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METHOD AND APPARATUS FOR SKIN 
TREATMENT 

METHOD AND APPARATUS FOR SKIN 
TREATMENT 

[0001] This application is a divisional application of 
copending US. application Ser. No. 11/119,378, ?led May 
2, 2005, Which is a divisional of US. Pat. No. 6,887,260 
?led Aug. 22, 2001, Which is a continuation-in-part of US. 
Pat. No. 6,283,956, ?led Nov. 30, 1998. 

FIELD OF INVENTION 

[0002] The present invention generally relates to a system 
and method for the treatment of skin disorders and, more 
speci?cally, to the treatment of skin using a combination of 
photothermal, photochemical and/ or photomodulatory 
means. In general, the invention relates to the exposure of 
the skin to multiple Wavelengths of light, alone or in 
combination With the application of a cosmeceutical com 
position, naturally occurring chromophore, or other light 
activated chromophore to or into the oil gland and surround 
ing tissue and exposing the composition. 

BACKGROUND OF THE INVENTION 

[0003] There are several knoWn techniques for attempting 
to reduce or eliminate the skin disorders associated With the 
activity of sebaceous oil glands. The primary disorder is 
acne With an associated disorder of acne scarring. A feW of 
these knoWn techniques are scienti?cally proven and Widely 
accepted as effective. HoWever, their degree of e?icacy 
varies greatly. 

[0004] 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 US. Pat. No. 6,183,773, to Ander 
son, Which is hereby incorporated by reference, an 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. 

[0005] Anderson teaches a method for treating skin dis 
orders associated With sebaceous follicles by topically 
applying an energy activatable material to a section of skin 
a?licted With a sebaceous gland disorder, Wherein the mate 
rial is activated by energy Which penetrates outer layers of 
epidermis. A su?icient amount of the material in?ltrates the 
a?licted section of skin and is exposed to su?icient energy 
to cause the material to become photochemically or photo 
thermally activated, thereby treating the sebaceous gland 
disorder. In one embodiment, the sebaceous gland disorder 
is acne. Suitable energy sources for use in accordance With 
Anderson’s invention include ?ash lamp based sources and 
lasers, such as Nd: YAG, Alexandrite, ?ash lamp-pumped 
dyes and diodes. The energy source can be a continuous 
Wave energy source or pulsed. In the preferred embodiment, 
the energy activatable material is a laser sensitive chro 
mophore, e.g., a chromophore Which is capable of being 
photoactived by a laser, e.g., a dye. Anderson describes a 
particularly preferred embodiment, Wherein the chro 
mophore is methylene blue. 

[0006] Anderson’s method, hoWever, fails to take advan 
tage of the recent developments in light emitting diode 
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technology that permits the use of LEDs for dermatological 
use in place of much more expensive lasers. Further, due to 
the high-intensity nature of lasers, severe skin damage or 
other injury can occur When the light source is improperly 
operated. Further, the laser dyes and other topical compo 
sitions described by Anderson are expensive and require 
FDA approval for their intended use, making the invention 
expensive and time consuming to implement. Further, 
because of Anderson’s focus on the oil gland itself, rather 
than the elimination of the acne bacteria, suitable results 
may not be achieved in all cases. 

[0007] In WO 00/02491, to Harth et al., a method and 
apparatus are disclosed for eliminating acne bacteria through 
photothermal means by exposing the bacteria to a narroW 
band light source in the range of 405 nm to 440 nm. Harth 
et al., as Well, failed to appreciate the opportunity for current 
LED technology to be applied to dermatologic treatment 
and, like Anderson, do not disclose means for treating 
sebaceous oil gland disorders Without the high cost and time 
commitment necessary to receive FDA approval require for 
high-intensity light therapies With topical compositions such 
as methylene blue. 

[0008] In each of the knoWn attempts to treat sebaceous 
gland disorders, extensive investment in expensive light 
sources and topical drug composition testing is required. 
Moreover, none of these attempts addresses the secondary 
disorder associated With acneiacne scarring. 

[0009] Consequently, it Would be desirable to have a 
treatment for sebaceous gland 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 bene?cial for such a treatment 
regiment to include the use of naturally occurring compo 
sitions that fall into the category of cosmetics and cosme 
ceuticals that are generally recogniZed as safe and that do not 
require FDA approval, thereby eliminating the time and 
resource expenditures associated With the commercial 
implementation of such a treatment regime. 

SUMMARY OF THE INVENTION 

[0010] In one embodiment of the invention, the process 
for treating skin disorders, and particularly the treatment of 
sebaceous oil glands comprises applying a photomodulation 
enhancing agent, such as a naturally occurring native chro 
mophore, to 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 to a 
source of electromagnetic radiation comprising at least one 
dominant emissive Wavelength. The photomodulation 
enhancing agent should have an absorption characteristic at 
the dominant emissive Wavelength carefully selected to 
cause the inhibition of, reduction in siZe of, or the destruc 
tion of sebaceous oil glands, tissue feeding off the sebaceous 
oil gland, or both. 

[0011] Further, source of electromagnetic radiation may 
be selected from the ultrasound radiation, light emitting 
diodes, lasers such as laser diodes and dye lasers, metal 
halide lamps, ?ashlamps, mechanically ?ltered ?uorescent 
light sources, mechanically ?ltered incandescent light 
sources, natural or ?ltered sunlight, or combinations thereof. 
In a preferred embodiment, the source of the electromag 
netic radiation is a light emitting diode having a dominant 



US 2006/0200213 A1 

emissive Wavelength of from about 300 nm to about 1400 
nm. Even more preferred is When the light emitting diode 
has a dominant emissive Wavelength at one of 400 nm, 420 

nm, 430 nm, 445 nm, 635 nm, 655 nm, 660 nm, 670 nm, 780 
nm, 785 nm, 810 nm, 830 nm, 840 nm, 860 nm, 904 nm, 915 
nm, 980 nm, 1015 nm, and 1060 nm. 

[0012] In another preferred embodiment, the photomodu 
lation enhancing agent has a local electromagnetic absorp 
tion maximum at the dominant emissive Wavelength of the 
light source used for treatment. Further, treatment contem 
plated using the photomodulating enhancing agent 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 emitter outputting 
about 2 milliWatts for about 20 minutes or to 100 milliWatts/ 
cm2 for 10 minutes from a metal halide light source, and in 
alternate embodiments, the electromagnetic radiation is 
emitted at an energy level of from about 0.1 W/ cm to about 
5.0 W/cm2. 

[0013] The topical agent of the present invention may 
include particles of a siZe enabling penetration of a seba 
ceous oil gland duct. In particular, particles may have an 
average diameter of less than about 5 pm. More generally, 
the photomodulation enhancing agent is a composition made 
up of of at least one of Vitamin C, Vitamin E, Vitamin A, 
Vitamin K, Vitamin F, Retin A (Tretinoin), Adapalene, 
Retinol, Hydroquinone, Kojic acid, a groWth factor, echina 
cea, an antibiotic, an antifungal, an antiviral, a bleaching 
agent, an alpha hydroxy acid, a beta hydroxy acid, salicylic 
acid, antioxidant triad compound, a seaWeed derivative, a 
salt Water derivative, an antioxidant, a phytoanthocyanin, 
epigallocatechin 3- gallate, a phytonutrient, a botanical 
product, a herbaceous product, a hormone, an enZyme, a 
mineral, a genetically engineered substance, a cofactor, a 
catalyst, an antiaging substance, insulin, trace elements 
(including ionic calcium, magnesium, etc), minerals, 
Rogaine, a hair groWth stimulating substance, a hair groWth 
inhibiting substance, a dye, a natural or synthetic melanin, a 
metalloproteinase inhibitor, proline, hydroxyproline, an 
anesthetic substance, chlorophyll, copper chlorophyllin, 
carotenoids, bacteriochlorophyll, phycobilins, carotene, 
xanthophyll, anthocyanin, and derivatives and analogs of the 
above, both natural and synthetic, and mixtures thereof. The 
composition may be chlorophyll, carotenoids, derivatives 
thereof, and mixtures thereof. 

[0014] The method of the present invention may be further 
enhanced by subjecting the photomodulation or photother 
mal enhancing agent to a penetration enhancing procedure 
prior to exposing the enhancing agent to the source of 
electromagnetic radiation. Such procedures increase perme 
ability 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 to, stripping, removing, 
thinning or diminishing the structure, function, thickness or 
permeability of the stratum comeum by various mechanical, 
abrasive, photo acoustical, ablative, thermal, chemical, abra 
sive or enzymatic methods. Examples of these could include 
solvent or tape stripping, scrubbing, laser ablation or vapor 
iZation, chemical peeling, micro dermabrasion, enZyme 
peeling, or laser treatment using high peak poWer, short 
pulse duration lasers. 
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[0015] The method of the present invention may be carried 
out With a light source alone or, preferably, in combination 
With one of the topical compositions listed above. In either 
case, a preferred source of electromagnetic radiation is a 
light emitting diode having a dominant Wavelength of 410 
nm and a bandWidth of :at least 5 nm. Further, use of 
various light sources to enchance the treatement of the 
present invention by photothermal means is also desirable 
for some forms of treatment. The present invention may be 
used as described or in conjunction With traditional acne 
skin care treatments and kits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is an illustration of the chemical structure of 
methylene blue. 

[0017] FIG. 2 shoWs the chemical structure of indocyanin 
green. 

[0018] FIG. 3a is a representation of the general chemical 
structure of a chlorophyll molecule. 

[0019] 
[0020] FIG. 4 shoWs the general chemical structure of a 
porphyrin molecule. 

[0021] 
[0022] FIG. 5a illustrates the physical structure of the 
ligand bond portion of a chlorophyll a molecule. 

[0023] FIG. 5b illustrates the physical structure of the 
ligand bond portion of a protoporphyrin IX molecule. 

[0024] FIG. 6 illustrates a sWeat gland and the epithelial 
layers of human skin. 

FIG. 3b shoWs the structure of chlorophyll b. 

FIG. 4b shoWs the structure of porphyrin IX. 

[0025] FIG. 7 is a graph shoWing the absorption spectrum 
of 0.03% Na Cu chlorophyllin in Water. 

[0026] FIG. 8 illustrates the relative absorption spectra of 
various naturally occurring chromophores. 

[0027] FIG. 9 shoWs the absorption spectrum for human 
?broblast overlayed With the Wavelengths of various, com 
mercially produced LEDs. 

[0028] FIG. 10 shoWs the absorption spectrum for human 
?broblast overlayed With the Wavelengths of various, com 
mercially produced LEDs, and also the absopr‘tion spectrum 
of chlorophyll a. 

[0029] FIG. 11 shoWs the absorption spectrum for human 
?broblast overlayed With the Wavelengths of various, com 
mercially produced LEDs, and also the absorption spectrum 
of chlorophyll b. 

[0030] FIG. 12 shoWs the absorption spectrum for human 
?broblast overlayed With the Wavelengths of various, com 
mercially produced LEDs, and also the absorption spectrum 
of indocyanin green. 

[0031] FIG. 13 shoWs the absorption spectrum for human 
?broblast overlayed With the Wavelengths of various, com 
mercially produced LEDs, and also the absorption spectrum 
of protoporphryin IX. 

[0032] FIG. 14 depicts a front vieW, in perspective, of a 
three-panel array of LEDs for treatment in accordance With 
an embodiment of the present invention. 
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[0033] FIG. 15 is a perspective vieW of hand-held LED 
devices for treatment in accordance With the present inven 
tion. 

[0034] 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 

[0035] The following detailed description is of the best 
presently contemplated mode of carrying out the invention. 
This description is not to be taken in a limiting sense, but is 
made merely for the purpose of illustrating the general 
principles of the invention. The scope of the invention is best 
de?ned by the appended claims. 

[0036] In a preferred embodiment, the present invention is 
directed to a process for dermatologic treatment. Such a 
treatment may include the photomodulation of sebaceous oil 
glands and the surrounding tissue or producing temporary or 
permanent reduction of activity or destruction of sebaceous 
oil glands or supporting tissue or the removal, in human or 
mammalian skin, of some or all of the hairs groWing 
approximate to oil glands. In a preferred embodiment the 
process produces little or no permanent injury or damage to 
nearby skin tissue. Substantially only the oil gland and 
immediately surrounding tissue are affected. 

[0037] In a process according to one embodiment of the 
present invention, an agent may be selected Which is capable 
of penetrating the oil gland and surrounding tissue. The 
agent may be characterized as an active agent in that it 
performs a function in addition to simply occupying or 
contaminating the space in the ducts surrounding the gland. 
Alternatively, the agent may perform the passive function 
?lling the void space in the ducts surrounding the glands, 
depending on the nature of the treatment desired. The agent 
may have suf?cient optical absorption of a Wavelength (or a 
combination of Wavelengths) of a coherent or non-coherent 
light source Which can penetrate the skin adequately to be 
absorbed by the target agent or the neW agent-tissue com 
plex. 

[0038] The area of skin overlying Where the oil gland is 
located may be cleansed. After the skin is cleansed, the skin 
may be treated to improve permeability. This may be accom 
plished, for example, by treating the skin With steam or a hot 
moist toWel to hydrate the skin and hair or removing a 
portion of the stratum comeum through various means 
knoWn in the art, exemplary of Which is microdermabrasion. 

[0039] The agent may be applied in suf?cient quantity and 
in suitable form to be incorporated into the target tissue in 
adequate or optimal amounts to alloW the production of the 
desired tissue effect. 

[0040] Excess agent may be removed, neutraliZed, inacti 
vated, decoloriZed, diluted or otherWise altered so that 
residual contamination of the skin by such excess agent is 
either (a) absent and does not interact With the light or 
energy source, or (b) present-in such small quantity that it 
provides no clinical effect. 

[0041] Delivery of the desired agent into the target tissues 
may be enhanced, facilitated or made possible by the use of 
enZymes capable of altering the structure, permeability, or 
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other physical characteristics of the stratum comeum or by 
the use of ultrasound or phonophoresis either for penetration 
into the gland or surrounding target tissues or, once pen 
etrated, to cause the release of the agent from the encapsu 
lated delivery device such as liposomes, polymers, micro 
spheres, etc. so as to cause penetration or attachment of this 
active agent. Ultrasound may be used therapeutically to 
interact directly With the agent or the agent-tissue complex 
to produce the desired damaged target tissues (to be used 
alone or in combination With laser or non-laser light 
sources). Microderm abrasion may also be used to permit 
greater penetration of the skin, Wherein the upper epithelial 
layers are removed. These layers create a natural barrier to 
the permeability of the skin and by their removal, penetra 
tion of the skin by topical agents is facilitated. This method 
may be further enhanced by using ultrasound, alone or in 
combination With alteration of the stratum corneum, to 
further improve the performance of topical compositions. A 
more detailed description of several aspects of the use of 
ultrasound may be found, for example, in the applicant’s 
US. Pat. No. 6,030,374 for “Ultrasound Enhancement of 
Percutaneous Drug Absorption” Which is hereby incorpo 
rated by reference in its entirety. 

[0042] Although preferred embodiments of the present 
invention may use LEDs, ultrasound and/or laser or light 
energy, the present invention is not limited to the use of these 
energy sources. Other sources of energy, including (Without 
limitation) microWave energy and radio frequency energy 
may also be used. Exemplary of knoWn light sources are 
?uorescent lights, ?ashlamps, ?lamentous lights, etc. One 
skilled in the art Will recogniZe that any light source capable 
of emitting electromagnetic radiation at a medically useful 
Wavelength, as described herein, directly, or by means of 
optical ?ltration, is Within the scope of suitable light sources 
according to the present invention. For purposes of the 
photomodulatory and photothermal treatment methods 
described, any source capable of emitting light having a 
Wavelength from about 300 nm to about 1400 nm, or 
producing electromagnetic radiation Which is ?ltered or 
otherWise altered to exposure the skin, a topical composi 
tion, or other component of the present treatment regime to 
a Wavelength of light in the aforementioned range is medi 
cally useful. 
[0043] The targeted skin may be exposed to one or more 
Wavelengths of LED, laser or non-laser light such as ?ltered 
?lamentous sources or ?uorescent sources or single or 

multiple frequencies of ultrasound. A variety of parameters 
may be used (including pulse duration, energy, single or 
multiple pulses, the interval betWeen pulses, the total num 
ber of pulses, etc.) to deliver suf?cient cumulative energy to 
interact With the agent or tissue complex. This results in the 
inhibition or destruction of the sebaceous oil gland or the 
supporting skin tissue through photomodulatory means, 
photothermal means, or combinations thereof. Ultrasound 
may also be used to preheat the target structures or the entire 
skin. Further for treatment over a broad area of human skin, 
the light source may be diffused through a device such as a 
holographic diffuser; or, alternatively, the light source may 
be comprised of an array of individual emitters such as the 
three-panel array of LEDs illustrated in FIG. 14. For local 
iZed treatment, smaller arrays or individual LEDs, such as in 
the hand held devices depicted in FIG. 15 may be used. 
Since LED sources are considered “insigni?cant risk 
devices”, no medical supervision is required and these 
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devices may be used by the patient for at-home treatment or 
as part of an ongoing skin-care system after receiving 
treatment by a physician. 

[0044] The topical agent may be incorporated into the 
target tissue by a variety of mechanisms. These mechanisms 
include, but are not limited to: 1) physical incorporation into 
the gland or target tissue cells While leaving the chemical 
structure essentially una?fected, or 2) undergoing a chemical 
reaction resulting in a neW agent-tissue complex Which then 
becomes a target for energy absorption. 

[0045] The process may be a single or multi-step process 
and may involve the use of cofactors, catalysts, enzymes, or 
multiple agents Which interact to ultimately become or 
create an active agent or agent-tissue complex. 

[0046] Agents may include, Without limitation, the fol 
loWing compositions and derivatives and analogs thereof: 
hair dyes, vegetable dyes, food coloring, fabric dyes, tissue 
stains, shoe or leather dyes, other plant products (such as 
?avonols, chlorophyll, copper chlorophyllin, bacteria chlo 
rophylls, carotenoids, enZymes, monoclonal antibodies, any 
immunological agent, genetically engineered agent, benign 
infectious agents, Whether naturally occurring or genetically 
engineered (eg the bacteria that normally reside on the skin 
such as acne bacteria, etc.), antibiotics, agents Which attach 
to sebocytes in the sebaceous gland or duct cells directly, 
Whether by topical or systemic agents that localiZe in these 
target tissues, including antibodies or antibody-chro 
mophore 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 chosen Will have certain absorption character 
istics that augment the penetration of the radiation to the 
tissue targeted for treatment, i.e., sebaceous oil gland, acne 
scarred tissue, etc. 

[0047] Most preferable are topical compositions that 
include a quantity of a naturally occurring chromophore 
such as chlorophyll, chlorophyllin, polyporphyin, bacterio 
chlorophyll, protopolyporphyin, etc.: These compositions 
are characterized by a metal-ligand bond as is illustrated in 
FIGS. 3b and 4b, speci?cally, and in FIGS. 3 and 4 more 
generally. Further, FIGS. 5a and 5b shoW the metal-ligand 
bond physical structure that is common to the naturally 
occurring native chromophores of the present invention, as 
Well as the cyclic tetrapyrrole ring that chlorophyll shares 
With suitable cytochromes. In contrast, synthetic 
chromphores do not include a metal-ligand bond, nor do 
they exhibit the same general physical structure as naturally 
occurring chromophores, as is illustrated by the structure of 
methylene blue, FIG. 1, and indocyanin green, FIG. 2. 

[0048] Agents may be delivered in pure form, in solution, 
in suspension, in emulsions, in liposomes, in synthetic or 
natural microspheres, microsponges or other knoWn 
microencapsulation vehicles, alone or in combination. This 
list of the forms of the agents is illustrative and not exhaus 
tive. Those skilled in the art Will recogniZe that there are a 
Wide variety of forms for the delivery of topical composi 
tions suitable for use in accordance With this invention. 

[0049] The process may include an application of an 
active agent and treatment With an energy source as a single 
treatment. Alternatively, treatment With an energy source 
may be delayed for hours or days after application of an 
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active agent. Application of an active agent may be per 
formed or applied at another location, such as patient’s 
home, prior to the energy treatment. 

[0050] After an energy treatment has occurred it may be 
desirable in some situations to remove, neutraliZe, decol 
oriZe or otherWise inactivate any residual active agent. In 
other situations, continued application to replenish depleted 
chromophore may be desirable. 

[0051] One preferred embodiment uses the transdermal 
application of chlorophyll to the sebaceous oil gland and 
surrounding tissue. The chlorophyll is then exposed to a 
source of electromagnetic radiation such as from a laser, an 
LED, a ?ash-lamp, or other source ?ltered to provide a 
dominant Wavelength of from about 400 to about 450 nm. 
Other preferred Wavelengths include from about 360 nm to 
about 440 nm and, With greater preference, from about 
380nm to about 420 nm. Pulse durations may be selected 
With suf?cient 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 photothermal means. While blue light is used for 
illustrative purposes, it has been found that red light is also 
effective in accordance With the present invention. Gener 
ally, one skilled in the art Will recogniZe to choose a light 
Wavelength for treatment in the range of about 300 nm to 
about 1400 nm based on the absorption spectrum of the 
chromophore or other light-activated topical composition 
used. FIG. 7 shoWs the absorption spectrum for 0:03% Na 
Cu Chlorophyllin in deioniZed Water. The primary absorp 
tion peak is shoWn to be at around 400 nm. This Would 
indicate that for this chromophore, the most suitable Wave 
length for photomodulator and/or photothermal treatment 
Would be at around 400 nm. Another absorption peak occurs 
at around 620 nm, thus in an instance Where a light source 
With a dominant Wavelength of around 400 nm Was not 
available, a light source With a dominant Wavelength of 
around 620 nm could be used. This ?gure further illustrates 
the absorption spectra of a carotenoid With a broad absorp 
tion band from 400 nm to 520 nm. This alloWs use of more 

Wavelengths including those of green light (500 nm to 520 
nm). A comparison of the absorption spectra of various 
naturally occurring chromophores is shoWn in FIG. 8. 

[0052] One acne treatment process uses a solution of 
graphite in a carrier solution and a Q-sWitched 1064 nm 
NDzYAG laser. The solution may be applied to the skin 
Which is then treated With the laser using knoWn parameters. 
It may be preferable to use a high repetition rate and move 
the laser handpiece sloWly enough that pulses are “stacked” 
in one spot for several pulses before the handpiece is moved 
to an adjacent spot. It has been found that there is a stair-step 
like effect of incremental temperature rise in the sebaceous 
glands With the second and third pulses versus a single pulse. 
A faster repetition rate also tends to help build the heat up 
faster, and to higher levels. This tends to produce the 
maximum heat (Which is desirable, as long as the heat stays 
con?ned to the sebaceous glands and the immediately adja 
cent supporting tissues). Since this e?fect occurs substan 
tially 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 a critical temperature at 
Which time they are destroyed or become non absorbers, 
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thus acting as a sort of heat sink for a brief time, allowing 
more heat to accumulate than With carbon solutions and 
short pulsed Q-SWitched lasers. Safety remains at about the 
same level, since dye related damage tends to be con?ned to 
target tissues. There is no appreciable change in patient 
treatment time. 

[0053] Another preferred embodiment uses a longer 
pulsed laser in the 750 nm -l000 nm range and appropriate 
parameters to achieve the desired tissue damage goal. 

[0054] Another embodiment uses a tissue dye Which 
attaches to, or is incorporated into, a target cell and sur 
rounding tissues. The target tissue may be illuminated With 
a multi-Wavelength non-laser light source using appropriate 
parameters to achieve the desired tissue damage goal. 

[0055] Another embodiment uses a light source Which is 
Well-absorbed by the melanin naturally present in skin and 
undyed darker hairs. Natural or synthetic melanin or deriva 
tives thereof Will be Well-absorbed by the same Wavelength 
of light (or alternatively tWo or more Wavelengths, one for 
melanin and one or more for the dye). This melanin agent is 
delivered into the sebaceous gland, duct, or supporting 
tissue, resulting in an enhanced or greater injury to the target 
tissue (or permitting loWer treatment energy parameters, 
resulting in safer treatment than if the sebaceous gland, duct, 
or supporting tissue Were treated Without the melanin dye). 
This tends to bene?t people having darker skin or tanned 
skin, by alloWing loWer treatment energy. For example, a 
diode laser or LED or non-laser light source could produce 
a continuous or pseudo-continuous beam of light energy 
using pulse durations as long as seconds at a Wavelength 
Which is absorbed by the light-activated chromophore, 
native porphyrin containing acne bacteria porphyrin com 
pound, or native sebaceous gland, duct, or supporting tissue 
pigment and also by the melanin or dye used. A pulse 
duration on the order of betWeen about one and thirty 
seconds appears to be preferable. This also tends to be a 
much longer time than is used in most systems in use today. 

[0056] Another embodiment uses an agent Which facili 
tates cavitation shock Waves or a thermal effect or both. This 

preferentially damages (or stimulates) the target tissues 
While minimiZing damage (or other adverse effects) on 
surrounding non-target tissues. This may be used With very 
short pulsed lasers or light sources or With ultrasound alone. 

[0057] In one embodiment a process in accordance With 
the present invention may be used to provide short or 
long-term control, improvement, reduction or elimination of 
acne or other related skin diseases. An active agent may be 
physically or chemically or immunologically incorporated 
into cells of the sebaceous (oil) glands, ducts, or supporting 
tissue, or into the naturally occurring acne bacteria, porphy 
rin compounds, naturally occurring light activated chro 
mophores, yeast or similar organisms Which feed on the oil 
in the oil glands (or sWeat glands) or exists in the oil or oil 
glands as otherWise relatively benign inhabitants. Some acne 
bacteria may not inhabit all sebaceous structures and other 
strains may not produce native porphyrins to target With 
light. Other acne bacteria may be located deeper than 400 
nm to 420 nm light can adequately penetrate, thus treatment 
With light alone may be only partially effective in clinical 
treatment. Improvement in skin disorders may be a direct or 
indirect result of the application of the agents in this process, 
as may reduce oiliness of the skin, reduced siZe or dimin 
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ished appearance of pores, etc. The present invention is also 
useful for treating enlarged pores, oily skin, and other 
disorders Where there is no active acne-related disorder. 

[0058] Other similar disorders such as folliculitis Which 
involve the pilosebaceous (hair/oil gland) unit may also be 
treated using the present invention. The present invention 
may also be used to reduce perspiration, sWeating, or 
hyperhidrosis from eccrine (sWeat) glands or apocrine 
glands. A preferred embodiment of the present invention 
may be used to treat other skin disorders such as, for 
example, viral Warts, psoriasis, precancerous solar keratosis 
or skin lesions, hyperhidrosis/excessive sWeating, aging, 
Wrinkled or sun damaged skin, and skin ulcers (diabetic, 
pressure, venous stasis). 

[0059] Scarring is commonly seen as a consequence of 
disorders, diseases, or dysfunctions of the sebaceos appara 
tus. Scarring may consist of one or more of the folloWing: 
raised hypertrophic scars or ?brosis, depressed atrophic 
scars, hyperpigmentation, hyperpigmentary redness or 
telangectasia. Photomodulatory, photochemical, or photo 
thermal treatments alone, or in combination With exogenous 
or endogenous chromophores, or combinations thereof, can 
be used simultaneously, sequentially, etc., as described 
herein for the treatment of sebaceous gland disorders, dis 
eases, or dysfunctions. Further, as herein described, the term 
photomodulation refers to the treatment of living tissue With 
light along, heat emitted by a light source, or light-activated 
chemical compositions, or any combination thereof. Falling 
Within the scope of photomodulatory treatments are photo 
thermal treatment, photoactivation, photoinhibition, and 
photochemical treatment of living tissue and, in particular, 
sebaceous structures Within human skin. Further, electro 
magnetic emitters of the present invention can fall into three 
categories: those Which emit light in the visible spectrum 
and are useful for photoactivation and photoinhibition pho 
tomodulatory process; those that emit light in the ultraviolet 
spectrum and are also useful for photoactivation and pho 
toinhibition photomodulatory process; and those that emit 
light in the infrared region and permit photomodulation 
treatment to be carried out through photothermal means, i.e., 
heat activation of the exogenous chromorphore, living cells 
or tissue, or both. 

[0060] 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 ?ve microns, then there may be relatively site speci?c 
preferential delivery into the sebaceous oil glands or skin 
surface stratum corneum cells. If the diameter of the 
microencapsulations is in the range of about one micron, 
then the active agents may be delivered With a more random 
distribution betWeen the hair ducts and the oil glands. If the 
diameter of the microencap sulations is larger, on the order of 
about 20 microns or greater, then delivery Will tend to be 
restricted primarily to the skin surface. The micro encapsu 
lations may be synthetic or natural. If ultrasound is used to 
enhance penetration, then the diameters and ultrasound 
treatment parameters may need to be adjusted according to 
the applicable principles Which alloW the estimation of the 
optimal ultrasound parameters for driving small particles 
into the skin, skin appendages or skin ori?ces. 

[0061] Microencapsulation may be used to improve deliv 
ery of knoWn agents such as chlorophyll, carotenoids, meth 
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ylene blue, indocyanine green and particles of carbon or 
graphite. A known technique for using a laser to produce a 
Wavelength that may be absorbed by indocyanine green for 
a hair removal treatment process is described, for example, 
in US. Pat. No. 5,669,916, Which is incorporated by refer 
ence. It has been found that by using smaller particles and 
putting the smaller particles into more uniform diameter 
microencapsulations, more site speci?c or uniform targeting 
may be achieved. A preferred formulation may include 
indocyanine green or other dyes or agents to form a lipid 
complex Which is fat-loving (lipophilic). The delivery and 
clinical effects of agents and dyes such as indocyanine green 
dye may be re?ned and enhanced by selecting a carrier or 
encapsulation having a diameter that increases the probabil 
ity 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 bacteria, yeasts, or other organisms residing Within 
these tissues. 

[0062] Indocyanine green dye is presently in medical use, 
appears to be relatively benign, may be activated by red 
visible lasers, or other source of monochromatic or multi 
chromatic light, (in the 800 nm range) may penetrate deeply 
enough to reach the oil glands, is used for leg vein and hair 
removal, and is relatively safe, cheap, and reliable. AknoWn 
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. Pat. No. 
5,658,323, Which is incorporated by reference. Methylene 
blue has also been used according to the present invention 
With good success. 

[0063] The microsponges containing the active agent may 
selectively attach, or at least have a chemical af?nity for, 
some part of the oil gland. The ICN dye may be conjugated 
With lipids, Which Would then have an af?nity for the oil 
glands. Alternatively, the attachment may occur after the 
active agent is released from the microsponge, either pas 
sively or by attractive or chemical forces. In the case of some 
microencapsulation carrier vehicles, release may occur after 
disruption of the vehicle integrity itself, possibly by ultra 
sound or laser or light or other energy source or perhaps a 
chemical reaction. 

[0064] In a preferred embodiment the ICN dye may be 
mixed With lipids, or put into microsponges (a.k.a. micro 
spheres), and then applied to the skin surface, alloWed to sit 
for a time. Excess dye may be removed, and then the area 
may be treated With laser light at about 800 nm, betWeen 
about 0.1 and 100 millisec pulses and around 1.0-10.0 
Joules/cm2. 

[0065] US. Pat. No. 5,817,089 speci?es “particles having 
a major diameter of about 1 micron”. It has been discovered, 
hoWever, that these diameters may not be optimal. A 1993 
Pharmaceutical Research journal article by Rolland et al 
describes an acne treatment Wherein a topical acne drug is 
delivered With less irritation by putting the drug into syn 
thetic polymer microsphere sponges. This article reported 
that an optimal diameter for site-speci?c delivery into seba 
ceous oil glands in the skin Was about 5 microns, and that 1 
micron particles randomly delivered to the hair follicle and 
stratum corneum. 

[0066] Most agents may not inherently be the optimal siZe. 
HoWever, virtually any agent may be preferentially deliv 
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ered to the sebaceous glands by either synthetic micro 
spheres, or liposomes, or albumen microspheres, or other 
similar “delivery devices”. 

[0067] In a preferred embodiment for treatment of acne, 
graphite particles having an average diameter of about one 
micron may be placed in delivery devices, such as micro 
sponges, having an average diameter of about ?ve microns. 
The microsponges may 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 uni 
form). Selective delivery of the particles to hair and perhaps 
to sWeat glands may be improved. 

[0068] Use of such applications could enable selective 
delivery of anti-acne agents, or 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 ultra 
sound at different parameters or laser Was used to release 
(not necessarily to activate or interact). 

[0069] These techniques may be applied to many other 
agents in addition to ICN dye and graphite lotions. The term 
“encapsulated delivery device” is used herein as a generic 
term Which encompasses all such possible items. 

[0070] Pressure may be used to impel particles (i.e., 
graphite, carbon, or other active agent or skin contaminant 
particulates) into the skin, either in the spaces betWeen the 
stratum corneum, into the hair ducts and hair follicles, the 
sebaceous oil glands, or other structures. Air pressure or 
other gases or liquids may be used to enhance delivery or 
increase the quantity of delivered agent. A knoWn technique 
for using an air pressure device for removing skin surface is 
described, for example, in US. Pat. No. 5,037,432, Which is 
incorporated by reference. 
[0071] Ultrasound may be used to physically deliver hair 
dye and to enhance penetration into the hair shaft itself (see, 
for example, US Pat. No. 5,817,089, incorporated herein by 
reference). The use of ultrasound to physically drive graph 
ite particles doWn for the treatment of unWanted hair or acne 
appears to have been suggested in the prior art. HoWever, the 
applicant is aWare of no prior art disclosure or suggestion of: 
(1) the use of ultrasound to enhance the penetration of an 
agent into the hair shaft itself, or into surrounding cells; (2) 
the use of ultrasound to drive graphite particles into spaces 
betWeen the stratum comeum to enhance the effects of a skin 
peel process (Which physically removes a portion of the 
outer layers of the skin surface); or (3) physically removing 
the hair by methods such as Waxing or pulling and then 
injecting the treatment composition, i.e., the chromophore or 
other topical composition, into the sebaceous gland or duct. 
Such methods are contemplated in one embodiment of the 
invention. 

[0072] A knoWn skin peel process may be improved by 
using ultrasound to open intercellular spaces in the outer 
stratum comeum layer of the skin via cavitation. Then an 
active agent may be driven in further With the same or 
similar ultrasound. Fibroblast stimulation may be optimiZed 
With both topical agents that are applied afterWards (While 
the skin is still relatively permeable) and also With additional 
loW level light stimulation. 

[0073] The processes described above may be used to 
deliver tWo different agents, either serially or simulta 






















