Title: METHOD AND APPARATUS FOR ACNE TREATMENT Abstract: Disclosed is a
‘system and nethod for treatnment of skin disorders. Mdre particularly, the
di sclosed invention is directed toward the treatnent dbEbnerna2idéacne
scarring by treating sebaceous oil glands and the surrounding tissue with
.an exogenous chronophore conposition and then exposing the target tissue
to visible, infrared, or ultraviolet light to inhibit the activity of the
oi | gl and ¥9d3817BHi nat e acne bacteria. The treat nent PeUsoe6ee t he present
i nvention may be futher augnented by enhancing the penetration of the

.  t opi cal conp05|t|oqm3% EH}EﬁD9m¥AﬂAﬁQgi&ﬂgA%Hhﬁﬂﬁgggﬂg &ISSUE t hrough t he

use of procedures iTcHudrig brasi on, or
ul trasound. 16 February 2006 WO 03/017824 PCT/US02126627 METHOD AND

APPARATUS FOR A EATVENT Thi tion,.| ntin in-part of
Gopending U, dPBFRUSHPER “Ser PiioRp P e paings S PP SEnI gy 16. 2001,
which is a (19}'203 ST ARE Fetpiiy 522000 wiaéh itk Svispp bppiattion Bf U.S. apglichiidn NO
09/ 203, 178,_f.iled venpe 199 eld of the Invention The present
i nventi gREHRND- P %éqgtff’é?%\?%’e%beéf%tlgéﬁ and nethod for the treatnent of
sebaceous gland di sorders and, nore specifically, to the treatnent of acne

using a novel 10 conbi nation of phot ot hermal , phot ochem cal and
phot onodul at ory neans by appl y|%dafthelnventlon '

The present invention generally relates to a system and method for the treatment of

sebaceous gland disorders and, more specifically, to the treatment of acne using a novel
10 combination of photothermal, photochemical and photomodulatory means by applying 2

cosmeceutical composition, naturally occuring chromophore, or other light-activated

chromophore tb or into the oil gland and surrounding tissue and exposing the composition

to electromagnetic radiation.

15 | Background of the Invention
There are several known technigues for attempting to reduce or eliminate the skin
disorders associated with the activity of scbaceous oil glands. The primary disorder is
acne with an associated disorder of acne scan‘ing. 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

1




cosneceuti cal conposition, naturally occuring chronophore, or other

| i ght-activated chronmophore to or into the oil gland and surroundi ng
tissue and exposing the composition to electronagneti qeiRgiuaty) 206 15
Background of the Invention There are several known techni ques for
attenpting to reduce or elimnate the skin disorders associated with the
activity of sebaceous oil glands. The primary disorder is acne with an
associ at edvepx¥@rsder of acne scarring. A few of these BOA®EIR26@Thni ques are
scientifically proven and w dely accepted as effective. However, their
degree of | V. ses which
may be useg&{réeg ﬁ)%%&]%%cl&%n élg é%%‘u\(/)%{% ml&ﬁm?ma ac%ghulgmgtqs% ﬁ%&%és I n one
process themdbm@@mmMEyﬁb&MmMAkmmﬂnwhmm@hmp@mmmﬁQﬂmmmdmaﬁﬁﬁmt f ocuses on
t he treat ment of seba eous.follicles to el iglﬁ%%é ci ated di sorders.

In U.S. PE%EHNE 8, i%%pm}ni]@“‘f'%’eﬁlﬁe&%'rsggﬁem y incorporated by
ref erence, eﬁhocﬁtﬁerﬁ,ttﬁeeﬂﬁgyacﬁvmz{tﬂmlﬁ&ﬁser&ﬂiﬁﬁ@@ﬂtﬁn@hﬁé}d gdiasor ders using

| asers i C |rrad| ener. acti vat abl terial rily laser:

sonsi i o aeloiBieichaenkas o s o b & O AESER ¢ saches a
met hod for d&s&ﬂa&sapmm}@pﬁm@d EYodin®ns AGérah @@ cboinbpiealiagenus.f ol | i cl es by
topically a&glylng an energy activatable material to a section of skin
afflicted th a sebaceous gl and di sorder, wherein the material is

activated by ener QYAHﬁHrééﬁ'ségﬂl&?H&wv@E f£8s @H&k%%ddaﬁfxg‘efo‘fﬂ@frecaﬁ' derms. A
sufficient amount of the materi al nfiltrates the affliicted section of

- skin and |§3Vél€>%§1éﬂnth§hf§@ﬂ‘ﬁlig(ﬂl‘é¥ittecbﬂ$@gy@atRﬁﬂ@éﬁdbfélsﬁPP%LEP&t‘eTr| al to becone

. phot ochgni ﬁ&rlnla%l gfcal%%gfatwfml:ﬂaﬁo@%&gaﬂ@&qumtmfh% Hudth Eﬂ g the sebaceous
gl and di sorde n one enbodi nent, the sebaceous gl'and sorder i S acne.

Sui t abl e eﬁéﬁﬂgﬁ@ﬂ@f@em,wys@o@mwn@h@lmmnmwmlwsm sources for

use in acc %ﬁgﬁ %%@h e based
sour ces g@g%ase ﬂ%&gr a% &V%E¥§£Pé§§ﬁirl Hﬂﬁ? gﬁﬁﬂpg%%ppunped dyes
and di odes desfrrltt@d beArdegyn sro axpensivvand fyquize Fgvapproud der wanmgerdadvsgy source or
pul sed. In t terial is a
| aser sensi mt {% ﬁlﬁ'%wg%‘g F’gﬂg%’d %Q&)h%ltmq?ﬁtg i I enQCP\R/\AM*TK g’hb%lpag1 gec'cgaab | e of
- being ghot eadmoueﬂaciwpnahel cal%%md 1tszalfgra;hexahd1ytbe eh&mhﬁmmfnhe mctemxes a

: artlcularhémﬁr§£§gr%q b 41 ereln t he chronophore is nethyl ene

bl ue. AndefS6h*" £ Hal o’ ﬁS ‘W% ma&5% t o take advantage of the fecent
devel opnments i W@@ﬂ/ozam td Haxth etlalQ 6 tethed Ridapmgifustateatisclpssdfort S t he use of
LEDs for-

eliminating acne bacteria through photothennal 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 opporfunity 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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10 dermat ol ogi cal use in place of nuch nore expensive |lasers. Further, due .
to the high- intensity nature of |asers, severe skin damage or other injury
can occur when the light source is inproperly operateds Hebfiabe2006t he | aser
dyes and ot her topical conpositions described by Anderson are expensive
and require FDA approval for their intended use, numking the invention
expensi veWa##{8te consumi ng to inpl ement. Further, PSEMEREE2HT 15
Anderson's focus on the oil gland itself, rather than the elimnation of

- the acne %sgnfzea%,safemﬁlﬁhbﬁot&aﬁuéfm?afomme&syaﬁmﬁmeuﬂleaﬁd cases. In

- WD 00102491, to Harth et al., a nethod and apparatus are disclosed for

el i m nat i mgouResEpdpdibres apsaciater withhe ¢oroncoiH &nplerpgntatienefsudha tRREIEY ng t he
bacteria {0; narrow band |ight source in the range of 405nmto 440nm
Harth et al>., as well, failed to 20 appreciate the opportynity for current
LED technol ogy to be applied to dermatologic treatnent and, |ike Anderson,
do not .di scl ose neans for treati?goﬁﬁpﬂggﬁﬁg oil gland disorders wthout

the hi gh cost and tine ComﬁSPan"énl’? necessary to receive FDA approval

require for high-intensity.light 1herapie it i S BRShdideoNns such
as net hyl ene ‘gl"ﬂ"e@p%"#thy'é’é{%ﬂw tﬁe[r?l’gpgor‘{bd\%%mgto? 3#%‘?%&‘?&5‘1 treat sebaceous
gl and di sgpefigii the pryireti of @ compvsition Ao isating sl diserdéree | i ght sources and
topi cal drug conposition testing is required. ~Mregver, nong of these

attenpts addr esheein sdibpltanmddlaiine eharsingagent ix@pibly SRR CFPOSEHR - - acne

‘scarring. Consegyent | bk aouldp Re depbdi 3R Eontifanh@n@side wiveRhgNt f or
sebaceousaﬁ’lmé:ﬁagfgﬁﬂaf% rei%fa\gi?ig%g, I parti cul ar, acne that addresses and

_treats achuweoabaut B mh tivabouttIH@0nme for expensive, potentially dangerous
hi gh-intensity light sources. Further, it would be beneficial for such a

treatment regiyiRRbn &8 pRbHeHRIADE chifsbcial agoat havitg 30 sapiomeharactsmeusi ti ons
that fall into the category of cosnetics and cospeceuticals .that.are
general | yat gaid dormmbnt camigsiveot chpmpth selectedto sayse th JPBESACRHBUIN 2y a5 safe

and that gq nlicbRAtdd & aFfet@ppeoval , thereby elimnating the time and .
resource expenditures assocCiated with the comercial inplenentation of such
a treatnent. regine. 5 Sunmary of the Invention In one aspect of the

Lt he’ preparat | o TR SRS BTG Ak BheRfaRg! no agent
comprising:
a first light source for emlttmg light havm—g a wavelength of from about 300mn to
about 1300 nm; and a topical chromophore composition, wherein said topical. ' _
| chromophore composiﬁoﬁ having at Jeast one absorption maximum between 300 nm and
1300 nm and is at least one metal-ligand bond having a structure according to general ,
formula () - o

[sec 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.

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

gland, or both, and exposing said photomodulating enhancing agent io a sou;ce' of .




wherei n said photonodul ati ng enhanci ng agent i s capable of being exposed to
a source of electromagnetic radi ation having at | east one doni nant enissive
wavel ength between about 300 nmu and about 1400hm and Migbaiany 3606

phot onodul ati on enhanci ng agent having an¢ absorption characteristic at
sai d domi nant emi ssive wavel ength sel ected to cause the inhibition of,
reduction in size of, or the destruction of a target tissue . In another
aspect of the invention, there is provided a skin treatnent system
conprising: a first light source for emtting |ight having a wavel ength of
from about 300nmto about 1300 nm and a topical chronophore conposition,
wherein said topical. _ chronpphore co sition having at |east one

absor pt i oS RLFHE BABRFPIRER HhissH P Sorpipmnt AisAYe Yavcidherh, 08

one
net al - | i ggmeoReddhtibAIbag:IE aint sHolldheveaa Ghosbiof dlafceilieasths . formal . m[see
metal |ligand bond structures with the Fe and My _repl aced b%ﬁn R (1)

wher ei n R doguneghspessivg wryekasth racigigislsclediosrese ﬁ?g%e}?“qn@ﬁ fycligBil Al reactive

transiti oni;@et 84 the dd¥Riclibn G8YaBdo8Seil Qindd Rdub RNing SXTHk 8tASoud dll ONe enbodi nent
of the invention, the process for treating skin disorders, and

~ particul ar#gdoRbothr eat ment of sebaceous oi | gl ands conprises applying a

phot onodul at i of,£BN &Rk Bl HEAbene R EdatRA nidy BAbERE him AGfAaBa nat i ve
chronmophore, to the sKki n@:{)rom mate to or directly to a sebaceous oil
©

gl and, ti Salption.dightiemfiingdietles, dasers sush o5 laser diodgs andilye daserp anetpl badidel exposing sai d
hot duliat i . 006
phot omoau lﬁﬁedts{}%slrﬁgﬁlﬁnﬁééﬂ&ﬂﬂﬁgfrtﬁr%ﬁ%mg{éﬂ{ ﬁggt Rhrcet, ﬂ;gchﬁxﬁghﬁlgﬁfté’rec? o

- el ectromagn atron co st. oné .dom nant em ssive
-wavel engt incanBassent pigattsowremdulatetal orfilered swidighigoragmbinatonoiberdothnve an absor pti on

characteri_sti t. t:he . dom nant 1 .SS1 V. - LN .car y selected to
_cause th’ep?e?l fé%lgrfl?og]r?l ) qlerS %‘%%cotflthg%]eﬁomagf‘éz@%%aﬁg@%tg %1@(?%&5%%0“ on of
sebaceous doil¢ hayingndemintiismiseivé esclengh of fort ieutsBhas eabeutdddinmg| and, or bot h.

Further, source of .electro ic.radiatjon /ma e sel ecte om t he
ul t r asound” YAy %rffegﬁfm Iwﬁl‘aﬂggg% f‘?ﬁ“ﬁ&gﬁﬁggh@?,do'néggregusgﬁﬁwa?sen%ser di odes
~and dye | asot sf 400Rinai20hed, 48enm, |44 58, 636 A b3 5aim $60 me,aTamncz80mhm, f i | t er ed
- fluorescge | i soyr.ces,  Nec i cal filter i ncandesc | i ght

Sour cos. e 30 B P RECHITRS Hal 1P e T e a0 ATC S BGRPO | 1 a
‘preferredngnbodi nent, the source of the electromagnetic radiation is a
light emtti ngmdi ode havi ng a_dom nant em ssi.ve wavel engt h of from about

t

300nm t o aboutl #etshpreicrred bofigicrt e Biralmodylation eRaading REEH B3Rt enitti ng
di ode has a1 dREGJRRBLE BbsoDliMEmMEMEth 8NEE dbminant emissive wavelength of the

light source used for treatment. Further, treatment contemplated vsing the

.. photomodulating enhancing égent requires exposing the agent to a plurality of pulses from
- 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
6utputti_ng,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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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
m, 1015 nm and 1060 I n another preferred enbodi nent, 16kebmuhnt20@6dul ati on
enhanci ng agent has a | ocal el ectromagnetic absorption maxi mrum at the

dom nant . em ssive wavel ength of the |ight source used for treatnent.
Further, treatnent contenplated using the photonodul ati ng enhanci ng agent
requi res eXodsMyigdt he agent to a plurality of pul ses ®qTdP2267d source of
el ectromagnetic radiation for a ther apeutically effective pul se |l ength and %
pul se durat ] n i t X e-is to an
LED emitter le%lo 5[{' %faﬁiglga%a %g{ni@%t \/\Qﬁ e‘}ep%é%?}naggﬁto 19@&% {r%gltﬁég or to 100
mIvaatts/ith/ I 10 mnutes froma nmetal halide |light source, and in

al ternate enbodi tofihe Febrtuaé nZOOG c:1\1%603/ 01650%2a4SIZP LU802126627
el ectronagnetic 8?1%{’%3%3%% ST BEERPT IR BAK eI IS om about 0.1
WcenR to abmebktratidn o a WhadeBus oﬂ@nﬁ&pﬁt cmlpmagﬁm,tpaﬂfclekiney]pnvemrbragmvent| on nmay

| ud I f f b | gl and
et 1rd b PERs (BarkeEd €8 My MaolSoRe ablorRulion o RRERERAT Tess”t han

about 5 M iMpéupei@imdde Yip of dTet 190N P Vitdndh cowtaamhﬁ,natm A0ERkin i S a
conposition made_uip of of at | east one of Vitamin C Vitamn E, Vitamn A,

Vit am n. Reifn A (Frptmqmh Adspalenr. Raiin), Hydepgpammedtoic getienol |

Hydr oqui nongowtKeiclof edirabba, B anfBi@W, fh deBGHQY, an RERNALRChiR Y tdnbl otic, an
~antifungal,” an antiviral, a bleaching agent, an al pha hydroxy acid, a beta

hydr oxy aciapha ByFaxyyrid.e bsieibyiromyseidose @&ﬁ%‘“q Pﬁt‘éiﬂld%ﬁﬁéﬁ?fﬂm‘l%@ 20 seaveed

- deri vatjy/e,se .5 @hdivitRt, %rsalgﬁﬁtlarvcﬁﬁﬁaﬁ@e a@éhtl@ﬂﬁdn@)ﬁ'p thofyaiY t 0ant hocyani n,
epi gal | ocatechin 3- gallate, a phytonutrient,” a botanical product, a

her baceous epigelipgieching- 8ﬁb’¥enﬁ:ﬂ1&¢0n@ﬂefér@9ﬁ@wﬂl arOﬁﬂ%érhaubacea%@wé‘m al | y
engi neer ed ;SUbSE %H%&ﬁmg a?%};@r‘ﬁlt %enetﬂiiﬂ%%@h%?eﬁ subsBice23 Lo AG:JeaiRSt ance,

insulin, trace €lene ng | cal crum magnesi um €tc),
m neral s, Rogaiagieg substhrmeyringyligwede eienta Kindhiding lgtucbt@ﬂcamc@lag!zﬁmhm #tc)gr owt h

|nh|b|t|ng CEy .: r felanin, a
net al | oprotné?nggléﬁ%%%%f %%lat]%% | newﬁb%II Jdr’ oaxﬁ%%(t)l I he, an anest hetic
subst ante, sulistanccoplimel 4 patica ppamthettnl mnimphytnbﬂaﬂqprcrtmasﬁ mlmbxtqi,sgroﬁne

“bact hi d
bact oL och 8l R SR byl T DRAIN o BB 27 1 20
m xtures t fbecrtmf:hlor&i@llgmmmnﬁ ic@xtendyRan@pIH] afhopyfayin) a,nddarvam\emmdds

d t h f 0 The nethod of h t
vent on ayna o o bk couaeLEd s At R Aot S PR ."Lﬁsﬁr”

phot ot her n&iay@ﬂﬂﬁd&ﬁpﬂ?ﬂ,o@@&:ﬂ&dﬁ,ﬂerﬁramﬁlﬁbﬂéﬂtdnﬂﬁhlﬁmaam&bﬁg procedure prior to
exposi n t he en_glanm ngg glent to the sourc e| ect ro neti r adi atl on.

Such ocedur e ° BErREaE T v de F“é% ® skin barrier
function anpgotbBdaulEon or photothermal enhancing agent to a penetration enhancmg 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,
.ablative, thermal, chemical, abrasive or enzymatic methods. Examples of these could
include solvent or tape stripping, scrubbing, laser ablation or vaporization, chemical-
| peeling, micro dermabrasion, enzyme peeling, or laser treatment 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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hel pful for optimzing the present invention. Options for this include, but
are not limted 25 to, stripping, renoving, thinning or dimnishing the
structure, function, thickness or perneability of the 1$tRebiuargy 200%2UM by
vari ous nechani cal, abrasive, photo acoustical, ablative, thermal,

chem cal, abrasive or enzymatic nethods. Exanples of these could include
sol vent or tape stripping, scrubbing, |aser ablation or vaporization,

chem cal P@aBOIT8R4 m cro der mabrasi on, enzyne peel | ngPCTAS}28628r t r eat nent
usi ng hi gh peak power, 30 short pulse duration |asers. The nmethod of the

present invepti.on maybe carrijied qu it l,i ght source. al one or,
preferably,? Oﬁlﬁ%ﬁ‘%g?gﬂb%rwr’t“hmgﬁ%’mﬁw‘{&hgﬂlfﬁg{é&sﬁ ‘onpodi trons i sted
above. In ®iibizaichiGasess i@enoliAtaahd wdcmon bEbe piesetl ieehiionyghedthamaladi ation is
“a light emtting di ode havin 16 February. 2006 \WO 03/017824

PCTI US02/ 2689 & alap fesai Pvaie EmyP eglets (7§ Wsﬁﬂdnvén%aﬁwﬁ%‘fsﬁd of +/ -at

| east 5nMm  flikdcARH or HiSBnjliction/ it idBichd it sERtHCRRmicas@inTiiigNce t he
treatenent of the present invention by photothermal neans is also

desirabl® for sonme forms of treatment- The present invention may be used

as described or in conjuncti ofr¥pdierptieslbf thODdwidgne skin care treatnents
and kits. Brief Description of the Drawings Figure 1 is an illustration of.

the chenical st Figgiedrigangflustrationpf bp ehepicgkstrugting gf eethyleg biNe: t he cheni cal
structure of indocyanin green. 10 Figure 3a is a representation of the
general chem cal structure of a chlorophyll nolecule. Figure 3b shows the
structure of chiFgneRisiws the chemigal Biregimreofandotyaviy stebie gener al cheni cal

structu of a porphyrin nolecule. Figure 4b shows the structure of
porphyrin I X. 20 Figure 5a illustrates the physical structure of the |igand
bond portion of FaureShisouregpisydtation oftbd geoerklehenfica) strmtuGiofiaichioephydlt es t he

physi cal strtict re of the ligand bond portion of a protoporphyrin IX

nol ecul e. Z%D_ﬁi“ fure 6 illustrates a sweat gland and the epithelial |ayers

of human skin. Figure 7 is a graph showi ng the absorption spectrum of 0.03%
Na Cu chlor Oph%lglurlegb Isﬁ]ow\,s\l?l}e%&ﬁcture of chiorophyll 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..




30 Figure 8 illustrates the rel ative absorption spectra of various
naturally occuring chronophores.. 5 16 February 2006 WD 03/017824

PCT/ US02126627 Figure 9 shows the absorption spectrnn fleFekuam2006br obl ast
overlayed with the wavel engths of various, conmercially produced LEDs..
Figure 10 shows the absorption spectrumfor human fibroblast overlayed with
the wavel engths of various, comercially produced LEDs, and al so the
absoprti onwepgetis2zam of chlorophyll a. Figure 11 showsTith&/2edsor pti on
spectrum for human fi brobl ast overl ayed with the vvavel engt hs of vari ous,
commercially pr duc d LE an bso My 10 of

chl or ophyl | b. éhOl“f ehaS ‘P’ﬁ%"e" oﬁlb?lmoann%[snf)’élg TPUm Y eh man fi brobl ast
over | ayed Mivhleﬁéﬂﬁofvmed,amgﬁelﬁSalkyfprodacre&aBBs comercially produced LEDs, and
‘al so the absoprtion spectrum. of indocyanin green. 15 Figure 13 shows the
absorption spectrum for human fibroblast overlayed with the wavel engths of
vari ous, comTerFigwellasmmdﬂ@aﬁxph&mecuamomuﬁﬂnﬁlbreblwamﬂﬁyedt@nhmpectrum of

- protoporphryin I X. 20 Figure 14 depi cta a front v%gw Ferspectlve of a
t hr ee- paﬁel""%ﬂle s&f variepss cqugperciglly grodpgef LEP, aagalsg ReARRaprtiRh fRFCHRR enbodi nent
of the presg@ilciop@nti on. Figure 15 is a perspective view of hand-held LED
devices for treatnent in accordance with the present invention. 25 A
detail ed description of a preferred enbodi nent of the present invention
will be rmade %&&ﬂ@hﬁ&@&%@mb@@&@@%%% ﬂﬁoﬁss@weﬂ@adw@ﬁhal | ed
Description of the Preferred nbodi nents The fol | ow ng "detail ed

descri pt i orwavslengthsiofiearigess comppeecialiprofuced hEBspdaliodhapbeperton SIBET®ERr r yi ng out
‘the inventig 'g#;ﬂa/ﬁ pdescription is not to be. taken in a limting sense, but
is made nere y t he purpose of illustrating the general principles of
the invention. The scope of the invention is best defined by the appended

claims. 6 16 FePr M2y shoxqr(s)g]e absorption spectrum for human fibroblast overlayed with the

wavelengths of various, commercially produced LEDs, and also the absoprtion specirum
of indocyanin green.
15
Figure 13 shows the absorption specﬁum for human fibroblast overlayed with the
' wavélengﬂls of various, commercially produced LEDs, and also the absoprtion spectrum

of protoporphryin (.

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.




WO 03/ 017824 PCTI US02/ 26627 I n a preferred enbodi nent, the present
invention is directed to a process for dermatologic treatnent. Such a
treatment may include the photonodul ation of sebaceousie@bbugdyods and the
surroundi ng tissue or producing tenporary or permanent reduction of
activity or destruction of sebaceous oil glands or supporting tissue or the
renoval , in 5 human or mammal i an skin, of sonme or all of the hairs grow ng
appr oxi mat wotwyossk gl ands. I n a preferred enbodi nentPQIfig0ms@Zess produces
little or no pernmanent inj ury or damage to nearby skin tissue.
Substantially o he 0l and and i nme rround tissue are
affected. In a %I%’Eg 061&%‘? Rg“ P EhEVEN ?T'Bnﬁ%lrgaet%%?p ee‘c"fgl?esent
i nvention, dam]a&g@mtremynt $@chh&reﬂﬁieﬁﬁﬁa@&hcmﬂemhphc80mmpmbrhﬁ)f ehagenet rati ng t he

oil gland and sy rr ndi n i ssue. ent may be ch erlzed as an
active ageﬁ{] #‘e?‘{m’g’é‘i"f oéprf’ W?ﬁ&?@fﬂﬁ’%&%ﬁfﬁ?e re?(% "Qpl'y occupying
or contam @&thpgrdemcﬁmeew&oﬁshﬂ 84 & sEipbitiog idid\@ thehemgkiamnd.

Al ternatively, the agent may performthe passive function ing the void

space i i t HnayREREmai S fisige el of ihs AR ereREmE TRt ¢ L@““ﬁ%t ure of the

treatment despkRfed éﬁﬁ:‘%d;ﬁfﬁ@e@ﬁepl&eél%%dﬁ@h’ﬁtﬂ%!dfﬁdﬁéh&a&nt ty Gdlamadesor pt:i on of a
wavel ength (or a conbi nation wavel engi; a co erent or non-coherent

| i ght sour densathy ekin Bsspe. p'gélh%%ﬂilébémiﬁ@ﬁ%ﬁ &H%‘HW@J@FVSP‘B"“B ing Y5501 hed by the
target agenf. .@r.idne new agent-tissue conplex. The area of skin overlying
where the ol (fand is located may be cleansed. After the skinis

cl eansed, the tlhepsiwsnawalyibetqm&mb@ﬂﬂtl@ltpﬁb?mntwmmﬂlaﬁfwmwfhl s may be
20 accoppl ik Hfast g4m or a hot

noi st ?@p\/\e:bg e%ihedg'%@%% gt %&% angﬁlhal g]a%drﬂlﬁ?%@oo\%%gt aS portion of the
stratum commumuﬂmhughmza‘rawmmﬂwemstintbnbmrﬁoxmtalfencamm additeamd ary of whi ch
i's m crodermabras he. aqg nt quanti-ty and
in suitabl élnfg’cfnc%p&n%orco “r'?’c':'arpn(%rt{lra @98‘%01‘?%9?%‘@82? fé%}é(ﬁe in adequate or
opti nal anmu&msmmr taéhgammdy@e@mdhmpasmmmnﬁumgthewbaﬁsspmah&c ssue effect.

Excess a en neu raI ctivat I ed, diluted
or ot he? E%S P@%%&Y"Pgﬁaf]‘c’pﬂ Ifgtﬂﬂl %‘ﬁet g%eﬁra%qngrﬁ%% e‘fﬁg‘lg |€1 by such
excess 1ggemayhsveffibion optﬁoal)ababﬁ:ibﬁtof aﬂﬁheﬁzﬁgh (on @ bombiativeftwawntledgthhe | i ght or
.energy sou _ n suc mal | qu i rovi des no
clini cal P?%E‘lheregﬁr%ﬂ?r‘i"g@?‘? lﬁﬁt PRE '°P%Fmﬁ‘§“ﬂfl ﬁﬁ‘?vﬁage‘%uﬂglyﬁa get tissues
may be enh@ﬁh@ﬂﬁdw@@ia}geia@&ﬁdméuem@éﬁﬁ@@ﬁsaﬂaﬁle; by the use of enzymes
capabl e of altering the_ structure, perneahi ther gg si cal
charact eri st i cshsfres REskin qveding Wk %@dwoﬁ%@nﬂge panseds A€0und or

~phonophor e%ie%kjﬁhstcha%seﬁ Qhe tﬁ@éitﬁirﬁ@me%atéd}b Snfrbie pekaaslliQr THEsmEPINdi ng .t ar get
tissues or, once
20 accomphshed for example by {reating the skin with steam or a hot moist towel to hydrate

the skin and hair or removing a portion of the stratm 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 Ee 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
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16 February 2006 WO 03/017824 PCTI USO2l 26627 penetrated, to cause the
~release of the agent fromthe encapsul ated delivery device such as

| i posonmes, polynmers, mcrospheres, etc. so as to cause]lp@eguasiiong or
attachnment of this active agent. U trasound nmaybe used therapeutically to
interact directly with the agent or the agent-tissue conplex to produce
~the desired damaged target tissues (to be used alone 5 or in conbination
Wi th | aserwoms®igsi4 | aser |ight sources). M croderm abrsiusm26ef al so be
used. to permt greater penetration of the skin, wherein the upper

epithelial |layers.ar r T ter: Ll @by Rarrier to
t he per rreaB?qeﬁﬁf/d?Bofcafsﬁéh e?%%@%ﬁa@%}ﬁ/% 1{@%@%&&? g{rlr%é\?a 1,1 enetration of the
ski n by t opipaseinesapéyrtess, infordsplndrds dt@ beab.to Fdusepenattatinchr paehreent $iitkis her enhanced .

- by using ultrasoun al one or in .conbinati.on. w i the 10
stratum coPHEaAT Y gnhfaf?fl{“ﬂ%l?ﬁ?e#ﬁ?dot@%aﬁeﬁ% gﬁaetrg 't 5‘%?&1%%%{1% ﬂ?ﬁc}%%@rgﬁ&
conposi t i Ot .agdt-iBdtcEconPitk & prodheeits desirgt damngadfarg tisnal(tods ped blonof t he use of

ul trasound may be found, for ex |.e i n .applicant's U.S.. Patent No.
6. 030, 994 POPCoTPEERL SR BAFE R ETiR oo itREm SRR aE Ry pr | on
whi ch is hegghyperhit eRaipateasidaof He kith enein the ipper epifticlislédyyts ardl t hough
preferred enbodfl) ments of the present invention .may_us .L%]Bst], 5 ultrasound
and/ or | as&maged. I]?h&ﬁtlayérﬁé’ieéf??ni‘“‘F@"ﬁF’é&*@ﬁFHWF&‘H‘[‘@SF@F@“% ‘Pt ed to the
use of t hesQvANRLEMALISPMIRARN bPidpRAl 561K i§ BSilitied TR Bitthod M&iBedi Ng (Wi t hout
limtation) mcrowave energy and radi o frequency energy pmmy al so be used.
- Exenpl ary &rthrirabarced;bynsing ¢ ipsens, alogear i combiagion st pligior ot ¢ asn| anps,

fi amﬁbou§&4ﬂlﬂt&%tm%%ﬁh%p§d% MG?&fdrﬂaﬁcE'@ft@ﬁiéal YnhdositibRCAGRZ e that any

| i ght source capable of emtting electromagnetic radiation at a 20
nedi cal | y deeited desprintioh efrgvdanal aspscieieldbauspefhlirseuaid may B¢ fourd foyexagiplepy means of

optical = TihlhlabliQhes 1S MDA 63 AAEPUIRkoRHIhARLEd] ght sour ces

accordi ng present” I nventi on. For purposes of the photonodul atory
and phot ot Recutedeotsiireg Aeatptiondtwhinlids beeby inctroefatedibiyrefernenie ds @dshbl e of
emtting |light Vi put 1400nm . or
pr oduci ng el ect@%ﬁ%%‘%é%ﬁé@\réﬁé?a %Aganf\%l}%%%&?gﬁ?@lg?%r%%g%rﬁBdt herwi se altered
t 0 expdsur elt@sundmedekiaser odighbpiergg | thapespo Siveition js 1ot linitddde thewsgpbnent of the

Preset SR LT e RIS e g B e
wavel engt haneddy abiadiolfi@g@hcynergnmay disdemnsddi Godmmargbf kaswi light umes f i | anent ous
sources of Jer SeCen, SoULces B0, l%h5che NLDRLS aguErel oo of
duration, eemey thabinUkie selircd Bdpdbleldlf EmititgSReironiagextic pidatistedt a bet ween pul ses,
S IR S ERWE N e AT TR GV
- i nhi bi ti onfgficestwuahdRogfof kiiebls BRR E@edS actbting loahepredenttidiention.
| ~ 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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supporting skin tissue through photonodul at ory neans, photothermal neans,
or. 16 February 2006 WO 03/017824 PCTI US02126627 conbi nati ons t hereof.

U trasound nay al so be used to preheat the target strugsyeﬁ@a@rzonbe entire
skin. Further for treatnent over a broad area of human skin, the |ight
source may be diffused through a device such as a holographlc di f fuser;
or, alternatively, the light source nay be conprised of an array of

i ndi vi dual wew1784s such as the three-panel array 5 OICTIIED#6427| ustrated in
Figure 14. For localized treatnent, smaller arrays or individual LEDs,
such as in th ct [ 5} ed. Since
LED sourcecgmglﬁ%%ggtrl?gr%c}gre ‘f“ﬁ%ag%? |eél§%tt5 i&get\%{gbegmgsoorﬂn%d cal
supervi si omnhsshnqmjrmedoarﬁdunehmaahﬂmdlamesfmnlﬂm ttheé:@httsyuxtehaaypatl ent for

o0 SRR BB ROl BB SR B

i ncor por at edukcévhey Helteomprtsed) eﬁanhtr@ﬁdj endbydual evifitferduph Bfthe tiresuaeliagag . These

mechani s t ted to: SI cal n poration into
t he gl_aniﬂTTS oqfetgé?g]@‘ft‘af@ﬁ%‘%ﬁ 2‘? Fé’riﬁ’ﬁarhiz%”feé'ﬁ\??tné“a?l W’e‘?ﬁ“@ié‘f gué’[ructure
essenti al | yismadubiestiete haid hdll dAds 1@Rtdd G Pigeh e5inste veiaGlconEm esul ting in a
new agent- tissue co Iex whi.ch then becones a target, for energ

“absor pt i on.SCUEeS ERSORYsEed ssigRilcapigish deviqedyh @0 Bedic JupsTvigipris r‘iﬂP’é‘?ﬁ‘é‘é‘é and may
i nvol ve th%éﬁ&evﬁ:fesm%ﬂfe%ﬁéd%%ep%%ﬁﬂh@meﬁ%ﬂéﬁ@&as?iﬁ%hﬁé@ln@ agents which
interact to ultimatel’y becoite or create an active agent or agent-tissue
conpl ex. Agk¥tcaregesen) %ﬂﬁ@?é“n%e?%mbﬂamhﬂst%ﬁ on, the follow ng conpositions

- and derjyati vesTeegdpleﬁageﬂgﬁafb'aﬁ{c&ﬁa&atemormmgtusa@gﬁaaﬂe@o@lyes f ood

coloring, fabric dyes tissue stains, shoe or |eather dyes, other plant
product s (m@&mff@m@hgﬂm@shﬁmmﬂwwotémﬁm &rbpsieshhyl i n, bacteria

A e L Tt AR

|nnunolog|ca age geneti ca engi neered ag
agents, \Aheasdwmaﬂymﬁwai bgﬂ}@mta:gomgmghmcagemlzmadlhqg immgéinasented (e.g. the

bacteria that nor side on. acne bacteria, etc.),
anti bioti crs}lssugﬁ%mqg{w en}{ef aégetfo gne%yg}%%&% he 25 sebaceous gl and or

- duct celds di re'fhdpjocewwrbea s1h>gle mromlltc—stbp mocemﬂmaymvdgﬂht&ebﬁat | ocal i ze
-in these target t| i ncl udi ant chr gnophor e
conpounds. SPARNEERDEE Aty sbmite ABpk g et o YR ST e and not

exhaust i ve cpdatetahl @3i®e AR Sgcattiss@tb@pkar use in accordance with the present

i nvention. In gene i cal .agen osen will _ have certain

absorption char geg@,rgqy,ﬂgygﬁfﬁg °‘§§§W@%P’t¥1%é’ﬂf)‘@ﬁ%i"?nﬁ{°%?f‘36’fdet he radiation to

the 30 ti ssifvativds@R! inelded tBéredrT AR PG Negetdbliyes, ﬁa«a@a&@mgsfamddygal and,

_?ﬁ gﬁuggzao;f o S S s B DRl Sl B3, SSLBGRAL T on Lt

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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occuring chronophore such as chl orophyl |, chlorophyllin, polyporphyin,

bact eri ochl or ophyl I, protopol yporphyin, etc. These conpositions are
characterized by a 9 16 February 2006 WO 03/ 017824 PCTkIFeBrbA0506

metal -1igand bond as is illustrated in Figures 3b and 4b, specifically, and
in Figures 3 and 4 nore generally. Further, Figures 5a and 5b show t he
netal -1 1 gand bond physical structure that is conmon to the naturally
occuri ng n¥oit¥e7®hr onophores of the present inventi dCIEAR247| as t he
cyclic tetrapyrrole ring that chlorophyll shares with suitable 5

cytochrone R o bk 0 - a

metal -1 i gars{gedbl%ﬁ%ﬁa%%%@tmdg&’t&%@g&ﬁ%{eg?it;%%H%leg’%génﬁe éﬁwérlg pe$giﬁ’§a| structure
as nat ur al 14ymae gapialyy WHhafphaisesnd dshow the pdelabiigandband phypictlhe structure of
methyl ene Bl LUl S & B phBLRCKAID HEE SR mElIHE B e pb@GNT S TRY e
delivered in pure form 1n ST n, 1 Nn-suspension, 1n e stons, in.

| i posones, inhveni$yndshvestliac the sychiatetiapgirolatiog thsiphlerophyll sharerwithyzoitepes or ot her

known 10. m craencapsul ati on vehicles, alone,or. in c i nation. This list of
e Tor s 6o etn i atas) St Srinof S Rp R ere  igee oi | 1 ed
in the art dsithey exifisiogeisane gtrfaa pykied ematee 8 nweBy statiinglckrombptoee s for t he
del i very of, topic onpositions suitable for yse in, accordance with this
i nvention. lﬁ'ﬁégtﬁfagg%g’g%wq%&e n%muea%'ﬁ\“iegﬁhjﬁﬁom’m%ﬁm% F¥&*agent and
treatment with Agentshsy b6 BETvEYd RGO sOmbbd) B sspbistal iemtilsiofy, iner nat i vel y,
treatment with an ener% source may_. be delayed for hours or days after

“appl i cat i orPBIOMAR IHYTNVE ORBABHEL MiNBIRheTE FHEHP LN ORETNPE: agent  maybe
-perfornmgf GhicRRRIjsAMi AL BN NEHe ok BCBIbARonS WiD1id o1 MEfrBISF 1k BGAE, Prior to
the energy treatment. After an energy treatnment has .occurred’it nmay be

desi r abl e ithillyaiwe sdmghexhaniive; hosp ekillediip ivg gid willieospiag thotdherapsedl ori ze or

ot her wi se I\iACSIUAL LR or thSdef] idaY SR8 stitfbiRbdh Gl in STt Uat | ons,

cont i -nued apgﬁ céa(t?i orol t po rtg%}eeﬂ%ﬂﬁggref@d %ﬁ%mphoree%y be desirable.
One pr ef er raeggrdandsodibiikininvertiess t he trausdermal application of chlorophyll to
t he sebaceous gi| r ' I [DE: phyl | 1s then
exposed to a so’lf}#e 5&%%¥ﬁg%fl€% net |nrc})9?%%lﬁg%al%8nr¥ suc%gjgg{‘%% a laser, an
LED, a 13 asherfyasopce ara shighdreatmontr AderBBively) tteatnent with ap ewevgydeuree onmi nant

wavel engt h .of. .fr 4 ‘ on he ed.wavel engt hs

i ncl ude frct)’%d%{ Sgg}rgggﬁﬁd?%%gﬁgﬁﬁgg%éﬁm%aaﬁd,ea% t'hkﬁﬁhg%tf%té(rgﬂnﬁ?%‘}ggr ence, from
~about 380nnpgdnomaiimter fdA @ on applicd atandithedbtdatins surhydyatien’s batedriawitd h  suffi ci ent
power densitey to allow the target tissue to be appropriately inhibited to
reduce ach® BHEY LA kontent and to reduce or destroy gland activity
“through phot onpalfidrai ey aasindd htvetuieh & inm be dRRdbi. in Witd studtibnsao | | ght i s used

for illystrative putr.poses,-it has been found . .
% . TEMove, nel?trall’.l e, decolorize or oﬁerwlljse?nactgvata 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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that red light is also effective in accordance with the present invention.
Cenerally, one skilled in the art will recogni ze to choose a |ight

wavel ength for treatment in the range of about 300nm tig bRty AfONm based
on the absorption spectrum of the chronophore or 10 16 February 2006 WO

- 03/017824 PCTI US02/ 26627 ot her 1ight-activated topical conposition used.
Figure 7 shows the absoption spectrumfor 0.03% Na Cu Chl orophyllin in
dei oni zed Wax®i01782Fhe pri mary absorption peak i s shownpdrawseimseat ar ound

- 400nm This would indicate that for this chronophore, the nost suitable

~ wavel engt h for..phot onodul at.or and/ or tothernmal. treatment woul d be at
around 5 aoofBARRAES BB RETERT B bt o VR el R BB hus {n an
i nst ance Wh&038 Ha Ch Chflafopsyllii it ecimiited watetl OTHe peikry Wb pliengahisaiovartound 400nm
was not avail abl e, |ight source wt .dqom nant vel en of around
620nm coul dbangidbons, Biseycgiad e i b Priuehore BB HRE B o  pt ¢ on
spectra of wavelRlighi RNFHotbmbdklRoBanboOFBtodIRER Pyt Waidbd & &du#00 run to

520nm This all ows use of nore wavel engths including those of green |ight
(500 10 ?un“qo%m-S‘%Wi‘Pf .absﬂpﬁ?i’rPﬁé??cﬁ'Hﬁat&fO“f‘%@o%s%‘fSﬁ? F‘b‘ﬁs"%ﬁﬁ%ﬁ’?‘?‘%ﬁ of various

~haturally Q%Woh@&adtﬂ‘&&zﬂ%h@h%ﬁp@ oSN 400AmIh a8 HEtRvAFlablEagighkC ne tr eat ment
process uses a solution of graphite in a carrier solution and a Q sw tched

1064 nm ND: SPH@ Vilsefomimmevasslenath effroray SROnmsprld bemsed Firdisgrafirtighi ch is  then
treated W tifl,dbhes hafRbmpit sPirk SRV JRAGiA Fath 8 bad dvkorffoh vBf @nShgyy abl e to use

- ahigh 15 repetition rate and nove the |aser handpiece slowy enough that
pul ses ar e togéfmay' Thisullowsise siyoere wayelesgtheinelpdipa these of gresndigkt 3Me handpi ece

s move e‘('-:fmg@ s?ﬁiggcﬁ%mgﬂ%%n oftike aQ?o?PﬁQESH?:c&aO&fQQioBM Sb&uihe @ stair-step

i ke ef enent tenperature rise 1n the sebaceous” glands with
t he second crhoplmrgsds shovssFigrer&us a single pulse, A faster repetition rate

al so . tends tOOIrl"elc egui.rrlieglt tchee:ssh%éast s ‘tifnao%t earhiteanéjca}r? hoil nggmcl aevel s. This
“tends to produce the 20 neod num hea (Q L CR S “desirabre, as ong as the
heat . st ays @ewitchatld6d omNIEY A€ lbaere Glis sohgionnagbeoapplici tethe shiredkicitisl y adj acent

supporting ,tissues).. Since thi,s effect occurs ., substantially sinmultaneously
o Th ot her ESRHEEYin B BRF utiiSefn pRaR Y dthl vt iy e Cbac cous

- gl ands t$&ndspetionrate enhadve @@ .laskitahdpfece 6w BncaxipthadeBespar siacked’sn on | i ght
inpact, the dyes and sijla ents.may actually.remain sQrbing for a
brr et i me ARG o s Py e e e e e OHPR . ARG | we ¢ hey

ar e dest r oyreihd @at 6 &Mt Qlep ARS EFBEST Sncrehidhts] terdidn@risdSn e SBhideowdl heat sink
for a brief tine, allowi_.ng npbre heat to accurmul ate than with carbon

_ g, m
sol utions &HAISHEYRe s5pmd anr Erdmles hamys p sagh Bulses g fagey Topatiign e 480 about t he
sane | eveliendsionel baEnms RlaAlpaktd AR g1t ThlensNBhbicagd o tar get

tissu esﬁO qual;ciatfnf hegto(w%i[():g ;"sedgslir%‘glle,%s %ogg zri]sgt}ele lllegt s?a%g clzo(la:nrfli}xedttor t%ggerggcr;gust | e

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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30 Anot her preferred enbodi nrent uses a | onger pulsed laser in the 750 run -
1000 nm range and appropriate paraneters to achieve the desired tissue
damage goal . Another enbodi ment uses a tissue dye whi che®ebmalie®060, or is
_incorporated into, a target cell and surrounding tissues. The target
‘tissue may be illumnated with. a multi 11 16 February 2006 WD 031017824

- PCT/ US02126627 wavel ength non-|aser |ight source using appropriate

par anet er s Wp3éthldeve the desired tissue danage goal PCTASGYIs€r enbodi nment
uses a light source which is well-absorbed by the nelanin naturally

resent in skin and undyed darker hairs. Natural or..synthetic melanin or 5
Rer hvat i vosra R R e Rkr FaedRish o PRy T RS OB MORHSE , (h of 1 oh
(or alternatskneabpageletdd. or nore wavel engths, one for nelanin and one or nore
for the dye). This, nelanin agent .is deljvered. int e, sehaceous gl and,
boct - or aabnor GREH epaulment PRETe fyE R St DR BRRE or 1 o oy to
the target _ﬂa'tusam;,lgreée@ﬁn@ﬁﬁ Bkt dntiyed dhiRMBkird NRREABISntRIbe h@knin pAr amet er s,
resultl_n in safer treatment than iif the seba(ieo S gl and, ducgt, or :
suppor t i hg VTSR GBHbet bR ehbY WD e CHEAED 2ATEI (B BT f ends t o
benefit peqpler ey aeiEahK 8he foskéiiPindloR\brSti e dé}ey. Biid rididnRg | over

treat ment” energy. For exanple, a diode |aser or _LED or non-laser |ight
sour ce coulagenisslghinsesd inte Ba sebatsewrLlapd. Pt Fretng Issifolfs B8N Of | i ght

ener gy usi ngpRilase g@&t&aﬂﬁﬂn‘t}@ém@& L OflehedS pRR RS waltreBmiReRigNIt h which is

absorbed Dby the [Tght-activated chronophore,  native porphyrin containing
acne bact erparmgisrsphspiting imBies wenpoaphidan ibhe pehpdequs shobdodousupgbéngl, duct, or

_supportidg i ' - Igg%%ﬁ gqﬁ%gr A pul se
durati o%wo&ﬁ%uﬁzﬁ%r%g?&%@oge %e}lglhﬁg%)%tﬁ%ﬁ%ndgﬁé) t P ?%3913?1%"@1 onds appears to
be. pr ef er abkig.or Rimed skib, 3y alienuslowe tivetmentroredy. Forryemple.iadwde lsmoi s used in

. nost syste |n_use t .__Anot.her .e L.NE u an.. i-ch
Foci 111 at od DG pEfird RODY o b0 Boo PR EIRY, bl RyREPbeat® O7 1
pr ef er ent i dightenetgymesigpulsodurgionnasliaizasiecindeat b aagddngthivgich éssabwdtbede i ni mi zi ng
damage (or .other, adverse, effects) .on syrroundi ng non-tarqget.tissues. This
et SR b A B T e e L D

ul t rasolmnd cainpdifd, ol fative ScheodhB Gand dict for BIppereifctiskut pirdear cld eebywthd h t he

- present invention.may pe sed to provide short or |ong-termcontrol,

i mpr overrentn}e}ﬁnﬁ’dﬁél’el%?#?&Ptgﬁeidmaﬁﬁcrn&# %‘?ﬂr ﬁéﬁ@vee YonetHEY ™Y el at ed skin
di seases. Abcondstapyers 308 Preforadle. DEi 6 Séndeto b 2 BlactClB:et 1B thah i9tised in

i mrunol ogi cally I ncorporated into cells of the sebaceous (oil) gl ands,
ducts, or SPOHEPTBUSP®&Eyue, or into the naturally occurring acne

bacteria, porphydir GRRIRMEAESes MAdEH Fhikl faciBGEs Eavildioh FIBBE waet druat ed

chronophores, yeast or simlar organisns which feed on the oil _in
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 effective in clinical treatment. Improvemeht in skin
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the oil glands (or sweat glands )or exists in the oil or oil glands as
otherwi se relatively 30 benign inhabitants. Sone acne bacteria may not
inhabit all sebaceous structures and other strains maygFebrupfyadose native
porphyrins to target with light. Qher acne bacteria nmay be | ocated deeper
than 400 urn to 420 nmlight can adequately penetrate, thus treatnent with
| ight alone nmay be only partially effective in clinical treatnent.
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di sorders may be a direct or indirect result of the application of the
agents in thi r OCESS,. as. reduced oi.liness.of the skin educed si ze
or di ni ni sﬁlésar%ggﬁjél% ShEEc¥ mg%%/cé%e,mqteq[%c < appligaiog o i%l%%ﬁemls ﬁlv%ﬁ Ilogeﬁg’i s al so
useful for at mepleiwel lihas gfeltt spia) reducedide\r dikiimsheduptieapdnbes! poss, sor der s where
there is nQ,active acne-rel ate isorder. 5 Other. simlar_,disorders such as
fol | i cul i t 1T5E BRTeBHmY RO b A5 Hren P Bl Porn bk #3808nd) unit may

a: so Ee tI’@gbﬁél‘sWﬁ%jrﬂ&efeh@ﬁcﬁcﬁ&&ﬂﬁe—ﬂel@té@ﬂﬁ&dr&ﬁﬂ, The pLesenL di nvent:con may

al so be used to reduce perspiration, sweating, or_hyperhidrosis from

eccri ne ¥ sweat ) OgraRRYE: 6?“3?5%%‘? ??écr’]l@?“z‘%@?wlﬂ“b?]‘éef@?%g’ﬁebmdi ment of the
present i NGk BRAIERY 9 aldSBrhd hdifdhe RéBRImSHion. UheRdseier s such as, for
-exanple, viral wart's, 10 psoriasis, precancerous solar keratosis or skin
| esi ons, hypyerisn e aFe peisedio srdyes rswaistioh §eatigioRyPoridrrR Fe® or sundanmaged
skin, and skiige gfl.v@a@)r 3k GRBbdRe oIS SR YeRrred SRR FHMleSlesent SCAr i ng i s
commonly seen as a ‘consequence, of disorders, diseases, or dysfunctions of
t he sebacc dwertjsp manberssed Boertratheyskivedisordsrshayas.dor pepie vrgpiass.of t he

. fol I owipg: ' g Gt eld Jlsthg,gélln&o JeREESSELt Ophi ¢ scars,
15 hype@pi 8@%@% fegwnl?&ﬁ%psgl%e%neﬁt%%n r%é‘n’e - or %le‘%griggec tg_tg%g’a.

Phot onodul agiog, yrinklphotsowtaewied akin, apd skhdecoydigheha bressuesatensiasiesial one, or in
conbi nati on wi t§)_exogenous .or nd gg@p ] , ..OF conbi nati ons

t her eof , can beé?ca%len%l scll"ﬁb'fnf]gﬁeee%%ssﬁcg), seg%u"g%@gﬁgeggag‘?%ﬁ“, as descri bed

her ei n f or dydfiections af thestbacebs pphacc Susring raaydtodhiss of cle promore ofitheases, or

dys: ftnmeti .. Furt her s .herein descrjbed,.the .t erm phot onodul ati on

rgf ers 20 ?‘g TheE W%@yﬁgﬁ?phbcfscﬁ infﬁbosﬁsidfgrﬁsg’é%t{oﬁ F TGt lOal ong, heat emitted
- by a |ight hgrpigeentation, hjrghlizmeattyirutate dr elaegeciadd. Rhoomodildtdrans, or any

~conbi nation_thereof Fallli ithin the scape qf. .photonodul atory treatnents
“are phot ot ﬁﬁ?@?@?ﬁ?@ﬁ@%m\éﬂfﬁﬁ%ﬁ% Pidih &© Otﬂlbalt‘glfﬁﬁ}? BPETOR > and

phot ochem eglogénb@ashrmidhhddts, bri cinbigatiohsBeradiftan béuspdsimuleubaatly, Sebaceous
structures wthin hunman skin, Further, electronagnetic.emtters of the
“present i noBMENHAYY; egnasrdgporibest hereinp ?ﬁtﬁa@@nﬁﬁﬁ%ﬁ&&@g@@d@ﬁﬂ whi ch emit

Light in tQRedsSiik@uRRaR! FukihcA BheAitiettsBEd the i phithBbRRGE] REs On and
phot oi nhi bi ti on %?Ot onpdul at ory gégcess those that emt light in the
ul t r aviddl et Bpleinahenmediewe with Bk alons heat ittty adight PWeD POFE SN

- phot 0' nhi bidivaed chemical compositions, or any combination thercof. Falling within the scope of -

=1

_ 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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phot ornodul atory process; and those that emt light in the infrared region
and permt pbotonodul ation treatnent to be carried out through

phot ot hermal neans, i.e., heat 30 activation of the exaggeprarciyognor pbore,
living cells or tissue, or both. A prekrred enbodi nent of the present
ifnvention may use various m croencapsul ation processes to deliver active
agents. If the dianeter of the mcro encapsulations is about five mcrans,
t hen t her eMPEN 0 T®4r el atively site specific preferentiBATU82BR7Febr uary 2006
~ WD 03/017824 PCTI US02126627 delivery into the sebaceous oil glands or skin
- surface strahiGORASUILGE diSadad dr ok Surnl ARSIl bhE. Fug! OenCapsul ati ons
is in the rang about one cron, en t active agents may be

del i ver ed iatetepoiifiprreicroamdpnintiting ishir #harangfnoftabcmivel@nmmh& tieaithe agibet s and t he-
oi |l gl ands a of the.m sul at rger, on the
order of a8 8 S HTEFO R Srorg et ACBRER PR AU e MRS {0 °be
restri ct edofdiglandst Hﬂtyemmdtdnefthkmmrc&nwaﬁmaaons 1§Jlagemxc1me)oﬁer©apimmm| ons may be
synt heti_.c or. natural tras to. en en tratlon t hen
The. o artor SvebRatman bentiiir v Eed e fe e R0E BFRRY he e ust ed
accor di ng 1T8e fnlteo @E@Jsﬂtlﬁﬁbéﬂaﬁelsﬁ@heﬁb&&a%ﬁﬁlchuﬂﬂaéo@mﬁsh@dﬁﬁnhmI on of the
“optimal ultrasoun meters for driving small particles. .into the skin,

skin appendsiyEdiogy %“I@F targeierypfl plireseund RraEpgbpREanei MY 6 HBY be used to

i nprove debiifdacekdikd o M2 BRI Sprinbiples Fhich SIOhORRMhiion oERE BRI dS,
met hyl ene bl ue, indocyanine green and particles of carbon or  gr aph| te. A

known techﬁltrﬁwélaﬁww#@@W%@%ﬂE@%ﬁ@ﬂﬁt@édﬁn\ﬁméﬂw@wOfﬂ%ﬁ may be
. absor bed byikldocyanine green for a hair renoval treatnment process is
described, for 15 exanple, in US Patent No. 5,669,916, which is
i ncor por at ed bWW@remﬁEﬁﬁ@éon mztyuqa@dtye@mrwﬁd@iwawtomwmwg@wh@a§mal | er
particles éﬁlﬁr fd&htdafb%n&ﬁ?né Illeq;hlepﬁl 1%sgréeﬂ PHRIcRs itkdn0h (R di anet er
m croencapsul ati"ons, nore SI e speC| uni rmtargetl ng may be
achi eved. mlpteef\émp‘emteﬂmmﬂfoamlm imyt0|Pm§1t1wde’VﬂvclmB&5ﬁha’im&ébgr een or. other
dyes or ag Pg A 19qu| lipophilic).
The del i ve?é}&gn%%lf]&gc ca glle fmd S0 %ﬁe%gtaggegbér&e%%aés&%%g% as indocyani ne
. green dye mylplremﬂlﬁl?armatﬂ\harﬁaiﬁﬁewﬁawmdchsluy:o@eﬂmdby wgprmce deiras ben or

-encapsul at di.anet e rea r.obahi | i Al of

prefer entlg @gﬁ\ﬁy\‘/’gjflgm?aueré) e%f?ng(?umo cgsméﬁd?mc‘?et&m mf%Ina ﬁs{1 i nteraction
wi t h ul t r agiemeter tiorotdvegsalagons,iniee sia secifio or piifoha birdetiigymayfbe petddved. ent i al

Cobpor g APl TR 5 oot B B i ek s SRR B B
- resi ding vmlm bdinplbesidcis £51008g (lipﬂlﬁiﬁli‘cya’[ﬂhel‘lﬁh@a?}eﬁlﬂ chbie eﬁecu@bﬁa%em' yin

| nedlcal use ears.to be rel ativel e
: ard da gs,psuc as mdocyaz%ne green dye may be reﬂ}:leg 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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may be activated by red visible |asers, or other source of nonochromatic or
mul tichromatic light, (in the 800 run range) nay penetrate deeply enough to
reach the oil glands, is used for leg vein and hair re§PeBluary2d0d6i S

rel atively safe, cheap, and reliable. A 30 known technique for using a

| aser to produce a wavel ength that nay be absorbed by indocyani ne green
for use in aleg vein treatnent process is described, for exanple, in US
Pat ent No. W9 09882323, which is incorporated by refer dd@soazehy| ene bl ue
has al so been used according to the present invention with good success. 14

16 February 20Oﬁle\équgﬂoQg"eZﬁ%mm&%ﬁ%a%@&%%gtléﬂel%ﬁm;}ca&@%p&@gﬁ%t cgnt ai ni ng

the active agent may selectively attach, or east ave a chem cal
~affinity fdeveagbemicyaffinitpfor,serae part of Gie aH glandrhe [GNdypyeay e gimsugaloh| ugat ed

with |ipids,; [ oy N ohul &8l ol ands-

Al ternative ?%{dﬁgﬂ}%ﬁog%ﬂ%gﬁ%kﬁ}{ag occ%&ﬁfggitlg?ém{shéhac ;ﬂlvv% agent is rel eased
from t he mattrcbmponge pcoer dffecthe &tipaagsitustelpased friyy thetmicrapoigeitber chemi cal
forces. An_the cas f sone .mcr l.at LI icles, release
mmy occir b’ o SRR ol Rl E Ra s Bt o kil Bt 00 11 U1 °EY

ul t r asound catier vahieles, edleabd mytocaur aftr Bismipionenf g veloeie megdty it@H pragislya chem cal

reaction. Ln referred odinent the |CN dye be, m xed with |ipids,
or put 1 nt & EREL G e TR o B S DB PR SR CHER 51 1 ed to the
skin surface, ainla@ysgreti embddimdnothe ICH)dyR riay Hemied /6B Hpidky 6r piditobe renoved, and
then the area may be treated wiith |aser Jight at about 800 nm ,between
“about 0.1 iToPBbEeR i FISEEPISTs Y dimaralieg e FosoGI9BE B8} Bhe . | USP

. 5,817,089 speel BkRSss dybahf beitRvelard Mhon fhe BRE Ahy KHtRBEY Rith Bfer BROM 1 m cron”.
It has been discovered, however, that these dianmeters rag]?/wnot ,be optimal.

‘A 1993  Phavawh s, bewvesnakeu P4 and 109umilisse paleesi apf wowg 110 0JaWeslim’a| descri bes

an acne treat nefgp 48128 EREReAphBREORYing S HBjoflikiBetirof Bl MBLRE W th | ess
irritation by putting the drug into_ synthetic polynmer mcrosphere sponges.

This arti ches heapdiscousied breverha giepedamerametnof by pfimals % 9% peci fi ¢ del i very
into sebaceg a&hﬁcag%%%jge aﬁaﬁdégmolmet @ddribs HafleMigmeRNd that 1

mcron particles ra elivered to the hair follicle and stratum
cor neunks Moderciagdenicsl spagydmpis delivived with logs ipdation &y pptingthe drugipte. However,

virtually : farent | ' Qmber,sebaceous
gl ands by eii % hcggg%%rég?%ycgnp%?%% h%frisg@?dl%]ﬁ& c?hlegg%ﬂoa}rérggt?g%r a ur?en

ni cr-ospher eig-sperifiodeiesry Biorsehaggous elbglinde mytheitkin was gbout § miceonpraed Getled

embodi ment £ty SRk TRl REREr GRS RACkIGEESfgY I N0 an  average
di anet er of " ABOUL ONE m ¢f on maybe placed in delivery dévices, such as
m crosponges, Hdwit agniamag e idhgentt teiet optimaifsizabBoweved, vieuaily anyoagsat The

m.cros &8 ng em%y ge:a%:eferentiaﬂy delivered to the sebaceous glands by either 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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25 then be suspended in a lotion. Utrasound may be used to drive the
particles into the skin. The optinmal ultrasound paraneters nay be based on
the outside particle diameter (especially if particleg6a®eBruani Z0n6n) .

Sel ective delivery of the particles to hair and perhaps to sweat gl ands
may be inproved. Use of such applications could enable selective delivery
of anti-acne agents, or 30 hair dye for laser hair renoval, or agents
which stiniP&Y8™kir growth, or other hair' treat meRCEISRRERT t he

encapsul ati on di anmeter was used, with or without ultrasound, to
preferential |y tekd ¥@hiquatyYé pl{pﬁ&QUBﬂnﬁ&the@héeﬁa@'irﬁd&&n&@fomﬂ%ﬁxdor | aser was
used to release (not necessarily to activate_ or |nteract) 15 16.February
2006 WO 0 Jaaphifc lotons The faoon| “eusepsuipigd gehivery devicet s ihgaiaes #efpetisdpl i ed to
many ot her v@ﬁ@,%&n{p&s@qglsﬂch%gsﬁ)glﬂeﬁ;y dye and graphite lotions. The term.
“encapsul ated delivery device" is used herein as a generic term which
enconpasses al |Prsaﬁafhnpbh%useﬂfennmeén%hclﬂﬂ%m@tm@ybowr ghedRcis | npel

particl es f 0 skin

cont am %angalg%lg?rts%ﬂ%u at ?nto t¥mt§%e%hggelﬁt%l %&1&’%%3%3&28932%8 bet ween t he
stratum cowh@um}mmwnmmqibemdnctdwﬂ@r folletldsethe sebagedup il elslds,toheﬂlgebaceous oi |
gl-ands, or r 0 r. liquids may be
used to enﬁgélcg‘ggsde |p\17=’§§riﬁeucyr%‘ﬁler é\%:er*q' ‘e)pfé %q%%{ea?a%'ésﬁﬂog 5‘{3’8 %gﬁfelrbeer ed agent. A
known t echrincepags theoquantisy wfgelmeredlagenprklsmwmeechxdwlfmsxﬁg)m ailgmewirlg skin surface

is described,. for exa i.n US Patent No. 5,.037, 43 Lch is

i ncor por at 28‘}1% orfglfl%‘?%klé‘ surdicy ’rsigsgﬂa?]eg’ tﬁ}{ﬁ}(arggleﬂgéé P?tgr%myé&g\g@#’y del i ver
~hair dym amahicmsmhﬁfmbpméﬂcati on into the hair shaft itself (see, for
exanpl e, US Pat 5,817, 08 or.af re ref.erence). The
use of ultrasou @WW@F&?FF‘SP ?‘?"\aﬁgﬂfgﬁ‘mr %eaﬁgpﬁngaln@s‘}/eaﬁ%ﬁoq or the
treat ment afto the WadhemlitdaE (see, B eREH e, UIPRRAISNG. 6,81T708e, @@xﬁﬂraﬁddgg@ﬁlt ed in the
prior art. 15 Howeve the applicant is aware of no r|or di scl osure or

suggest i on byfefeppel g e O {0 BT R el el ¢ation of an
agent lntO%ﬁﬁerﬁ@fﬁuu&ﬁt@Jﬁmﬂo&&%Eppeﬁ& to'Hﬁ%é%eerﬁé&@é&&%ﬂ'ﬂﬂﬁm@ﬁid s; (2) the use
~of ultrasound to drlveggra phite particles into spaces betvveen the stratum
coneum o ENIEYH Sherpplicartt fsapess of popric pih disdestre g Bgessdon i the ya9Si cal |y

renoves a m&fa&dquWtoQﬁhahJ&%eg:léL&Jan&Péf%ﬁ eRtfmtB*E}ﬁhﬁll‘bHaﬂ sif @Ggd: or (3)
physical l'y renmovin hai r hods such as maX|ng or pulling and

~then inj ecﬁwﬂﬁm@eﬂ%’ Q&ih?@ﬁﬁtf’f@m(ﬂoldaﬁe grahitgpartiolds inte peesRbBPlese or ot her
t opi cal gﬁ@ﬁét&h%ne Eﬂb@ﬂﬁ ?@&‘ﬁ&‘a{%hﬂ & o%s(qm&flphysﬁw met hads are

COI’lt errpl at I n one e ITEI’I'[ (0] e |1 nv
removes a portion of the outer layers of the skin surface) or (3) physically removing 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
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A known skin peel process may be inproved by using ultrasound to open
intercel lular spaces in the outer stratum corneum | ayer of the skin via
cavitation. Then an 25 active agent may be driven in flaFethearyd00f t he sane
or simlar ultrasound. Fibroblast stinulation nmay be optimzed with both
topi cal agents that are applied afterwards (while the skinis still '
relatively perneable) and also with additional low level |ight stinulation.
The proces¥&H30E®4ri bed above may be used to deliver RGEFISBH26622r ent agents,
either serially or sinultaneously. The two agents may then be activated by
the Iight SQUIELG 3 £@UEE BSed oot Kol SH M gictkia G hilig pHfotiefaaf OMDI N and
then have an effect, or to deliver two different agents that maybe

acti vat ed. meianafbragiiveaensiapd sonthgana) photamodilgtion fortiiepmg aqmgGcaoiielf ®ient | i ght
sources or KE%_engt hs may be used serially or sinmultaneous to have
different erfects such-as treating active acne | esions and al so acne
scarring; treat Twyentizhelifigent BsdEdHD, ar ighDigass W @3i0vers 2ubsp@RlyS02126627
rosacea J esi ons._an | o osacea. 0 ia-, or using
phot ot hér ma muhfa#leeg‘ﬁ‘g t%(‘))?gh atfé S|%J\1/18 ql@%é%ﬁ‘ﬁ%%ﬁ%ﬁh&#%%ﬁ%ﬁ%%ﬁ%ﬂ on for
treating acme bsdddiveredyginerilysts refeasear iordctivate, anflweecend beam|pyimehily fodreaint | aser,

LED, or fight, be may. be, del.iLver.ed substantially 5 sinultaneously :
t hr ough théﬁgﬁ%gfg‘gtfpé begchigy P Pk Bg?% ?%a@eég’re’ S'el%aa%eélf"eogﬁe beam may
be del i ver ehepightWhthiatwavél@gihelf dsintiielf 4006 tikdrad Bght afihla aawhkoghdf beam
rimarily to treat. Additive, effects nmay be achieved.b sing two beans
‘gt t he sgné‘PRIP’H%‘?tdgGQQ’i'ma@’f HEnpled 5P Bpes flr%i S&%P?%a{“ﬁhag @J@Peggt h of

- appr oxi 1pat ehay vé BRIE AN064 ol saeHt anuﬁfarlﬁeﬁnga i) maftheppr oxi mat el'y

600nm For exanple, a known process for skin peel ang Dai r reduction 10 may
be opti mal vavelgngthamaybe toRer taachisys2 g deveidasenshuipiionpt SP1oblasts f8%1 ors, but

ot her  wavelQRgh RS:chBdd BE mighdcals, s X eAGBbeMSror LBWS hemelowlidwetighst | mul ati on
of fibroblasts. Acne reduction I s achieved by this process, as well, using -

| asers or IEBS hawevsiength phosanaeqordingn he esorptipnsrattrug: oldiPdéabt h chosen
accor di ng tc&n%m ﬁ&%&gm&%ﬁ&ﬂr@g@ﬁh&m Bficd Bingo@Bbds ate (5RERABLInON used.
Particularly re?erre or topical conpositiions are those conprising. 15
© nat ur al 15y ety parerrivgyhiarenbbil)- pontainire cempeuRt, caEtgpeidepPRiainEag eEIPERI-d- cont ai ni ng
‘conpounds, N ' t 7 " SathBELERos. aRPoBlclAS
‘derivati veg?g‘g‘%?}{g‘é@‘?%‘#ﬁg‘éﬁgﬁ%ﬁ?ﬁ%ﬁtﬁg?ﬁeér ed%l%org?r’s o%e Stﬁcrfagents. A
hand- hel d deginerd fbont clisndhragetihe | ow- | evel |ight source may be used to
- phot onodul ate o qt ather mal l.y. activa . fving tissue or
active ingredi e%P&P%eﬁf w%%cé) t%‘ﬁ?%‘é’l“@%ﬁ%%@#?&%ﬁ&%@Esg{ih), for skin peel,
hai r r eductph@omodolateace pievtetietkudlyiacivatepmrdoth, 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
o 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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ei ther si rrul taneous or synchronized sequentially in time to deliver another
wavel ength that nmay be optimal to in view of the absorption
characteristics of the patients fibroblast spectrum of6Fésuspaodsum of the
topi cal conposition. In the one case it may be the best wavelength to
stinmulate fibroblasts. In another case it may allow selection of a nelanin
or 25 dye (or other agent) having very strong affinity for the sebaceous

gl and and WeP3918%24 ong absorption at the wavel engt h PEEFSREF62T r eat nent .
There are, a wide variety of different operating paraneters that may

conpri se I bane. effects such
as trigger ?ﬁg‘%%:&“lg%fggr% b ?gaﬁe%g?%%%ngg{ré&qﬁbt oa éﬂhﬂ/%{dllgﬁaﬁﬁ‘%ﬁot oi nhibition
whi ch, for iskdimp b@pelmblokqﬂhylbldmieﬁﬁmemclwundwcmnmgrﬁendwe am@mlem;best roy, oil

gl ands in tDPe Skl 1{1er el%%sﬂl %%tul) sesgx‘ﬂ NG, AGN ur@act eria. Also, it is
preferable arge%m ura rorm ore Tor photo Fvation or

‘phot oi nhi blphcltﬂlﬁarmﬂamddu]h’&iﬂ af g oil rgtieds atxd]mgmﬂa@aissub eanrbe plroiplishaidul ation is

possible for directly treafi t he natuyrally.occurin or phyr.in conmpounds

P 2t ne Shadk S e kel S i] ove SO R bar S auaE o8 e

PCTI US02/ ZGﬁB%néerehgﬂ'@ﬁﬁﬂoﬁ&eﬁi@@@&ﬂﬁhﬁﬁusﬁmm ﬂiﬂ@d’e&@ndritd(lﬁodéﬁfeot enoi ds,

~ chl orophyl | and | ts r| vatl ve i ncl udi,n, copp(gJP éhl oro 03 lin and ot her.
dyes such JE°YHFk ¢ &F SRR 9 rediice e simlar

conpositio ekﬁb@mrhégﬁb?ﬁﬁlﬁ)g%rl led in the art. Further phot ot her mal
‘modul ation of the oil ands and surrounding tissue can be acconplished 5

via the sane r%‘ﬁ@o%hméhqrﬁé‘& sHestppees which pRsagHicht e slggdemagnetity par anet er s

-may vany. IRBhofth b 18560 St Rl To?@&vem@ﬁ%ﬁ%sﬁﬂmﬁth@@éaﬂﬁ‘eﬂimﬁﬁcﬂs heat to
“induce mnor to noderate anounts of thermal injury to the gland or
surround t Puisygen of thewferce inveationdy prALEYS thim torse areg af theskinty batipatedr destroy it
al t oget her g EX006MS o dﬁﬂ&&%&%&%tﬁ% 1?&&11%}15'9&5%9%0:%8 5@1%%%4% light or

el ectromagnetic 10 radration in at least on€ narro f wavel engt hs and
assi st wi t bhrethephereszndnedependet ho the wayelingi of Genafowbind npitebwmetis nvent i on by

appl ying t %rtuge t?Ja&x?enP f L&gr.d%é @'btlli 9 ]Eljgél'r& S i Olg}ent 0‘?&1[3 Sl%ﬂu‘aﬁ' of the

exogenous chronophore I's d erm ned Ion spectrd of the

- chronopghor s clamdophsredeb eiddrem¢atogant hymablmyallastghdrﬂooﬁnaum canaalr owband

‘rmul tichromgt i LLer ed f t reat nen Ln.a e Wwth a preferred
enbodi nment Wo‘fe ﬁtg | AVEN Oﬁoaﬁl% Tgm? Oma% ?glr?no 3hd %negm%??tq%}&ﬁsﬁnatf?eat ment by
enabl i ng atorheamdiyet dsfehaﬁﬁmmapﬁnnmﬁng@lmyﬂwminoduhmmbmgﬁomemal ibjuey anar r owband,

mul tichromat i¢ radiation t enet.r at t least the strat corneum | ayer
of the ski femision e Srbirol SirdBiue Brreat2 it BatRar *f nfury of
dest ruct i ofhe etfatdnt d6rigmt IIﬁ@ﬁﬁms&ﬁ&%@,@l&ﬁﬂStoﬁibd[ulz@éd&ﬂdw cillgtbelowmll 8fIpport i ng
tissue bn %Qgplt?xeha?yvyers of the skin,

Some examples of possible operating parameters may include the wavelengths of

the electromagnetic radiation to which the living tissue containing cells to be regenerated,
_stimulated, inhibited, or destroyed, the duration of pulses {pulse duraction) of the
electromagnetic radiation, the number of pulses, the duration between pulses, also
25  referred to as repetition rate or interpulse interval. Intervals between treatments can be as
long as hours, dayé, Weeks; months, 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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the stratum corneum In sone instances, the photonodul ated ti ssue can be
below all of 20 the epithelial |ayers of the skin. Sonme exanpl es of
possi bl e operating paranmeters may include the wavel engtileFebfuary X6
el ectromagnetic radiation to which the living tissue containing cells to be
regenerated, stinulated, inhibited, or destroyed, the duration of pul ses
(pul se duraction) of the electromagnetic radiation, the nunber of pul ses,
the durati ¥R %WEYHéen pul ses, also 25 referred to as r¥F&EPYIE rate or
interpulse interval. Intervals between treatnents can be as |ong as hours,
~days, veekspieDNERSn imShifh ulr AR LR SysteRfi s dMARRL W inehRALIRRL S i s determ ned
by the response of the i1ndividual patiént.. Further, treatnent reginens
using a corwsimesitehdls fgthenipsbatehimibedfremplayel engt hs ei t her sinul taneous or in
Sequence Y. Pewalfiln SliGhle cch AP BRI col RS bioiQliat i 21 Al T 0N as
measured at the l'iving tissue 30 (typically asured 1 n Joules per
centi met er thapimrieds toanetas lepst precwigtic andicharactaystar "eclion etectrym” at which pH of t he
cell, tissug. .o i e .n t. / j . pplication to.
Creat et iR DBl BB P AR b0, 7 (i o
can be t opiegahple, #i®wh tie abslption spectABOE oM BidBXbrdBGEIEIBGR/ 26627 i nj ect ed,

driven in with ultrasound, .or system | s det 1 ned he nature of the
Centment Siemoeg FRe RS PRy b it bRl T be ik sbe Rt L S Rhch
target cel lfrofr3 diffe phtithi) exbbpaiaditfererts e ebsoptiotpadia abdwaiisei n, tends to

have at |east one ynique and characteristic "action spectruni_at which it
‘5 exhi bi t s "E8s BEH apdlitifc é?lfz*&?r&ﬁeﬁ, FrronaBLRmae figh) HUsAEBY naxi ma
Figure @, fi9pro@xmERleRptinAQWSicd Bfech DFRAkds OR11S HREBE IR @bmptaentd &rdie of human
fibroblast cells i.n nonolayer tissue culture. Different cell .lines (of the

same cel | Jrgdgiedaxithypseensihs copsrreatias tofherRsotptipn peaks enihaxing FIFYY)  exhi bi t

~ sone di ffemeﬁg%%gh&nttﬁeqigﬁf@Qﬁﬁmaibgaabeamﬁ%&@%@nmetp&a&mgémoparrow band
mul tichromatic | |q%ht (rather than nmonochromatic light) is also useful 10 in

produci ng thedlebysradenmexdetarnion fhe erlinter effeciy Ehe complerined fese combigplisgel | ul ar
conponent s ook Lomdidid B8 bR Wl toNBUE] BRGNS S0 HSSRONE W clefbut he absor ption
peaks or maxinm, energy is transferred fromthe I'ight photon and absorbed
by the ¥ar gequld rpeghlyrarrelpte with an foserplipnaraxipia for thetartel dely er wokellfer gy det er mi ne

the cel | ul g%m%%ﬁ%féss eTQFexS&HMs%}Erg&X H3fe. HNGRR c%‘%s.@inﬁﬁé;f,%ﬂ%ﬁle% paranet ers

- has produc confasionTin t Ior art. Basica e wavel ength 15
shoul d r ouddutey meowithaslont maxiing h either supsineiusly or svaverimlly bothesdnee arar get cel | or

- subcel | ut arg...C en r tis 0 alelt} SOome cases
it may be 35%"@2%(3%“? %da?ef'a?ﬁgeé’?e%%ﬁ? %{Tﬁ%ﬁgﬁﬁe ?‘rﬁ%?%%w%? e[%g]rnlqsi mul t aneousl y
or sequent falalgiveneelilidn eubsedar ommpookint freexegehous clratoghote adddiffeeniThe presence of

~mul ti p|2% “%{re eng%%txalx%]a ilsrgcﬁeﬁ‘lto}’l ?‘naf?‘ Il;r%du%(e) H?%Br%nt results.

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

may be altered from those intended . Consequently, use of broad band noncoherent
intense light sources may be less desirable than those specified for 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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for a given cell or subcellul ar conponent or exogenous chronophore and
different 20 wavel ength maxi ma irradi ati on may produce different results.

| f the wavel ength band is overly broad, then the desir&dFehaagraidsl ati on
effects may be altered fromthose intended. Consequently, use of broad
band noncoherent intense |ight sources nmay be | ess desirable than those
specified for use with the present invention, in contrast to the use of

mul ti pl e NP PBABANd emtters. The | aser diodes are 2FCaus@2emi ti chromatic
wi th narrow wavel ength bands around a domi nant band, i.e., they are

nar r owband, ctromagnetic in a
narrow ban S% cf‘gﬁlﬂ%llg%ngﬁgheggﬁ trggtgﬁ%g?? étﬂ {g]n{eatng%lgally around a
dom nant V\mnaﬂ@ﬂigmmoc}}?mnatmpiﬁlwpmswasoﬂs acmdlmtezﬂetmnon atyeasrdliehupeany devi ce
that emts,el ctrorra net ic adiat i f +/- about 1000
manomnet er sthg?o e onoc%oﬁ%agm naeeé’ﬁ%fﬂﬁae%om%%gg%\én%s%?der ed to be a

nar r owband, mJIWavelhnIgﬂtmayalsodanemm]&rhssdclﬁaﬁtraﬂndmdh;&h Abts impmetHerdleat i ¢, emt in

such a parrow ban con3| t| c emtters.
The nafr ofif B%‘n“éf‘f‘gfﬂ}%\,\g reﬁa’otp%{ﬁrsge &ﬁ“&ﬂ‘i?@n\t’i\ﬁ’f‘g?‘l&pgﬁm%g%q Nyt hs to be

em tted. Thtast skifnaypodi€Bkhtaihah yheliesub pairfritionh atptf of ulesreal dr bgnakkinai n desirabl e
mul ti. photon interactij.ons 9 16, Febru 2006 03/ 17 24

PCTI US021284 Wyélé?ﬂ?‘?‘%’éf?fem%é?n%’é%‘?%‘ alradeg Srngmatieally pre, t'a single

vavel engt hpsghad 4 @hit a porelord he sERRBicHBERreABNAGH b Adthod.. IiT Elﬂsdlse of lasers,
according to the prior art, has relied upon_ the coherent, i.e.

monochr onelPeTtanh igpgReEals PO REIFIng F@&?"?R#ﬁﬁélﬁ'é tlpeabegisi fissame navel engt h may

~al o dep er yivaRndh GIUEPERES i bRGic BERE Bishes for iSsud SRON bidite, &€, ke 5 desired
wavel ength to reach the target cell, tissue or organ. Tissue penetration

depth for lmpnlﬁ@étopgmtrﬁtemwswseromaemﬁm%ay the tissue penetratl on depth

for ulcerated QMP 5011 f: i.n that has

been abr aded O?Beé%g’[ﬁ it | cg];af]ng peel e ﬁ%yo%%lt 1§mﬁ§§sn ﬁﬂﬁ% &Lagosﬁ{f a portion of

the strat u‘#ﬂO@mtﬂehmtt 42@mmk@dsuglya shoyt warel¢ngth that net afl sebadegies glanfprapengnt t o
enetrate I his same 10

P cdn'%fe gffécg(zéé 2fel 40 dse{}BBi&%ﬁxg&S El:}&h gk&%ﬁ%&g?@ﬁémﬂ‘a tidn!

- wavel engt h nic trie or tissue or cell
~ cul turéd ew}u.nre)ashghthavmgalwupﬂmmabwt@i@m&ttoahoet@ﬁﬂmqasmsmlw organs in its
‘pat hway. For | e t...havin i.nan I ssion in the
range of Yol %(36}%51 eater @Q {)%eﬁpeﬂ reﬂ%%ggmélt} rS% %Lp%g%/el engt h t hat

not all sedta:cabmuss\cg:lrdmgiﬁ theselaating of the/dobhinantwavhlengtf cifelnatradmioy etnitteat ed due to
the limted depth of tration of the,radiatjon,. 15 whereas |ight having
a wavel engt A5 GPE{JSBIHPBgﬁg ét'ifatglﬁ%t&f’s“é%cﬁ ?ec?g??d 1*&"®&sily  penetrate to
a greater \deerpltaﬁgth isfonddfm&tsfgaiﬁbarmfaarﬁrhmd Dyefectkersads theqyaes imventieen deeper is
desi ra?é) ord| ‘r}gp ¥t t he lls.el ection of the dom nant wavel ength of the

r adi at ?r%?re ortant 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. ' '
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is al so dependent on the depth of treatnent desired. The selection of the
proper wavelength is one of the significant paraneters for effective use
of the present invention, 20 but others are inportant 18Fewsdaty 2086er gy
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 optinmal'dose' is affected by pul se duration and
wavel engt hNWO BP84 t hese are interrelated and pul se RUVEPI26627I S very
i-nmportant - in general hi gh energy produces 25 inhibition and | ower energy

- produces sti nul B he
irradiation is @r%u@&glgfﬁh gﬁﬁg%ar |B§uéﬁbﬁeﬁ@§lﬁe§m§g{3| red{egﬁ%ct and the
“target cel Iﬁequesqbwhtmﬂeammdanwmemwhemwm chronmophore tissue or
organ. (e.g. O. i Cr Q I or  human
fibrobl asts, tﬁ%‘% gre Slf%hede Es u%W¥%eE§O élgﬁv&slger sfﬂccessfully) 30.
Cont i nuous immor( EWpearsl at p@ioéledltavais, gso mfemd:tphermalas heinsgpuibadeltyi on i s
affected by,. these qui renents are
i f for ot TimbRGenb s Forag CatPer S Pt R RIS O modes
Ceneral |y, the fuhisesktin®sents for et Rpicadothmkitiorabglied to the ﬂca-hfrent regi men and
. the CWnode for others. 20 16 Februar 2006 V\D\93/01 &% | US02/ 26627 .
Frequency @FPPrdsuns&dh he present ipvertion feinds qug GEaNE M40 Enhi bi tory whil e
lower  frequgngb, R A 0ilRingt, Vidhal o Ritin D {iretByeR Rldyalse, Fajnopccur . Duty
cycle -- This is ‘the device light out put repetition cycle whereby the

- irradiati oAlyisayigmedtedia 2ed. 3 fapter, poirareg.dp quiibigtic pn 2B Rt t 0 herein as
~the intgy p%%ﬁ@ﬂ@%hmg %es!e %pd@ﬁmy@%agglmﬁh%}g@ del¥esAibmabhagnt session

conprises a series Suitabl e active agents for use in topical
.conposi t i orﬂ%hoawtlﬁé@ Otﬂépquﬁé a§kﬁ“‘iﬁ34 derivative aselbme dolivalve Hlgepiesent i nventi on

el de N iR ot oanfho M Syl B rbin, SMolTlBreg LA 0 A Vit A o

K, Vitamn et 1 Adapal ene, Reti nol dr oqui none, Kojic
acid, a gr bwbipsusprodnct, adhotrhona.ce ADZYER, 2Rinerei men@ﬂcaléwnsm@q’rqd@h@@nce an 10

'ant|V|raI, hydr oxy aci d,
~salicylic g%?@ét& a%'ttalﬂgtm dan%1 gfsﬁbsgalng %ﬁéx}eégdég%ncgd@giﬁa{l ve, ya salt
~ wat er. diér i eatinmenagatsjag etch minegaly, Rogeind sariteir gaowihgpimuitindebstans. @ haig

‘phyt onut r| ent %@nkt Orﬁstance, %tgnlng&al rgnﬁ%éﬁémcﬁmn herd aﬁ‘l‘éﬁ%ﬁa@ oduct, a

‘hor mone, m nera ’a geneti engl'néere ubstance, a
cof act or, &hﬂﬂbﬁbmhﬁqhﬂmxaprbiu&memmmmee chlmpﬁylln, trace el enents

élr (r;\(/:vlt lﬁldls? Ig %’tof cérg S lscg)]éﬁgéhlorggﬁ ,rcﬁm'opF Sts, )cérotn}lou?s f?hycdbﬂRogal ne, a hair

~ 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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growt h inhibiting substance, a dye, a natural or synthetic nelanin, a

net al | oprotei nase inhibitor, proline, hydroxyproline, an anesthetic
subst ance, chlorophyll, bacteriochl orophyll, copper cHhicdicbpiay 2000,

chl oropl asts, carotenoids, phycobilin, rhodopsin, anthocyanin, and
derivatives, subconponents, immunol ogical conplexes and 20 anti bodies
directed towards any conponent of the target skin structure or apparatus,
and anal ogdvB/017Bd above itens both natural and synt hegigon/zae7wel | as
conbi nations thereof Wile not alimting factor, a conmon aspect of the

oSt Ul Ul 3L WRlhor L ATRBNGN 6alea bl BL EREAAINERKIOR o [ OUNd T

their chem cal structure. tura occuring ch ores have a.

met al - | i ganglodoadiltipie berteficial Effeptr; @1cR ad teblingtaretbagieridrad RBuaizanri cal structure
of chl or ophéfl | %h gcgealsrcaci erized by R=CH3. A magnesium atomis present at
the netal -| |16r31r’1 bhondi ﬁ@n%i te in the Figure. Chlorophyll a exhibits
absorption maxiThaalkdlingB@olyuin of 4R 8rophy}l 048 tha nycldpditanoneings@d replages 613 nm  and

660 run. _Chl or ophyl is characteri.zed by R= exhi hits absorption

maxi ma at 4%?“‘%%{'] aﬁ%@yﬁhﬁ?%ﬁrgu%ﬁ’ Sg‘%lgn ﬂ’i’ﬁoya%sé'gn'nﬁ'esearﬁﬂl F2EAT 1t can be
readi |y seegllédvhtoropaylinesuad by pes: fubkh TRy Mipliyed hydrodysis 30the eildophgll i ons t her eof
can be used as tqpically applied chronophores to assist t. absor ption of
certain mv@P%&ﬁq@ﬁwﬁrbﬂﬁmﬂﬂ%é ﬂoﬁﬁﬁaﬁlﬁ" ?f@algs}?FrheaHB%goft ti ssue for
vari ous 1r ek foplaiie the Wbl B HRIUARPRYILith (RS RRfalsioPRadlile a Wavel ength of
| i ght that coincides with an absorption maxi ma of tar?et cells such as

human fi br ofesiensmetls, dorepasple, suph scoppshRipAHRITS HO% MAH! esTlFs. PR 24

-PCT/ 175Q%/ 2668y cah1B8s CYER a TRsBubS iSHhdet§ t0kting AR cHBropRIMiMGn asd Wi th
reduced light intensities or can produce nmultiple beneficial effects, such

as treati ngcantinrgdhils todeiremeyadiandaenlastHyy Forvhich) nfgrnds sy rerlsred Bearri ng The

al kal i ne hy&gfjﬁ&%{aﬁ of chl orophyl| opens the cycl opentanone ring and
replaces 5 the nethyl and phytyl ester groups with sodi umor potassium
These resul t i ngUshfetagtifisally sygthesizedichoimophasgshgatirplivocemmes eremegherey  sol ubl e. The

al kal i ne hy, ' . Ql-gr . j ﬁ]]i?hl i gesult in a
NaMy Chl oro}%hl&{l %ﬁﬁﬁﬁgﬁ?éﬂ%ﬁjﬁgr a %&%gﬁmgggﬁ(@lfsg% _o{rgvﬁle S%é;/a]térﬂépl acing the
My at oml§ n méta iahipox wgingdnt with 4oacidt Ae acivebribg obhumep sk issafliceptansi t i on
netal's, for _.exanple .such.as co al um o ; |, .chel ates, or 10
anti body co e@@e)ssfea.bﬁ uacl:lflf uéﬁ%“n g%)eletp ?ffhl?ocr)r?ﬁ%dg'ﬁﬁ%a%geb%@ etn%gaté |’nt§ t he

chl or ophy| | bevdnheesa solatde 11l wataUuBiengutingchidyorhypll loe othenomeily endingepdnaced by Hz

RN TE N TR s CTE e T S IE
attribute obrdamMpiagndbenmRiedint lopairompuhich with sipetorwhii@hprugetties ik Ssoci ate t he
20  acting as a chromophore t6 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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15 netal ion upon treatnent with an acid. The acid content of human skin is
sufficient to trigger this reaction and, in turn, cause the chlorophyll,
having lost the metal ion, to become |ess soluble in YgEghmadopesul ting
chl orophyl |, or other naturally occuring agent that dissociates a netal
ion froma |igand bond under acidic conditions such as porphyrin for
exanpl e, nmakes an excellent topical conposition wth superior optical
properties WOBYHB2acti ng as a chronophore to enhance PERESPHIERsity |ight

t herapies. In another eéenbodinment of the invention, therefore, the

preferred chLOMOPRAGLE e ofhofi SHBAbIRHN@Y DG s BRR bhsed il SRALBPRM, t hat

di ssoci ates the netal 1on under acidic ¢conditions. I n one enbodi mrent of the

i nvention, yefdaphotkiodulstaryandthodsninchiting ley-intaysith Bghi epy. diurtkrt eri ng t he pH
or aci dity GfynlNe S magBe dsB t@ﬂgs%% @oﬁ;%e Bal aneaoﬁnecfoﬂlﬁﬁﬁtlo}{%dﬁlr eat ment
met hod for ¥educl ng and ef rmnating resence of common acne bacteria
such as acnEwtometiygatoiysneamsdwitton wathdut khy uter o axagerpus commatiphdresns such as
pseudofolliculitjs barbae, .acn osace nd sebaceou perpl asia, the
Present T nvent i Dt PEhRGGeisES L Boh REREE R AR, SRR T AMRRR U1 e Ui ng
any of the defaphdimechamisieagaistiényadnentbhlalameigedo disir ckdis and ¢l repar 9stam. adi pocyt e

cells can bﬁ}i$hotom)dulqt ed. 3%0 gatﬂjtormdul.ati on.incr ases th | ocal :
mi croci rcul abt ST A FRE SPi Pl e Sreruras perse BRI ER T vity of the
cell s.n.b_Enhamctx&el:td, ﬁﬁ@ibi#ﬂs,&b&ﬁis%ﬁdﬁuﬁﬁia@I’I‘higllﬁ\tﬁaﬁﬁﬂhhﬁmidélbllle\ﬂﬂ@ynati on actT ivity,
or conbinatjons thereof, may be produce . phot ompdul at or nmeans. To
~ enhance the‘nY‘?lYfgﬂ%ﬂ‘ie,Ssc%ﬁQF“%?“ ﬁ%ﬂ{?fﬁ?IEdP“ Wg%ﬁﬁﬁﬁlﬁ‘rc@@“@i%? Bviously 22 16
- Febr uar yo 20Q6nME BN OdafiBgd TReEigeledlectBRR el 86 dilRd afPiudiladged or

non- chr or nophori c conpositions can be used in conjunction with any of the
phot onodul ﬁ@ﬂ%ﬁ@éﬁ’?@%laﬁﬂgﬁ’&%%%i ntensity |ight therapy. Further

phot ot her mal NMe@RS »RM%e BRcHAS Bh dafced S8 OWonP RN light @kdeS toahONe or in
conbi-nation with photonodulatory neans, with or wthout” the use of

exogenous cPNbringrrsd BysenvBommenipl expespisép RasElRTigh!. Almegal kg mal s and pl ants -
have as Oneorgafnjsﬁuggr'e%n%dﬁ’cﬂy cx?@sfe@ﬂ%&ﬂféﬁ&_ﬁrﬁﬂhﬂﬁhe@%hﬂ i %QWAyE.Oﬁ{EE”t al damage

to their celTs and DNA repalf system I's system| resent 1n many if

- not al | 13 i viamggeovigdvis praducedin g Piggefin erstvmbreofitie ivicalledpsrimiding | nsect s,
-anphi-bi ans, g, denfe &Q%s B RS strudtl¥e $o @Mﬁerg?go h%ﬂnb%e?é&&o%bﬁéﬂ s
~involved in processes to mnimze death of ce S, nutations,“errors in
copyi ng DNAanptongdd bpthe sdameails. DiiYeffictnages and hewe dé¢vglopsendéndgropesr onnent al  and

di sease an%gc%glgnro t&tﬁ%%mc%m(]janage are involved in aging and cancer. One
of these cahcers ek cancer “results fromultraviol et | i ght damage to the

An enzyme called photolyase helps to restore the original structure and function of
,20 the damaged DNA. Interestingly photolyases are activated by light.....to then act to repair
the DNA damaged by ultraviolet light. In the dark it binds 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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DNA produced by environnmental exposure to natural sunlight. Al nost all
living organisnms are unavoi dably exposed to sunlight and thus to these
damagi ng W rays. The 15 damage which is produced is ajghangsyidnokhe
structure of the DNA called pyrimdine dimers. This causes the DNA
structure to be altered so that it cannot be read or copied any |onger by
the skin cells. This affects genes and tunor devel opnent and proper

functi oni nYOIPOX#8 | rune system An enzyne called pRTAISY226€7 hel ps to
restore the original structure and functi on of .20 the damaged DNA.
Interestingly ct to repair
t he DNA danagegﬂh%tuge l?cg\?ll 0 d\r?taﬁlﬁmwy&é f(genetrc%l eéggt f)eﬁt he

cycl obut an@hquylgrasemrdym@ orwﬁamdemymeeato@arjnytemhﬁlnwmg@hDNarthanerts it into

two adj acent rim £onnect e ger) and thus
the DNA daﬁ%’ﬁlgx?vgall”é W&é&oﬂﬁiﬂ C[%E%& reéfxang\?etEg Wlﬁy%%e r' gccfa is called

" phot or eac b wailitlemntravidlegighhaldiskaase to{epair, &msx@asdnmuﬂl@rbﬂhmsbregme 25 absor bs
the light ener nd uses this ener |it' the dinmer and thus restore
‘the no rral?helﬂﬁgngs%\“tfﬁcﬁrr gy ld% H"@&e’ﬁﬁg%éﬁ}i‘eéﬂ G EIRK OF BT o-RFst as wel | .

The phot ol yiedfrd fiiRbgle FRCRAGES Bintgnaaed sk vith prechatesduosith Rdiomey@sent , but
naturally occurring or synthetic or genetically engineered phot oI yase from
essenti al | W81 4968 ng  or gani sm source can be utilized for other organisns

i ncl udi ng humanyiang nvlﬁfegﬁﬂh@@ﬁoyo ?%sﬁﬂc&!s%ﬂ&slﬁ%hdeﬁﬁﬁt&%rybm& danmage
produced. by factors other than ultraviolet light my also be repaired

i ncl udi ng, T458¢ ofislsin and imemalflisoriersedisepses, dysimedongLopstip disorday, fewasrait al  danage
_or toxips, nﬁ‘h b RMers, %%{ﬁpotéﬁhr § fﬁvmg%ﬁ{@fgmrae@aénéﬁem GRASEIm cancer,

mcrogravity a space travel ed damage, and a nyriad of other
causes. 23ﬁgmﬁémthahqtolmsm@aomp@marmmb@quowsm@h%@wpyrhe use of such

natural |y deri vithih il belighab ik BRbRibinte GROAY LaRk kimGadLneer ed

photol yase enzynes or enzynes pr ot el ns functi oni ng for DNA
RNA  r epailightirascetialy widishtmnice faserafd agudbsers agrioprbgnd dkbroadexanpl e, the

ab' ity t Obgnd%%fth s%grcgs cqgﬁg éithe pﬁlotcﬂiéﬁgé ff%&){ g%fu a@éﬁ@% Endltfegg]te tof di sease and

to repair, reverse, dimnis rw se’r of skin cancer
coul-d Bé uspmameiert hmseia&daThﬁsaamqalﬁunhght fiaddrientgharscledivasupseeveotiid/e  neasur e

for people with severely sundamaged s recanc y in |esions,

o i SR FeR il Sl SR BRE okl Bprleh PR AR W LT e
ski n cancepptidtwohid ba toupply iHepbadlyass a:lngﬁenu:featshthm caﬁtﬁblledﬂi@r goatce di sor der s,
di seases;, dysfunctjons, genetic. disoyders tunmors and
cancers. | ﬁ"vﬁoﬁﬁ? to Shsprones Wvelgngthbang ayA negmeters; m@mmeﬁ'ﬁégﬁé%ﬁ cial effects
f.rom treat g bewkilifed RROMOLWFSSE tHRke i5 Hd¥bribad clpsndErR i this bpplicaihi Fuat i on wi th
1 ght Ber %Pa%lple 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

—'3

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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VWhile in nature the light to activate the photol yase typically cones from
natural  sunlight, essentially any |light source, |aser and non | aser,
narrow band or broader bandwi dth sources can activate jgheyRARIRJgkase i f
the proper wavel engths and treatnent 15 paraneters are selecteéd. Thus
natural sunlight filtered through a selective sunscreen could be used to
activate both native and exogenously applied photol yases. Another treatnent
option wouwdopa2e apply the photol yase and then treacmsidese? control | ed
- light source exposure to the proper wavel ength band and paraneters. A w de
variety of .ight .sour.ces.. caoul e utilized.an he ran of J-hese is
aseri beq S B kERRH R it Rn ok EC R0 Bob D s 00
m crowatt rguvemiohafacls bithe divinl ok wslh ecitnpalving BD streoging ard healibe fipctioaofay with
m xed wavel.engths could be utilized. Another enbodinent is a filtered netal
hal i de Iiﬁﬁgﬁ%ource with a dominant wavel ength of 415nm +1- 20nm and an
- ex pﬁsur e of 1- %ii}%ﬁcﬂﬂét&s valich bre-invb08d ﬁilghib i)hw{crﬁasmmﬁcﬁm?ceﬁ;am e ““]E ilized. |
Such exposure uld .occur mntyes .t s after, plicati .of a topica
pr oduct gcof*l"{dﬁ‘ilﬁ RgOmFoY 81 59'%%‘%1?51150 ﬁiﬁg?rﬁ%‘é’)?éfﬁﬂr‘éve\%ﬂﬁif‘%@’ ﬂﬂs repair of
celI's in thRcsKidihaMibidlorhAdeed it ¢ pfRINIBAL Ahest HIRER oftidlihe caBiredderof r-epairing
the cells which lead to skin cancer_ the <cells which |ead to aging

~( phot oagi nByrmakiucHen aei meyde added fogisellpr sisteniqtlstorpipegile afineiBa & enbodi nent ,
kin fibr Obkmﬁﬁewgﬂétﬁﬂp}be&@. BRARH IR Re bR URCoMuEE a phot ol yase

and subsequently the photolyase is photonodul ated with blue light to set in ]
not i on t hed@eibphuboreqsaibe enhptchd b Wikivog ulyawied i) inseease skip germeapility or i

~phot ti i i | . j . : dth th
. photor %?C fo‘é@&éa%an%?ft?ﬁgés ft}%vyﬁmtbF!rgg{ ﬁ%ﬁi’é&(y tthﬁﬁism %ﬂﬁ%ﬂ&}l&ﬂﬁﬁéﬁﬁ% an us the

nor mal "functioni ng I brob | ow hg~ normal functioning
and prol i f Bemavielod 2apfrtiviheSke striatumabingann of the skivi aginalpr esdsede alpieedr pr ot ei ns  such

~as col |l age | ' i I gd. 1 J subst ance

whi ch causglc%%%g!)@%ﬂr@g%%g%g%&gfﬁeﬁ@%%ﬂg Cl l’ﬁ%%%%%fg{é)%mgkl nto be firm
and el ast i gppleithgyros. tAvilitiondlly seqbpetiodnadesmovitgws alfFrioglihe simtpoagviicuiagi ng or skin
rejuvenation effects in t in as well as inmpravin tructure and
heal t hy f uffREFEhPEFICtE °§§"‘F§ght%§‘? S%E‘G%CSPg%aPlSP‘sﬁyxﬁhk’”i'%%S@?“é&i nvol ved in this
- phot or @&ct panatdddightpoece rludmg hathSwse devicedsuahl adelttey pévearsd IdD) soadcésy Or
-systemcally t furthgﬁr enhance Qq rove the_effi ci.eg this process.

r.i. cy of
O her cof act or $* WE&I8FoMres Akt ?%0&%‘?%) 100PSEH LREES PGP 'i“%élatgﬁce the cells
recover naxtiEly obébigisipBbtolrhsss) comyonadsaeited fivaptediving @ganiys (teariscal |y to

enhance the anti-aging. o skin, rejuevenati,o rocess. .The delivery of
both the p?ﬂ?t‘%ﬂ’)‘}%?gtg" eé%ﬁl’l‘c’)i;a“feﬁélycdﬁfl ?frygas“ifgg‘%r ?Prﬁ’gaﬂﬁt%ff\q@“’&%ﬁr be "enhanced
by uti i zi geithbttclor 8&Heltaly &irkdted, 6185 Phétbliyte 1 TRARN i himH skin for

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

photolase is derived from Anacystis nidulans while others can be derived from bacteria —
yeast in fact protect themselves with a photolyase which can be used in humans, other

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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10 to increase transport across the skin barrier and into the skin and
underlying tissues. Renoval of a portion of the stratum corneum of the
skin ca n also be used, alone or inconbination with ullorrsaant200o enhance
penetration and delivery of these topically applied agents. Additionally
such net hods of renmoving or altering the stratum coni eum can assist in
penetration of the light or the efficiency of sanme or allow use of |ower 15
- powered | i wioessigemces i ncl uding hone use devi ces suchecrushadsézery power ed
LED sources. A variety of sources exist for obtaining photol yases. These

may i ncl ude_native at ur al occurr ot al yases, compounds derived from
other |ivi ﬁﬁe‘;g?t&m"é t“’(‘t(ﬁﬁiﬁ? aliq Egc%gﬁgé&f’%ﬁigégﬂp&%@%act erially

deri ved, | F@hd@gm_sés. delﬁiiéaleﬁhystaﬁic mﬁapyfmﬂmhe ﬁldﬁérgwieﬂorsmﬁlrsgl@ﬁgﬁhj c or .
genetical |y engi.neered, etc., photolyases. an e themi uman skin for
20 benef i cREfjoreBfiFsR caPqomm ety ‘?”#imf%‘dmfn h%%‘ﬁ%ué%g’&mé’gg’ %I&QW 8 phot ol yases.
One known phgtwiuf®uldhe d@dibdasith dnl20ioxARRGN ShifeDf Hiteiih BNGtamiid @dot her s can be

derived frombacteria - yeast in fact protect thense]ves with a photolyase
whi ch cdn Bltathicug 3 el aghefrstorssighes fattypdissad b%?\?%qﬁél}delﬁw(jﬁf”ﬁ%g%ﬁ nsect s,

anphi bi an R ARNidEBha B LERSyiBahreteR RelddM PR RLiMASE fBOBMIESAT Uncti on by
| i ght induced el ectron transfer froma reduced FAD factor to the

. envi r onmenteitbelisk s arud loceRsive Heasent it pkotyasRang blufight fsrpy BPS £ r ee r adi cal
inhibitors o GBI a Hehint WAt Sr AL 1 Sul Bk RE nbt0 SUPP! ement
t he phot ol 5‘%@3@%@?@%. 0gdher ?I ght gfgti vat ele chr onmophor es mat§/1 be utilized

wi th |ight besatsbises and properly sel ected paraneters to further enhance,

_stiml at,e, phot i - Dhetl gi.nhihi .target or
suppor tal itOng cel I@%&%@L‘%ﬁ%@%&g%gﬁgh%llﬁgeh%rr%gis%ﬁg%} @g@%ﬁ\%&t t0 Iilg%flimsnt . There
are many causesseafrvé deege ardiieaks idendiggsping! coml ihjstiesind dispesesselysdi svent wound

heal i ng can_be . accel erated utildzing.a ¢ Lnaf | .anti oxi dants, cell
gr owmt h facf%’?esr,tre el?l‘féd%ee rr%bg%@s%'ﬁf@%ﬁgﬁg?%ﬂ&%ﬁ%ﬁ%@c 6627 direct
phot onodul afsbiasia frphesdphaetiidyspiasio (Bareft’s e@bhagys) ambotiph ofithelshddrivedatelion t hr ough
phot ol yases. TopiLcal or_ system ¢ therapy with the proper.caofactors and
repl aci ng Bﬁ‘ifga“cﬁlé’f’%(?'Sé'fF@iaﬁm%PmE%??'g%%%B@’gWEfaﬂ?ﬁt %gé)’reygﬁﬁlaéeﬁ%eseasvﬁund heal i ng.
- For exanpl exluding bmblichied to MiRF degedstador eatirabtdeict reat ed wi th an anti oxi dant
‘m xture of vitagin E, vitangin and 5 gl ut at.hi.one, wel | cof actors
such as fatty é&?f&@rea"ﬁa’w%eagg co 9‘1""3999 ‘?\9‘8‘?5‘1{?%%?13'&5?1%‘5%% usi ng and
LED array phdidiefa@oppiicedastiafdFDITh (PRNAPIaREE Wit Siven thdid obl ast s and
epithelial cells could also receive treatnent with a phot ol ﬁase and bl ue

|i ght t her Bhajoredyetion/INA spiiy, via BRofmadulationdr RBTTR OF FHeSmPYsY 2B FIYPS ng wounds
or: bunms t hgt s, MRt Gr pnBEsalty él@in&%d 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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be treatable. 10 The potential uses of photol yases and |ight therapy
include: the treatnent or repair or reverse nerve damge or di seases
including spinal cord injuries and diseases; cancer or |6Fah@ery 2006at ment
rel ated problens including radiation and chenot herapy; cervical dysplasia
and esophageal dysplasia (Barrett's esophagus) and other epithelial derived
cell or .organ disorders such as lung, oral cavity, mucous nenbranes, etc.;
eye rel at eods/ggsides 15 including but not |imted torarasedsé27degeneration,
cataracts, etc. There are very broad health and comercial applications of
phot ol yasecﬁ@diaaﬂ@&m 1R @16 € B AdiaR ssRB Ak OEGA S da iR iRhe &DikRT RNA)
damage with IIaV|n radi.cal photoreduction/DNA repair V|a phot onodul ati on
or native HFlgﬁﬁﬁﬁﬁgﬂgpﬁﬂQBplled natural or synthetic or genetically

engi neer ed phOtWIaﬁ'ﬁ:%ﬁﬁetre-ﬂé@uﬁx‘i%jéxggeﬁ&sgfentd h&Blchrofdb ores th 4deSysStem cal ly

- adm ni stered photolyases and heir co actors 0 actors of the cells
whose DNA PRoteshirmal oF Besetheresel Phﬁpmwaﬁ@hmeamaeomwhma&m@ns The
enhanced dekiMador ek assi sted
delivery, via aste Fation OP&HE &iﬁ&ﬁp]E§%$n$%%@ﬁ@%ﬁ%ﬁag%¢gr vi a speci al
fornulat|oﬁngWmVWabbpésmdwOﬂétwm9wyh@Eﬁmuﬁﬂmﬁ dnthergmefapedul ati ons are yet an
addi ti onal ar.e.al so blue |ight
- phot or eceptrgir;gsaﬂg%c %éesurs‘%?ftﬂ%p%aﬁﬁ?ﬁee mcl,fﬁtego ﬁ%ﬁ&?gﬁﬂmﬁ%\e nmol ecul ar
cl ocks of ddivery oﬁwdawmoﬂmphbreg]tcciaé wart oratslblbadim@plybhgtﬁ)ﬁnﬂmgltﬁﬁjk,«s of animals
and plants i t he chanl at.es organi smresponse to
sol ar dayrm‘hg btsequ%yﬂ‘ﬁi?én aﬁan\?fﬁl&to\ﬁ] ﬂ%&@hrfi‘%?ﬂh@ﬁ ®n phot ocecept or s
i ncl udéovi t am r01Bsuchasmblmyﬂmemammdrkpﬁﬁpﬁplbﬁ\f@mhmm&ﬂﬁmt ly identified
-cryptochro 30 c n_.be di tly or |nd|rectly phot onodul at ed
(that is pﬁgiegf%?flﬁ?gﬂ%%%erm&ﬁ%a% AUt er sppeenttion fdyehige gid cat i ons
i ncl ude t r patidedte opﬁmﬁhdi@ﬂdaxﬁtﬂerﬁﬁ)éh@fﬁb dﬂlasarrﬁt%&ums%ﬂs %ﬂ):et lag', shift
~work, etc, but also ins di sorders, i nmmune dysftunction

di sor der s, BBl o &gg?fépéaftgfﬁ%é‘ W@Wﬂé@@fﬁﬂﬁéﬁﬁ#@?ﬁ on, and ot her
di st ur banCﬁ%dﬁ:ﬁfV:?g@aﬂ-\ﬁaxFﬁbAHEEE h%ﬁ@&uéé@oﬁl%s’ﬂs%@%hE&J&aU@ﬁ@é&ﬁﬁ%{ circadian

rhythnlln ani mal s. G rcadian issues also exist for many other living

- organi 4trs 2 PAHEY RAVHE wHE ST the W?l??éﬁﬁﬁvlamwllwlsb@dﬁf?@@@féaf usi ng
exogenous RlivRi AARIMM DGR FRpUiphingbl IR ndfal AlBRGLAR! Or _non

t-her mal photonDduIatlon techni ques -"or a conbination o 5 Exanpl es
of preferred eRpols srios obragmaldmgiarcudindtnabdayishwitesn dme blid® t he targeting

of the Vasﬁféhgeﬁ afd Qﬁgal@ldﬁi%éﬁ s thed She WAL vé%ntahca%lt}éaﬁlﬁ bE'Er%fS'éPE | Ant her

preferred
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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- vascul

enbodiment is the use of a topically applied or injected or ultrasonically
enhanced delivery of such a chronophore into the wart or its blood supply
or supporting tissues wth subsequent phot onodul ati onl6Fehahnt T&6meal
activation of the chronophore. 10 One such exanple would be that of a

chl orophyl|l topical fornulation simlar to those described el sewhere in
this application but of higher concentration and vehicle and particle size
optimzed Wsrospesd t herapy and t he anaot om c | ocati onr@fusotimsamarts (for
exanpl e warts on the thicker skin of the hand m ght be fornul ated

differently th@apiihabancis 88eh@bus\aBhBalsiR 48 Jel ' ource could
- be used for hé)vgg use Wth 644nmsi n 135 aS]l battereyatéggl\?grﬁe@?fd%%?%b\%merei n the

topi cal f o RIPE%RETORE Fetesad eravemcleserd by ths stmamibtonbdulitiodbyi dual warts was
perforned phdidthehif il RREK wRAEANRhGE il t t i sappeared. For the
‘situation l’cﬁ)l:‘l .va?i nél rWarts, a_cy%ﬁsﬁﬁgéég#uséggfnc of/ﬁ%‘t eé’ﬁ&gﬁ’gr ay of LED
arranged afdRspiqr oty 4pd ferothgndisrdstsimthistepplicttive newybe ned fagichal . cavity coul d
be propsr | Merapibd Uik RALEG] ;@ﬂ[ rf.ormed prqcedure woul d represent
anot her errbgrczidlnrrent of Zgést I's ec@%h '.yselﬁﬁ\l/lvi c?énqr%ﬁglé’aﬁ?rg%rﬁlﬁ§!?‘%nces can be
utilized esPrrafdigeasestiear pizyme pectshndotuphethedoritagntdEninetéaies SHOPOr ti ng
therapy. Thgs&s e.listed.el sewhere. in this application. In
anot her enbodfartrle&gt %n ;I% &%%IJ FOSTHY Y SRRl 2 grajor PORIGRW SRERE Unction wit h
phot onodul etepes. Rertetration ofidrbdsand topinal exeageyikenise imeoPRARYEe | N yet anot her
enbodi nent I owered |ight.source either narrow or broad band can e
25 utili ze%lgi\}me‘!ﬁ%%qft%%&g\éﬁ%o@ﬁ? Bﬁﬁwgnf‘ﬂ‘é’rc%ﬁ\}g wedl kaerwn hatds above, but with

- par amet@r sstimglpieg fitrthet paoovtii dtalke fldiGe drésRLBEHIoRLLIW el tehbial & RsQmPRNOr e i's non

phot omodul gtian,. but rather _intense phototherrmal effect so as to damage or
dest r oy th‘%low et%%owetﬁﬁ?eﬁ?dr#ﬁ%ﬁit arcEe. vureatly sinosh ail prgrissisilishiol ved and non

suppor t i nghdripydaitiBavioldd 1igHp EndaRAAH ¥R BE sk GhY ; noi d topical
TR b SRR 0

for nmul atiow@z%iﬁg, 30 and natural sunlight with o t a selective
sunscr een “#E* £ gictime afrepeptedlirpyiolet dightihsivpg a Al evanthesapyon.  Anot her
enbodi nenttypadally in7eSesdBatind 86 bRk @lvdildd ' i t opi cal
del i vegy of a g%e, S_leth ag ﬁeér?dqcyar?}rne g@glg%b%tl%%mﬁg@g%%ggghl}sed for

¢ hePE B 5 ke beipedn 3 tapingdief whichris@ianding wpipht). CBhus mienly 8%s 16 Febr uary

2006 WO OUDEZSA ﬁ’&%ﬁ@&ﬁ%&%&ﬁﬁ@%&?ﬁﬂlﬁ@ﬁﬁgﬁr I}H(EWJ%(%I%% Qus and

psoriasiform and rel ated ski'n disorders can roved, controll ed,
reduced orYPEFBNEcts spasedio By demagingafrsviolvblighodul ati on or  phot ot her nal

“interaction WiRnGRERIES orPis <1 onophor.es. 'I;ﬂe process
outlined for warts ang it htﬁp’?&rﬁer | sos(r) eorhgsé%ehus? %?0?1 gﬁ‘ﬁﬁ 928t i on may be used
for such 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

qhildren in an obvious concern as is use in pregnant or childbearing women.
_ The use of a topical light activated exogenous chromophore such as most of the
agents listed in this application present no risk of DNA damage and also are generally
25 very safe products — many are natural such as chlorophyll and can be safely used in
- - children and pregnancy and child bearing age women. In additioﬁ the {reatment 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 inﬁ'ared'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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" the risk of skin

5 therapies. The use of ultrasound is particularly useful in the nore scaly
disorders in this group of diseases as are enzyne peels and ot her nethods
with gently renove scaling skin. Penetration of |ight16Beuas@0Dasi s
presents for exanple a major problemw th current therapies. Penetration
of drugs and topical agents is |likew se a major theraputic challenge. If
the dry skin on top of psoriasis is renoved it is well known that this 10
- stinmul at esWousHtiEd growm h of the plaque or | esion of REIAISNARE2E - yet renoval
is needed to allowthe drugs to penetrate and for light to penetrate.
Currently al no t | | t i ght and thus
S’Ehe?:éé}tgl@?s@ dé dlnﬁso o%lhbelq F‘?ﬁ%?%%"{"? golﬁ\l/e @y”‘g‘i“g%ﬁ ficant wth a
lifetime ofd1saapsesa¢l:ead psolrirgisa Hoodoate casegdfﬂpsctdam apyary Atasiveustringfregeapy typical ly

i nvol ves treatln anding in a |arge
light 15 t REPELY 6hn‘°*s prteg s g he i %?g“%mr?y {e%%ﬁmﬁ“"%éggm{ﬁ‘%‘i FPE standing
upright). Tiesppliciionsd atopkaemulatien 18 ienaroad ﬁolﬂquafeam+6rtbe1$theh@dyget treat ed,

damgi ng APIPTCE B oG R B Pl Fople ey S B Prent s

invol ve th%dﬁ&o@ﬁse@zﬁcﬂhudifgugﬁerwutm&ofﬁﬁ@ﬁs@ltﬂmf alfiEL todhdigS Cross | ink DNA
and are light activated, Thus ge.in_ 20 produced not only by the .

ul travi ol etu Ityayigist pspriasis photethergny »‘f?@ﬁew@hedenw oY g ito pmal isTuR®As | v
ultraviol etfacﬁatdtéd?iﬁhﬂzdmt@l‘)tfollo@xr%‘i'lﬁé'p%érﬁgs {thBepPsREatRBing kvl finh@ade ed DNA
damage. Safety in children in an obvious concern as I's use in pregnant or
chi | dbear i migk Hokisgancarsad phoboaging i fetyisiveds | i ght acti vat ed exogenous
- chronopfyor e SUCKhoﬁl%réﬂﬁ%mn%tz}l%@vesﬁgﬁé%?sdch%&% Z%aE'eﬁrEBaﬁméxPﬂhﬁecat' on present
no risk of DNA damage and al so are generall very safe products -- many
ar e nat ur alevesing fieyseterhing Frop tayang dmoe@natbealsweémsur@@e@ﬁerw children and
pr egnancy i t is only
activated \%ﬁgdrmgtﬁt @u?gg%%%oggg%%@a %ny& (fbil(%(%eapﬂfeeggltéﬁﬁ%f or al
psor al en dphyerenatrgphotargeitiariot of tlmcut@brldgmagh@DEAtmﬂneslsikbwl@m al so the retina
and ot her QRky lowin
power , - but E)Er?owgdsfanyﬁﬁ%éohﬁmep 4 %J‘%:Ehsﬁ %‘Jla%égeg}rn r&?m%r%glﬁéen?f tF&%mt 30 and is not
- ultravildl evf laprwldlﬂd:lglntgomw odntalagleanoﬁghuﬁme ﬂmr&ds:i'ﬁvdbngﬂimmmm ation or
-phot ot her ng| tivati n activ d c ores such as
oscr i bed REParH PadRfe o3R8 B Rorn i mpu b R B RISRRA LT Cacy. s
.16 Februarye aﬂ%pmt@ﬁhﬂﬂﬁaé}ﬂthaﬁﬁnﬂ btﬁ&%&@ﬁ&l?efﬁ@ﬁomﬂim@uyta@ﬁe enbodi nent s
descri bed abov aj SO have. s ation for .dise h as psoriasis.
For s ¢ AebEtaRinesp e et reRbley SSiraher Fevib o ErnGtr it e anbunt s of
the surf aceitaiea, BlamidardQayatidt@d anBfeelTaty 2018 Sldand ortn@ar@kdtﬂmdknam t her api es.

20 - similar formulation could contain 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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The application of a topical fonulation to the areas not being treated - or
to all the body 5 areas exposed to the traditional psoriasis phototherapy
could receive a post treatnment with the photol yase andé6bkcbraatyi2@6 t her apy-
~think of this as a type of '"antidote' to the wultraviolet psoriasis

phot ot herapy wherein the repair of DNA damage to nornal tissue was
facilitated immedi ately following the psoriasis therapy - thus reducing

si gni fi canwioypsnti®s ri sk of skin cancer and phot oagi ngeatushadsézre years. 10
Anot her enbodi nent invol ves the use of such a photol yase preparation in the

eveni ng after re btr ni fr(g)nfr]rrge : Vl% emiuufzcl% natf{borno%hcgeﬂve{rﬁéﬂoosure or
after an aCCI BUT ay ontarni n € photol yase

coul d be apd Iirqﬂ:r Eghﬂp:trhmﬂers Jphlahajﬂ@pan bé pdiiotrad Bac biisidt m@hbdpmtdth@ acutely

damaged DNA in the i n c ul d. be rfor d - and this could be perforned
with a Iard‘é‘m@e"g% tﬁ m 8%“1%86 TS 15 of by a white light source

whi ch cont ai nedAﬁd’tﬁHﬂgi‘bc&fs mtvhﬂc]ﬂﬂ&ﬂmh&dﬂéﬂ@ﬂ&in%@@ﬁl&e@forEi@ﬁﬁqaﬂmaﬁﬁt par anet ers
to produce this reacti Or}@qlp(fjdlt i onal | ytf%n ant i oxi dant ?S}EI n formul ation

could b df adhespriater etgrabfsntivn 2wt GiEriptiom o HER Ui d0TiPEd effects of
t he sunbur rlwn@%%am&ﬁ@erﬁﬂé?@@io%dﬁﬂ#eﬂhdﬂ@n kAisPicefdrdib @BmEdess! | bed

earlier with a conbination of vitamn vitam n E and gl ut at hi one and

free fatty %E“rﬂd%‘l“&?r‘cfoblﬁ@s’@% ipplantation ¢ MWSUWEQ‘GH‘%&‘W T %R nul ati on coul d

contain these:aPenbS slitiliatd drlchihBeea 8} %nﬁ&%d@fmfu%doﬁhé pldfeRg antioxidants
listed. In vitro fertilization processes can al so be enhanced by

phot onodul ateroslls capbe fom eny liyingtistie ouereanisoy dhbne fieropriis 5 fese This can
-sinply {@r gsﬁl%oélH&t% c% rﬁ‘o ?dulcuk@tﬁemﬁl%ﬂ&?&]ﬁﬁlﬁgﬁ}cﬁigﬁgﬁ aS descri bed

‘in the applicants co pat ent applicati
091894, 899 therttone inerpbw, Wpﬁ@mbafnd)laqprpefmswsnmlmal @krbmr@mddftob@\tanmnbcf Li vi ng

Cel Is™, whigGhl b, §GWifloREPHL ?Jdaeﬁﬁe‘i‘f]mx{or F)II 098 viteh thﬁn%&tohtr ety. This can

resul't .in a greater” success rat |on an or growth of enbryos
or ot her d@snenaldtemtleﬁbmar@utanondmesglmenmﬁch tismle@areccmﬁfmdl amghtingan LED | i ght

source is used .to treat spermof animals or humans or genetically

engi neer ed %%r%; (ﬂgmschorrponents 30 thereof to enhance fertilization. In
anot -heriskenbodi nent |Skad @llyasse piotmttveted pﬂphbmﬁﬁmaecmmphetomdulanght activated

“DNA r epai rggrot s or subs ances nbi ned &E@glﬁfggo ul ati on can be
utilized t Jtmteﬁfﬁﬁ{ W&g’l Sé’r‘?‘?f??& ¢ hus generating a
nornal or nPEdRstRolVERhiradiule thell thafiges RAPEMIONE 3aQichEictNic kbl 26627

enmbryo. This can be rformed.in vitro or in utero (utilizing tiny fiber
opt|>c/ del | FRARGESSY strue red conformational changes ( 9 y

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
| fanctions.
- 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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the proper light paraneters - or the light can be delivered from outside
the body into the wonb without the risk of introducing a fiber optic
device. Another process in which photonodul ation can bgéFebhiageEhgbor
significant benefit 5 is in the stinulation of proliferation, growh,
differentiation, etc of stemcells fromany |iving organism Stemcells
grow h and differentiation into tissues or organs or structures or cell
cul tures fwoos/mfszsi on, inplantation, etc (and their sedrasopueszy grow h after
such transfer) can be facilitiated or enhanced or controlled or inhibited.

The origin.of.such .stemcells. can be framapy |iving tissue. or organism
I n hunmans é‘laétfﬁagﬂ&ef‘%mg %Prn;lat‘ﬂé%alf’ 1°Bﬁ%iﬁtsr%% Hltoggnrfaa IS SRR (Sjonll?lgny source in
t he human bl yhotbuddutaien eateytelty i gi nate from the bone marrow, bl ood,

enbryo, placenta,_ fetus, unbilical cord or,L cord bl oo and,can be either

natural Iy or arPiieRiparmpters it dhearas Vavslengthmay Raye vy AGeRe e ™ n vitro with

or W t hout op@eiedees. alvhed G pRimdiRab RHbtahbMIOE arepgfoRgsd i ng. Such tissue
can conme fromany living source of any origin. 15 Stemcells can be
phot oactii vafaHarspush st plfasts ey begrodhges DR SHPPle KYREFUS 2 s |ittle or no

t enper at ur @ndrll §Ea fhatol) WREsSdi Q€ 8 Sneidrd RO UGN sdh AN s@fibntaMERé effeB@NdeEst ruct i ve

intracel lular therm phangﬂgs may contribute via such effects as nenbrane.
changes or astals diffsreatt iadist Ependineg on B el argea weTg ciiss} oMY or bandwi dt h
of wavel engf hsnddiag foob NBe EXkdiing BlrebRfLRSS N 20 sel ective

phot onodul gtclnon. I%uﬁgrg% a rhcgn%ul nugusgexpo‘sarg, duration and frequency of
pul ses (and darkesdédiopefwaydngthroomedstion iseritita s i e bodwidids wel | as the
. presencg, r ; , 0 S,
Catalyars, SRR e B KPR Bindly R ol epHGRRE DB RARE St et
Phot onodul ateibiniogirally ating spediralintentals. eGinetatiethp alidiongdulotiant wil fasgeb f
differentiati.on of . -25 stem.cells, their. prolif I grow h, their
oty aRAVEE ek Bey HRAL S oot Bl e BERla B0 BB, 0O 0L 1S
acti vat i on tradsition el Egandbail sisuttes ifooghuet limited tPHeteonodul at i on can

up-regul ate or down-requlate a e .or. gr.oup  of nes, . activate or
“inactivate enzyﬂ?@%e,ac{fﬂ'ﬂrglhg? ‘gﬂﬁﬂﬁg@}dﬁmeﬂf}?ﬂ Sdngg(ﬁ%synstgeéﬂsfs regul atory
- functi ass. ‘aankddr forpltogyepiopmolptilds OMBEetplivtd M Eephk sikeh rivegihbisns feont hat  a

: ifi t of .anet tiyaf. i phi.bit dif ntiati

o ol 1 1 er at FBHIRBIBBHA TGRS S TIOR BB e Bron PNER BB bur g1 ar sl ar m
keypad has raioffigikney, ni@6faved, Sediddl diatlativg hfidnellt filds aidtsb mapbdi t or 30 16
February 2006 . WO 03/017824 PCTI US02/26627 inactivate) sending an alarm
si gnal whi afecie & theglets of polgrigption Rt Ushé o rquahinagipns.of elpgtomagyicfig radiehion

sources may also be used.

20 The phbton energy being received by the photo acceptor molecules from even low
intensity light therapy (LILT) is sufficient to affect the chemical bonds thus ‘energizing’
the photo acceptor molecules which in turn transfers and may also amplify this energy
.signal. An ‘electron shuttle’ transports this to ultimately produce ATP (or inhibit) the
mitochondria thus energizing the cell (for proliferation or secretory activities for
25 example). This can be broad or very specific in the cellular response produced. The
' health of the cells and 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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wi t h phot onodul ation of stemcells. Different parameters with the sane
wavel ength may have very diverse and even opposite effects. Wen different
paraneters of photonodul ation are perfornmed 5 sinmultaneeWshiagifdoer ent
effects may be produced (like playing a sinple key versus a chord on a

pi ano). When different paraneters are used serially or sequentially the
effects are also different - in fact depending on the tinme interval we my
cancel out wioepsor phot onodul ati on nessage (|1 ke cerwgshiawee7bur gl ar
alarm. The selection of wavel ength photonodulation is critical as is the

bandw dt h 19]15 g t%%&gw%ﬁzhh?h'ﬁmggﬁ fhe é/ rXr&@F{o?%c%?ﬂaqx\‘b&t h for sone

appl|cat|ons - 1'n éssence these ogi cal'ly "active spectra
i nterval s. d&imde adbleyefmiabtranmnqunnlm afferomt wﬂbtnattcml’ gﬁ:taramfeilea\thamkhelrcyt ochrones,.

[ -sul f I i I
|1 gand bond" 3Pl SaraL “EH s Rt it e ce e SRR et e e
chlorophylhmﬁﬁﬂﬁﬁhh&ﬁmnmgﬁemkmgwmmxﬂEMMRmyIfﬁmﬁm&&ﬂﬂmﬂ5rmmmtennae for photo
accept or cul es. These photo agcce ecei ve. ph ns,from -
oot t oo EH oS BiPRAL B HLROE e e SR e of ot rA BB | on bt

- al so i ncl udbrigrchanadli that &@ﬁl&dﬁlﬁ%ﬁuiaﬁﬂ crowaves, electrical stimulation,

magnetic fields, and al so be affected b the state of polarization of
li ght. Conbi naﬂ“%ﬁ@m@%e @P%‘éﬁtrP%ﬂa&ﬁ@f’?eéJlfl%a?’afﬁoaﬁseleg%H%e@@gerrwora so be used.

20 The phobadwRBREN LMol Ai6rds SEQLMERsidin m&epmghgoﬁ%@mﬁéerﬁcm ecul es from
even low intensit Ilght t herapy (LIL is sufficient to affect the

cheni cal bopides Egrdors Wf?goneVterreglﬁﬁ@tb@oad%@ﬁb&ebﬁwéewwlw| chin

Sturn trgnsheseso b ammtﬁéer‘egream%dnfw{bé {Ue2RNLIYise SR ectron
shuttle' transports this to ultimtely produce ATP (or |nh|b|t t he

nltochondrﬁéwﬁﬁdgmgn@ﬂgmwﬂMWﬁﬂﬁﬁQ%ﬁﬂ0w@mm¢ proliferation or secretory

t t f th
el 1 Ul ar  r esponas PPARE RetreditiafiGllyifto B AP aBn ol 1RRREIER LT onmrent
can greatlYWhﬂﬂmepmdmaﬁmesﬁbnsawxdhmh@mphmmbnsWQdmmanbﬁwamExanples i ncl ude
ypoxt A g aRSuthel B hofly i B Q3o Rl BREL 600 AERY wh factors,

- 'drug exposure ur none m cer ntlé%o st er ol drugs)
or “ant iléxi dighttprcﬁncas a@roxdnmms pmetﬁeateBDNﬂhﬁnmwumﬂmﬂhmsdﬁnmham sm

-whi ch establ.i s e riorities in, livin can b hotonndulated

This can i At FERCE R S&P?WE#FWSI}? G el%%thlcaﬂ%l?’fbm%ag 5%t em cel |

populat|onor@ﬁﬂgamﬁu&nhsghms&ﬁmmg@madh@hmg%ﬁmﬁm&m&@ﬂﬂymafso be used al one
in conbféctt ion wth e enous ¢ gﬂores CGenet,.ca altered or

| engl neer edP %‘ialieéthf’éB Fi§7° SH36° ﬁﬁ%’ﬂ“ﬁéﬁ“@@@

, in cellular effects —~ even at the subcellular level or with DNA or gene expression.
- 20 A 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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cells or stemcells which have an inborn genetic error or defect or
unconmon but desirable or beneficial trait may require a different

“conbi nation' of paraneters than their anal ogous " nor mélFebfifagn2asl | s or
may produce different cellular response if use the sane conbination of
paranmeters. Using various methods of photonodul ati on or other 5 techni ques
known in the art nore specific cellular effects may be produced by

" bl ocki ng' woszmes2d channel s' that are phot onodul at ed. PEmUserempl e, consi der
an ol d fashioned juke box, if one selects the proper buttons one will set
in notion S rles of event resul ti i.n the very specific

"~ and  uni quélePdeply ‘”gaﬁﬁmlF? %Mﬁ%?g‘mgﬁép ¥V@% 525f%om t o push the

~buttons 0n%oﬁﬂﬁtﬁe%els@ud&ﬁygaatf@ncabxpeﬂﬁlatstuebwowéa@mﬁt% deRglithut ton to be
sel ective. Likew se Shl ng an inmredi ately adjacent button will not

produce the dedibplege dippeides b PeTiRIEed psgeRdage o uR i PhYay al so be
very dependent ,n M@cﬂ@%ﬁ% hheil iR RorRE\ G otRALGEB WaKA 1Rl € the sane). One

such exanple is the contrast between irradiating chem cal bonds in DNA
wi t h 302nmedipagie clpeitos trensB@biyRe ogtsepiatorthaig onther shcelingheompersalic es

‘appr oxi mat gl y 2000 bﬂ@&u&t@?&mﬂg@ Chighidfes BnlBRh$o L Nan the 365nm only
a short dis f4hce Up the Spectrum angi ng e wavel ength can al so convert
the ratio Phntcqupleted)@hoth@geat‘tﬁ qlmhfsomﬁﬁhtpd) fsemth@mﬂ imjerpttions ehalyes in

-phot onodul at | r ce very
Parge and Gers afbpiePTSRENSTL ke nERER bR BTRL Sipfp B allafUEl 00V,
subcel | ul a:opicel%air s;mtemiﬁaﬁﬁnﬁbd&cadnntgﬁmeargat fissess o1 alipoc@& oAsirionadinganal ogy IS

.that p ul a ar te c i ke . e e"

com*rumq@at B“’%(g‘éeétefﬁ @Qﬁl{gﬁg&?‘% I%Wéne %e mheﬁgfg Omﬁf‘ﬁl\ggu ﬁlazs enor rmus
potential td dﬁh@bﬁtelii/eﬁ‘ﬁd)ft]hm@m@oﬁs algauloehl pigcubationlorte plovidgthérmal t ype of
cells, tlssf#%s or a s that stem cel 11%13 dev Lhﬁ% of differentiate into as
wel | as stP T%Ytt??taw F‘F&’r‘iEYG f%f’f%{’é’c‘f patiep 8 &F49"-gr owt h (or keepi ng

t hem undi f f er erth brttelddimeh tARBloR@PhoADP Hélatd B tBf bhigfomaeithadkizon is in the
treat ment  of cg}lllullte Cellulite is a conmon condlt:on whi ch represents a

certain ouPWhF Hizhysiagexisreal nipsopprbio epliapee;siin peraiegbility GHAEar eas - nost

commonly  ORadshit. URP BlterakiSOIS B WkatkinSrélth 616nd o¢ ogBindtionaGakded as _
-cosneti cal I% unde5| rable. Cellulite is the result of -a certain anatom c

conf i gur at Moasostd cemBirtheriephagsrdleliviapertitya epmepfiore. el agags Ba®Ywhi ch may

i nvol ve 305ahnafdiBlctiniiss c@rﬁb@ﬁsé@iéleﬁﬁdn&rth%eaﬂeﬁtrﬁ@ekcm Abihgn or metabolic
abnormalities -- predomnantly in the-fat and supporting tissues.

Phot onodul embodimesy chppmeplareis inesfed intp Eﬁtfatéﬂm@nefo treR@eavifoight S8mef at  cel | s)

8r3/ B 2(;'8 r245 Ef%ﬁri‘%@sgl %1602 '6%@91{’5 tdu'a&uﬁ& &Hfﬁeq{s&ﬁo ﬂﬁb@onﬁ%ul%@ of ﬁR{dﬂﬁeralgo 06 WO

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_etl 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

et ak LA S0k bR B RS el "

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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vitam n D and derivatives, anal ogs, conjugates, natural or synthetic
versions or genetically engineered or altered or immnol ogi c conjugates
with these agents. Al so the sanme topical agents, exogenem&bmwghumactlvated
chronophores and treatnents described fro cellulite above al so are hereby
i ncorporated into nethods for 5 reducing the growh of hair. Increasing
the circulation or mcrocirculation of the hair bearing skin may al so be
acconpl i sh&® BP17834npl y produci ng vasodil ati on by any PEHUBMSZNnow to t hose
skilled in this art. Sone exanpl es of topical agents which mght be used to
create such vasodil ation inclpge, but are not limted to: capsicum

'~ ginseng, niacinam.de mnoxidil, etc. 10 The present invention is further
“illustratefl by wayWedk/Y4uee f ol | owi ng eamged¥alnEdAVPLE | ACNE REDUCTI ON --
CONTI NUOUS| TREATMENT 15 A team of bI| g¥% aspert graders view ng before and
after photps of patients subjected to thé non-ablatjve LILT ("Low
Intensity nght Theﬂap@&) of | t he presentOﬂmventlon score the gl obal

i mprovenen Fe—ache—pronmnent—f—3 fact+al— area. Six femal es are
treated to reduce agﬂﬁlﬁy, r st treatlﬁa‘ghelr skih with a 20 topica
conposi tiop contalnsﬂ@d@bout 2. 596 by weigyw, copper [chlorophyllin as the
active ingredient.-Jhe treatpent I ncludes subjecting the target area of the
patient's 5kin that!2Ngks peen treated wit% %he topical conposition to a
filtered fluorescent Iight operated continousty and providing full-face
coverage, i.e., the entire face of the patient is subjected to the |ight
fromthe |ight source. Three treaEXaMBLE¥er 12 weeks to the entire 25 face

with at a light intensj Iﬁ%:ﬁbbi' b 1A %iﬂ@% utes per treatnent
session, resulting in SNFota energyﬁg%%osure 0 'PO J/cnR2. Therm
injury i% produced with blood vessels included anong the target ]

chronophores (but nog need e reduction in
acne is shown in Tabfi‘%%‘jfeﬁ%&e T %gmé%%rwg‘én gg%réﬂi aﬂéq%er egryn ssive .

wavel engt h panerﬁdmbjecaen@eﬂmhomatﬂhme hiLT ¢ %ﬂﬂntermitah@hﬂ&ammﬁ)tﬁrﬂ&d at 415 nm 34
16 February 03/ 0 ﬁ) CT/USOZ/ZP 7 Table 1 wgeklvalueAyeraged
val ue of Renaﬁg IB-’ﬁ 192 jeoks g global improvement 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 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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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 non-ablative LILT j6"HeBialyp@asi ty

Li ght Therapy") of the present invention score the global inprovenent of
visible acne on the facial area. Six fenales are treated for acne by,
first, contacting their skin once nightly 10 for each night during the 2
weeks precw@ioppt7s2he treat enent session with a topi calPCTASMEROETt i on
containing a mxture of 2.0% chl orophyll a, 2.0% chlorophyll b, and 5%
carotenoids as the active |ngred|§g&ﬁPLE@p | aser di ode treatnent includes
- subjecting the target area of the patrent's skin that has been treated

wi th the topiAGNE AHBPAENE SCARRING REISCFION COMBINERCONIUINAUPUES pul se width
of 800 nsec and a pul se fr se 15 per second). Three
pul ses are adm ni stered. Sﬁ&ﬂ%% nentsﬁ%%é&m@§¥meeks to the entire face
with 400 rlnllaser dlode mnth a 10cm beam di ameter at an intensity ranging
2500 n1lllmatt 2? 1 g ? e red ction in. a&bg X shqseSt n Table 2

Tabl e 2 Vieek/ Val'iEATBYESS AREFHE 57 B deneorgired” e S ebrs s 3606 7
meeksSB@b1mem@h&ﬁﬁmﬂh3&&ﬁﬁmEBMkummymﬂﬁQﬁmMﬁmﬁamﬁmi8&&3aGEﬂHSOZ/26627
EXAMPLE 3 ACNE. AND ACNE S | NG CONTI.NUOUS  WAVE/ PULSED
TREATVENT 50008 BB TR i ?/aVﬁ&%ﬁ%@%@ﬁ%ﬁ%ﬂ&%&ﬁfésegfdml?%g in the

faci al ar easahigednfséRE with@topicaltoayesiBRAlcottiiniGE &k afiivoltipREBGe, skin texture,
and scar visibility before and after FEC§IVIng treatpent in accordance
with the nGHoRBINALR 3§ ermrs FUFBASIGR Ok TRIEIOPRoRESE ATVIREAMVMES AL > KBRS 91 conj unct i on

Wi th a 1opiiGal MERTRASHS drdBkeh BBy MtiREnd NB et LMt 8 ESdhRAlyy

trained medical personnel. The topical treatment includes applying the carotenoid

composition containing about 5% carotenoids in a liposome cartier (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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chl orophyll in a carrier suspension of m crosponges having a dianmeter of 5
mcrons or 10 | ess. Measurenents are taken fromby utilizing subjective
eval uations conducted by trained nedical personnel. Thag6tRepiuesl2006€at ment
~includes applying the carotenoid conposition containing about 5%
carotenoids in a |liposone carrier (alternatively, mcrosponges can be used
havi ng an average dianeter of 5 mcrons) to the skin of the facial area
and al | owi¥@%¥t7%% penetrate the stratum corneum for PEEHFGRE@ARL el y 15-20 15
m nutes prior to beginning treatnent. The first step in the treatnent
process is to expose the facial argg,l30 a continous wave froma filtered
nmetal halide_lanp having a domnant em ssive wavelength | e an em ssion
peak, at abomrc:mﬂmmovémeiﬁnm afndfrﬂaﬂmemwgy outﬂmtl‘@tmelmm cne f or

appr oxi mate s Thepattegnts fagrat—areagi s~ them exposed to a
pul sed LED treg%ﬁbA? ﬁ%ludes subj ecting the target chronmophore [fibroblasts
20 and subcellul&hnﬁﬁgponents t hereaf to LED Ilght haelng a pulse wi dt h of

250 nmsec & pt-se—spactrg—et—250—+see—+6+—90 pu.°"° Srx—t+€lat nent s
over 12 m¢ek§“@Ue@H§I€ﬁP?§e fape with the hetal hal Pfie source as
previously desciibed and a 590 nmnultichromatic LED, 1.e., an LED having
an em ssion peak at about 590nm and putting out nedically useful [light in

the range of about 585nm to abouttX¥¥BEEAat an intensity ranging from

1.05.2.05 25 Vatts. ,buipldtelr REPECTIGRLBOLSHRTREAIMENY SKin tenperature
bel ow the threshol d of thermal injury. The average inprovenent in acne

scar vi8ibility is shown in Table 3. In accordance with the present

.' ti this dua tal-halid
Invention, I's du thte%ﬁh%‘ﬁg%d%iﬁ é@%ﬁ%ﬁ&eﬁﬁ%@ﬂ%&mgﬁﬂeﬁﬂﬂ&osﬁe a al i de

l'ight source to trea e LED source to reduce or
el i m nat e pdtienty subjettied fotthe noh-abletive 1SR Bow BEnsiey e Themry)2006 WO 03/ 017824

Table 3 P 2/2 627 Per nt sPost treatnents
Ski n - El ast P’L"S csé’f’r“ﬁ n%%ﬁ%“%é}pf%%%fg gag’it‘e&’n EXAVPLE 4 ACNE SCAR

REDUCTI ON - - PULSED TREATMENT 5 A team of blinded expert graders view ng
gﬁgg; B0 2 S B er? oo DB et 540364 Sthnhiy. IR BB YARLA' ' Ve LELT
' includes subjecting the patient’s skin to a LED light having a pulse width of 250 msec and
a pulse spacing of 250 msec for a period of 90 pulses. Eight treatments over 16 weeks to
‘the eﬂﬁre 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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present invention score the global inprovenent of visible. acne scarring.
.10 Six fermales were tested for reduction of acne sear visibility. The LED
treatnent includes subjecting the patient's skin to a jgiephiagitodsavi ng a
pul se width of 250 nsee and a pul se spaci of 250 nsee for a period of 90
pul ses. Eight treatments over 16 weeks to Ing the entire face with 590 m
multichromatic, LED at an intensity ranging from1.0 - 2.0 RWtts. Having
a bandwi dt WOgp/01%24 5-15nm t be LED therefore produceRCTusgmse’n the 15
-wavel ength range of from575nmto 605nm Further, the treatnment maintains a
skin tenperature bel ow the thresmadhmﬁ;tyernal injury. The average
reduction in.visible acne scarri wn in Table 4. Table 4

Week/ Val ueAver aged Val AENBRERHTEHONOR CONBENKOVRIAGHTeks42% 8 weeks51% 12
weeks48% 37 16 February 2006 WD 03/ 017824 PCTI US02/ 26627 EXAMPLE 5 ACNE
REDUCTI ON -- CONTI NUOUS LI GAT A nethod for treating acne by a conbination
of photothernalAanﬂmaﬁphammgmﬂubﬁmammumﬁ@afpmnmhwmﬂuﬁ@d to reduce the
presence of cne bacteria, re

tanti al t th
exi stence dbolgpalldgy Fﬁ%n$%5|§#“HF$g 1?3“??W%° aﬁ%#%mIéﬁgﬁp“%gpohgphofes

are target tsgkanésl RAbdtioR in thddxibtedtd of a6 Ghlthe R@iaP@e My hisxinipiqame and an
“exogenous chronophor. Pretreatnent is perfornmed using a topically applied.

chr onophor & "PJHP}toFﬁS are{g5esdizh iy Padtve Rl ppgepTine PSWPH%’E) BF 219 aqueous |
sol ution Of xdRndey clisthhehyl 1in and carotenoids is applied to the skin.
The skin is first cleansed with a | ow resi due cl eansin solution, then a

pH adj usti ng asPrireagestis pesformed usias afpicellyprpied shrgmeghors Mbi appl i cation of

-an enzyfe nmsly SRb bR stratum
corneUng?The E%g%ggﬁgkﬁﬁgg%%%gggqusiéggﬁﬁg“ﬁgﬁghggﬁﬁ¥§¥3 of the

chr onophor eaotsnadsinarobiel tadhetskin Bheskinpnigsitelernsed with 3 lawaeside deAnsipgr using a
e enti v o TaiE HePg dyRBR Rk Bl L LIPS,  SRASREC LRI |1 oxcese.
| otion is tahemymempskdok remfitvingckia debsis prgl apottionobthe gisibieh dogreunhills
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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exanpl e should include at |east 40% of either an acetone, ethyl acetate, or
et hyl /i sopropyl al cohol solvent, fromabout 1% to about 4% salicylic acid
as a penetrant enhancer, and 20 about 5% gl ycerin, indbFdegians2006

noi sterizer. Afiltered fluorescent |ight source having a dom nant eni ssion
at 420nmis set to emt continuously for 20 mnutes at an intensity of 10
Joules./cn2. The entire face and upper back of the patient is treated with
m ni mal ov¥PPHPE@ri ng each of 6 treatnment sessions PCEASR26PAced two week
apart. Approximately an 85% reduction in acne is 25 observed. EXAMPLE 6
HOME- USE' DEVI CEANR; 5%@'] 1 le 5is carried

- out. The patient e?@he;ﬁl eégggzﬁgrxégnﬁlgg?ﬁngﬁgﬁgkgﬁ%ﬁ&t&lsgi)&%ﬁgg_)a hone- use device
conpri si ng peevieasiyirdatet] or pED sehginig ovce par Japtricderably b netinpderrgrilim thtjueous sol ution
of about 29 Welqgl ] I 9 ]D%m- ' f a

_ carotenoi d,ﬁgogﬁly ‘a Wa\?/teﬂ?B %g%nﬁgpgg%ééﬁs%&s n%géfet%nrég i}gﬁ:‘%%}g%xﬁ%@y 2006 WO
03/ 017824 mRETL 950RuREE6 Brpefiethp passagnef radigion baving achdvelenggitiy e ranghefai ni ng

t opi cal .sol pt| to the eas evi ous| carring once
per day,ssplag‘?utl?d;’ﬂ?’go%bﬁ’t“%@qm ggés%naro i@ ?/ut¥6n E%hg&%s}'ograﬁ'?a%g&ﬂ%ﬁ?% her, the

pati ent appiriheSidths beasishegtcetsy [The edrotabids hoside knoputivnitothe dén meinstexcept  t hat
it is fornulated to permt the passage of .radi.ation havin wavel ength in:
the range %° PG bgl?@ ?%Pné%gﬁ?daiﬁ%ﬂﬂh@ﬁ'g#%%%ﬁﬁwage%ﬁ%ﬂ ®660nm to al | ow
nat ural sumkidglRid IBD defigé 1-D Efnedyietlddyh €hd LEBR USRS emfid 1adietion havikpea car ot enoi ds

provide protection_to the skin against damage from uI.traﬁi 8I et radiation
recei ved f CEFO&Y ARisEPR 2t 2pauhoinD H-ORE A PERY O ppreximgiei 20161 d LED devi ce

. 1-2 ti MRS RRrowAY in alddBtiduFid vhRY | I8h Rektrhént feditindb i hchmdMicRtestons @@M nant

em ssion at about 644nm +/ 5nm at an ener gy out put of, _aPpr oximately 20 10
i cr owat t s 2fa§ lesiopoiar ipRTesIRatelA /Binutes, A iurther Zeduetiop e WFBHYOE¥BF s active acne

| esi ons fOke,AGRG JhesANSadifsnaRRBhdRRiGEN sdar FdétioR San b aftiidybdier reduction
in the vi SIT)I 'ty of acne scarring is observed. Additional inprovenment in

acne scar metHaci9¥0om redichnmatic hER eled intepsitiygeeigion ho- A HPettssonat i ¢ LED at
an intensity [ I .0 - 2.0 .Watts as described in prior exanples.
15 EXANPLEd%CIkH%Q%H}%EgH%H)ﬁﬂ%L TREATMENT ARRAY An LED array includes both

bl ue LBBs havi ng a dom nant em s3EXAMBLEA1S5 nma to treat active acne and

 vel Tow LEDS having & dgfgayefphil WallntiRratfube (real acne

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- _
o 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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20 scarring. The skin is pretreated in the sane manner as described in
Exanple 5. The LED array is then positioned to cover the entire facial
area of the patient with a'20 minute continuous wave ab Hebwaryiat (415
nm and an exposure of yellow (590 nm light pulsed on for 250 m | seconds
and off for 250 mlliseconds. Approximtely 100 pul ses are delivered. 25
EXAMPLE 8 SEBACEOUS GLAND SI ZE REDUCTI ON Femal e skin exhibiting active acne
rosacea anVMI¥EBHus sebaceoushyperpl asia |esions i sPEHESHBRTW th a net al
hal i de |ight source having a dom nant em ssion centered at 30 415nm +/ 5nm
and an ener gyvPwiipht TIRte fARRML G 50%iRRALAYL WRLEh%IE, Vst es after having
been treated with a topically applied conposition containing chlorophyll
and car ot elgreefion ghowsiqacdyeiton weschagepue efprdpizs of AV%Mi6%ur e of 2. 0% chl orophyl | a

~and b, 6.0% ca I,#&1Sq: o ; 5% phycobi lin
is used. All pe@%ﬁ%@%@%&@i@?u‘gﬁ %gg%&\g}\%é}%ds'}’%%@gmé%/%502126627

are by wei giinstratiterapdnat restaictinenthe scapeeof dgnivention beinglindicated wy-thwepkeniedt er val s.

Vi | i i i - i f 40% 60%
Ul 5 eRga e MUDHE ANk 0 D AEARSERRes ShaNBBIRS P, 10700

The present ose S are considered in all respects as

~ il lustrati viecaaing ambbngs eS¢quiveibicy ef the tleims e ieraddre inlvadddivierdribomedei ng -

i ndi cat ed q¥qgge appended 5 clains, rather than the foregoing description,
and al'l changés which conme wi'thin the neani ng and range of equival ency of
the clains are therefore intended to be enbraced therein. 40 16 February
2006 WO 03/017824 PCT111S02126627 CLAIMS | claim 1. Use of a

- phot onodul ati on enhanci ng agent in the preparation of a conposition for
.treating skin disorders, wherein said photonodul ati ng enhanci ng agent is
capabl e of being exposed to a source of el ectromagnetic radiation having
at | east one dom nant em ssive wavel ength between about 300 run and about
1400nm -and wherei n sai d photonodul ati on enhanci ng agent havi ng an
absorption charactensuc ' :
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10 at said dominant enissive wavel ength selected to. cause the inhibition
of, reduction in size of, or the destruction of a target tissue 2. The use
of claim1 wherein said target tissue is selected fromisiFeb@asiynoe |
consi st i Rgo@dmigehaceous oil gl ands, sebaceous ducts, sealUyIYE62BUpPporting
tissue thereof, 15 and conbinations thereof. 3. The use of claim 2 wherein
sai d absorption characteristic of said hot onodul ati on enhanci ng agent is
an absorption naxi ma at a wavel engt h &E&M:io said dom nant em ssive

- wavel ength of ggig,.source of electromagnetic radiation. 20 4. The use of
~claim 3 wherein said source of electromagnetic radiation is selected from
the group consisting of an ultrasound radiation emtter, alight. emtting

di ode, @ | aser jdi 0dgse &f L)RtRABAtior Bhalcingabdntil théppsaratian bl @siMpasigon a
mechanically filtered fluorescent |ight source, a nechanically filtered
i ncandgscent or fil &fdEtEEskMdRIdSour ce, 25. or- conbi nations thereof 5.

The use of claim4 whekRisRidpRbdmoQAUAES cAfaneih@EdcnONBHakIE bEbirtixpdstdld | S a
light emtting di ode havi ng@ﬁ dom nant em ssive wavel ength eif f rom about
390 nm t 02 SaseRAL cleoispagRriicapligionhpwng ddeasong domipamt clisSvE MAVLLEE domi nant .

eni ssi ve wawehenohidob smsel esluetiodh@Mdihe group consisting of 40Um,. 420 u
n, 430nm 445nm 635nm 655nm 41 SUBSTI TUTE SHEET (RULE 26) 16 February,

2006 WO 031017824 PCT/ / 7. 0 QISHMF . nm

- 830nm 840nnn,Wg%ﬁﬁﬂizp@%ﬂ]&%%?ﬁ&%ﬁg‘ﬁ%%ﬁﬁnm é%g% %’%1“97. The
use ofpcl aisaid delfiAt BmissiverwavelénathcheRoRE GExlsd ik inhibignhelndogioagesize is 5 . 10
- capabl e of ‘be{};”&l exposed to a.plurality of pulses fromsaid source of :
el ect r omagn &t PEIFIHIEE P SF oI t her apeutical |y effective pul se | ength and

‘pul'se duration. 8. The use of claim7 wherein said photonmodul ation

enhanci ng age is gapable. _of being further exposed to a continous wave of :
li ght at a wavel engtly et 13vhstrin setjangeh tissus isgslpated figpohegou. The use of

C1ai ™ 5 wigeeh i LSRN TRAL 340 0 AR S AL S g ALY eI 1O

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,

4
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exposed to a plurality of pulses of electromagnetic radiation having a .
wavel ength of from about 400 nmto about 440 nm and a conti nuous wave of
light having a wavel ength of 15 from about 590 nmto al6Webr@f 27006, wherein
sai d contiwowsemeMe has a duration of at |east about 1 PETU$K2663H- each of
sai d pul ses has a duration of |ess than about | second. 10. The use of
claim5 whe n i d rc f- etr, I.C I abhh i ed at an
cnor gy | evaeus. &/Bath T 7o S G PIRIE0nG B, syt RR0RhC U,

. ~of claiml| 10hsimeiand $68608nphot onodul ati on enhanci ng agent conprises parti.cl es
-of a we enabling penetration of a sebaceous oil gland duct. 12. The use of

claim-1 1.wherein said particles have an average dianeter of 25 . |ess
el e agent™ son BestSialh B F o0 BhilomBl RO BB B0
enhanci ng agent “conprises corrpos Fohohav & an-act &t ed from

the grodp ¢ amn A,
W tam GRS Sl corB o il SIS, o LT aggﬁé{“gﬂ%ﬁ% el acilidd
Hydroqw noﬁéathémpﬁltmdblqﬁectafegmbvﬁehgthammse d@ammacea an antibiotic, an
antif ngal, an antiviral, a bleaching agent, an al pha hydr oxy acid, a beta

hyd! OXy aci d, S%' I Cyll"hcusaécol clam?‘? hgr)éﬁi%éalgphgtrlhc?‘ ulatio: nF[(]?llanCII’.l es[ac\éyﬁa%?e
derivative, a salt wa er eri vat| ve, 1 OXI1 oa ocyani n,

o9 G310 Cot oMl o 0010l AR Sl L SSTHIR 16 @gxa%g%an%@ YR 551 017524

10" 15 rien 2 botani ca produ ous produ
hornDnéO a&,% q&)?g m neral, a genetically engi neered substance, a
~cof actor, Tata al'ys an antiaging substance, insulin, trace elenents
.(|nclud|ng i oni g cal e | Jetoei

grouth st/ at?ng sopt gﬁ?@m ﬁ%lnééﬁék%%@a%&?fn@?%%oé 1 iaritf e,

nat ur al nthe i G. e netall rot e |nh|b|tor ol i ne,
bydroxyproPWﬁ ﬂb@ﬂ ﬁ#ﬂ%ﬁ of from

chl or ophy! itjou mmnpmlabetsm nn?ﬁqu[&ﬂﬂilﬂﬁs wavetlfﬂfgﬁﬂ!l@ﬁ%lmtﬂéth of
phycobi | i ns, carotene, xantho ant hocyani n,” and rivatives,
subconbbnefieis abonk §9Gwmite geous 7 sqybmunawwclmadmw%ﬂqtc and
m xtures t Q [ gtion
enhanci ng geﬁ?ﬁmg t%?g%¥m§h f%ﬂ# &%&%ﬁ?@ﬁ&@gﬁgl |nggg%ﬁgﬁggrophyl
~car ot enoi ds, bacterlochlorophyll phyl oci bi ns, porphyrins, derlvatlves

~ thereof ’ and m L ef‘heturs]g of cga.tm 5 wherein sa1d source of electromagnetlc 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 énabling 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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15. The use of claim 1 wherein said photonodul ati on enhanci ng agent is -
capabl e of being subjected to a penetration enhanci ng procedure prior to
exposi ng sai d photonodul ati on enhanci ng agent to said 3%@%@6

el ect romagy@03/@7824di ati on. 16. The rise of claim 15 wher'i

penetration enhanci ng procedure 20 conprises_a procedure selected fromthe
group consisting.of enzype . i RLCL~0d¢ ' eRBméent . :
stri ppi ng, Pﬁlg?)%"%ﬁn;iap | ngcals@rggl%%'ianﬂgﬁaJ aF%%%QEﬁa?F%ﬁ’?hﬁgge‘ vapo_nati on,
chem cal ~paftdrdlg genkiellyiengihecsdd subtatc,oncofhcier p catelyst: wantissE TR Coh peak
power and short pulse duratigns, ultrasound, or %%miﬁ%js gy eof . 25
30 17. Thelnsala, gaceglements o SIPRIC SACHIm, BRERGSIIR. SSRGS N F pr ocedur e
conprises gi; Bnalkas $an1§. 1&rdbRR itfibiih@bubstifceybdyea nataml of .
penetrati o%ﬁﬁgﬁ{cl ng {lotrﬂ%Icsg ure ac%?rpri ses expo%{i; ng saj.d phot opodul ati on

" enhanci fig swtindic tnelani, n awtaliogroteinasainbibilow prdling, hydraxypralies e PReSBEY sour ce of

" electromagnetic radiatjqp is a,light .em{tin i hayi ng a dom nant.
wavel engt et %Eﬁahﬁﬂmﬁfh&?’g&mﬁé??%a‘%?ﬁ nm 43 SUBSTI TUTE SHEET

(RULE 26) -_m&ﬁéﬂarag%ﬂ, Bhiydobilink @atotene SanthpfHCASRRY2E6,20d dedGitivehe use of

claim 13 wherein sald source of electro netic.radiation. . l'i ght
enitting dRbseIPRGRlsRng %ﬂﬁﬂ%&fﬁhe%%ﬁ’@ﬁsgwﬁ“ﬂmﬂ?ﬁ%ﬁﬁ&ﬁé‘“%%w dth of at
~least 5nm »£ The use of claim 13 wherein said source of electromagnetic
radiation 1s a light emtting diode having a dom nant wavel.ength of from
about B0 mm to about 660 nn. 22. The use of claim1l wherein said emtter
~of electromagnety ¢ radi,aliQRihas whcERmii BRoRsiuksibn entpadig dgentpor ti on of the
- el ectromagnetic Spectrumconsisting of visible [ight, ultrayiolet.

radi at i on, seleafed @ofrkhe gobuptcomsisting bf cdorophydl ¢ayotsnaifis bawériozblorophMlLyse: of .cl ai m
13 wherein said,emtter, of el ectrqomagpetic.radiatiof 15 has a dom nant

eni ssi ve p@yﬁqqﬁ%mﬁwo?%%‘&%ﬂﬁﬁg &ﬁﬁﬁ%ﬂ}s%%gt rum consi sting of.
visible light, ultraviolet radiation, infrared radi ati on, or conbinations

thereof 24. A Slrlg. N RIS X%ﬁx%]ggﬁgﬁbﬁétﬁﬁwﬂatﬁnéﬁﬂaﬁémé dgehtis epalee for

emtti Ky 1ight Having a wavel engt om about . 300nm to
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. '
| 43
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20 about 1300 nm and a topical chronophore conposition, wherein said
topical. chronophore conposition having at | east one absorption naxi num

bet ween 300 nmand 1300 nu and is at |east one netal - l16Fahdabatdchavi ng a
structure_according to general formula (1) 25 [see net grripkeRach7bond
struct ur e¥P¥N8fe Fe and My replaced by an Rl (1) wherein Ris selected
fromthe group consisting of Fe, My, Cu, Al, reactive transition netals,
metal chelates, or antibody conpl exes.. 30 25. The system of claim 24 _
“further conprisipg a.secand .l.i I G ' sanehid hdistonl | ght source
emts radiati anﬁ‘avi ge%15%ﬁ%%ﬁ&lﬁpﬁ%&ﬁgﬁﬁggpﬁ%u%%ﬁbnm and adl}c_)l%; 600 urn
and said sec ' ¢ UbsidadtivAeleath 08X 0agh @nd\wdbandveidtt t ween
about 600 ﬁr%q‘%ﬁhé‘g%‘ﬁ%é%ﬁr’%g%m R [4PFT IR 11 F 9f1 WD, °
03/ 017824 Hfedsehimiary 2006 PCT11JS02126627 26. Thé system of claim 25
wherein said first light source emts wavel enght having a dom nant o
enmi ssioh in the range between about 390 nm and. 440 nm and I d second
1ight source ha3l-a dﬁhﬁusaﬁﬁclaemﬁlégﬁhewmi@dtswgcchﬁbfeﬂ%%ﬂg{}\%’éﬁa‘g%é’ﬁt* 590 nm and |

5 about ‘660 nm 27. The system of claim 24 wherein said topi onposi tion
i s sel ect eid aflightremitting dipdsigvisg ﬂs‘P@!anbWb‘felcéﬁtP&ngﬂfﬁ?‘ft%gé P%h@ ?il’?}ﬁ

bact eri ophyl |, phycobilins, derivatives thereof, or m xtures

- car ot enoi dgso
~ thereof. 4!3 SUBSTI TUTE SHEET ( RULE 26)
. 10 ‘ 22, The use of claim 1 wherein said emitter of electromagnetic radiation

" has a dominant émissive peak in portion of the electromagnetic spectrum consnstmg of
visible light, ultraviolet radiation, infrared radiation, or combinations thercof.

2.3. The use of claim 13 wherein said emitter of electromagnetic radiation
. 15 | hasa d&xhiﬁant emissive peak in portion of the electromagnetic spectrum consisting of
visible light, wltraviolet radiation, infrared radiation, or combinations thgreqﬁ

24.  Askin treatmeat system comprising:
a first light source for emitting ﬁghi having a wavelength of from about 300mm to
20  about 1300 nm;- and a topical chromophore composition, wherein said topical _
- chromophore.composiﬁon having at least one absorption maximum between 300 nm and
1300 nm and 1s at Jeast one metal-ligand bond having a structure according to gcmgral

" 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.

0 25. The system of claim 24 further comprising a second light source, wherein
| said first ]ight source emits radiation haviﬁg a wavelength between about 300 nmand
about 600 nm and said second light source emits radiation having a wavclmgth betwem
- “

CHRETITITE SHFFT (R1I F 26)




10

16 February 2006

WO 03/017824 PCT/US02/26627

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

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.
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