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Introduction

« Transcranial photobiomodulation (tPBM) is the application of
low levels of red or near-infrared (NIR) light to stimulate
tissues.

 PBM has been demonstrated to be an effective approach for
promoting cellular proliferation and microcirculation and for
relieving pain and edema in various traumatic, acute, and
chronic diseases

« PBM has been also shown to improve brain hemodynamics
along with an increase in cerebral oxygenation and
metabolic capacity



Introduction

 There is an increasing body of evidence to support that
PBM therapy of the brain can ameliorate neuronal oxidative
stress, neuroinflammation, and apoptosis, while promoting
neurogenesis and synaptogenesis.

« To date, no serious adverse effects have been reported in
for brain PBM therapy, however, caution must be
considered with high-power laser sources (class 3B and 4)
due to the hazard for macular lesions.



Introduction

« The glymphatic system is a glial-dependent waste
clearance pathway in the brain, devoted to drain away
waste metabolic products and soluble proteins such as
amyloid-beta.

« The meningeal lymphatics is a network of lymphatic
vessels located parallel to the dural venous
sinuses and meningeal arteries of the brain, responsible for
draining immune cells, blood, small molecules, and excess
fluid from the brain into the deep cervical lymph nodes.



Introduction

« An impaired brain glymphatic system can increase the
incidence of neurovascular, neuroinflammatory, and
neurodegenerative diseases.

« PBM therapy can serve as a non-invasive neuroprotective
strategy for maintaining and optimizing effective brain waste

clearance.

* Recent preclinical research in rodents proven the efficiency
of PBM for maintaining and optimizing effective brain waste
clearance in several models of brain diseases.



Brain Drainage System

Glymphatic System

CEREBROSPINAL FLUID CIRCULATION
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Glymphatic System A
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Brain Drainage System
Glymphatic System
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Glymphatic System
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Meningeal Lymphatic System
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Meningeal Lymphatic System
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Meningeal Lymphatic System
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Functional meningeal
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Brain Drainage System

NERVE SUPPLY

External nose —Infra orbital nerve, Infra trochlear,
External nasal nerve.

Nerve Supply of the Nasal Cavity
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Brain Drainage System
Connection of the Glymphatic and Meningeal Lymphatic System
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Connection of the Glymphatic and Meningeal Lymphatic System
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Sleep Drives Metabolite Clearance from the Adult Brain

Lulu Xie'-", Hongyi Kang'-", Qiwu Xu', Michael J. Chen', Yonghong Liao",

Meenakshisundaram Thiyagarajan', John O’Donnell’, Daniel J. Christensen’, Charles
Nicholson?, Jeffrey J. lliff!, Takahiro Takano’, Rashid Deane', and Maiken Nedergaard'

Light

Inactive

Volume variation.The extracellular (interstitial) space in the cortex of the mouse brain,
through which cerebral spinal fluid moves, increases from 14% in the awake animal to
23% in the sleeping animal, an increase that allows the faster clearance of metabolic
waste products and toxins.

Cortical surface of brain

Awake
Reduced interstitial space
Restricted CSF flow

Metabolites accumulate

Asleep
»>60% increase in interstitial space

Better CSF flow
Effective clearance of metabolites




Brain Drainage System

Precontrast Post-gadobutrol Magnified view

/PR

T1-weighted MPRAGE _2cm

Superio
sagittal sinus




PBM Therapy

Received: 8 December 2019 I Revised: 14 February 2020 | Accepted: 18 February 2020

DOI: 10.1002/tbio. 201900036 &
@@

FULL ARTICLE PHOTONICS

RANSLATIONA!

Molacalar Semens ) o
Sleep as a Novel Biomarker and a Promising

Photostimulation of cerebral and peripheral - Therapeutic Target for Cerebral Small Vessel
lymphatic functions | Review ortnis doumal | Disease: A Review Focusing on Alzheimer’s
[ catesmcaise | Disease and the Blood-Brain Barrier
xana Semyachkina-Glushkovskaya 12" 80, mitry Postnov ! 80,
Article Menu bﬁyﬁhoomas F:nzeT‘JTM G]andht J:rgyen Kurlhs"z‘%p? are

pharmaceutics \MDP” . Cells m\l’y

Article

Article
Intranasal Delivery of Liposomes to Glioblastoma by Night Photostimulation of Clearance of Beta-Amyloid from
Photostimulation of the Lymphatic System Mouse Brain: New Strategies in Preventing

Alzheimer’s Disease
Oxana Semyachkina-Glushkovskaya 4%, Alexander Shirokov #%, Inna Blokhina 2, Valeria Telnova ?,
Elena Vodovozova ¢, Anna Alekseeva ¢, Ivan Boldyrev ¢, Ivan Fedosov 2, Alexander Dubroysky 2, Po WONNENY. SUSTENE W8 S ST NS, © P T WIS SESSIE £ SENE RS S S O VORI S
Alexandr Kho T T - oo [2) SErinEerLink

Maria Tzoy 3,

pharmaceutics [MD\PJJ

Adv Exp Med Biol. 2021;1269:57-61. doi: 10.1007/978-3-030-48238-1_9.

Artide
Low-Level Laser Treatment Induces the Blood-Brain Barrier Transcranial Photobiomodulation of Clearance of
Opening and the Brain Drainage System Activation: Delivery Beta-Amyloid from the Mouse Brain: Effects on the
of Liposomes into Mouse Glioblastoma . . .

Meningeal Lymphatic Drainage and Blood Oxygen
Oxana Semyachkina-Glushkovskaya 3, Denis Bragin >0, Olga Bragina 3, Sergey Socolovski 7, Saturation of the Brain

Alexander Shirokov 27, Ivan Fedosov 2, Vasily Ageev 2, Inna Blokhina 27, Alexander Dubrovsky 2
Valeria Telnova 2, Andrey Terskov 2, Alexander Khorovodov ?, Daria Elovenko 2, Arina Evsukova 2, Maria Zhoy 2,
1lana Agranovich 2, Elena Vodovozova 7, Anna Alekseeva 70, Jiirgen Kurths 230 and Edik Rafailov ¥ Oxana Semyachkina-Glushkovskaya ', M Klimova 2, T Iskra 2, D Bragin 3 4, A Abdurashitov 2,

A Dubrovsky 2, A Khorovodov 2, A Terskov 2, | Blokhina 2, N Lezhnev 2, V Vinnik 2,
I Agranovich 2, A Mamedova 2, A Shirokov 8, N Navolokin €, B Khlebsov 8, V Tuchin 2,
JKurths 2 7 8



PBM Therapy
Before PBM After PBM

¥ % L\
TR !
LA

1267 nm (5-10-30-70 chm"’)

Systole

Diastole

O. Semyachkina-Glushkovskaya, et al., "Photobiomodulation of lymphatic drainage and
clearance: perspective strategy for augmentation of meningeal lymphatic functions," Biomed.
Opt. Express, 2020



PBM Therapy

Endothelial
cell

Brain clearing via the Sagittal sinus The BBB opening
meningeal lymphatics

Meningeal
lymphatic vessel

/
Superficial cervical ’. Deep cervical

lymph nodes I lymph node

(D) =

Intensity, a. u.

Semyachkina-Glushkovskaya, et al. Photostimulation of cerebral and
peripheral lymphatic functions. Translational Biophotonics. 2020



Meningeal
lymphatic vessels

fh

ol

Brain parenchyma

B3 5 min pause

61 min session
every day for
one week

5 min pause

PBM Therapy

a Bl Shom
sk 1
£
c 6
E H
o 2
P =4 24 Average Diameter = 25.8 pm
«n &
2

o  BOroiy T e TREH W
0 20 40 60 B0 100 120 140 160 180 200
Diameter (um)

e — _ =
B IVH Without PS

©

Average Diameter = 25.75 pm

Proportion (%)

IVH

Diameter (pm)

c f 4 [l VH With PS

— 3
£

17} 14

o '3_ 2

X 2

3 g

> [ Average Diameter = 31.03 ym

0
0 20 40 60 80 100 120 140 160 180 200
Diameter (um)

bioRxiv 2020.11.16.384149; doi: https://doi.org/10.1101
/2020.11.16.384149 (under review in Nature

Communications)



PBM Therapy

bioRxiv 2020.11.16.38
4149; doi: https://doi.o
rg/10.1101/2020.11.1

6.384149 (under review

in Nature
Communications)

Injection of Evens Blue

17-min Laser I'x MHJ 17-min Laser l" "U”I

17-min Laser

With PS

Without PS

Q.

Confocal Image

«Q

3D Rendering

81 minj'

i 20| = Without P$
z « With PS
°
£ sl
z
c T 4
g 3 o
g3 10 /
8 " i | I
c st ” 2
g > 1
9 ] |
4
S o
£ L
e A A A A
20 40 60 80
Time (min)
160
= Without PS
2 « WithPS
d -
- 140}
[ g
- /
Zs .
23 //
§T 1201 ‘
£ sl
g //‘/‘ E , 2 |
wo} E—v— T 11
A i A N
0 20 40 60
Time (min)
10
gl
Y -
2% i
< = 6}
om —
3 \
Es 4 .
2 e
2}
i <
0 i 4 i
Sham IHV IHV+PS




Nitric Oxide 130 (2023) 58-68

Contents lists available at ScienceDirect

2 Nitric Oxide
ELSEVIER

joumnal homepage: www.elsevier.com/locate/yniox

Photobiomodulation and nitric oxide signaling

Satoshi Kashiwagi ™ , Atsuyo Morita " Shinya Yokomizo ¢, Emiyu Ogawa ‘,
Paul L. Huang b, Denis E. Bragin o6 ", Dmitriy N. Atochin b

b

Eri Komai ~,

VIR laser NIR !a:ser

iebadhnce
2555555 S
DI e e )

FEEER S
PRI eYPrYR

0e
Hb

PI3K/Akt kinases L-arginine |  Nitrite i
/ \\ Heme proteins
. , (o0) ¢
“p| eNOS% . Hemoglobin
= _ t NOT . Myoglobin
cox ' “

%
il NIR laser
L 1 "Tfir"lr\!'r-‘
el v
- y\: J
B e T
Yot | -
y S D
S AL i
L]

,NO



PBM Therapy *

bioRxiv 2020.11.16.3
84149; doi: https://doi
.0org/10.1101/2020.11.
16.384149 (under

review in Nature
Communications)

L-NAME+IVH IVH+PS IVH Sham

L-NAME+IVH+PS

Proportion

Proportion

Proportion

Proportion

Proportion

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

0.18
0.16
0.14
0.12
0.10
0.08

°'°°o 6 121824 3036424854606672

0.18
0.16
0.14

0.12¢
0.10+

0.08
0.06
0.04

0.00

0.18
0.16
014
0.12
0.10
0.08
0.06
0.04
0.02
0.00

"0 6 121824 30364248 5460 66 72
8

M IVH With PS

0.02-
0 6 1218243036424854606672

B Sham |

Average diameter
=19.32 ym

0 6 121824 30 36 42 48 54 60 66 72
W IVH Without PS

Average diameter|
=20.23 pm

B L-NAME+IVH

Average diameter
=19.53 pm

| N L-NAME+IVH+PS

Average diameter,
=23.07 pm

0 6 1218243036424854606672
Diameter (pm)

b c
S 1206——""""
— =100} | J 1>
40} e 0 £ SV alVs
—_ 1 1 < 60 Weak pumping before PS
€ £ ‘eak pumping before
5 30 A M B 40[ ___ strong pumping after PS
= < = 20
3]0t 8 0 ;
® 20 = = — 0 5 10 15 20 25 30
g NS Time (s)
- 583 =
0 1 T 1 1 1 E g- 2
LR 39
) RS g2 z
M Q 8= 1
S WS ® 3
Yé@ ~E
VEF 2so
v lyECs IyECs
before PS after PS
e 1c * R
I Je S 1
&8 7.5
m"é, * * e
e 5 | — | e e
S E |
a
o 2.51
gg- 5 . oha =
=z POPREPN
0~ ————— 1 1 1 1
> 2
& & o K &
® W« N
x
¥ 7
Vv S
S
iV




b / Integration Sphere Sensor \

Integrating
____Sphere Sensor

Collimated
Transmittance

Detector

= Power Delta " J P
3 ort
AR 8 Power Teta K //_,f
wake 5 Power Alpha -
REM 8 Power Beta
bS] 100 uV
NREM 2
[=3
Awakining 2
3 g Awake
% % REM Meningeal
g, NREM Lymphatic Vessels geta.Amyliod Brain
2 Parenchyma
a 2
L I ——————
w 3 AS 3 Deep Cervical f
= Frequency (Hz) Lymph Node
)
E 40 E
® 30
5 8 - c ‘
0 2 ‘ = £ E 3
s € E &
° 10 0 B
[ ‘el — L
s N I | ;
" - o = N |
X c
g & € w Beta-Amyliod—" g
< z §
<

Phase Duration, min

. cells oy
Article
Night Photostimulation of Clearance of Beta-Amyloid from

Mouse Brain: New Strategies in Preventing
Alzheimer’s Disease

Oxana Semyachkina-Glushkovskaya 2*(, Thomas Penzel >, Inna Blokhina 2%, Alexander Khorovodov 2,
Tvan Fedosov 2, Tingting Yu *%, Georgy Karandin %, Arina Evsukova 2, Dariya Elovenko 2, Viktoria Adushkina 2,
Alexander Shirokov >, Alexander Dubrovskii 2, Andrey Terskov 2, Nikita Navoloki; Maria Tzoy 2,




PBM Therapy

2 S S
75 A ’.. . — -

0 days 11-19 days 21 days

2 “E 775000 d 2,
675000 £9
K e *k
575000 S 4 16 Tt
< 475000 £s
2 375000 T 238 10
7] * =0
8 275000 23
1) Sc 51
g 175000 i
g 75000 0
~ @ Shamemice  [EAD mice, night PS Shame mice AD mice+night PS
B AD mice, no PS EAD mice, day PS AD mice, no PS AD mice+day PS
Shame mice AD mice, no PS AD mice + day PS AD mice + night PS

C q" e S

. cells r”ﬁ\py

Article

Night Photostimulation of Clearance of Beta-Amyloid from
Mouse Brain: New Strategies in Preventing

Alzheimer’s Disease

Oxana Semyachkina-Glushkovskaya "*(, Thomas Penzel >3, Inna Blokhina >©, Alexander Khorovodov 2,
Tvan Fedosov 2, Tingting Yu *%, Georgy Karandin %, Arina Evsukova 2, Dariya Elovenko 2, Viktoria Adushkina 2,
Alexander Shirokov *°, Alexander Dubrovskii 2, Andrey Terskov 2, Nikita Navolokin >7(3, Maria Tzoy ?,



PBM Therapy

bt b c 8.00-20.00

Awake+PS

Sleep+PS

@

Dorsal Ventral Dorsal

Ventral

Awake

Awake+ PS

Sleep+PS

n L

Fluorescent signal from AB, a.u.

08

06

04

0.2

p<0.001

p<0.001

g 1
o [~
0 K
&
i % A
Awake Awake+PS Sleep Sleep+PS
cells oy

Article

Night Photostimulation of Clearance of Beta-Amyloid from
Mouse Brain: New Strategies in Preventing

Alzheimer’s Disease

Oxana Semyachkina-Glushkovskaya ">*(%, Thomas Penzel >, Inna Blokhina >©, Alexander Khorovodov 2,

Ivan Fedosov ?, Tingting Yu 3, Georgy Kara ktoria Adushkina 2,
Alexander Shiroko lexander Dubrovsk Maria Tzoy 2,




b

A Olfactory nerve \
Cnbriform o Cnbriform
plate

Olfactory nerve Crista galli plate

PBM Therapy

A
b/

7
Lymphatics "
\\ vessel L pcso'nes/

E pharmaceutics MDPI

Intranasal Delivery of Liposomes to Glioblastoma by
Photostimulation of the Lymphatic System

Oxana Semyachkina-Glushkovskaya '3+

, Alexander Shirokov 23, Inna Blokhina %, Valeria Telnova %,
Elena Vodovozova ¢, Anna Alekseeva ¢, Ivan Boldyrev ¢, Ivan Fedosov %, Alexander Dubrovsky 2,
Alexandr Khorovodov %, Andrey Terskov %, Arina Evsukova , Daria Elovenko %, Viktoria Adushkina 2,
Maria Tzoy %, llana Agranovich 2, Jiirgen Kurth 123 and Edik Rafailov ¢




PBM Therapy

Photostimulation of the Lymphatic System

C 400 : . ~ , d m
. W
— + PPE i
= 80 Cribriform platg ~ Cribriform plate | R
* : ||Photostimulation
~ of lymphatics
= 60 G
20 NN
[ - >
C 40 QLS
pharmaceutics MDPI 2N L/
=1 N
- )
Intranasal Delivery of Liposomes to Glioblastoma by = 20 —
2,
-
-
=

X ».- /¢
Lymphatlics \Z /

vesse

\ Olfactory nerve )

E

o

GBM GBM+laser



S |niernational Journal of
Molecular Sciences

| Submit to this Journal

| Review for this Journal

| Edit a Special Issue

Article Menu

Sleep as a Novel Biomarker and a Promising
Therapeutic Target for Cerebral Small Vessel
Disease: A Review Focusing on Alzheimer’s

Disease and the Blood-Brain Barrier

by (! Oxana Semyachkina-Glushkovskaya 2" & { ! pmitry Postnov ' 80,
@ Thomas Penzel 134 &0 and (! Jiirgen Kurths 1125 &

Activation of clearance of metabolites and
beta-amyloid from the brain

Sleeping brain The opened BBB

Endothelial Tight
cell junctior
opens

=

Astocytes

NREM SWA sleep

EEG N\ \mWA\a\f

0-4 Hz
Delta trythm



International Journal of “
. MDPI
Molecular Sciences =
Rewiew

Brain Waste Removal System and Sleep: Photobiomodulation
as an Innovative Strategy for Night Therapy of Brain Diseases

Oxana Semyachkina-Glushkovskaya **, Ivan Fedosov ?, Thomas Penzel *°, Dongyu Li *°, Tingting Yu *f,
Valeria Telnova ?, Elmira Kaybeleva , Elena Saranceva ?, Andrey Terskov ?, Alexander Khorovodov 2,
Inna Blokhina 2, Jiirgen Kurths 127 and Dan Zhu 46

HEOHEy

b







| ; i B
A &% Ischemic stroke lymphogenesis  Meningeal lymphatics .
Functional
meningeal
lymphatics
EN Arachnoid —
p Subarachaoid |\ 29
Arachnoid £/ , spacomcﬁ)—
granulations \ Vein
Macromolecules

Ventricular system : waé‘tgdp(r)&?;ct o
IR\ N
':\4‘ o Astrocyte —
Cribriform plate ———"_ 74
% §a \

Dural sinuses
Paravascular | Paravascular

CSF influx ISF efflux

Brain perfusion by CSF/ISF
(macromolecule clearance)
Spinal nerves




50000

Neckwrap NW-03B

Size: 500mm x 100mm
9 = Dual chip:635+904nm
Dual chip:810+810nm

Bodywrap LW-03B
Size: 300mm x 200mm
* Dual chip: 635+810nm

0000

Headwrap BW-03B

Size:600mm*100mm
= Dual ¢chip:635+304nm

Dual chip: 810+1064nm

Topwrap TW-03B
Size:200mm*100mm

* Dual chip:635+904nm
Dual chip: 810+1064nm




PBMT set up
Head + Neck + body pads

Schematic of a pad with
various LEDs

904 nm
810 nm

635 nm
1064nm




PBM Therapy

Cribriform

e \ ) Supratrochlear nerve Olfactory bulb plate

Olfactory
External Nasociliary
of anterior | nerve
ethmoidal

Nasopalatine | ¥
nerve

© teachmeanatomy




PBMT SEGMENTAL: Overview

Transcranial
paradigms

ProNeuroLIGHT - Red Light Therapy Devices



https://www.proneurolight.com/

tPBMT & the Brain fluid homeostasis

Head Wrap Neck Wrap Intranasal probes

Dura mater Cribriform plate Olfactory nerve

CSF

Reduce cerebral edema by
enhancing interstitial fluid

Modulati f |
odulation of cerebra drainage from CNS to periphery

autoregulation (e.qg.,

CBF & CSF flow)? and alleviate imminent
' neurodegeneration?

Anatomy of the Arteries Veins and Nerves of the Cervical Neck

Spine Region Stock Photo - Alamy Salehpour et aI 2021



https://www.alamy.com/anatomy-of-the-arteries-veins-and-nerves-of-the-cervical-neck-spine-image7712584.html

Conclusions

« Brain drainage system (glymphatic and meningeal lymphatic)
plays an important role in maintaining water and ion balance
of the ISF and CSF, waste clearance, and reabsorption of
macromolecular solutes.

* A second physiological function includes communication with
the immune system modulating immune surveillance and
responses of the brain.

« PBM of the cranial and the extracranial lymphatics may be a
promising approach for the treatment of brain disorders.



