
Guest Editorial

Is It Time to Consider Photobiomodulation
As a Drug Equivalent?

Tiina Karu, PhD, DrSci

T h e quest ion of wh et h er photobiomodulation should
be used as a drug equivalent arose in my mind after

listening to presentations at the recent conference of the World
Association for Laser Therapy (WALT)-2012 (Gold Cost
City, Australia), and later at home when searching MEDLINE�
for the years 2009–2012. Photobiomodulation (earlier terms: low
level laser therapy, LLLT, laser biostimulation) has been used in
clinical practice for >40 years by now, and its action mechanisms
on cellular and molecular levels have been studied for > 30
years. Enthusiastic medical specialists successfully used pho-
tobiomodulation in treating healing-resistant wounds and
ulcers (e.g., chronic diabetic ulcers), in pain management, and
in spinal cord and nervous system injuries when other meth-
ods had had limited success.1 However, photobiomodulation
is still not a part of mainstream medicine. The goal of the
present Editorial is to highlight some important recent devel-
opments in clinical applications and in studies of cellular and
molecular mechanisms behind the clinical findings.
One of the impressive and perspective challenges for

photobiomodulation is its use in cases of Parkinson’s disease.
Research in recent years evidenced that neuroprotective
treatment with red and near infrared radiation (NIR) pre-
vented mitochondrial dysfunction and dopamine loss in
Parkinson’s disease patients.2 In another set of experiments,
NIR normalized mitochondrial movement and axon trans-
port, as well as stimulating respiration in cytoplasmic hybrid
(‘‘cybrid’’) neurons.3,4 It is important to recall that reduced
axonal transport contributes substantially to the degenera-
tion of neuronal processes in Parkinson’s disease.
Another development in recent years is the successful

stimulation of stem cells with red and NIR radiation. One
example is the treatment of myocardial infarction. The heart
has been considered a post-mitotic organ lacking the capac-
ity for self-renewal after injury. Surprisingly enough, human
cardiac stem cells, in combination with bone marrow mes-
enchymal stem cells, were found to reduce infarct size and
restore cardiac functions after myocardial infarction.5 This
positive effect can even be increased by irradiation of stem
cells. Mesenchymal stem cells were derived from bone
marrow and adipose tissue, and stimulated by irradiation at
k=810 nm. Implantation of irradiated cells into the infarcted
rat heart resulted in an * 50% decrease in cardiac infarct
size.6 An increase in proliferation rates and membrane po-
tential was established after 532 nm irradiation of adipose

tissue-derived stem cells.7 A recent review8 summarized data
about enhancement of the proliferation of various cultured
cell lines, includ ing stem cells, as well as cell lines used for
the production of viral vaccines and hybrid cell lines. The
review8 underlined that photobiomodulation improves the
proliferation of cells w ithout causing any cytotoxic effects.
One has to emphasize that laser therapy shares none of the
risks associated with stem cell therapy, requires no anes-
thesia, and is painless.9 The optimal light parameters in this
review8 were found to be as follows: doses were 0.5–4.0 J/
cm2 and wavelengths ranged from 600 to 700 nm. It is
important to recall that, in this particu lar wavelength
range, two peaks in absorp tion and action spectra con-
nected with activation of cytochrome c oxidase (the pri-
mary photoacceptor for photobiomodulation effects) are
situated .10 The peak at 620 nm belongs to reduced CuA, and
that at 680 nm, to oxid ized CuB atoms in cytochrome c
oxidase molecule.11
The treatment of vitiligo (a depigmentary disorder) re-

mains a challenge for clinical dermatologists. He-Ne laser
irradiation was found to stimulate melanocyte prolifera-
tion.12 The expression of phosphorylated cyclic-adenosine
monophosphate (AMP) response element-binding protein,
an important regulator of melanocyte growth, was upregu-
lated by He-Ne laser treatment. He-Ne laser irradiation im-
parted a growth stimulatory effect on functional melanocytes
via mitochondria-related pathways.12
Irradiation with red light caused gene and noncoding

RNA regulation for photoacceptor protection in the retina.
This finding may open a new challenge for photo-
biomodulation.13
One of the major dose-limiting effects of chemotherapy

drugs is oral mucositis of treated patients. Oral mucositis can
affect up to 100% of patients undergoing high-dose chemo-
therapy and hematopoietic stem cell transplantation. Photo-
biomodulation can improve tissue repair and immune
response in these patients.14
Photobiomodulation has been shown to improve func-

tional outcome after surgical intervention to repair injured
nerves. LED irradiation at 810 nm accelerated functional re-
covery and improved the quality of nerve regeneration after
autograft repair of severely injured peripheral nerves.15
Forehead treatments with NIR reversed major depression

and anxiety.16 Transcranial NIR laser therapy was investigated
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Original Article

Dietary fructose aggravates the
pathobiology of traumatic brain
injury by influencing energy
homeostasis and plasticity

Rahul Agrawal1, Emily Noble1, Laurent Vergnes2, Zhe Ying1,
Karen Reue2 and Fernando Gomez-Pinilla1,3

Abstract
Fructose consumption has been on the rise for the last two decades and is starting to be recognized as being responsible
for metabolic diseases. Metabolic disorders pose a particular threat for brain conditions characterized by energy dys-
function, such as traumatic brain injury. Traumatic brain injury patients experience sudden abnormalities in the control of
brain metabolism and cognitive function, which may worsen the prospect of brain plasticity and function. The mechan-
isms involved are poorly understood. Here we report that fructose consumption disrupts hippocampal energy homeo-
stasis as evidenced by a decline in functional mitochondria bioenergetics (oxygen consumption rate and cytochrome C
oxidase activity) and an aggravation of the effects of traumatic brain injury on molecular systems engaged in cell energy
homeostasis (sirtuin 1, peroxisome proliferator-activated receptor gamma coactivator-1alpha) and synaptic plasticity (brain-
derived neurotrophic factor, tropomyosin receptor kinase B, cyclic adenosine monophosphate response element binding,
synaptophysin signaling). Fructose also worsened the effects of traumatic brain injury on spatial memory, which disruption
was associated with a decrease in hippocampal insulin receptor signaling. Additionally, fructose consumption and traumatic
brain injury promoted plasma membrane lipid peroxidation, measured by elevated protein and phenotypic expression of 4-
hydroxynonenal. These data imply that high fructose consumption exacerbates the pathology of brain trauma by further
disrupting energy metabolism and brain plasticity, highlighting the impact of diet on the resilience to neurological disorders.
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Introduction

The rise in consumption of high caloric foods has trig-
gered a metabolic epidemic such that the number of
diabetic and prediabetic persons in the U.S. is now
estimated at over 40% of the population.1 A high fruc-
tose diet can induce several parameters of metabolic
disease such as reduced sensitivity to insulin and
increased risk factors for cardiometabolic disease in
humans and rodents.2 Furthermore, the deleterious
effects of fructose extend to the brain where neuronal
signaling, which is crucial for supporting brain plasti-
city and function, is compromised.2 These data raise the
question of whether fructose-induced metabolic dys-
function can reduce brain resilience against neuro-
logical disorders. Indeed, a new line of studies in

humans indicates an association between metabolic dis-
ease and disturbances in cognition, emotional health,
and reduced quality of life.3
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Glutamate-induced neuronal death: a succession of necrosis
or apoptosis depending on mitochondrial function.
Ankarcrona M , Dypbukt JM, Bonfoco E, Zhivotovsky B, Orrenius S, Lipton SA, Nicotera P.

Division of Toxicology, Karolinska Institute, Stockholm, Sweden.

Abstract
During ischemic brain injury, glutamate accumulation leads to overstimulation of
postsynaptic glutamate receptors with intracellular Ca2+ overload and neuronal cell death.
Here we show that glutamate can induce either early necrosis or delayed apoptosis in
cultures of cerebellar granule cells. During and shortly after exposure to glutamate, a
subpopulation of neurons died by necrosis. In these cells, mitochondrial membrane
potential collapsed, nuclei swelled, and intracellular debris were scattered in the incubation
medium. Neurons surviving the early necrotic phase recovered mitochondrial potential and
energy levels. Later, they underwent apoptosis, as shown by the formation of apoptotic
nuclei and by chromatin degradation into high and low molecular weight fragments. These
results suggest that mitochondrial function is a critical factor that determines the mode of
neuronal death in excitotoxicity.
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Neurosci Lett. 2017 Aug 24. pii: S0304-3940(17)30695-X. doi: 10.1016/j.neulet.2017.08.048. [Epub ahead of
print]

Beyond the critical point: An overview of excitotoxicity,
calcium overload and the downstream consequences.
Bano D , Ankarcrona M .

German Center for Neurodegenerative Diseases (DZNE), Bonn, Germany. Electronic
address: daniele.bano@dzne.de.
Center for Alzheimer Research, Division of Neurogeriatrics, Department of Neurobiology,
Care Sciences and Society, Karolinska Institutet, Stockholm, Sweden.

Abstract
Over the past several decades, an overwhelming body of research has greatly expanded
our understanding of the mechanisms underlying excitotoxicity in brain ischemia as well as
in many chronic neurodegenerative diseases. The identification of an array of molecular
targets has opened avenues for neuroprotective strategies and, consequently, has sparked
considerable interest for their attractive therapeutic means as pharmacological options. The
purpose of this work is to provide a general overview of neuronal excitotoxicity and the
inevitable downstream consequences of Ca  overload. We also discuss the contribution of
Ca  transporters in excitotoxicity. This article is part of a Special Issue entitled "Calcium
Pumps and Exchangers in Neuronal Injury and Neurodegeneration".

Copyright © 2017 Elsevier B.V. All rights reserved.
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“The Brain’s Exciting Poisons” 

 
“Neurons of the brain rarely regenerate, so each dead neuron is one less 
we have for thinking.” 
 
“One of the fascinating ironies of neuronal life and death is that glutamate, 
the most essential neurotransmitter in the brain, is also one of the biggest 
killers of neurons.” 
 
The brain stores a large quantity of glutamate. “An ominous observation is that 
when you apply [a small excess] amount of glutamate to the outside of 
isolated neurons, they die within minutes.” 
 
“The voracious metabolic rate of the brain demands a constant supply of 
oxygen and glucose” to generate enough ATP to keep the neuron’s 
glutamate and ion pumps working hard. 
 
“If blood flow ceases, as in cardiac arrest [‘stroke, brain trauma, seizures, 
oxygen deficiency,’ and {insulin resistance}], neural activity will stop 
within seconds, and permanent damage will result within a few minutes.” 
 
“Excess glutamate depolarizes neurons, which raises intracellular Ca++ 
which causes still more glutamate to be released.” [feedback loop] 
 
“When glutamate reaches high concentrations, it kills neurons by 
overexciting them, a process called excitotoxicity.” 
 
“The NMDA type of glutamate channel is a critical player in excitotoxicity 
because it is the main route for Ca++ entry.” 
 



 2 
“Neuron damage or death occurs because of stimulation by Ca++ of 
intracellular enzymes that degrade proteins, lipids, and nucleic acids. 
Neurons literally digest themselves.” 
 
“Excitotoxicity has recently been implicated in several progressive 
neurodegenerative diseases, such as amyotrophic lateral sclerosis (ALS, 
also known as Lou Gehrig’s disease, Alzheimer’s disease, and Parkinson’s 
disease.” 
 
“Glutamate receptor antagonists can obstruct these excitotoxic cascades 
and minimize neuronal suicide.” 
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Electromagnetic fields act via activation of voltage-gated calcium
channels to produce beneficial or adverse effects.
Pall ML .

Professor Emeritus of Biochemistry and Basic Medical Sciences, Washington State University,
Portland, OR, USA. martin_pall@wsu.edu

Abstract
The direct targets of extremely low and microwave frequency range electromagnetic fields
(EMFs) in producing non-thermal effects have not been clearly established. However, studies in
the literature, reviewed here, provide substantial support for such direct targets. Twenty-three
studies have shown that voltage-gated calcium channels (VGCCs) produce these and other
EMF effects, such that the L-type or other VGCC blockers block or greatly lower diverse EMF
effects. Furthermore, the voltage-gated properties of these channels may provide biophysically
plausible mechanisms for EMF biological effects. Downstream responses of such EMF
exposures may be mediated through Ca(2+) /calmodulin stimulation of nitric oxide synthesis.
Potentially, physiological/therapeutic responses may be largely as a result of nitric oxide-
cGMP-protein kinase G pathway stimulation. A well-studied example of such an apparent
therapeutic response, EMF stimulation of bone growth, appears to work along this pathway.
However, pathophysiological responses to EMFs may be as a result of nitric oxide-peroxynitrite-
oxidative stress pathway of action. A single such well-documented example, EMF induction of
DNA single-strand breaks in cells, as measured by alkaline comet assays, is reviewed here.
Such single-strand breaks are known to be produced through the action of this pathway. Data on
the mechanism of EMF induction of such breaks are limited; what data are available support this
proposed mechanism. Other Ca(2+) -mediated regulatory changes, independent of nitric oxide,
may also have roles. This article reviews, then, a substantially supported set of targets, VGCCs,
whose stimulation produces non-thermal EMF responses by humans/higher animals with
downstream effects involving Ca(2+) /calmodulin-dependent nitric oxide increases, which may
explain therapeutic and pathophysiological effects.

© 2013 The Author. Journal of Cellular and Molecular Medicine Published by Foundation for
Cellular and Molecular Medicine/Blackwell Publishing Ltd.
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Sci Rep. 2017 Dec 13;7(1):17541. doi: 10.1038/s41598-017-16623-8.

Exposure to Magnetic Field Non-Ionizing Radiation and the Risk of
Miscarriage: A Prospective Cohort Study.
Li DK , Chen H , Ferber JR , Odouli R , Quesenberry C .

Division of Research, Kaiser Foundation Research Institute, Kaiser Permanente, Oakland, CA,
USA. dkl@dor.kaiser.org.
Division of Research, Kaiser Foundation Research Institute, Kaiser Permanente, Oakland, CA,
USA.

Abstract
Magnetic field (MF) non-ionizing radiation is widespread and everyone is exposed to some degree.
This prospective cohort study of 913 pregnant women examined the association between high MF
exposure and miscarriage risk. Cox (proportional hazards) regression was used to examine the
association. After controlling for multiple other factors, women who were exposed to higher MF
levels had 2.72 times the risk of miscarriage (hazard ratio = 2.72, 95% CI: 1.42-5.19) than those
with lower MF exposure. The increased risk of miscarriage associated with high MF was
consistently observed regardless of the sources of high MF. The association was much stronger if
MF was measured on a typical day of participants' pregnancies. The finding also demonstrated that
accurate measurement of MF exposure is vital for examining MF health effects. This study provides
fresh evidence, directly from a human population, that MF non-ionizing radiation could have
adverse biological impacts on human health.
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