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3.7.tPBM for Traumatic Brain Injury

TBl is defined as an alteration in brain function or other evidence of brain pathology caused by an
external trauma.?”® The pathophysiology of TBI is highly heterogeneous and complex, including
adverse signaling pathways activation, inflammation, oxidative stress, mitochondrial dysfunction,
and excitotoxic damage. The combination of celtular and physiological disturbances increases the
infarct size, neurological decline, and cognitive impairment. TBI occurs more than 50 million times
annually worldwide, posing a significant burden on socio-economic and healthcare

systems.?* Currently, due to the heterogeneity of TBI and limited understanding of potential
pathophysiological mechanismes, there are no standardized methods or drug treatments.? This
has led to interest in new treatment approaches such as tPBM. Since the 21st century, many
research teams have begun to explore the potential of tPBM as a treatment for acute or chronic TBI.
There have been many positive results (see Table S7 in the Supplementary Material).

Hamblin’s team found that one transcranial, red (660 nm), or NIR (810 nm) laser treatment
performed at 4 h after TBI significantly improved the neurological severity score (NSS) and
decreased the brain lesion volume in moderate-to-severe TBI mouse models.'°? They also
reported that tPBM, when applied during three consecutive days post-TBI, was more effective than
only one irradiation, in improving the motor and memory ability in the TBI mouse model.'® This
reduced the degeneration and apoptosis of neurons in the injured region,’**'% promoting the
neurogenesis, synapse formation, and expression level of BDNF in the dentate gyrus (DG) of the
hippocampus and in the subventricular zone.'**'% However, it was also reported that an excessive
number of tPBM treatments in mice with TBI could temporarily inhibit the process of brain repair,
suggesting that it is important to choose the optimal protocol of tPBM for TBI.'°® Shemesh et al.
found that tPBM (810 nm) regulated the hemodynamics, with reduced cell death and stimulation of
neurogenesis.”™ Wu’s lab found that tPBM (810 nm), combined with energy metabolism regulators
(e.g., lactic acid or pyruvate), more effectively increased ATP levels in the impact cortex and
reduced neuronal damage and neuroinflammation caused by the TBI.'%'* Micci’s team found that
tPBM combined with ultrasound (optoacoustic) treatment effectively mitigated sympathetic
dysfunction, neuroinflammation, and dysregulation of neurogenesis in the blast brain injury mouse
model.2%1¢ Similarly, neuroprotective effects of tPBM for TBI in pre-clinical studies were observed
in the laboratories of Whalan,"2 Marques,™® Oron,"*"* and Zhang."®

Some of the above studies compared therapeutic effects from different light parameters. For
various wavelengths, Reinhart et al. found that tPBM at 660 and 810 nm, but not at 730 or 980 nm,
had neuroprotective effects.'® This can be due to weak light absorption by CCO of 730 and

980 nm."* Regarding the delivery mode, Oron et al. found that the 100-Hz pulsed laser improved
the NSS better than CW and the 600-Hz pulsed laser in a TBI mouse model. The authors speculated
that this phenomenon may be related to the resonance effect between 100-Hz PW laser and brain
waves (such as alpha and theta waves)."™ Also, Ando et al. proposed that a 10-Hz pulsed laser has
more neuroprotective and cognitive improvement effects than a 100-Hz PW laser. This may be
induced by a positive resonance between the 10-Hz PW laser and the electrical activity of neurons
in the hippocampus.’ Both Abookasis and Whalen’s team found that the therapeutic effects of
one tPBM treatment was positively correlated with the energy density within a specific range.'??




In clinical trials, Naeser et al. found that tPBM (at 633 and 870 nm) treatment significantly improved

sleep duration by an average of 1 h in chronic TBI cases,*"* for which poor sleep is a common
complaint. Longo et al. studied acute, hospitalized, moderate TBI cases with magnetic resonance
imaging (MRI) and reported significant differences between MRI-derived diffusion parameters in
white matter tracts between sham versus real LED-treated groups, demonstrating safety and
neuro-reactivity for real tPBM in this population.®* Nawashiro et al. used single-photon emission
computed tomography brain scans, after 73 days of LED (850 nm) tPBM, applied twice a day to the
left and the right forehead areas and reported that the regional CBF (rCBF) increased by 20% in the
left anterior frontal lobe in a severe TBI patient who was in a persistent vegetative state. This was
associated with some new arm movement. In addition, Chao et al. reported that after combining
intranasal plus transcranial PBM (810 nm) treatments for 8 weeks, there was increased brain
volume, improved FC, increased cerebral perfusion, and improved neuropsychological test scores

In conclusion, tPBM for TBI mitigates the death of brain neurons, decreases neuroinflammation,
and improves the self-repair ability of the brain by stimulating synapses formation and proliferation
of nerve cells, demonstrating high potential of tPBM for the clinical treatment of TBI.



Transcranial Photobiomodulation (tPBM)

Transcranial photobiomodulation (tPBM) is a non-invasive therapy that uses
low-intensity red or near-infrared light to stimulate brain cells. It is a form of
photobiomodulation (PBM), which is a broader term for the use of light to
modulate biological processes.

Mechanism of Action

tPBM works by delivering light to the brain through the scalp and skull. The
light is absorbed by mitochondria, which are the energy-producing organelles
within cells. This absorption triggers a cascade of cellular events, including:

Increased mitochondrial function, Reduced inflammation, Improved blood
flow to the brain, and Enhanced neurogenesis (creation of new brain cells).

Potential Benefits
tPBM has been investigated for a variety of potential benefits, including:

« Cognitive enhancement:

Studies have shown that tPBM can improve cognitive function, such as
memory, attention, and processing speed.

» Depression and anxiety:

tPBM may be effective in treating depression and anxiety by increasing
brain metabolism and reducing inflammation.

» Stroke recovery:

tPBM has been used to improve motor function and cognitive abilities
after a stroke.

o Alzheimer's disease:

Studies are ongoing to evaluate the potential of tPBM to slow the
progression of Alzheimer's disease.

« Pain management:
tPBM may provide relief from chronic pain conditions.
Procedure

tPBM is typically administered using a device that emits red or near-infrared
light. The device is placed on the scalp over the area of the brain to be
treated. Treatment sessions usually last between 10 and 30 minutes.

Safety




tPBM is considered a safe and well-tolerated treatment. Side effects are rare
and typically mild, such as headache, dizziness, or skin irritation.

Current Status
tPBM is an emerging therapy that is still under investigation. While promising

results have been observed in preclinical and clinical studies, more research is
needed to establish the long-term safety and efficacy of tPBM



