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Presentation Outline
1. Hypothesis: Transcranial infrared photons dosedependently upregulate cerebral cytochrome
oxidase resulting in neurocognitive enhancement
2. Molecular mechanism: Infrared photo-oxidation of
cytochrome oxidase improves mitochondrial
respiration and oxygen metabolism
3. Neural studies: Human cerebral cytochrome
oxidase, hemodynamics, fNIRS, bbNIRS, qEEG
4. Cognitive studies: Attention and memory tasks
5. Conclusions

Introduction
• Brain cells are highly dependent on oxygen metabolism.
• Transcranial infrared laser stimulation (TILS) is a novel form of
neuromodulation that we have successfully developed to
augment cortical oxygen metabolism and thereby improve
human cognitive functions.
• The molecular target of TILS is the respiratory enzyme
cytochrome oxidase in the mitochondrial electron transport
chain, which reduces oxygen to water during oxidative
phosphorylation to produce metabolic energy.
• Safe and non-invasive TILS uses low power (mW/cm2) and
high fluence (J/cm2) laser at 1064 nm wavelength that has
better penetration into the cerebral cortex.

Key Previous Studies
• 2008, Rojas et al were the first to report that near-infrared light
induces brain metabolic and antioxidant neuroprotection, as
measured by increases in cytochrome oxidase and superoxide
dismutase in rats
• 2012, Rojas et al were the first to report that near-infrared light
increased extinction memory retention and oxygen consumption in
the rat prefrontal cortex
• 2013, Barrett and Gonzalez-Lima reported the first controlled study
of transcranial laser stimulation of attention and memory in
humans
• 2015, Blanco, Maddox and Gonzalez-Lima reported the first
controlled study of transcranial laser stimulation of executive
function in humans
• 2016, Disner, Beevers and Gonzalez-Lima reported the first
controlled study of transcranial laser stimulation as neuroenhancement for attention bias modification in adults with
depression
• 2017, Blanco, Saucedo and Gonzalez-Lima reported the first
controlled study of transcranial laser stimulation of category
learning in humans

Central Thesis
Transcranial infrared laser stimulation (TILS)
of the human prefrontal cortex can augment
cerebral cytochrome oxidase and oxygenation as
a new neuromodulatory approach to improve
neurocognitive functions
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Primary Effects
TILS accelerates CCO catalytic activity:
 Increases rate of O2 consumption
catalyzing formation of H2O
 Produces NO
 Increases ATP production

J.C. Rojas & F. Gonzalez-Lima, 2013

X. Wang et al., 2017

Hormetic dose-response
• Inverted U-shaped, biphasic or bell-shaped curve: in vitro near infrared
photonic stimulation of brain cytochrome oxidase activity with low (0.01 –
10 J/cm2) and inhibition with high (> 10 J/cm2) energy densities, with
peak at 1.2 J/cm2
• Transcranial 1064 nm transmission 5.8% rats (21x), 2% humans (60x)
• Calculation: Rats (1.2x100)/5.8=20.7 J/cm2; Humans (1.2x100)/2=60 J/cm2

CG-5000 Class IV Laser 1064 nm, FDAcleared for pain relief in humans, Cell
Gen Therapeutics, LLC (Dallas, Texas)
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Human brain effects measured with bb-NIRS
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Prefrontal TILS of EEG Power Spectra

The neural studies showed for the first time that TILS increases
resting-state EEG alpha, beta and gamma power, and promotes
more efficient prefrontal BOLD-fMRI response.
X. Wang et al., in press 2017; E. Vargas et al., in press 2017

Parameters for transcranial laser
stimulation of human brain
1.
2.
3.
4.
5.
6.
7.
8.

Wavelength: 1064 nm (CG-5000 laser continuous wave)
Power: 3.4 Watts
Exposure time: 240 sec (4 min) per site
Energy: 816 J/site (Joules) = Power (3.4 Watts) x Time (240 sec)= 816
Beam size: 13.6 cm2 area (4.16 cm diameter)
Irradiance: (“intensity”) 250 mW/cm2 (3,400 mW divided by 13.6 cm2)
power density
Energy density: (“dose”) 60 J/cm2 (0.25 W/cm2 x 240 sec = 60) radiant
exposure or fluence
Transmission: 2% of 1064 nm laser light passed through human frontal
skull, so a peak hormetic dose of 1.2 J/cm2 reaches the cerebral cortex
with these parameters

Cognitive Effects of Acute and Chronic
Transcranial Infrared Laser Stimulation

Attention and Memory Study
• Hypothesis: Transcranial infrared laser stimulation would produce
beneficial effects on prefrontal cortex measures of attention and memory
in individuals 49-90 years old with subjective memory complaint (N = 12).
• Treatment: transcranial laser protocol to right forehead, targeting
prefrontal cortex-based cognitive tasks before and after TILS for 5 weekly
sessions
• Tasks:
1) Sustained Attention: psychomotor vigilance task (PVT)
2) Working Memory: delayed match-to-sample memory task (DMS)
The two tasks were conducted:
• immediately before the first laser treatment (Baseline: week 1),
• immediately after the first laser treatment (Acute: week 1),
• on subsequent weeks after additional laser treatments (Chronic: weeks 2,
3, 4, 5).

Acute and Chronic Cognitive
Improvement After TILS

Baseline vs. 5 weekly sessions (8 minutes each) comparisons of mean cognitive scores all
showed improvements, significant for PVT reaction time (p < 0.001), PVT lapses (p < 0.001),
and DMS correct responses (p < 0.05).
E. Vargas, D. W. Barrett, C. L. Saucedo, L. D. Huang, J. A. Abraham, H. Tanaka, A. P. Haley,
and F. Gonzalez-Lima, submitted 2017
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Improvement of prefrontal
activations after laser stimulation

(a) Multi-channel NIRS probes for prefrontal imaging
(b) Increase of cortical activations in PVT (attention)
(c) Increase of cortical activations in DMS (memory)

Conclusions
• These data imply that transcranial infrared laser
stimulation could be used as a non-invasive and
efficacious approach to increase cerebral cytochrome
oxidase and oxygen metabolism and support
neurocognitive functions in humans.
• This safe and innovative neuromodulatory approach
could lead to the development of non-invasive
interventions in healthy humans and in those in need
of neuropsychological rehabilitation.
• Potential applications: age-related cognitive decline,
attention and memory disorders, brain trauma, brain
ischemia and many other psychological and
neurological disorders with compromised cognition.
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