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METHOD AND APPARATUS FOR ACNE 
TREATMENT 

[0001] This application is a continuation-in-part of 
copending U.S. 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 THE INVENTION 

[0002] The present invention generally relates to a system 
and method for the treatment of sebaceous gland disorders 
and related skin disorders, particularly acne, acne bacteria 
(e. g., proprionobacleria acnes), disorders such as narrowing 
of the oil gland duct, increased or excessive oil production, 
pore siZe, acne rosacea, and pore siZe. In particular, the 
invention relates to the treatment of acne using photomodu 
latory means With or Without the use of cosmeceutical 
compositions, naturally occurring chromophores, or other 
light-activated chromophores that may be applied topically 
to the oil gland and surrounding tissue in combination With 
exposing the composition to electromagnetic radiation. 

BACKGROUND OF THE INVENTION 

[0003] There are several knoWn techniques for attempting 
to reduce or eliminate the skin disorders associated With 
sebaceous oil glands. The primary disorder is acne With an 
associated disorder of acne scarring, oil production, and pore 
siZe. A feW of these knoWn techniques are scienti?cally 
proven and Widely accepted as effective. HoWever, their 
degree of ef?cacy varies greatly. There are several processes 
Which may be used for treatment of sebaceous oil glands, 
acne bacteria (e.g., proprionobacleria acnes), disorders such 
as narroWing of the oil gland duct, increased or excessive oil 
production, pore siZe, acne rosacea, and pore siZe. In one 
process the target may be duct of the gland or the oil gland 
itself and the treatment focuses on the treatment of seba 
ceous follicles to eliminate the associated disorders. In Us. 
Pat. No. 6,183,773, to Anderson, Which is hereby incorpo 
rated by reference, an attempt is made to treat sebaceous 
gland disorders using lasers Which irradiate energy activat 
able material, primarily laser sensitive dyes, that have been 
applied to the skin. 

[0004] 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 suf?cient amount of the material in?ltrates the 
a?licted section of skin and is exposed to suf?cient 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. 
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[0005] Anderson’s method, hoWever, fails to take advan 
tage of the recent developments in light emitting diode 
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. 

[0006] 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. 

[0007] 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. 

[0008] 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 occuring composi 
tions that fall into the category of cosmetics and cosmeceu 
ticals 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 

[0009] The present system relates to a system and method 
for the treatment of sebaceous gland disorders, generally, 
and is pertinent to the treatment of acne bacteria (e.g., 
proprionobacleria acnes), disorders such as narroWing of 
the oil gland duct, increased or excessive oil production, 
pore siZe, acne rosacea, and pore siZe. In an illustrative 
embodiment, the invention relates to the reduction or elimi 
nation of acne bacteria. 

[0010] The method illustratively may comprise exposure 
of acne bacteria to one, or more, sources of narroWband, 
multichromatic electromagnetic radiation. Each source may 
have one o more dominant emissive Wavelengths betWeen 
about 300 nm and about 1400 nm. The source or sources of 

electromagnetic radiation may be used to treat sebaceous oil 
glands, sebaceous ducts, sebocytes, supporting tissue 
thereof, dysfunctions or narroWing of oil gland ducts, and 
acne rosacea and combinations thereof. 

[0011] In one illustrative embodiment of the invention, the 
source of narroWband, multichromatic electromagnetic 
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radiation is a light emitting diode that emits light at a 
dominant emissive Wavelength of from about 390 nm to 
about 1060 nm. Particular Wavelengths Which may be 
selected as the dominant emissive Wavelength may include 
the folloW, Without any preference to be indicated by order: 
400 nm, 420 nm, 430 nm, 445 nm, 590 nm, 635 nm, 655 nm, 
660 nm, 670 nm, 780 nm, 785 nm, 810 nm, 830 nm, 840 nm, 
860 nm, 870 nm, 904 nm, 915 nm, 980 nm, 1015 nm,1060 
nm, 1200 nm, and 1400 nm. 

[0012] In addition, an illustrative embodiment of the 
invention may include the use of a photomodulation enhanc 
ing agent applied to the tissue containing or surrounding the 
acne bacteria. For use the With the present system, photo 
modulation enhancing agents may include Vitamin C, Vita 
min E, Vitamin A, Vitamin K, Vitamin F, Retin A (Tretin 
oin), Adapalene, Retinol, Hydroquinone, Kojic acid, a 
groWth factor, echinacea, an antibiotic, an antifungal, an 
antiviral, a bleaching agent, an alpha hydroxy acid, a beta 
hydroxy acid, salicylic acid, antioxidant triad compound, a 
seaWeed derivative, a salt Water derivative, an antioxidant, a 
phytoanthocyanin, epigallocatechin-3-ganate, a phytonutri 
ent, 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), miner 
als, Rogaine, a hair groWth stimulating substance, a hair 
groWth inhibiting substance, a dye, a natural or synthetic 
melanin, a metalloproteinase inhibitor, proline, hydroxypro 
line, an anesthetic substance, chlorophyll, copper chloro 
phyllin, chloroplasts, carotenoids, bacteriochlorophyll, phy 
cobilins, carotene, xanthophyll, anthocyanin, and 
derivatives, subcomponents, and analogs of the above, both 
natural and synthetic, and mixtures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is an illustration of the chemical structure of 
methylene blue. 

[0014] FIG. 2 shoWs the chemical structure of indocyanin 
green. 

[0015] FIG. 3a is a representation of the general chemical 
structure of a chlorophyll molecule. 

[0016] FIG. 3b shoWs the structure of chlorophyll b. 

[0017] FIG. 4a shoWs the general chemical structure of a 
porphyrin molecule. 

[0018] 
[0019] FIG. 5a illustrates the physical structure of the 
ligand bond portion of a chlorophyll a molecule. 

[0020] FIG. 5b illustrates the physical structure of the 
ligand bond portion of a protoporphyrin IX molecule. 

[0021] FIG. 6 illustrates a sWeat gland and the epithelial 
layers of human skin. 

FIG. 4b shoWs the structure of porphyrin IX. 

[0022] FIG. 7 is a graph shoWing the absorption spectrum 
of 0.03% Na Cu chlorophyllin in Water. 

[0023] FIG. 8 illustrates the relative absorption spectra of 
various naturally occurring chromophores. 

[0024] FIG. 9 shoWs the absorption spectrum for human 
?broblast overlayed With the Wavelengths of various, com 
mercially produced LEDs. 
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[0025] FIG. 10 shoWs the absorption spectrum for human 
?broblast overlayed With the Wavelengths of various, com 
mercially produced LEDs, and also the absorption spectrum 
of chlorophyll a. 

[0026] 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. 

[0027] 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. 

[0028] 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. 

[0029] 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. 

[0030] FIG. 15 is a perspective vieW of hand-held LED 
devices for treatment in accordance With the present inven 
tion. 

[0031] 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 

[0032] 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 
de?ned by the appended claims. 

[0033] 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 reduction of 
activity or destruction in acne bacteria present on the skin or 
sebaceous oil glands and supporting tissue. In an illustrative 
embodiment, the disclosed system and method may be used 
to treat acne bacteria (e.g., proprionobacleria acnes), dis 
orders such as narroWing of the oil gland duct, increased or 
excessive oil production, pore siZe, acne rosacea, and pore 
siZe. In an illustrative embodiment, the invention relates to 
the reduction or elimination of acne bacteria. 

[0034] The present system and method is also contem 
plated for use With other treatments to reduce or eliminate 
bacteria or for the disinfection of Wounds and ulcers. Rep 
resentative of, but not exhaustive of, bacteria treated accord 
ing these methods are H. pylori, Chlamydia, and the various 
bacteria that groW in the mouth related to periodontal and 
gum disease. Moreover, certain uses of the present invention 
may be effective for viral and other related treatments. 
Illustrative of these treatments are herpes infections, blood 
viruses (extracorporeal phoresis), nail fungi, parasites, pri 
ons and various infectious agents. 

[0035] In a preferred embodiment the process produces 
little or no permanent injury or damage to nearby skin tissue. 
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Substantially only the acne bacteria present on the skin, the 
sebaceous oil gland and areas immediately surrounding 
tissue are affected. The procedures described herein are also 
advantageous for reducing the in?amed appearance of acne 
pimples (e.g., acne rosacea), using combinations of light at 
590 nm and 870 nm, for example. As Well as for preventing 
or reversing scarring caused by acne. 

[0036] In order to reduce the amount of acne bacteria, a 
light emitting diode, or other source of narroWband, multi 
chromatic electromagnetic radiation is supplied. A device 
having one, or more, LED’s may be fabricated in a manner 
that permits even exposure of tissue infected With or other 
Wise containing acne bacteria. Typically, treatment for acne 
bacteria is desirable for facial application; and, thus, a 
multi-paneled device having an array of LED’s can be used. 
One embodiment of such a device is illustrated in FIG. 14. 
In instances Were self-treatment is desirable, related to the 
lack of negative side-elTects of loW-intensity light therapy, a 
home treatment device as illustrated in FIG. 15 may be used. 

[0037] As described in more detail beloW, variables that 
determine the ef?cacy of the acne treatment include the 
poWer output of the LED array and energy ?uence delivered 
to the bacteria; the “pulse code” of the array or the use of a 
continuous Wave, and the Wavelength or Wavelengths 
employed by the array (in instances Where multiple Wave 
lengths are used simultaneously). 

[0038] For use in killing acne bacteria, it has been found 
that light having a Wavelength of from about 475 nm to 
about 660 nm is desirable, although Wavelengths of from 
about 300 nm to about 1400 nm may be used in connection 
With procedures for reducing or eliminating acne bacteria. 
The poWer output of the light source may be from about 0.01 
mW to about 20 W, although as higher poWer is used, greater 
risk of thermal injury to the target tissue ensues. In an 
illustrative embodiment of the invention, poWer outputs of 
from about 1 mW to about 20 mW are used and thermal 
injury to the tissue is avoided by carefully limiting the time 
for Which the skin is exposed. 

[0039] The treatment may be delivered in various modes. 
A ?rst mode, Wherein treatment is applied by exposing the 
acne bacteria, or tissue or gland harboring the bacteria, to a 
continuous Wave of light, may be used. Treatment times of 
from about 1 minute to about 1 hour may be used, although 
a treatment time of from about 5 minutes to about 30 
minutes has been shoWn to increase the reduction of acne 
bacteria While minimiZing the risk of thermal injury to the 
skin. 

[0040] A second mode of treatment, Which may be 
referred to as intermittent or “pulsed” treatment, may also be 
used. In this mode of treatment, the acne bacteria, or gland 
or tissue harboring the bacteria, is exposed to a series of 
pulses from the light source. A pulse code may be referred 
to Which identi?es the pattern of pulses. For example, a 
pulse code of 250-100-100 may be used; and refers to pulse 
lengths of 250 milliseconds, 100 milliseconds betWeen each 
pulse, and 100 pulse repetitions (respectively). Pulse codes 
from 1-1-1 to about 1000-1000-1000 are contemplated. 

[0041] As Well, combinations of the various modes may 
be employed as can combinations of light sources Within an 
array for treating tissue for acne bacteria. For example, it 
may be desirable to combine multiple Wavelengths, as 
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shoWn in the examples beloW, to achieve more ef?cient 
treatment. The multiple Wavelengths may include combina 
tions of light in the visible spectrum, combinations of visible 
and infrared or ultraviolet light, or combinations of non 
visible light. In one illustrative embodiment of the invention, 
a combination of yelloW and infrared light may be used to 
augment the bacteria reduction achieved by 660 nm light 
With heat produced by light in the infrared region (>700 nm). 

[0042] Various single Wavelengths and combinations of 
Wavelengths, may demonstrate e?fective treatment accord 
ing to the present invention. Such combinations may, gen 
erally, include red/blue, red/yelloW, red/yelloW/IR, red/blue/ 
yelloW/IR, red alone, etc. as Well as sequences of pulsed or 
continuous Waves of light having dominant emissive Wave 
lengths corresponding to these colors. As Well, each of these 
combinations may be more e?fective for certain skin types of 
particular treatments, depending on Whether they are used 
With or Without heat application to the skin. Without pref 
erences as to order, the folloWing Wavelengths may be used 
alone or in combination, simultaneously or sequentially, 
pulsed or in a continuous Wave, and With or Without heat, in 
accordance With the present system and method: 400 nm, 
420 nm, 430 nm, 445 nm, 475 nm, 590 nm, 635 nm, 655 nm, 
660 nm, 670 nm, 780 nm, 785 nm, 810 nm, 830 nm, 840 nm, 
860 nm, 890 nm, 904 nm, 915 nm, 980 nm, 1015 nm, 1060 
nm, 1260 nm, and 1400 nm. 

[0043] Further, topical compositions and treatments that 
permit greater penetration of the light into the skin, alloWing 
it to reach the sebaceous oil glands may be used. For 
example, according to an illustrative process according to 
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 su?icient 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. 
[0044] 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. 

[0045] 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 of the 
desired tissue e?fect. 

[0046] 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 e?fect. 

[0047] Delivery of the desired agent into the target tissues 
may be enhanced, facilitated or made possible by the use of 
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enzymes capable of altering the structure, permeability, or 
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). Microdermabrasion 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 comeum, 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. Nos. 6,030,374 and 7,004,933, each entitled 
“Ultrasound Enhancement of Percutaneous Drug Absorp 
tion” Which are hereby incorporated by reference in their 
entirety. 

[0048] 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. 

Sep. 21, 2006 

[0049] 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. The skin, bacteria, or 
tissue that is targeted may be exposed to light that is pulsed 
or in a continuous Wave, sequenced or simultaneous, and 
include one or more Wavelengths. Heat may, optionally, be 
employed With each treatment regimen. As Well, unless 
otherWise speci?ed hereinafter, the energy ?uences recited 
herein refer to the amount of energy (Wattsxtime) perceived 
by the targeted tissue, cell, or other biological structure 
being treated. Typical energy ?uences may range from about 
0.01 J/cm2 to about 20 J/cm2. Non-thermal treatment, hoW 
ever, may employ an energy ?uence of about 0.01 J/cm2 to 
about 7 J/cm2, in the absence of the use of skin cooling 
means. Skin cooling means may, as Well, be employed With 
the various illustrative embodiments of the invention 
described here. 

[0050] A variety of parameters may be used (including 
pulse duration, energy, single or multiple pulses, the interval 
betWeen pulses, the total number 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 pre 
heat 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 localiZed treat 
ment, 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 medi 
cal supervision is required and these 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. 

[0051] The folloWing table illustrates the results of tests 
conducted in accordance With the present invention, at 
varying Wavelengths and poWer level. For each, it is shoWn 
Whether a pulsed or continuous Wave (CW) is employed. 
The ef?cacy is determined by the reduction in acne bacteria 
count observed in each sample, after being exposed to the 
regiment of light treatment shoWn in the leftmost column. 

TABLE 1 

Acne Bacteria Count Reduction 

Total Acne 
Bacteria AVG AVG 

# of Wells Counts Count Reduction 

475 nm (250/100/100) Pulsed@4 rnW 13 828 63.69 34.75% 
475 nm (250/100/100) Pulsed@14 rnW 11 896 81.45 16.55% 
475 nm 15 min CW@4 rnW 12 662 55.17 43.48% 
475 nm 15 min CW@14 rnW 9 634 70.44 27.83% 
590 inn/870 nrn (250/100/100) 16 1220 76.25 21.88% 

Pulsed@4 rnW 
590 inn/870 nrn (250/100/100) 16 1563 97.69 —0.08% 

Pulsed@6 rnW 
590 inn/870 nm 15 min CW@4 rnW 12 977 81.42 16.59% 
590 inn/870 nm 15 min CW@6 rnW 12 1016 84.67 13.26% 
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TABLE l-continued 

Acne Bacteria Count Reduction 

Total Acne 
Bacteria AVG AVG 

# of Wells Counts Count Reduction 

660 HI'H (250/100/100) Pulsed@4 I'HW 12 380 31.67 67.56% 
660 HI'H (250/100/100) Pulsed@14 I'HW 12 738 61.50 36.99% 
660 11m 15 {11111 CW@4 I'HW 8 200 25.00 74.39% 
660 11m 15 {11111 CW@14 I'HW 8 514 64.25 34.17% 
635 HI'H (250/100/100) Pulsed@4 I'HW 12 725 60.42 38.10% 
635 HI'H (250/100/100) Pulsed@16 I'HW 8 442 55.25 43.40% 
635 11m 15 {11111 CW@4 I'HW 8 743 92.88 4.85% 
635 11m 15 {11111 CW@16 I'HW 8 655 81.88 16.12% 
Control Plates 61 5954 97.61 0.00% 

[0052] In connection With each of the treatments already 
disclosed, a topical agent may also be applied to the target 
bacteria, tissue, or skin. A selected composition may be 
applied to, or into, the target tissue by a variety of mecha 
nisms. These mechanisms include, but are not limited to: 1) 
physical incorporation into the gland or target tissue cells 
While leaving the chemical structure essentially unaffected, 
or 2) undergoing a chemical reaction resulting in a neW 
agent-tissue complex Which then becomes a target for 
energy absorption. 

[0053] 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. 

[0054] 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 (e.g. various 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 
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 chosen Will have certain absorption char 
acteristics that augment the penetration of the radiation to 
the tissue targeted for treatment, i.e., sebaceous oil gland, 
acne-scarred tissue, etc. 

[0055] 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. 

[0056] 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. 

[0057] 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 
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. 

[0058] 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. 

[0059] 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 nm to about 450 
nm. Other preferred Wavelengths include from about 360 nm 
to about 440 nm and, With greater preference, from about 
380 nm to about 420 nm. 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 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 
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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. 

[0060] 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, 
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. 

[0061] Another preferred embodiment uses a longer 
pulsed laser in the 750nm-l000 nm range and appropriate 
parameters to achieve the desired tissue damage goal. 

[0062] 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. 

[0063] 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 
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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. 

[0064] 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. 

[0065] 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 reduced oiliness of the skin, reduced siZe or dimin 
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. 

[0066] 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 sundamaged skin, and skin ulcers (diabetic, 
pressure, venous stasis). 

[0067] Scarring is commonly seen as a consequence of 
disorders, diseases, or dysfunctions of the sebaceous appa 
ratus. 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 to prevent or reduce scarring before 
it occurs, or to reduce previously existing scarring. 

[0068] Further, as herein described, the term photomodu 
lation refers to the treatment of living tissue With light along, 
heat emitted by a light source, or light-activated chemical 




























