬁﬁhﬂﬂﬂhhe | i ght source. Three treatnents
~over 12 weeks to the eg WolhsAb TREading Nt ensity of 11
mlliwatts for 15 m nutes per trea ment Sessi on, resultlng in a total
energy exposure of 10.0 J/cnR. Thermal injury is produced wi th bl ood
vessel s included any, et chronD hor bu |n wound care is
needed). The averadg ?% Fg %?dﬂs g ‘?h%ﬂ%aF% aﬁoosff The |i ght
source hasImndmnhwawaheﬂnssmﬂﬂmweLﬂﬁ@ﬁb@ﬂgﬁbﬂyh@hﬁémm@ﬂgﬁﬂmf 410 rimto 420

d t d at 4 16 Fe 20 6 017824
BT LS02) 2080 FREEn FR PRl ThER Pt et frae i e ot e

Six females are treated for acue by, first, contacﬁng their skin once nightly

10 for each night during the 2 weeks preceding the treatement session with a topicat
' comﬁosition containing a mixture of 2.0% chlorophyll a, 2.0% chlorophyll b, and 5%
carotenoids as the active ingredients. The laser diode freatment 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 I;ulse width of 800 msec and a pulse frequency of 1 hz (1 pulse
15  per second). Three puises are administered. Six treatments over 12 weeks to the entire
~ face with 400 nm laser diode with 2 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 weéks | 0%
2 weeks 36 %
7 weeks 58 %
12 weeks 82 %
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Reduction O weeks0% 4 weeks28 % 8 weeks56% 12 weeks64% EXAMPLE 2 ACNE
REDUCTI ON --- PULSED TREATMENT 5 A team of blinded expert graders view ng
before and after photos of patients subjected to the ngmweshlagf2008 LILT
("Low Intensity Light Therapy") of the present invention score the gl obal
| mprovenent of visible acne on the facial area. Six females are treated for
acne by, first, contacting their skin once nightly 10 for each night
during thewR0@gdRs precedi ng the treatenent session vitarfusee/2sepi cal

conposi tion containing a mxture of 2.0% chlorophyll a, 2.0% chlorophyll b,
and 5% carotenoids as the activepL R )13? 3ents The | aser di ode treatnent
~includes subjecting the target patient's skin that has been
treated with AGKE ADD AENE SCABSINGREDECTION CQQ’E%INBDMTH‘E}IQU&aw ng a pul se
‘wi dth of 800 nsec and a pul I (1 pul se 15 per second).
Three pul ses are adm ni ster%ﬁ%ﬁ@n&ﬁ@ver 12 weeks to the entire
face with 400 rimlaser diode with a 10cm beam di ameter at an intensity

- rangi ng 525_00 tts cnp. C‘I; average I ed.lctt51 ?maparaca?e et% shown in
Tabl e 2. Tabl e PO EHRGSEC VLPTHS SRR G We€k50% 2 weeks36%

7 weeks58 %f&erjmedﬁ&:Bﬁn %aﬁﬁoﬁﬁelﬁenﬂdnaéma QABscWEiMRY ekt dndRHEA US02/ 26627

EXAMPLE 3 ACNE. AND ACNE S I NG CONTI.NUOUS WAVE/ PULSED
TREATVENT ECOFiiag Beatment fraacca ?/aVﬁ&%ﬁ%@%@ﬁ%ﬁ%ﬂ&%&ﬁfésegfdml?%g in the

f aci al  ar easahifcdnRE&tRE with a topical composition containing the active ingredient

chlorophyll in a carrier suspension of microsponges having a diameter of 5 microns or

10 less. Measurements are taken from by uﬁlizing subjective evaluations conducted by
trained medical personnel. The topical treatment includes applying the carotenoid
composition containing about 5% carotenoids in a lipbsome carrier (alternatively,
microsponges can be used having an average diameter of 5 microns} to the skin of the
facial area and ailowing it to penetrate the stratum cornsum 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 +/- Snm 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 componenté thereof to LED light having a pulse width of 250 msec and a
pulse spacing of 250 msec for 90 pulées. Six treatments over 12 weeks to the entire face
with the metal halide source as previously described and a 590 nm muitichromatic LED,

l_ i.e., an LED having an emission peak at about 590nm and putting out medically useful
light in the range of about 585nm fo about 595nm, at an intensity ranging from 1.05 - 2.05
25  uWatts. 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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for inprovenent in scar prom nence, skin texture, and scar visibility
before and after receiving treatnent in accordance with the non-abl ative
met hod of the present invention wused in conjunction wikFeBrub8i008l
~conposition containing the active ingredient chlorophyll in a carrier
suspensi on- of m crosponges having a dianeter of 5 mcrons or 10 |ess.

Measurenents are taken fromby utilizing subjective eval uations conducted
by trai nedva8¥®24 personnel. The topical treatnent PEENUEBES2APp] ying the
carotenoid conposition containing about 5% carotenoids in a |iposone
carrier (alternatively, mcrosponggge.gan be used having an average
dianeter of 5 mcrons) to the skin of the aci.al._area and allowing it to
penet r at e |t h&esentdnprovenenteum f &re agaoments maf el YPosBreagments (nut es| prior to
begi nni ng ftreatgent—Thefirstistep-gn-the{reatment (process 15 |t 0 expose
the facial are kqgmgn%g%tinous mave(%ron1a filtered ﬁ%tal hal i dg | anp

havi ng a ¢dom nanSecaréifz SSi ve elength, i.ef, an em d46i on peak, jat about
415nm +/ - %m—and—a-n—enei—gy—lg:i* put—ef—100mN-cre—For—approxtratel y 10
m nutes. The,AGNE Aefledonsci al| area® s then exposed7§lo a pul sed LED
treatnment Tncludes subjecting the target chronopphore fibroblasts 20 and
subcel I ul ar conponents thereof to LED I|i 3ht havi ng a pul se width of 250
nsec and a pulse spacing of 250 90 pul ses. Six treatnents over 12
weeks o the entire,rREScih REDUCTIORLAPULG) YREATWIRer as previ ously
described and a 590 nmnmultichromatic LED, 1.e., an LED having an em ssion
peak at5about 590nm and putting out nedically useful light in the range of
. about 585nm to abou . ' WOV j 5.2.05 25
Watts. Further, the@{%@%?ﬁ%ﬁ?ﬁﬁﬁgﬁ a%ﬁgﬁg%%i%%ﬂ?g@%&%&?ﬂ?éﬁgeIOM/the

t hreshol d pdtients hibjented toith nenipblatied ok €T .oy Bridnpiprlaght Keempy)wi e ne scar
visibility_is showa in Tabl ; C N he present invention,
t hi s ‘dual - r(%cflfcsznewe r%lasfoﬁ%neg%%%k@oé{%eﬁ'%ﬁtgggﬂ@%%&%&e‘%é hal ide |ight source to
treat the active acne and the LED source to reduce or elimnate the

visibiljty of.acng scars.. 36,16 Febru 2006. 0 ; le 3
PCT] US33/ 26627 Perraty Wﬁfﬁiﬁg%‘béﬁ%ﬂ‘%%?%"awne%sf%ﬁ\ﬁé%% ﬁh%t}“ﬁgg‘i%mn%—%@s Ski n
- El asti ci t y{(h8mddseatijdctinoDelfntibtisiskie toCED light hoirmp@ palsEXENRITESHimsec and

‘ a pulse spacing of 250 msec for a period of 90 pulses. Eight treatments over 16 weeks to

‘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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ACNE SCAR REDUCTI ON -- PULSED TREATMENT 5 A team of blinded expert graders
viewi ng before and after photos of patients subjected to the non-ablative
LELT CLow Intensity Light Therapy~ of the present invegtieBfiaseaigs t he

gl obal inprovenment of visible. acne scarring. .10 Six fenal es were tested
for reduction of acne sear visibility. The LED treatnent i ncludes
subjecting the patient's skin to a LED |ight having a pulse width of 250
msee and ¥WOMHPKE¥4spaci of 250 nsee for a period of IXTHSPRRET Ei ght
~treatnments over 16 weeks to 1Ing the entire face with 590 mm

mul tichromatic, LED at an intensi%%¢¥ﬁ22%$g from1.0 - 2.0 Rwatts. Having
a bandwi dth of +/- 5-15nm t be L ore produces light in the 15
wavel engt h range of frAGNEFRBEDUCHONS OONIENUORSLIGHTe treat nent maintains a
skin tenperature below the threshold of thermal injury. The average
reduction in visible acne scarring is shown in Table 4. Table 4

Week/ Val ueAver agedihda fai @eatihg Readbei coabiltimbdbdsthdmuenks42% 8 weeks51% 12
weeks48% 37,16 February 2006 03/017824 PCTI US02/ 26627 MPLE 5 ACNE
REDUCT]I -Rh°‘w§“?ﬂmﬂﬁ%“ﬁﬁﬂg¥#¥“§gf?@?ﬂ?8éewﬁeﬂﬁ %&?‘Pﬁ@“%%{@rfés E¥ % onbi nati on
of phot ot hesapsahARdudioR BahOMEitAIr oy oh the Bclibita. I thiteRahdlg diaduce t he
"presence of acne bacteria, resulting in a ,substantial reduction in the

exi st ence d*“%@ﬂ@m%ﬁ“¥¥%ﬂW%c$3@”&@@%”“¥ﬁ”?ﬁﬁ§°@&ﬁﬁﬁ?@mﬂﬂﬁgw chr omophor es
are target tRghendds RabhMbor. Nat ural Iy occuring porphyrin in acne and an

exogenous chronophor. Pretreatnent is perfornmed using a topically applied
chromophore. | nPretksanentis psrforsdaising p pically apalicd chipwargifom 18 an aqueous

-sol uti ofy Ofex g Othe G éﬂﬂ%ﬁ@pfﬂr% Al theotAbREGT ANITul BiRMRiREhdt O the skin.

The skin is flrst cleanse Wwth a 'ow residue cleansing solution, then a

pH adj ust i regroteeidsiingpehied tb Breiskin The ship i fresglopysediwith alowresiiye eleappe i cati on of
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 comeum. The
topical chromophore is applied and delivery of the chromophore is enhanced with a 3
| 15 megahertz ultrasound emifter using a duti.r cycle of 25% and 1.5 watts ouput using 2
massage-like motion to cover the entire face for 5 minutes and the shoulders for 5
"minuies. 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 Joules/ cm’. The entire face and
. upper back of the patient is treated with minimal overlap during each of 6 freatment
sessions, each spaced two week apart, Approximately an 85% reduction in acne is
25  observed.
| EXAMPLE 6
' HOME-USE DEVICE AND TREATMEN T

_ 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, 2 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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an enzyme mask for remving skin debris and a portion of the stratum
corneum The topical chronophore is applied and delivery of the
chronophore is enhanced with a 3 15 negahertz ul trasound Febiuliye00dsi ng a
duty cycle of 25% and 1.5 watts ouput using a nassage-like notion to cover
the entire face for 5 mnutes and the shoulders for 5 mnutes. Any excess
lotion is then renoved. The cleansing solution used for this exanple
shoul d i ncWO&¥1ER24 | east 40% of either an acetone, et REIUGREAT e, or
~ ethyl/isopropyl alcohol solvent, fromabout 1%to about 4% salicylic acid
as-a penetrant : | . B0 kA | ded as a _
" noisterizer. A 'If%{é{ﬂ?gﬁg‘{gp?ﬁggglﬁlgs%éﬂ?&:l{%laﬁ%@og%ﬁl%?gﬁdﬁatﬁhﬁgﬂeg dom nant em ssion
at 420nm i pregiosly treated fir acng serring 9o peyday.arefaebiybul netageesarilsm tht ensi ty of 10
Joules./c e ire f ' i.Sttreated with
. m ni mal O\r:gﬂro g‘% gﬁﬁ#\’éﬁe é)aa@%l?%)?ﬁ%ats{rﬁggrtg%e %tgé%%%ﬁ)g? q%glgﬂ#es%%)éed two week
apart. Appiexi isetreduizted ip 3584 the paseage ofitadigtion baving asva@Slenglisio the eabge EXAMPLE 6
5is carried

out - Tnd pAPPEREARAHTER 20 o o0 b ERT BhplEh RS BhEXAIBLS 0 2% 2" v ce

conpri si ng fiathbadtihéetatndnEidoctssy IThe cara@erols pomide protettinme thgskamagaigsieous sol uti on

of about 2% by weiqght, chl.orophyl| and apqut, .29 wei ght,, of a

car ot enoi d g ?‘%ﬁam\k’gvgloﬂ@?lﬁmgé?%gﬂ%@?ﬂﬁ%‘r%ﬂ?@’@%paf\éﬁﬁgﬁ%ary 2006 WD
03/ 017824 R&ilHIBABC K61 1-T figePit i8N Thel D d&fce amitdradinimphytibe cont ai ni ng
topical solution to the areas previously treated for .acne ﬁcarri ng once ]
per day, poeperyERipsigna syt o4dwn b Iamiet p ey PP AiPReRG e Pt her , the :

. pat i ent10apRlidr&Pat irSAUS e Wavd, MBS Rircafhent RO5@ WMt hehd1esicE forexcept  t hat
it is fornulated to permt the passage of radiation having a wavelength in

the range @fedesiapoior sppBRMLE BN XDk reheionduRmTEBIHBSH 660nm to al | ow
nat ural  suRlsghts fuervdiUhbRsnafitilroidifent SR BRtedRbRE 8SDe adfi§ed ar ot enoi ds
provide protection to the skin against damage fromultraviolet radiation
recei ved f mgrgastPinmgmltichiingtit LED attan entensity rerging foes1.f ha0 nWakeeshel d LED devi ce
1-2 tinmes per. - device emts radiation having a dom nant

em ssi on atﬁgsg%bggynpé’l}g%ﬁaih S'5nm_ at an energy output of approximately 20 10
m crowatst s in a conti nuous wave. IE&OMPL.Edat nent session covers active acne

| esions for acne lesio r 'rﬁﬁﬁlﬁlﬁ.{ i?ﬂi: . A further reduction
inthe visibility of a@ﬁ%&'ﬁs]t@??‘i&ﬁ%ti SO serv’g1 : xi tional inprovenent in

acne scar reduction can be achi eved

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 pretréated 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) Hght 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 +-~ 5nm and an energy output of 100mW/em? for approximately 10 minutes after
having been treated with a topically applied composition containing p}ﬂorophyll and
carotenoids as the active ingredients. A mixture of 2.0% chlorophyll 2 and b, 6.0%
carotenoids (carotenses and xanthopﬁylis) and 1.5% phycobilin is used. All percentages
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usinga 590 inn nmultichromatic LED at an intensity ranging from1.0 - 2.0

.Watts as described in prior exanples. 15 EXAMPLE 7 M XED LED PANEL

TREATMENT ARRAY An LED array includes both blue LEDs hagiRebruarydZo@ionant

em ssion at 415 ma to treat active acne and yell ow LEDs having a dom nant

em ssion at 590 run to treat acne 20 scarring. The skin is pretreated in

the same manner as described in Exanple 5. The LED array is then

posi ti oned ¥OREEH¥r the entire facial area of the patPEHSHIS6H a' 20 mi nute

continuous wave of blue light (415 nn) and an exposure of yellow (590 nm

li ght  pul'sege bPReifRr TRE rclchiS &6 AHSisRRE aQlvb-well in2B%s Wishd; S€CONS.

Approxi mately 100" pul ses are delivered. 25 EXAVMPLE 8 SEBACEQUS GLAND SI ZE

REDUCTI ON Paspsstion siawis a@séuetion irj sqpcenus plowd sive 98 40%698%ea and nurmer ous

- sebaceoushyperp 1 i I . 1 : ] | i ght source
havi ng a donina2?é%§%%§gﬁ%%8%§ﬁ?gggﬁgg%ﬁgﬁﬁh%%ﬁ%?§¥$%%ﬁ%%%ﬂgﬁn ener gy out put

of I 00MW cmillfisiativeepd oot reviaicésieythd @opr of theaeyertion being indivateipyiieeppandedat ed wWith a

t opi cal | I it I . ai_Ni . ot enoi ds as

the. acti Ve i RS Kt B SAT BoR By BaRo B on R ' 8700,

~ car ot enoi dsm¢apsee etdoares ofeutivalamy bbb yikihs predirveckidre mbdndddyeictdnibraced s used. Al |
per cent ages, 39 16 February 2006 WO 03/017824 PCT/ US02126627 are by wei ght ..

Three'treaf%%ﬁ?s are adm ni stered at two-week intervals. Visual inspection
shows a reduction in sebaceous -gland size of 40% 60% The presently
di scl osed 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
whi ch come within the neaning and range of equival ency of the clains are
therefore intended to be enbraced therein. 40 16 February 2006 WO
03/017824 PCT111S02126627 CLAI M5
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| claim 1. Use of a photonodul ati on enhanci ng agent in the preparation. of
a-conposition for treating skin disorders, wherein said photonodul ating.
enhanci ng agent is capable of being exposed to a sourqé Februatyexgosonagneti c
radi at i onwbamémsgesat | east one doni nant em ssive wavel ermgiiseessseen about
300 run and about 1400nm and wherein said photonodul ati-on enhanci ng agent
havi ng an absorption charactensuc 10 at said dom nant em ssive wavel ength
sel ected to. cause the inhibition of, {le¥&ion in size of, or the

- destruction of yg.f,arget tissue 2. The use of claim1 wherein said target
~tissue is selected fromthe group consisting of sebaceous oil gl ands,
sebaceous ducts, sebocytes, supporting tissue thereof, 15 and conbi nations

thereof. 3. The useRf ofd PHolbnddEsEnRan s Aot BAhdpreifetioh af @eingokitéd ¢ of
sai d phot onpdul ati gn enhanci ng agent is an absorption maxinma at a
wavel eggt h equal t o deefinedbiidsarrseni ssi ve wavel ength of said source of

el ect romgneti ¢ r adiaicaaidRhodhmofh i emaling b SxpubteoBbangsapalesiur ce. of

el ectromagnetic radiation is_ selected fromthe group consisting of an
ul t r asound spuier Aelcgrerasneticapdiationhgyips atdepst qoe ﬂ@“““g‘?t(‘?ﬁ‘%,s‘v‘éwla?fieé’g&‘d'i ode, a dye

| aser, mebakehalbaeob amlsd aouf L adhlama, a mechanically filtered
fluorescent light source, a nechanically filtered i ncandescent or

filanmentous |ight _.sQutcC .49 - C I i : - f claim
-4 wherein sai dgg?fﬂ?%dgﬁmgwég?l%o eé‘ﬁge%m%%%g@?%ﬁg%@ﬁ‘?gﬁa em (?'i ng

di odenav afgidalogihiind afifssi¢ewacdlengihilecied Rotansothe inhibitiabaf tedBQian imsize0  about
© 1060 nm %FO Bth %’,he ctése fft clet;a‘iSQaeS wherein said dom nant. em ssive :

- wavel engt i PR EPRETRY 4 BIF°t K "Gr oup consi sting of 40Um,. 420 u n, 430nm
-445nm 635nm° 655nm " 41 SUBSTI TUTE SHEET (RULE 26) 16 February, 2006 WO
031017824 PCT/ USC2/ 2GX27. ﬁGOnm 670nm 780nm 785nm_81.0nm 830nm
840nnn,.. 860nnT" 904ntHYS¥Y 1 vehsprinspid targer tissieyis sehgted GomYThe S9up The use of

claim | whgp el g | 1 458008 3h $1aRR0 s BTBEN Bhdeh SeiA0RE S ibr@HRkud hereor,

I5 -and combinations thereof.

3. Theuse of claim 2 wherein said absorption characteristic of said
photbmddu]ation enhancing agent is an abso:pﬁdn maxima at a wavelength equal to said
. dominant emissive wavelength of said source of electromagnetic radiation.
20 _ .
B | 4, The use of cla1m 3 wherein said soprce of electromagnetic radiation is
o seiécted from the group consisting of an ultraso_ﬁnc‘l- radiat'ion‘emitté'r, a light emitting '-'_
diode, a laser diode, 2 dye laser, metal halide lamps, a flashlamp, a mechanically filtered
fluorescent Hgﬁt source, a mechanically filtered incandescent or filamentous light source,

. 25 or-combihaﬁons thereof

5. The use of claim_ 4 wherein said source of electromagnetic radiation is
a light emitting diode having a dominant emissive wavelength of from about 396 nm to
about 1060 nm. | ' o
30 . L
C 6. The use of claim 5 wherein sdid dominant emissive wavelength is

selected from the group consisting of 400mm, 420 nm, 430nm, 445nm, 635nm, 655mm,
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5 .10 capabl e of being exposed to a plurality of pulses fromsaid source of
el ectromagnetic radiation for a therapeutically effecti ve pul se length and
~pul se duration. 8. The use of claim7 wherein said photl6éRebiastiioos

enhanci ng wW@@sw172 capabl e of being further exposed to BCHUSRR#AEUs wave of
l'i ght at a wavel engt h between about 300 nm to about 1400 nm 9. The use of

cxposed o oSO ARy THOa TRt o SOhE g, SRR et SR Rt O

. ~wavel engt h 10151n,0A8 16d9ati. 400 nm to about 440 nm and a continuous wave :of

- light having a wavel ength of 15 from about 590 nmto about 700 ntn, wherein
said conti-nous wave has a duration of.at |east about 1 mnute and each of
-sai d pul ses has .a durI%tlon { 11'1‘1:“ Sl han abayt The use of

& use of ¢ in In use, sal hotomcc)ffu tm et%hancm ety
cl.aim 5 wherein ‘sai d sotrce of el et rortlasgne R At BR 1S %ﬁerasted at an

ener gy Bev Jhe use '
of claiml gz\lﬁﬁe% 8%‘]% a?‘?fg% O%le%l%%s %aﬁgﬁné:?oﬁmga)}l\én o%:a%%e 't xlaéusatlpart i cles
of a we en&blaltht?gipgémib'r%PMPolsebnshblatzmtﬂadumhdm gI and duct. 12. The use of

claim-I-1 wherein said particles have an average dianeter of 25 . less
than about 5 pmg 13. Jhe use of - claiml reinsai dphat omodul at i on

c se 0 claﬁ i 7 Wherein.said photomiodulation ALY agentis & b%
enhanci ng agent corrprl Ses COMPOSI |on ave an-actrve ayen ed from

10 01, GRS S5y O T o ARG o A

Hydroql!|0noa) bm*ﬁ%{)(?mﬁc' d, a growth factor, echi nacea an anti b| otic, an
antif ngal, an antiviral, a bleaching agent an al pha hydroxy acid, a beta

hydi OXY. acid, sgli Cy‘rl]{us%%'fglmn?ﬁ‘ hé)rem@zﬁ@Bho%ql%d)%a?%?xﬁ]‘d&'c%&?@ a&‘:ije of being

derivative, a salt er deriva an-an ocyani n;
epi gall0 cate n 3- | RSTI'.RI T, RUL 03/ 017824
b O35 o PG LY P BTl Sttt P EIPotpPagRrLE P tRa Y ﬁ‘f—'t%‘h%/}f%”

hor none,  agyoRN0H w%omm&ﬁtmaaa&ﬁﬁt%u&%}abmgﬁt Wg%ﬁ‘é a
cofactor, a cataly an antiagi ng substance, insulin, trace eI errent S

( i ncl ulft ngﬁvmnh@té%ﬂ@nmbma%mm ##jd continevsavave haogém@on%f
least about 1 minute and each of said pulses has a duration of less than about 1 second.

10. The use of cIatm 5 wherein sa1d source of electromagnettc radiation is

' operated at an energy level of from about 0.1 pWIcm to.about 5.0 chm

11, The use of claim 1 wherein said photomodulation enbancing agent

comprises particles of a size onabling penetration of a sebaceous oil gland duct,

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

25 _lwsthanalmxtSum

13. The use of claim 1 wherem said photomodulation enhancing agent
comprises & compomuon have an. achve agent selected from the group consisting of at
least one of Vitamin C, Vitamin E, Vitemin A, Vitamin K, Vitamin F, Retin A’
30 - (Trétinoin), Adapalene, Retinol, Hydrogquinone, Kojic acid, a growth factor, echinacea, an
~_antibiotic, an anuﬁmga], an antiviral, a bleaching agent, an alpha hydroxy acid, a beta
_ hyhxy acid, sahcyhc acid, antioxidant triad compound, a seaweed dedivative, a  salt
-‘water derivative, an antioxidant, a phytoanthocyanin, epigallocatechin-3 gana‘fc, a
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hair, growth stinulating substance, ‘a hair growth inhibiting substance, -a
dye, a natural or. synthetic nelanin; a netall oproteinase inhibitor, :

prol i ne, bydroxyproline, an anesthetic substance, chl qmﬁg‘@ﬁpper
chl or ophyIw® g3/01282% or opl ast s, carotenoids, .bacteriochl g

phycobi | i ns, carotene, xanthophyll, anthocyanin, and derivatives,
subconponen nd anal ogs 2 AR Eeonl B 3] HrAlond R edfiehpt i C, and
m Xt ures tﬁ@%&?ﬁ.a%'g&gﬁ& al \%8?3?%}1% n sail gépho‘t onodul ati on
enhanci ng agerd, 4 genetieilgehgitechsicubtines, geafagion o natklysti MPNHASBEFUYFERSy | |
car ot enoi ds, bacteriochlor.o ha(l l, . p XJ oci bi ns "gf)o{cﬁh o !::QﬁR Jevat i ves
t her eof , MUl Kegeedemeziiudydingonipgalciym, mpgnesium, g, inerss, SORTE S
phot onodul ghi B VEARE sﬁ%‘ﬁ]&ci M@gﬁh},gﬂ,ﬂqﬁn Qibegn&Hilyes 4 astutabora
ﬁéﬂéﬁﬁanm ng %t?%ce ure 3 ;

~ penetration _prior to exposing said _photonodulation
enhanci fig agintic tnelani, d istaliopmtediaseinbibiton prajmehydroxyprpling, ahanesgetiorne j se

~of claim 15 wherei.n saj d, penet r.ati an.enhanci p, silide 20 conprises a
procedure.mﬁee@q?lpmmgﬁ?{omg@ﬁog%’ éeagéz\t_yne peel , . inicr~odenn

abr asi on, - sRkefRElorophyli, pRydobilink, aptent, apthbpigyll entixsiyrnig, ankl devatizgst at i on,

| ase vapo nation, chemcal peeling, electrical .stimuatis ser

t reat nent Ss@ngnﬁp@ﬁng@aﬂom@he%gmgﬁ@mm%@g St?g%gf%t rasound, or

~ conbi natio&gmgﬁereof. 25 30 17. The use of claim 16 wherein said

penetration enhancing procedure conprises mcuxderm abrasion. 18. The use
of clalln 16 wherein said penetration enhanci ng procedure conprises

exposing sai d phot onpduladics, ¢9hARERRMd PERGRodMdh btasGUNGad S The use of

- claim l:wherein sai d source of electromagnetic radiation is a |ight
em tting dichdrdfiow the ghougeobsising of ddareplgilgcarotohaidOhateringhleraphyiiwi dt i .of f -

at- least 5nm _43 SUBST| TUJE SHEET (RULE, 26 [ 17824 16 February 2006
pCT1C1S0p/ Bllpsibins, Wﬁw’ attyes éc%lo#]a&q,,m\xl#ﬂg\r%lth%%ggi d source of .

el ectromagnetic radiation is a light emtting diode having a dom nant

wavel engt ' of - 4L4nmgad 2o handv ALk Bholb8ARx R Biaddng R spatd cl ai m
In sal el e :

13 whet Source 0 ctromagnetic radiation
L of being subjected to a penetration enhancing procedure prior to exposing said

photomodulation enchancing agent to said source of electromagnetic radiation.
16.  Thetse of claim 15 wherein said peﬁetzatiém enhancing procedure
20  comprises a procedure selected from the group consisting of enzyme peel, microderm
-abrasion, solvent.suipping, tape stripping, scrubbing, laser ablation, laser vaporization,
chemical peeling, electrical sﬁmulaﬁon, laser treatments using high peak power and short
pulse durations, ultrasound, or combinations thereof. ‘

25; 17.  Theuseof claim 16 wherein said penetration enhancing procedure
comprises microderm abrasion.
18.  The use of claim 16 wherein said penetration enhancing procedure

comprises cxposmg said photomodulation tmhanc_ihg agmtto‘-ul_trasouhﬂ,

30
19. The use of claim 1 wherein said source of electromagnetic radiation is
" alight cmitting diode Having 2 dominant wavelength of 410nm and a bandwidth of #- &'~
least Spm. '
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s a Ilght enitting-diode having a doni nant wavel ength of from about 600 m
to about 660 nn. 22. The use of claiml wherein said emtter of

el ectromagnetic radi ati on has a dom nant em ssive peak lﬁﬁemmmwf t he

el .ect roma%pet | czﬂzgect rum consisting of visible li-ght, ptifkssieéat. '

radi ati onWQ ¢! d radi ation, or conhinations thereof 23. The use of claim
13 wherein said emtter of electromagnetic radiation 15 has a dom nant

em ssive peak in porti on of the el ectronmagnetic spectrum consisting of

visible Tight, Yhtragolehebafl @GR ll fatets d@Mhldof ndkigombi nat i ons,

thereof 24. A's system conprising: a first |ight SOSLCE for
emtting | %x}aﬁ% \éﬁh QQBMHMQIBI o841 (BRmbatbandwidthedfdtit 1300
nm and a F%B‘%‘p (ﬁ%&gﬁ‘oregcorrpom tion, g\(/hherel n said topical.
chromophor g ieemasi ti on having at | east one absorption naxi num bet ween 300

nmand 1300 nu and is at |east one rret al -ligand bond having a structure
accordifhg to general fornula (11 25 [see netal |igand bo(g structures with |
the Fe and My r&pl acE'éP%‘]O%ﬂ}PHR 3(“’@7“%&%9‘?10@ fielgcte@pagp 8 2P 6 t he group

consi stiing of Fe, My, reactive tran gl on Egt%b@ et chel ates,
or anti bod;sad[gkpmwmd@bhaﬂnglmémm‘cm% [o& frpm 250 H‘é‘r rrprl sing a

- second | '3,5%? source, wherein said first light source emts radiation
- having a ngth between about 300 nmand about 600 urn and said second
|l i'ght source em ts radi ation having a wavel engt h between about 600 nm and

about .1300 non. CTly P f |4PF afﬁec%t)ﬁaa iORdedot824 16
Februal@l 2006 :f?”’CTl %Gﬁ 6 tl]} e gldse?slt%%m of cl a%ﬁ% 25 wherein said

first 1i ght SQIhASmEBhiSy W&noﬂ&bwc@mmmqfn the .

range between about 390 nmf and 440 nm and said econd Icggt 'sour ce has a
dom nant em&h@hﬁmﬁﬂh@tr@mﬂmrﬁdm&“% ons 8k out 660 nm 27.
"The, system of claim24 wherein said topical conposition is selected from
the group: consi sting of chlorophyl |, porphyrin, carotenoi bact eri ophyl I,
~ phycobilins, dmi v aFtiewssofichin &b Whergip spl giiieef daqiEpmagpete f@‘ﬁ% |

.15  hasa dommant emissive peak in portion of the clect'omagnehc specirum conswtmg of
visible light, wltraviolet radiation, infrared radiation, or combinations thgreqﬁ

24.  Askin treatmeat system comprising:
a first lig‘ht source for emitting ﬁghi having a wavelength of from about 300nm to
20 - about 1300 nm; and a topical chromophore composition, wherein said topical
~ chromophore composmon having at least one absorption maximum between 300 nm and
1300 nm and is at Jeast one metal-ligand bond having a structure accordmg to gtmeral

" 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, whe:em
| said first hght source emits radiation havmg a wavelength between about 300 nmand
about 600 nm and said second light source emits radiation having a wavclmgth betwem
- “
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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, bacteriophyil, phycobilins,
derivatives thereof, or mixtures thereof. '

10
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