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DEVICE AND METHOD FOR BLUE LIGHT
MODULATION OF BRAIN INFLAMMATION

FIELD OF THE INVENTION

[0001] This invention relates generally to the treatment of
brain injury and inflammation, and in particular, to a device

and methodfor blue light modulation of brain inflammation.

BACKGROUND AND SUMMARY OF THE

INVENTION

[0002] Microglia, otherwise knownas brain macrophages,

are central nervous system (CNS) resident immunecells of

yolk sac origin. A large number of microglial studies over
the past two decades have revealed that these cells play an

intricate role in nearly every aspect of neurological function,
development, and disease. Microglial inflammatory activi-

ties have been implicated in virtually all neurological inju-
ries and diseases including psychiatric disorders, such as

schizophrenia and depression. Following CNSinsult, micro-

glia display an activated morphology and produce pro-
inflammatory cytokines, such as interleukin 1 beta (IL-1B)

and tumor necrosis factor alpha (TNFa), as well as other
pro-inflammatory molecules including nitric oxide (pro-

duced by inducible nitric oxide synthase; iNOS) and pros-
taglandins (produced by cyclooxygenase-2; COX-2). In

parallel, microglia also produce a numberofanti-inflamma-

tory and neuroprotective/trophic factors such as interleukin-
10 CL-10), transforming growth factor beta (TCF-B), vas-

cular endothelial growth factor (VEGF), and insulin-like
growth factor (IGF-1) which activate pro-survival pathways

and limit the magnitude of the damaging inflammatory
response. Microglia also produce interleukin-6 (IL-6)

which, while often considered to be pro-inflammatory, also

has neurotrophic-like, and anti-inflammatory regulatory
roles in the CNS.

[0003] Although acute microglial activation is a necessary

aspectof the tissue reparative response to injury and foreign
pathogens, when their inflammatory activities become dys-

regulated, a state of continued activation and chronic neu-
roinflammation results, even though the initial insult has

subsided. This chronic activation state leads to exaggerated
neuronal death and dysfunction of neural circuits which has

made microglia of particular interest in neurodegenerative

diseases, such as Alzheimer’s and Parkinson’s diseases, and
amyotrophic lateral sclerosis (ALS) wherein pro-inflamma-

tory cytokines are thought to contribute to disease progres-
sion. These observations have led to efforts targeting neu-

roinflammation as a therapeutic modality with whichto treat
neurodegenerative diseases. They also underscore the need

for new tools to manipulate and study these processes.

[0004] Blue light has becomea routinely applied tool used
across multiple disciplines with the advent of fluorescence

microscopy and fluorescence assisted assays. Additionally,

recent advances in optogenetic tools over the past decade
have led to a dramatic increase in the use of blue light in

non-fixed, live in vitro and in vivo applications, especially in
neuroscience. However,relatively little is known about the

potential side effects of these levels of blue light on non-
neuronal CNScell types, including microglia, that do not

express optogenetic proteins. To date, the majority of studies

utilizing blue light in a non-imaging or non-optogenetic
application have focused on its use as a germicidal agent or

in targeted carcinomaablation. These studies typically use
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high intensity and long duration exposuresto deliver a high
energy dose of light. In parallel, literature reports and

clinical trials have suggested that red and near-infrared
(NIR)light have many therapeutic effects in their ownright,

across a range of conditions including wound healing,
arthritis, myocardial infarction, and multiple neuropatholo-

gies.
[0005] Therefore, it is a primary object and feature of the
present invention to provide a device and method for blue

light modulation of brain inflammation.

[0006] Itis a still further object and feature of the present

invention to provide a device and method for blue light

modulation of brain inflammation to treat neurodegenerative
diseases and any disorder in which excessive microglial

inflammatory activities is a hallmark.

[0007] It is a further object and feature of the present
invention to provide a device and method for blue, light

modulation of brain inflammation that is simple to utilize
and implement.

[0008] In accordance with the present invention, a device

is provided for modulating brain inflammation. The device
includesa light source positionable at a location adjacent to

a portion of brain for modulating the inflammation thereof.
The light source has a first off condition and second on

condition wherein the light source generates light having a
wavelength in the range of 450-495 nanometers (nm). A

controller is operatively connected to the light source. The,

controller provides control signals to the light source for
controlling the switching ofthe light, source between the on

and the off conditions. The controller is configured to switch
the light source to the on condition for a portion of a

treatment cycle.

[0009] The treatment cycle may be first of a plurality of
treatment cycles and the controller may be configured to

switch each of the plurality of light sources to the on
condition for the portion of each treatment cycle. The brain

includes an outer surface andthe light source may be spaced
from the outer surface of the brain. Alternatively, the light

source may abut the outer surface of the brain orat least a

portion of the light source may be positionable within the
brain.Ifthe light source is one ofa plurality of light sources,

each oftheplurality of light sources is operatively connected
to the controller and has first off condition and second on

condition wherein each of the light sources generates light

having a wavelength in a range, e.g. 450-495 nanometers
(nm). The controller provides control signals to the plurality

of light sources for controlling the switching of the plurality
of light sources between the on andthe off conditions. The

controller is configured to switch the plurality of light
sources to the on condition for a portion of a treatmentcycle.

In addition, the controller may be configured to simultane-

ously switch the plurality of light sources between the on
condition and the off condition.

[0010] In accordance with a further aspect of the present
invention, a method of modulating brain inflammation is

provided. The methodincludesthe step of positioning a light

source adjacent a brain. The light source has, a first off
condition and a second on condition wherein the light source

generates light having a wavelength in the range of 450-495
nanometers (nm). The light source is switched to the on

condition for a first portion of a treatment cycle.

[0011] The method may include the additional steps of
switching ofthe light source from the on condition, to the off

condition for a second portion of the treatment cycle and
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repeating the step of switching of the light source to the on
condition for the first portion of a treatment cycle for a

plurality of treatment cycles. The light source may be
positioned at a location spaced from an outer surface of the

brain. Alternatively, the light source may be positioned at a
location abutting an outer surface ofthe brain orat a location

wherein at least a portion of the light source is received

within the brain. The light source may be oneofa plurality
of light sources and the method may include the additional

step of switching each of the plurality of, light source to the
on condition for the first portion of a treatment cycle. The

plurality of light sources may be switched simultaneously to
the on condition.

[0012] In accordance with a still further aspect of the

present invention, a method of modulating brain inflamma-
tion is provided. The methodincludesthe steps of generating

light having a wavelength in the range of 450-495 nanome-

ters (nm) and directing the lightat a portion of the brain for
a treatment cycle.

[0013] The step of directing the light at the portion of the
brain may be repeated for a plurality of additional treatment

cycles. In addition, it is contemplated to terminate the

generation of the light for a portion of the treatment cycle.
The light is generated by a light source positioned at a

location spaced from an outer surface of the brain. Alterna-
tively, the light source may be positioned at a location

abutting an outer surface ofthe brain or at a location wherein
at least a portion of the light source is recerved within the

brain. It is further contemplated for the light to be generated

by a plurality of light sources and for the plurality of light
sources simultaneously generate the light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The drawings furnished herewith illustrate a pre-
ferred construction of the present invention in which the

above advantages and features are clearly disclosed as well

as others which will be readily understood from the follow-
ing description of the illustrated embodiment.

[0015] In the drawings:

[0016] FIG. 1 is an isometric view of a device for blue
light modulation of brain inflammation implanted on a

surface of a human brain in accordance with the present
invention;

[0017] FIG. 2 is an enlarged, isometric view of the device

for blue light modulation of brain inflammation of the
present invention taken along line 2-2 of FIG.1;

[0018] FIG. 3 is an enlarged, cross sectional view, show-
ing the device of FIGS. 1-2 incorporating an array of light

sources;

[0019] FIG. 4 is an isometric view of an alternate embodi-
ment of a device for blue light modulation of brain inflam-

mation supported above on a surface of a humanbrain in

accordance with the present invention;

[0020] FIG. 5 is an enlarged, isometric view of the device

for blue light modulation of brain inflammation of the
present invention taken along line 5-5 of FIG.4;

[0021] FIG.6 is an enlarged, cross sectional view, show-

ing the device of FIGS. 4-5 incorporating an array of light
sources;

[0022] FIG. 7 is an isometric view of a still further

alternate embodimentof a device for blue light modulation
of brain inflammation inserted into a humanbrain in accor-

dance with the present invention;
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[0023] FIG. 8 is an enlarged, isometric view of the device
for blue light modulation of brain inflammation of the

present invention taken along line 8-8 of FIG. 7; and
[0024] FIG. 9 is an enlarged, cross sectional view, show-

ing the device of FIGS. 7-8 incorporating an array oflight
sources.

DETAILED DESCRIPTION OF THE DRAWINGS

[0025] Referring to FIG. 1, an exemplary configuration of
a device for blue light modulation of brain inflammation in

accordance with the present invention is generally desig-

nated by the reference numeral 10. In the depicted embodi-
ment, device 10 includes base 12 having a generally square

configuration. However, other configurations of base 10 are
possible without deviating from the scope of the present

invention. It is to contemplated to fabricate base 12 from a
flexible, biocompatible polymer to provide an optimal

implant environmentand, extend the time period that device

10 may be maintained within crantum 20 without inducing
excessive foreign body or immuneresponses. Further, it can

be appreciated device 10 may be adapted for implantation on
the surface of other parts of a body, both internal (such as a

spinal cord) and external, without deviating from the scope

of the present invention.

[0026] Base 12 includes upper and lower surfaces 14 and

16, respectively. Light source 18 is provided in lowersurface
16 ofbase 12. For reasons hereinafter described, light source

18 may be switched or toggled betweena first off condition
wherein light source 18 generates no light and a second on

condition wherein light source 18 generates blue light hav-

ing a wavelength in the range of 450-495 nanometers (nm).
Further, by varying the power supplied to light source 18,

the intensity of the light supplied by light source 18 may be
varied in a conventional manner. Other parameters of the

light supplied, i.e. pulse width, duty cycle, etc., may also be
varied in a conventional manner. Light source 18 is opera-

tively connected to lead wire 24 which extends through base

18 and projects from upper surface 14 ofbase 12. Lead wire
24 terminates at terminal end 32 which is connectable to

central processing unit (CPU) 34, FIG. 2, for reasons here-
inafter described. Alternatively, it can be appreciated that

light source 18 may be wirelessly connected to CPU 34.

CPU 34 may in turn, be, operatively connected to user
interface 35 to set various parameters to facilitate the con-

trolled delivery of blue light to desired portion 36a of brain
36. Alternately, CPU 36 may be implanted with a body and

be in wireless communication with user interface 35 through
conventional means.

[0027] As previously noted, in order to treat brain injury

and inflammation, it is contemplated to provide for the
controlled delivery of blue light to desired portion 36a of

brain 36. More specifically, in operation, device 10 is
inserted though opening 30 in cranium 20 of an individual

such, that lower surface 16 of base 12 is positioned against
outer surface 38 of brain 36. Apertures (not shown) may

extend through base 12 of device 10 to make device 10

porous, and as such, increase the biocompatibility between
device 10 andbrain 36. Further, it is contemplated to provide

chemicals, drugs or other stimuli within such apertures to
further enhance the biocompatibility of device 10 and brain

36.
[0028] With device 10 positioned, it is contemplated to
direct blue light at desired portion 36a of brain 36. By way

ofexample, it is contemplated for a user to interact with user
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interface 35 so as to provide instructionsfor the operation of
device 10. More specifically, the user may pre-select: 1) a

desired intensity of the blue light directed at desired portion
36a of brain 36; 2) a length of a treatment cycle; 3) a desired

portion of the treatment cycle to which the blue light is
directed at the desired portion of brain 36; 4) a number of

treatment cycles to be performed and/or a desired treatment

period in which the treatment cycle is repeated; and 5) other
parameters associated with light delivery such as pulse

width, duty cycle, etc., that are generally knowninthefield.

[0029] Inresponseto the instructions providedbytheuser,
CPU 34 executes a computer program stored thereon and

provides signals along lead wire 24 to toggle light source 18
between the on condition andthe off condition and to control

the intensity of the blue light source supplied by the light
source 18. By way of example, it is contemplated for CPU

34 direct blue light at the desired portion of brain 36 at a

desired intensity (e.g. between 0 and 100 mJ/cm?-min)for a
desired portion (e.g. 1 second) of a treatment cycle (e.g. 1

minute). The process may be repeated for a desired treat-
ment period (e.g. 6 hours).

[0030] It has been found that low levels of blue light

delivered in short, repetitive, low level doses alters the basal
expression of inflammatory and neurotrophic genes in both

immortalized and primary microglia. Further, blue light
delivered at these doses strongly reduces inflammatory gene

expression in lipopolysaccharide (LPS)-activated microglia

in the absence of significant changes in cell viability, apop-
tosis, or DNA damage.As is known,the inflammatory genes

heretofore described play significant roles in promoting
neuronal death and injury in a number of inflammatory,

degenerative and traumatic to injuries. Thus, by applying an
optimized intensity of blue light in optimized doses to

desired portion 36a of brain 36 (or CNS) to attenuate

expression of these the inflammatory genes, modulation of
microglial activities in desired portion 36a of brain 36 may

be achieved. This modulation provides significant therapeu-
tic benefits in a host of CNS disorders.

[0031] Alternatively, it is contemplated for device 10 to

include an array of light sources 18 in lower surface 16 of
base 12, FIG.3, in order to optimize the intensity and dosage

of blue light supplied to desired portion 36a of brain 36.
Each light source 18 of the array of fight sources may be

individually switched or toggled betweena first off condi-

tion wherein each light source 18 generates no light and a
second on condition wherein light source generates blue

light having;a wavelength in the range of 450-495 nanome-
ters (nm). Each light source 18 of the array of light sources

is operatively connected to a corresponding lead wire 24
which extends through base 12 and projects from upper

surface 14 of base 12. Each lead wire 24 terminates at

terminal end 32 which is connectable to central processing
unit (CPU) 34, for reasons hereinafter described.

[0032] With device 10 positioned, it is contemplated to

direct blue light at the desired portion of brain 36. As
previously described,it is contemplated for a userto interact

with user interface 35 so as to provide instructions for the
operation of device 10. For example, the user may pre-

select: 1) a desired intensity of the blue light directed at
desired portion 36a of brain 36; 2) a length of a treatment

cycle: 3) a desired portion of the treatment cycle to which

the blue light is directed at the desired portion of brain 36;
4) a numberof treatment cycles to be performed and/or a

desired treatment period in which the treatment cycle is
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repeated; and 5) other parameters associated with light
delivery such as pulse width, duty cycle, etc., that are

generally knownin the field. In addition, it is contemplated
for the user to pre-select the order of actuation of each light

source 18 of the array of light sources. In other words, the
user may chooseto toggle all of light sources 18 of the array

of light sources to the on condition: 1) simultaneously; 2)

sequentially; or 3) in a user selected order.

[0033] Inresponseto the instructions providedbythe user,
CPU 34 executes a computer to program stored thereon and

provides signals along lead wire 24 to toggle each light
source 18 of the array of light sources between the on

condition and the off condition and to control the intensity
of the blue light source supplied by each light source 18 of

the array of light sources. Each light source 18 of the array

of light sources may be toggled simultaneously or may
toggled individually in accordance with the user specified

instructions. For example, it is contemplated for CPU 34 to
toggle each light source 18 of the array of light sources to

direct blue light at desired portion 36a of brain 36 at a
desired intensity (e.g. between 0 and 100 mJ/cm?-min) for a

desired portion (e.g. 1 second) of a treatment cycle (e.g, 1

minute). The process may be repeated for a desired treat-
ment period (e.g. 6 hours). Alternatively, CPU 34 may

toggle each light source 18 of the array of light sources
individually such that each light source 18 directs blue light

at desired portion 36a of brain 36 at a desired intensity (e.g.
between 0 and 100 mJ/cm?-min) for a desired portion(e.g.

1 second) of a treatment cycle (e.g. 1 minute) independently

ofthe other light sources 18 of the array of light sources. The
process mayberepeated for a desired treatmentperiod(e.g.

6 hours).

[0034] Referring to FIG. 4, an alternate embodimentof a
device for blue light modulation of brain inflammation in

accordance with the present invention is generally desig-
nated by the reference numeral 40. In the depicted embodi-

ment, device 40 includes support 42 having light source 44
mounted within lower surface 41 thereof. Light source 44

may be switched or toggled betweena first, off condition

wherein light source 44 generates no light and a second on
condition wherein light source 44 generates blue light hav-

ing a wavelength in the range of 450-495 nanometers (nm).
Further, by varying the power supplied to light source 44,

the intensity of the light supplied by light source 44 may be

varied. Light source 44 may be wirelessly connectable to
central processing unit (CPU) 50 or operatively connected to

lead wire 46 which terminates at terminal end 48 which is
connectable to CPU 50, FIG. 5, for reasons hereinafter

described. CPU 50 may, in turn, be wirelessly connectable
to user interface 52 in a conventional manneror operatively

connected to user interface 52 in order to allow a userto set

various parameters to facilitate the controlled delivery of
blue light, to desired portion 36a of brain 36.

[0035] In order to treat brain, injury and inflammation, it

is contemplated for device 40 to provide the controlled
delivery of blue light to desired portion 36a of brain 36.

Morespecifically, in operation, device 40 is inserted though
opening 30 in cranium 20 of an individual and fixated at a

location wherein light source 44 is directed at a desired
portion of brain 36 to be treated. The user interacts with user

interface 35 so as to provide instructions for the operation of

device 40. More specifically, the user may pre-select: 1) a
desired intensity of the bluelight directed at desired portion

36a of brain 36; 2) a length of a treatment cycle; 3) a desired
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portion of the treatment cycle’to which the blue light is
directed at the desired portion of brain 36; 4) a number of

treatment cycles, to be performed and/or a desired treatment
period in which the treatment cycle is repeated; and 5) other

parameters associated with light delivery such as pulse
width, duty cycle, etc., that are generally knowninthefield.

In response to the instructions provided by the user, CPU 50

executes a computer program stored thereon and provides
signals along lead wire 46 to toggle light source 44 between

the on condition and the off condition and to control the
intensity of the blue light source suppliedbythe light source

44. By way of example, it is contemplated for CPU 50 to
toggle light source 44 between the on andoff conditions so

as to direct blue light at desired portion 36a of brain 36 at

a desiredintensity (e.g. between 0 and 100 mJ/em?-min)for
a desired portion (e.g. 1 second) of a treatment cycle (e.g. 1

minute). The process may be repeated for a desired treat-
ment period (e.g. 6 hours).

[0036] Alternatively, it is contemplated to operatively

connect an array of light sources 44 to support 42, FIG.6,
in order to optimize the intensity and dosage of blue light

supplied to desired portion 36a of brain 36. Each light

source 44 of the array of light sources may be individually
switched or toggled between a first off condition wherein

light source 44 s generates no light and a second on
condition wherein light source generates blue light having a

wavelength in the range of 450-495 nanometers (nm). Each,
light source 44 of the array of light sources is operatively

connected to lead wire 46 terminates at terminal end 48

which is connectable to central processing unit (CPU) 50,
for reasons hereinafter described.

[0037] As previously described, it is contemplated for a

user to interact with user interface 35 so as to provide
instructions for the operation of device 10. For example, the

user may pre-select: 1) a desired intensity of the blue light
directed at desired portion 36a of brain 36; 2) a length of a

treatment cycle; 3) a desired portion of the treatment cycle
to which the blue light is directed at the desired portion of

brain 36; 4) a numberoftreatment cycles to be performed

and/or a desired treatment period in which the treatment
cycle is repeated; and 5) other parameters associated with

light delivery such as pulse width, duty cycle, etc., that are
generally knownin the field. In addition, it is contemplated

for the user to pre-select the selected actuation of each light

source 44 of the array of light sources. In other words, the
user mayselect to toggle light sources 44 ofthe array oflight

sources to the on condition: 1) simultaneously; 2) sequen-
tially; or 3) in a user selected order.

[0038] Inresponseto the instructions providedbytheuser,

CPU 50 executes a computer program stored thereon and
provides signals along lead wire 46 to toggle each light

source 44 of the array of light sources between the on
condition and the off condition and to control the intensity

of the blue light source supplied by each of thelight sources

44. Each light source 44 of the array of light sources may be
toggled simultaneously or may toggled individually. For

example, it is contemplated for CPU 50 to toggle each light
source 44 ofthe array of light sources to, direct blue light at

desired portion 36a of brain 36 at a desired intensity (e.g.
between 0 and 100 mJ/cm?-min)for a desired portion (e.g.

1 second) of a treatment cycle (e.g. 1 minute). The process

mayberepeated for a desired treatmentperiod(e.g. 6 hours).
Alternatively, CPU 50 may selectively toggle each light

source 44 of the array of light sources individually so as to
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direct bluelight at the desired portion ofbrain 36 at a desired

intensity (e.g. between 0 and 100 mJ/cm?-min)for a desired

portion (e.g. 1 second) of a treatment cycle (e.g. 1 minute).
The process may be repeated for a desired treatment period

(e.g. 6 hours).

[0039] Referring to FIG. 7, a further embodiment of a

device for blue light modulation of brain inflammation in

accordance with the present invention is generally desig-
nated by the reference numeral 70. In the depicted embodi-

ment, device 70 includes an elongated to neural probe 72
having a generally cylindrical outer surface 74. However,

other configurations of neural probe 72 are possible without
deviating from the scope of the present invention. Light

source 78 is provided in outer surface 74 of neural probe 72.

For reasons hereinafter described, light source 78 may be
switched or toggled between a first off condition wherein

light source 78 generates no light and a second on condition
wherein light source 78 generates blue light having a wave-

length in the range of 450-495 nanometers (nm). Further, by
varying the power supplied to light source 78, the intensity

of the light supplied by light source 78 maybe varied. Light

source 78 is operatively connected to lead wire 76 which
terminates at terminal end 84 which is connectable to central

processing unit (CPU) 80, for reasons hereinafter described.
CPU 80 may, in turn, be operatively connected to user

interface 82 to set various parameters to facilitate the con-
trolled delivery of blue light to desired portion 36a of brain

36.

[0040] In operation, device 70 is inserted though opening

30 in cranium 20 of an individual and into brain 36 through

outer surface 38 thereof such that light source 78 is adjacent
desired portion 36a of brain 36. With device 70 positioned,

it is contemplated to direct blue light at desired portion 36a
of brain 36. More specifically, the user interacts with user

interface 82 in orderto provide instructions for the operation
of device 70. The user may pre-select: 1) a desired intensity

of the blue light directed at desired portion 36a of brain 36;

2) a length of a treatment cycle; 3) a desired portion of the
treatment cycle to which the blue light is directed at the

desired portion of brain 36; and 4) a numberof treatment
cycles to be performed and/or a desired treatment period in

which the treatment cycle is repeated. In response to the
instructions provided by the user, CPU 80 executes a com-

puter program stored thereon and provides signals along

lead wire 76 to toggle light source 78 between the on
condition and the off condition and to control the intensity

of the blue light source supplied by the light source 78. By
way of example, it is contemplated for CPU 80 direct blue

light at the desired portion of brain 36 at a desired intensity
(e.g. between 0 and 100 mJ/cm?-min) for a desired portion

(e.g. 1 second) of a treatment cycle (e.g. 1 minute). The

process mayberepeated for a desired treatmentperiod(e.g.
6 hours).

[0041] It is contemplated to combine device 70 of the
present invention with a conventional electrode, e.g. one

used in connection with deep brain stimulation methods to
treat Parkinson’s disease patients. By incorporating device

70 in such electrode, the functionality of the electrode may
be extended by minimizing the microglial and inflammatory

tissue responses in the area around the electrode, thereby

extending the time of therapeutic utility of the electrode.
Further, such an arrangement allows for the delivery of

anti-inflammatory light paradigms to targeted volumes of
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neural tissue, thereby circumventing the problems associ-
ated with systemic drug delivery and CNSpenetrance.

[0042] Alternatively, it is contemplated for device 70 to

include an array of light sources 78 in outer surface 74 of
neural probe 72, FIG. 9, in order to optimize the intensity

and dosage of blue light supplied to desired portion 36a of
brain 36. Each light source 78 of the array of light sources

may beindividually switched or toggled between first off
condition wherein each light source 78 generates no light

and a second on condition wherein light source generates

blue light having a wavelength in the range of 450-495
nanometers (nm). Each light source 78 of the array of light

sources is operatively connected to lead wire 76 terminates
at terminal end 84 which is connectable to central processing

unit (CPU) 80, for reasons hereinafter described.

[0043] As previously described, it is contemplated for a
user to interact with user interface 82 so as to provide

instructions for the operation of device 10. For example, the
user may pre-select: 1) a desired intensity of the blue light

directed at desired portion 36a of brain 36 2) a length of a

treatment cycle; 3) a desired portion of the treatment cycle
to which the blue light is directed at the desired portion of

brain 36; 4) a numberoftreatment cycles to be performed
and/or a desired treatment period in which the treatment

cycle is repeated ; and 5) other parameters associated with
light delivery such as pulse width, duty cycle, etc., that are

generally knownin the field. In addition, it is contemplated

for the user to pre-select the selected actuation of each light
source 78 of the array of light sources. In other words, the

user may toggle light sources 78 ofthe array of light sources
to the on condition: 1) simultaneously; 2) sequentially; or 3)

in a user selected order.

[0044] Inresponseto the instructions providedbytheuser,
CPU 80 executes a computer program stored thereon and

provides signals along lead wire 76 to toggle each light
source 78 of the array of light sources between the on

condition and the off condition and to control the intensity

of the blue light source supplied by each of thelight sources
78. Each light source 78 of the array of light sources may be

toggled simultaneously or may be toggled individually. For
example, it is contemplated for CPU 80 to toggle each light

source 78 of the array of light sources simultaneously to

direct blue light at desired portion 36a of brain 36 at a
desired intensity (e.g. between 0 and 100 mJ/cm?-min) for a

desired portion (e.g. 1 second) of a treatment cycle (e.g. 1
minute). The process may be repeated for a desired treat-

ment period (e.g. 6 hours). Alternatively, CPU 80 may
selectively toggle each light source 78 of the array of light

sources individually so as to direct blue light at the desired

portion of brain 36 at a desired intensity (e.g. between 0 and
100 mJ/cm?-min) for a desired portion (e.g. 1 second) of a

treatment cycle (e.g. 1 minute). The process maybe repeated
for a desired treatment period (e.g. 6 hours).

[0045] Various modes of carrying out the invention are

contemplated as being within the scope of the following
claims particularly pointing out and distinctly claiming the

subject matter, which is regarded as the invention.

We claim:

1. A device for modulating brain inflammation, compris-

ing:

a light source positionable at a location adjacent a portion
of brain for modulating the inflammation thereof, the

light source having a first off condition and second on
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condition wherein the light source generates light hav-
ing a wavelength in a selected range; and

a controller operatively connected to the light source, the
controller providing control signals to the light source

for controlling the switching of the light source
between the on and the off conditions;

wherein the controller is configured to switch the light

source to the on condition for a portion of a treatment cycle.
2. The device of claim 1 wherein the treatment cycle is a

first of a plurality of treatment cycles and wherein the
controller is configured to switch each of the plurality of

light sources to the on condition for the portion of each
treatment cycle.

3. The device of claim 1 wherein the brain includes an

outer surface and wherein thelight source is spaced from the
outer surface of the brain.

4. The device of claim 1 wherein the brain includes an
outer surface and wherein the light source abuts the outer

surface of the brain.

5. The device of claim 1 wherein at least a portion of the
light source is positionable within the brain.

6. The device of claim 1 wherein the light source is one
of a plurality of light sources, each of the plurality of light

sources being operatively connected to the controller and
having first off condition and second on condition wherein

each ofthe light sources generates light having a wavelength

in the range of 450-495 nanometers (nm).

7. The device of claim 6 wherein the controller provides

control signals to the, plurality of light sources for control-
ling the switching of the plurality of light sources between

the on andthe off conditions, the controller being configured
to switch the plurality of light sources to the on condition for

a portion of a treatment cycle.

8. The device of claim 7 wherein the controller is con-
figured to simultaneously switch the plurality of light

sources between the on condition and the off condition.

9. The device of claim 1 wherein the selected range is
450-495 nanometers (nm).

10. A method of modulating brain inflammation, com-
prising the steps of:

positioning a light source adjacent a brain, the light source

having a first off condition and second, on condition
wherein the light source generates light having a wave-

length in a selected range; and

switching of the light source to the on condition fora first

portion of a treatment cycle.

11. The method ofclaim 10 comprising the additional step
of switching of the light source from the on condition to the

off condition for a second portion of the treatment cycle.

12. The method of claim 10 comprising the additional

steps, of repeating the step of switching of the light source

to the on condition for the first portion of a treatment cycle
for a plurality of treatment cycles.

13. The methodofclaim 10 comprising the additional step
of positioning the light source at a location spaced from an

outer surface of the brain.

14. The methodofclaim 10 comprising the additional step
of positioning the light source at a location abutting an outer

surface of the brain.

15. The methodofclaim 10 comprising the additional step

of positioning the light source at a location wherein at least

a portion of the light source is received within the brain.

16. The method of claim 10 wherein the light source is

one of a plurality of light sources, and wherein the method
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further comprises the additional step of switching each of
the plurality of light source to the on, condition for thefirst

portion of a treatment cycle.
17. The method of claim 16 wherein the plurality of light

sources are switched simultaneously to the on condition.
18. The method of claim 10 wherein the selected range is

450-495 nanometers (nm).

19. A method of modulating brain inflammation, com-
prising the steps of:

generating light having a wavelength in the range of
450-495 nanometers (nm);

directing the light at a portion of the brain for a treatment
cycle.

20. The method of claim 19 comprising the additional

steps of repeatedly directing the light at the portion of the
brain for a plurality of additional treatment cycles.

21. The methodofclaim 19 comprising the additional step
of terminating the generation ofthe light for a portion of the

treatment cycle.
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22. The method of claim 19 whereinthe light is generated
by a light source and wherein the method comprises the

additional step of positioning a light source at a location
spaced from an outer surface of the brain.

23. The method of claim 19 wherein the light is generated

by a light source and wherein the method comprises the
additional step of positioning the light source at a location

abutting an outer surface of the brain.

24. The method of claim 19 whereinthe light is generated
by a light source and wherein the method comprises the

additional step of positioning the light source at a location
wherein at least a portion of the light source is received

within the brain.

25. The methodofclaim 19 whereinthe light is generated
by a plurality of light sources.

26. The method of claim 25 wherein the plurality of light

sources simultaneously generate the light.

* * * * *


