Cytokines
“Proteins that control inflammation are called cytokines, and
they regulate every aspect of your biology.”
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Low Level Laser Therapy
Chiropractic Adjustment

The Balancing Act
“Now it’s time to think about your brain and a concept called
proprioception—the deceptively simple notion that you have to know
where the different parts of your body are at all times.”
“Your body is aware of exactly where each limb is in space every second,
because each muscle, tendon, ligament and joint sends thousands of nerve
fibers back to the brain through the spinal cord. Those fibers signal every
nuance gradation of contraction, strength, muscular tone, orientation,
position and movement at every moment of the day.”
“Your brain keeps careful track of the location of every muscle and joint in
you body every second, all day, every day, waiting for you to need the
information.”
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Abstract
INTRODUCTION: Intestinal ischemia and reperfusion (i-I/R) is an insult associated with acute
respiratory distress syndrome (ARDS). Herein we evaluate the dose-response effect of low-level laser
therapy (LLLT) on lung inflammation induced by i-I/R.
METHODS: Mice were subjected to mesenteric artery occlusion (45 min) and killed after clamp
release and intestinal reperfusion (2h). Increasing doses (1, 3, 5 and 7,5 J/cm(2)) of laser irradiation
(660 nm) was carried out on the mice skin over the upper bronchus for 5 min after initiating
reperfusion. Neutrophils activation was determined by myeloperoxidase (MPO) activity. The mRNA
expression and protein concentration of inflammatory mediators IL-1β, IL-6, TNF and IL-10 in lung
were measured by RT-PCR and ELISA, respectively.
RESULTS: With exception of 1J/cm(2), LLLT reduced MPO activity as well as IL-1β levels in the lungs
from inflamed mice. LLLT was also markedly effective in reducing both IL-6 and TNF expression and
levels in the lungs from mice submitted to i-I/R in all laser doses studied. Otherwise, LLLT significantly
increased the protein levels of IL-10 in inflamed mice by i-I/R; however only in the dose of 1J/cm(2).
CONCLUSION: We conclude that the LLLT is able to control the neutrophils activation and
proinflammatorycytokines release into the lungs in a model of i-I/R in mice.
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The biochemical origin of pain: The origin of all
pain is inflammation and the inflammatory
response. Part 2 of 3 – Inflammatory profile
of pain syndromes
Sota Omoigui

*

Division of Inflammation and Pain Research, L.A Pain Clinic, 4019 W. Rosecrans Avenue,
Los Angeles, CA 90250, United States
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Summary Every pain syndrome has an inflammatory profile consisting of the inflammatory mediators that are present
in the pain syndrome. The inflammatory profile may have variations from one person to another and may have
variations in the same person at different times. The key to treatment of Pain Syndromes is an understanding of their
inflammatory profile. Pain syndromes may be treated medically or surgically. The goal should be inhibition or
suppression of production of the inflammatory mediators and inhibition, suppression or modulation of neuronal
afferent and efferent (motor) transmission. A successful outcome is one that results in less inflammation and thus less
pain. We hereby briefly describe the inflammatory profile for several pain syndromes including arthritis, back pain,
neck pain, fibromyalgia, interstitial cystitis, migraine, neuropathic pain, complex regional pain syndrome/reflex
sympathetic dystrophy (CRPS/RSD), bursitis, shoulder pain and vulvodynia. These profiles are derived from basic
science and clinical research performed in the past by numerous investigators and serve as a foundation to be built
upon by other researchers and will be updated in the future by new technologies such as magnetic resonance
spectroscopy. Our unifying theory or law of pain states: the origin of all pain is inflammation and the inflammatory
response. The biochemical mediators of inflammation include cytokines, neuropeptides, growth factors and
neurotransmitters. Irrespective of the type of pain whether it is acute or chronic pain, peripheral or central pain,
nociceptive or neuropathic pain, the underlying origin is inflammation and the inflammatory response. Activation of
pain receptors, transmission and modulation of pain signals, neuro plasticity and central sensitization are all one
continuum of inflammation and the inflammatory response. Irrespective of the characteristic of the pain, whether it is
sharp, dull, aching, burning, stabbing, numbing or tingling, all pain arise from inflammation and the inflammatory
response. We are proposing a re-classification and treatment of pain syndromes based upon their inflammatory profile.
Published by Elsevier Ltd.

* Tel.: +1 310 675 9121; fax: +1 310 675 7989.
E-mail address: medicinechief@aol.com
0306-9877/$ - see front matter Published by Elsevier Ltd.
doi:10.1016/j.mehy.2007.06.033

American Academy of Pain Management
Weiner’s Pain Management
A Practical Guide for Clinicians
Seventh Edition, 2006, pp.584-585
Edited by Mark Boswell and B. Eliot Cole
“Changes in the modern diet are largely responsible for the increasing incidence of
essential fatty acid (EFA) imbalances and deficiencies.”
“The ratio of omega-6 to omega-3 fats has changed dramatically due to the
widespread use of vegetable oils (mostly n-6 fats) in cooking and to the processing
of oils to alter omega-3 fats to improve shelf life and eliminate their stronger taste
(just think of the distinctive tastes of cod liver or flax oil).”
“Historical estimates place the ratio of omega-6 to omega-3 oils at nearly 1:1 for
prehistoric humans.”
By the turn of the century (1900), the ratio had increased to about 4:1.
The current American ratio is about 25:1.
“The sharp rise is due to increased vegetable oil consumption:
from 2 lb. per year in 1909 to 25 lb. per year in 1985!”
“Many of the chronic inflammatory conditions that accompany EFA imbalance are
currently treated with symptom-specific pharmaceutical drugs such as steroids,
prednisone, aspirin, and other nonsteroidal anti-inflammatory drugs (NSAIDs),
sulfasalazine, and colchicine.”
“The problem with such drug therapies is that they prevent the formation of ‘good’
anti-inflammatory eicosanoids, or they shift the production of one type of
eicosanoid to another.”
“For effective, long-term management, eicosanoid production should be modified
through dietary changes (balancing dietary intake of specific fats) and controlling
insulin levels in the circulation.”
“Maintaining a proper balance between the various families of dietary fats may be
one of the most important preventative measures a person can take to reduce the
likelihood of developing one of the chronic diseases of modern civilization, such as
diabetes, heart disease, obesity, irritable bowel syndrome, and autoimmune
disease.”
“And for patients who may already have one of these diseases, EFA testing and
therapy has been demonstrated to reduce both morbidity and mortality associated
with these diseases.”

The Theory of Everything
Michael Pollan
In Defense of Food, 2008
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TIME Magazine: The Secret Killer

This was the cover of Time Magazine back in February 2004. The article explains the link between chronic illness and
inflammation.
Over the past few years we have came across astonishing evidence relating inflammation to chronic dysfunctions to the
endocrine (hormone) system, immune system, and nervous system. Systems are being altered by inflammation causing
abnormal blood chemistry. Over the past few years inflammation has been linked to cancer, heart attacks, Alzheimer’s
Disease, arthritis, inflammatory bowel disease, celiac disease, autoimmune disease, asthma, migraines and many more. When
inflammation becomes chronic the body begins to deteriorate losing the ability to function normally.

Reference: Time Magazine: The Secret Killer, Febuary 2004
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Is Chronic Inﬂammation the Key to
Unlocking the Mysteries of Cancer?
Understanding chronic inflammation, which contributes to heart disease, Alzheimer's and a
variety of other ailments, may be a key to unlocking the mysteries of cancer
Nov 9, 2008 | By Gary Stix

Editor's Note: This story, originally printed
in the July 2007 issue of Scientific
American, is being posted in light of two
new studies showing that angiogenesis
inhibitors, discussed in this article, may
actually make tumors bigger, not smaller.
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More than 500 million years ago a set of
specialized enzymes and proteins evolved to
defend our primitive ancestors against
assaults from the outside world. If a
microbe breached the shell of some
Cambrian-era fauna, the members of this
early vintage immune system would stage a
ESA
savage but coordinated attack on these
interlopers—punching holes in cell walls,
spitting out chemical toxins or simply swallowing and digesting the enemy whole.
Once the invaders were dispatched, the immune battalion would start to heal
damaged cells, or if the attacked cells were too badly damaged it would put them to
rest.
This inflammatory immune response worked so well that many aspects of it have been
preserved during the protracted aeons of evolution. We know this to be true because
studies have found that we share many of the same immune genes as the lowly fruit fly
—and vertebrates and invertebrates diverged from a common ancestor in excess of
http://www.scientificamerican.com/article/chronic-inflammation-cancer/
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Low-Level Laser Therapy Attenuates the
Myeloperoxidase Activity and Inflammatory Mediator
Generation in Lung Inflammation Induced By Gut
Ischemia and Reperfusion: A Dose-Response Study
Flávia Mafra de Lima1, Flávio Aimbire3, Humberto Miranda4, Rodolfo de Paula Vieira2
Ana Paula Ligeiro de Oliveira2, Regiane Albertini2
1Department

of Immunology, University of São Paulo, ICB, Av. Professor Lineu Prestes, 1730, Butantã, São Paulo, SP, Brazil
2Department of Biophotonic, University Nove de Julho, Uninove, Rua Vergueiro, 235, SP, Brazil.
3Unifesp- ICT- Instituto de Ciências e Tecnologia, Rua Talim, 330- Jardim Aeroporto, São José dos Campos, SP, Brazil.
4Federal University Rio de Janeiro, Av. Carlos Chagas Filho, 540, Rio de Janeiro, RJ, Brazil.

Abstract:
Introduction: Intestinal ischemia and reperfusion (i-I/R) is an insult associated with acute
respiratory distress syndrome (ARDS). Herein we evaluate the dose-response effect of low-level
laser therapy (LLLT) on lung inflammation induced by i-I/R.
Methods: Mice were subjected to mesenteric artery occlusion (45 min) and killed after clamp
release and intestinal reperfusion (2h). Increasing doses (1, 3, 5 and 7,5 J/cm 2) of laser irradiation
(660 nm) was carried out on the mice skin over the upper bronchus for 5 min after initiating
reperfusion. Neutrophils activation was determined by myeloperoxidase (MPO) activity. The
IL-10 in lung were measured by RT-PCR and ELISA, respectively.
Results: With exception of 1J/cm2
the lungs from inflamed mice. LLLT was also markedly effective in reducing both IL-6 and
TNF expression and levels in the lungs from mice submitted to i-I/R in all laser doses studied.
Otherwise, LLLT significantly increased the protein levels of IL-10 in inflamed mice by i-I/R;
however only in the dose of 1J/cm2.
Conclusion: We conclude that the LLLT is able to control the neutrophils activation and proinflammatory cytokines release into the lungs in a model of i-I/R in mice.
Keyword: respiratory distress syndrome, Acute; inflammatory mediators; laser therapy; doseresponse; mice.
Please cite this article as follows:
Mafra de Lima F, Aimbire F, Miranda H, Vieira R, Ligeiro de Oliveira AP, Albertini R. Low-Level Laser Therapy Attenuates
the Myeloperoxidase Activity and Inflammatory Mediator Generation in Lung Inflammation Induced By Gut Ischemia and
Reperfusion: A Dose-Response Study. J Lasers Med Sci 2014;5(2):63-70
Corresponding Author: Flávia Mafra de Lima, PhD; Department of Immunology University of São Paulo,Av. Prof. Lineu
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Fax: +55-1130917388 / +55-1130917224;E-mail: mafradelimaf@hotmail.com.

Introduction
Intestinal ischemia/reperfusion (i-I/R) is associated
with induction of systemic inflammatory response,

beyond to present a high prevalence of pulmonary effects,
a fact that may indicate a causal link between mediators
released during systemic inflammation and the pulmonary
dysfunction in acute respiratory distress syndrome
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LLLT and Myeloperoxidase activity
(ARDS) 1. It was shown that neutrophil-endothelial
cell adhesion with consequent neutrophil accumulation
and increasing in vascular permeability might be a ratelimiting step in the pathogenesis of lung injury induced
by intestinal ischemia/reperfusion (i-I/R) 2,3.
There is a marked intestinal and lung inflammation
characterized by increased vascular permeability,
neutrophil influx into the tissues with exacerbated proinflammatory cytokines production. These inflammatory
events are accompanied by a high lethality, which is
remarkably associated with the elevated concentration
4,5
. Several studies have shown the
cooperates with TNF effects during acute and chronic
inflammation 6,7. Moreover, some authors showed that
following i-I/R8,9. Souza et al. showed that neutralization
marked prevention of the reperfusion injury as well as
induction of IL-10 anti-inflammatory cytokine 10. Some
authors have demonstrated that IL-10 attenuates the
pro-inflammatory cytokine production and tissue injury
following ischemia and reperfusion injury 6.
Low-level laser therapy (LLLT) has been used for
the treatment of several inflammatory pathologies 11,12
as well as in experimental models of acute and chronic
inflammation 13,14. Some reports have referred that laser
therapy can interfere positively in order to relieve the
clinical signals and the late and early symptoms of lung
inflammation 15,16. Some authors are focused in which
cellular signalling is responsible for the anti-inflammatory
effects of LLLT in lung and airways disorders. Mafra de
Lima et al. showed that laser irradiation reduces both the
2-adrenoceptor hyporesponsiveness induced by TNF17. In another study, we
showed that LLLT acts as cAMP-elevating agent similarly
to PDE inhibitor (rolipram) in a model of ARDS in rats 18.
Regarding the i-I/R model of ARDS, we have found
a dual effect of LLLT on the acute lung inflammation
increasing in the IL-10 concentration19. Furthermore, we
also demonstrated that LLLT restores the oxidative stress
balance in acute lung injury induced by gut ischemia
and reperfusion 18.
Since that several studies demonstrate that LLLT
presents beneficial effects in clinical trials for treatment
of allergic lung disease as well as in experimental model
of acute lung inflammation, and considering the lack
of studies investigating the effects of different doses of
laser in lung diseases, the present study was designed to
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investigate the effects of 1, 3, 5 and 7,5 J/cm2 of 660nm
laser on the lung inflammatory response in a model of
ARDS induced by intestinal ischemia and reperfusion
in mice.

Methods
Animals
C57/Bl6 mice (n=28 animals) were randomly allocated
into 4 groups. All animal care was in accordance with
the guidelines of the Nove de Julho University for
animal care. The experiments were carried out on
female mouse weighting 20-22 g each, maintained under
standard conditions of temperature (22-25°C), relative
humidity (40-60%) and light/dark cycle with access to
food and water ad libitum. The animals were provided
by the Central Animal House of the Nove de Julho
University. All mice were placed in a common box and
divided randomly into 4 groups of seven animals (n=7)
each.

Intestinal Ischemia/Reperfusion (I-I/R) Mouse
Model
Mice were pre-anaesthetized with acepromazine (0.1
mg.kg-1) and anesthetized with chloridrate of zolazepam
(0.1 mg.kg-1) + Tiletamine Chloridrate (0.1 mg.kg-1).
Laparotomy was done under anaesthesia and then the
mice were submitted to occlusion of superior mesenteric
artery with a microsurgical clip (Vascu-statt no 1001-531;
Scalan International, St. Paul, MN, USA) during 45 min,
as described by Cavriani et al.3 After the occlusion period,
the clip was removed and the intestinal perfusion was
re-established. The animals were sacrificed under deep
anaesthesia 2 hours after reperfusion by exsanguination
via abdominal aorta.

Laser Irradiation
A 660 nm laser diode (MM Optics, CW diode laser,
São Carlos, SP) with an output power of 30 mW and
0.08 cm2 of spot size was employed. The optical power
was calibrated utilizing a Newport Multifunction Optical
Meter model 1835C. The stability of laser during the laser
irradiation was measured collecting light with a partially
reflecting surface (4%).The dose of laser irradiation was
(1, 3, 5, 7.5 J/cm2), applied punctually at half an hour
after the beginning of reperfusion. All animals received
laser punctually on the skin in direction of the bronchus.
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Statistical Analysis
Statistical differences were evaluated by analysis
of variance (ANOVA) and Tukey-Kramer Multiple
Comparisons Test to determine differences between
groups. The results were considered significant when
p<0.05.

i-I/R in comparison with basal group. Otherwise, the
LLLT reduced both the mRNA expression and the
protein concentration of pro-inflammatory mediators in
doses of 3, 5 and 7.5 J/cm2 evaluated 2 h after initial of
reperfusion. Except for the dose of 1 J/cm2, the LLLT
in lung from mice submitted to i-I/R. On the contrary,
the dose of 1 J/cm2 provoked a profound reduction in

Results
LLLT on Myeloperoxidase Activity
The Figure 1 illustrates neutrophils activation
measured through MPO activity in the lungs for all mice
of all experimental groups. It shows that i-I/R induces a
marked increase in MPO content in lung homogenates
in comparison with mice from basal group. Except for
the dose of 1J/cm2, the rise in lung MPO activity was
significantly attenuated after laser therapy at doses of
3, 5 and 7.5 J/cm2. Of note, laser irradiation on basal
group did not affect MPO activity when compared with
basal group non-irradiated.

LLLT on Pro- and Anti- Inflammatory
Mediators

Discussion

The Figure 2 shows the gene activation (2A, 2C,
2E) and protein concentration (2B, 2D, 2F, 2G) of prothe anti-inflammatory mediator IL-10 in lung homogenate
by assessing mRNA expression and ELISA technique,
respectively. As shown in Figure 2 there was a marked
increase in mRNA expression as well as in protein level
of all inflammatory mediators studied in response to

Figure 1. Effect of LLLT on MPO Content in Lung Tissue after i-I/R.
Mice were treated with laser 1 hour after the beginning of i-I/R. MPO
activity was measured in lung homogenates 2 hours after i-I/R to
identify the neutrophils recruitment. Data expressed as mean±SEM
of 7 animals. The significant results when P<0.05.
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presented a dose-dependent response. Regarding to antiinflammatory protein IL-10, the Figures 2G illustrate that
the i-I/R provoked a significant increase in IL-10 protein
level in lung of mice from i-I/R group when compared
with basal group. The Figure 2G represent also a LLLT
dual effect on IL-10 since that the dose of 1 J/cm2 caused
a significant rise of IL-10 higher than levels found in
mice subjected to i-I/R; Otherwise, 7.5 J/cm2 reduced
the IL-10 concentration when compared with mice from
i-I/R group. It is observed that laser irradiation on basal
group did not affect mRNA expression neither the protein
concentration of pro- and anti- inflammatory mediators
when compared with basal group.

The present study reports by the first time the effects
of different doses of LLLT on pulmonary inflammation
in an ARDS model induced by intestinal I/R in mice.
Once again, we showed the anti-inflammatory effects
of laser applied only for few minutes in a non-invasive
manner modulating neutrophils activation and the proand anti- inflammatory cytokines expression in the lungs.
Some authors have reported the laser therapy presents
beneficial effects for the treatment of asthmatic patients
22
, pleurisy 23, chronic bronchitis 24, tuberculosis 25.
Some authors have evidenced that LLLT acts on the
bronchial hyperreactivity and on the lung inflammation
by a cellular mechanism that involved the reduction of
cellular migration as well as the release of inflammatory
mediators through activation of transcription factors, as
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB), for instance 26,17,27,19,18.
In the present study, our results showed that after i-I/R
there was a significant augment of neutrophils influx into
the lung tissue since the MPO activity was increased, and
that LLLT significantly reduced the MPO activity. These
results evidenced the participation of neutrophils and their
role in the development of i-I/R, which is in agreement
with Souza et al.28. According to Soares et al, Toll-like
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(3, 5, and 7.5 J/cm2), although in some situations the
lowest and the highest dose were not effective to inhibit
the inflammatory mediators. On the contrary, we observe
that only the dose of 1J/cm2 was effective to increased
IL-10 levels and mRNA expression in i-I/R group.
A depiction from Arndt Schulz model illustrates a
possible dose “sweet spot” at the target tissue. This law
suggests that insufficient power density or too short time
exposition will result in no effect on the pathological
process and, that too much power density and / or long
time exposition may have inhibitory effects, requiring
studies aiming to obtain the best time and dose for the
different organs, tissues and pathologies.
In experimental model of oral mucositis in hamsters
treated using 660-nm laser at two different irradiances
(55 mW/cm2 during 16 seconds per point or 155 mW/
cm2 during 6 seconds per point) 29, the authors reported
reduced severity of clinical mucositis and lower
expression of COX-2 for 55 mW/cm2 group, while for155
mW/cm2 group, no beneficial effects was observed. In
another condition, other authors compared the effects of
delivering 5 J/cm2 of 670-nm laser at different power
densities on wound tensile strength in a rat model. They
found that 670 nm laser achieved a significant effect
using 4mW/cm2 applied for 20 min but that this effect
was lost if the same 5 J/cm2 fluence was delivered at 15
mW/cm2 for 5 min 30.
Based on i-I/R-acute lung inflammation, we have
previously demonstrated that LLLT reduces the protein
concentration of TNF in lung homogenates. This indicates
that LLLT is truly efficient in reducing this powerful
pro-inflammatory cytokine 19. In the present study we
observed that TNF at mRNA expression and / or protein
levels was increased after i-I/R and that LLLT was
effective in reducing its expression and levels. Following
prolonged (120-min) ischemia of the vascular territory
irrigated by the superior mesenteric artery, there is a
marked pro-inflammatory cytokine production. These
inflammatory events are accompanied by a high degree
of lethality, which is remarkably associated with the
serum concentration of TNF 5.
i-I/R, in the present study we evidenced that LLLT reduced
in doses of 3, 5 and 7.5 J/cm2 when compared with i-I/R
group. Was also observed that the most effective dose
2
. Related to expression
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cascade of events leading to TNF production and TNF
mediated injury-I/R. To this end, two strategies were
protein using anti-IL-1 antiserum and administration
of IL-1ra, a natural antagonist of IL-1 5. The results
have shown that both strategies were associated with an
overall enhancement of tissue injury, pro-inflammatory
cytokine expression, and lethality, suggesting a pivotal
implicated in the expression of cell adhesion molecules
and neutrophil influx following ischemia and reperfusion
injury 6, 7, reinforcing its role in inflammatory processes
Concerning the effects of IL-6 in models of i-I/R, some
authors have shown that the levels of IL-6 are extremely
elevated following i-I/R injury, pointing out the value
of IL-6 on the pathophysiology of i-I/R-induced ARDS
28
. The profile of circulating levels of IL-6 has been
considered as a marker of severity of gastrointestinal
inflammatory trauma 31. In addition, serum levels of IL-6
and IL-10 were reported as biomarkers of mortality of
patients upon pneumonia after hospital discharge 32. IL-6
is one of the most important mediators of fever and in
ARDS high plasma and BALF levels are predictive of
poor outcomes of the disease. Though IL-6 can activates
both pro and anti-inflammatory pathways, while in early
phase of ARDS IL-6 is correlated with a pro-inflammatory
profile with increased levels seen in response to LPS
and i-I/R 33. Herein, we showed that the treatment with
laser irradiation was effective to reduce the IL-6 protein
concentration as well as the mRNA expression in lung
homogenates in all doses studied (1, 3, 5 and 7.5 J/cm2),
while the most effective dose was 3 and 5 J/cm2.
IL-10 is an anti-inflammatory cytokine 34, 35 that inhibits
and TNF) from monocytes/macrophages, thus preventing
subsequent tissue damage 20,36. These findings highlighted
the potential importance of the imbalance between proinflammatory and anti-inflammatory cytokines in acute
lung inflammation, which is corroborated by the ratio
of IL-10 and TNF in the lung. Our results showed that
LLLT significantly induced an increased in the expression
and in the levels of IL-10 in animals subjected to i-I/R,
reinforcing its anti-inflammatory role. These results are
in agreement with those reported by Souza and Teixeira
that evidenced that LLLT increases the levels of IL-10 in
animals submitted to severe i-I/R 37. Other authors reported
also that LLLT acts as anti-inflammatory mediator by
reducing the classical features of tendinitis by increasing
the IL-10 concentration in inflamed tissue 14. These
results are interesting due to the fact that, as previously
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reported herein, the presence of TNF in conditions of
inflammation leads to an increase of IL-10. Moreover,
most of the studies using animal models recognize that
the rise of TNF is ordinarily accompanied by increasing
of IL-10 38. Our results corroborates with these authors,
since it was observed that TNF as well as IL-10 increased
4 h after reperfusion. This concomitant increase in TNF
and IL-10 is accredited to be a counterbalancing effect
of the system aiming to inhibit the deleterious effect of
TNF. Therefore, our results support the beneficial effect
of LLLT in i-I/R injury accounting the participation of
IL-10, at least as part of the mechanisms involved.
Finally, our results evidenced that LLLT control the
acute lung inflammation by reducing the neutrophils
activation as well as the generation of pro-inflammatory
mediators. Moreover we showed that LLLT has protective
effect on lung inflammation via increase of IL-10.
Therefore, the LLLT attenuates the i-I/R-induced acute
lung inflammation by modulating the release of proand anti-inflammatory cytokines. In addition, the present
study demonstrated for the first time that several LLLT
doses may be effective to reduce i-I/R-induced acute
lung inflammation.

References
1. Van Soeren MH, Diehl-Jones WL, Maykut RJ, Haddara
WM. Pathophysiology and implications for treatment of
acute respiratory distress syndrome. AACN Clin Issues
2000;11:179-97.
2. Kuzu MA, Köksoy C, Kuzu I, Gürhan I, Ergün H, Demirpence
E. Role of integrins and intracellular adhesion molecule-1
in lung injury after intestinal ischemia reperfusion. Am J
Surg 2002; 183:1: 70-4.
3. Cavriani G, Oliveira-Filho RM, Trezena AG, da Silva ZL,
Domingos HV, de Arruda MJ, et al. Lung microvascular
permeability and neutrophil recruitment are differently
regulated by nitric oxide in a rat model of intestinal ischemiareperfusion. Eur J Pharmacol 2004;494: 241–9.
4. Carden DL, Granger DN. Pathophysiology of ischemia
reperfusion injury. J Pathol 2000; 190:255.
5. Souza DG, Mendonça VA, de A Castro MS, Poole S, Teixeira
MM. Role of tachykinin NK receptors on the local and remote
injuries following ischemia and reperfusion of the superior
mesenteric artery in the rat. Br J Pharmacol 2002;135:303.
6. Yamamoto S, Tanabe M, Wakabayashi G, Shimazu M,
Matsumoto K, Kitajima M. The role of tumor necrosis
factor alpha and interleukin-1 beta in ischemia reperfusion
injury of the rat small intestine. J Surg Res 2001; 99:134.
7. Feldmann M, Brennan FM, Foxwell BM, Maini RN. The
role of TNF-alpha and IL-1 in rheumatoid arthritis. Curr
Dir Autoimmun 2001;3:188.
8. Koga S, Ogawa S, Kuwabara K, Brett J, Leavy JA, Ryan J,

et al. Synthesis and release of interleukin 1 by reoxygenated
human mononuclear phagocytes. J Clin Invest 1992;90:1007.
9. Suzuki K, Murtuza B, Smolenski RT, Sammut IA, Suzuki
N, Kaneda Y, et al.Overexpression of interleukin-1 receptor
antagonist provides cardioprotection against ischemia
reperfusion injury associated with reduction in apoptosis.
Circulation 2001; 104:I308-I3
10. Souza DG, Guabiraba R, Pinho V, Bristow A, Poole S,
Teixeira MM. IL-1 driven endogenous IL-10 production
protects against the systemic and local acute inflammatory
response following intestinal reperfusion injury. J Immunol
2003; 170:4759-66.
11. Bjordal JM, Johnson MI, Iversen V, Aimbire F, LopesMartins RA. Low level laser therapy in acute pain: a systemic
review of possible mechanisms of action and clinical effects
in randomized placebo-controlled trials. Photomed Laser
Surg 2006; 24:2,158-68.
12. Chow RT, Johnson MI, Lopes Martins RA, Bjordal JM.
Efficacy of low level laser therapy in the management
of neck pain: a systematic review and meta analysis of
randomised placebo or active treatment controlled trials.
Lancet 2009; 374 (9705): 1897-1898.
13. Albertini R, Aimbire FS, Correa FI, Ribeiro W, Cogo JC,
Antunes E, et al. Effects of different protocol doses of
low power gallium-aluminum arsenate (Ga-Al-As) laser
radiation (650nm) on carrageenan induced rat paw oedema.
J Photochem Photobiol B 2006; 74:2-3,101-7.
14. Xavier M, David DR, de Souza RA, Arrieiro AN, Miranda
H, Santana ET, et al. Anti inflammatory effect of low level
light emitting diode therapy on Achilles tendinitis in rats.
Lasers Surg Med 2010; 42:6:553-8.
15. Landyshev IuS, Avdeeva NV, Goborov ND, Krasavina NP,
Tikhonova GA, Tkacheva SI. Efficacy of low intensity laser
irradiation and sodium nedocromil in the complex treatment
of patients with bronchial asthma. Ter Arkh 2002; 74:3:25-8.
16. Nikitin AV, Esaulenko IE, Shatalova OL. [Effectiveness of
laser puncture in elderly patients with bronchial asthma].
Vopr Kurortol Fizioter Lech Fiz Kult 2008; 6:38-9. Russian
17. de Lima FM, Costa MS, Albertini R. Silva Jr JA, Aimbire F.
Low level laser therapy (LLLT): Attenuation of cholinergic
hyperreactivity, beta adrenergic hyporesponsiveness and
TNF alpha mRNA expression in rat bronchi segments in
E. coli Lipopolysaccharide- induced airway inflammation
by a NF-KB dependent mechanism. Lasers Surg Med
2009; 41:68-74.
18. de Lima FM, Vitoretti L, Coelho F, Albertini R, BreithauptFaloppa AC, de Lima WT, et al. Suppressive effect of low
level laser therapy on tracheal hyperresponsiveness and
lung inflammation in rat subjected to intestinal ischemia
and reperfusion. Lasers Med Sci 2013; 28:2,551-64.
19. de Lima FM, Villaverde AB, Albertini R, Corrêa JC,
Carvalho RL, Munin E, et al. Dual effect of low level laser
therapy (LLLT) on the acute lung inflammation induced by
intestinal ischemia and reperfusion: Action on anti and pro
inflammatory cytokines. Lasers Surg Med 2011; 43:410-20.
20. Seitz M, Loetscher P, Dewald B, Towbin H, Gallati H,
Baggiolini M. Interleukin-10 differentially regulates
cytokines inhibitor and chemokines release from blood

Journal of Lasers in Medical Sciences Volume 5 Number 2 Spring 2014

69

Review Article

Biological Effects of Low Level Laser Therapy
Shirin Farivar 1, Talieh Malekshahabi 1, Reza Shiari 2
1Department

of Genetics, Faculty of Biological Science, Shahid Beheshti University (GC), Tehran, Iran
Pediatrics, Shahid Beheshti University of Medical Sciences, Tehran, Iran

2Departmentof

Abstract:
The use of low level laser to reduce pain, inflammation and edema, to promote wound, deeper
tissues and nerves healing, and to prevent tissue damage has been known for almost forty years
since the invention of lasers. This review will cover some of the proposed cellular mechanisms
responsible for the effect of visible light on mammalian cells, including cytochrome c oxidase
(with absorption peaks in the Near Infrared (NIR)). Mitochondria are thought to be a likely
site for the initial effects of light, leading to increased ATP production, modulation of reactive
oxygen species, and induction of transcription factors. These effects in turn lead to increased
cell proliferation and migration (particularly by fibroblasts).
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Introduction
Lasers (Light amplification by stimulated emission
of radiation) are devices that typically generate
electromagnetic radiation which are relatively uniform in
wavelength, phase, and polarization, originally described
by Theodore Maiman in 1960 in the form of a ruby laser 1.
Laser is described as a source of light or radiation
energy 2. Low Level Laser (LLL) is a special type of
laser that effects on biologic systems through non-thermal
means 3. This area of investigation started with the work
of Mester et al in 1967. They reported non-thermal effects
of lasers on mouse hair growth 4.
According to Posten et al, properties of low level
lasers are:
a) Power output of lasers being 0.001- 0.1 Watts.
b) Wave length in the range of 300-10,600 nm.
c) Pulse rate from 0, meaning continuous to 5000
Hertz (cycles per second).
d) Intensity of 0.01-10 W/cm2 and dose of 0.01 to
100 J/ cm2 5.
Most common methods of administration of LLL
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radiation include lasers such as ruby (694 nm), Ar (488
and 514 nm), He-Ne (632.8 nm), Krypton (521, 530,
568, and 647 nm), Ga-Al-As (805 or 650 nm), and GaAs (904 nm) 3.
Low Level Laser therapy (LLLT) is the application of
light to a biologic system to promote tissue regeneration,
reduce inflammation and relieve pain. Unlike other
medical laser procedures, LLLT does not have an ablative
or thermal mechanism, but rather a photochemical effect
which means the light is absorbed and cause a chemical
change 6. The reason why the technique is termed low
level is that the optimum levels of energy density delivered
are low and it is not comparable to other forms of laser
therapy as practiced for ablation, cutting, and thermal
tissue coagulation 7.
The first law of photobiology explains that for a
low power visible light to have any effect on a living
biological system, the photons must be absorbed by
electronic absorption bands belonging to some molecular
photo-acceptors, which are called chromophores 8. The
effective tissue penetration of light at 650 nm to 1200
nm is maximized. The absorption and scattering of
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light in tissue are both much higher in the blue region
of the spectrum than the red, because the main tissue
chromophores (hemoglobin and melanin) have high
absorption bands at shorter wavelengths and tissue
scattering of light is higher at shorter wavelengths. Water
strongly absorbs infrared light at wavelengths greater
than 1100 nm. Therefore, the use of LLLT in animals and
patients almost exclusively utilizes red and near-infrared
light (600-1100 nm) 9.

reverse this inhibition by photodissociating NO from
its binding sites 17, 18. Because this coordinate binding
is much weaker than a covalent bond, this dissociation
is possible by LLL. The dissociation of NO from Cox
increases the respiration rate 18. Light can indeed reverse
the inhibition caused by NO binding to cytochrome
oxidase, both in isolated mitochondria and in whole
cells 19. LLL can also protect cells against NO-induced
cell death 7.

Mitochondrial Respiration and ATP

Reactive Oxygen Species (ROS) and Gene
Transcription

Current research about the mechanism of LLLT
involves mitochondria 6. Cytochrome c oxidase (Cox)
is a multicomponent membrane protein that contains
a binuclear copper center (CuA) along with a heme
binuclear center (a3-CuB), both of which facilitate the
transfer of electrons from water soluble cytochrome c
oxidase to oxygen. It is a terminal enzyme of the electron
transport chain and plays a vital role in the bioenergetics
of a cell 11. It was proposed that Cox is the primary
photoacceptor for the red-NIR range in mammalian cells
because absorption spectra obtained for Cox in different
oxidation states was found to be very similar to the action
spectra for biological responses to light 10.
The absorption of photons by Cox leads to electronically
excited states, and consequently can lead to quickening
of electron transfer reactions 12. More electron transport
necessarily causes increased production of ATP 13.
The light induced increase in ATP synthesis and
increased proton gradient lead to an increasing activity
of the Na+/H+ and Ca2+/Na+ antiporters, and of all the
ATP driven carriers for ions, such as Na+/K+ ATPase and
Ca2+ pumps. ATP is the substrate for adenylcyclase, and
therefore the ATP level controls the level of cAMP. Both
Ca2+and cAMP are very important second messengers.
Ca2+ regulates almost every process in the human body
(muscle contraction, blood coagulation, signal transfer
in nerves, gene expression, etc…) 7. Therefore the
photoactivation of terminal enzymes, like Cox, plays
a vital role in the activation of the diverse biological
cascade observed subsequently to laser irradiation.

Nitric Oxide and LLLT
The activity of cytochrome c oxidase is inhibited by
nitric oxide (NO) 14, 15. This inhibition can be explained by
a direct competition between NO and O2 for the reduced
binuclear center CuB/a3 of cytochrome c oxidase, and is
reversible 16. It was proposed that laser irradiation could

LLLT was reported to produce a shift in overall cell
redox potential in the direction of greater oxidation 20 and
increased ROS generation and cell redox activity have
been reported 21,22,23,24,25. It has been proposed that the
redox state of a cell regulates cellular signaling pathways
that control gene expression. Modulation of the cellular
redox state can activate or inhibit signaling pathways 11.
Several regulation pathways are mediated through the
cellular redox state. Changes in redox state induce the
activation of numerous intracellular signaling pathways,
such as nucleic acid synthesis, protein synthesis, enzyme
activation and cell cycle progression 26.
These cytosolic responses may induce transcriptional
changes. Several transcription factors have been
recognized to regulate by changes in cellular redox state.
Among them redox factor-1 (Ref-1)-dependent activator
protein-1 (AP-1) (Fos and Jun), nuclear factor B (NFB), p53, activating transcription factor/cAMP-response
element-binding protein (ATF/ CREB), hypoxia-inducible
factor (HIF)-1 and HIF-like factor are the most important
factors 7.
Based on the ability of LLLT to modulate cellular
metabolism and alter the transcription factors responsible
for gene expression, it has been found to alter gene
expression 27.

LLL & Gene Expression
The gene expression profiles of human fibroblasts
irradiated by low-intensity red light show that the
irradiation can affect the expression of many genes that
belong to different function categories 36. Irradiation of
LLL stimulates cell growth directly through regulation of
the expression of genes related to cell proliferation and
indirectly through regulation of the expression of genes
related to cell migration and remodeling, DNA synthesis
and repair, ion channel and membrane potential, and cell
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metabolism. Irradiation by red light also enhances cell
proliferation by suppression of cell apoptosis 36. Table 1
shows some of these genes.

The Usage of LLLT
The temporomandibular disorders (TMDs) have been
identified as the most important cause of pain in the facial
region. Low Level laser therapy (LLLT) has demonstrated
to have analgesic, anti-inflammatory and biostimulating
effects. The LLLT is a noninvasive, quick and safe, nonpharmaceutical intervention that may be beneficial for
patients with TMDs 37.
Another study proposed a novel combination of
neural regeneration techniques for the repair of damaged
peripheral nerves. A biodegradable nerve conduit
containing genipin-cross-linked gelatin was annexed
using beta-tricalcium phosphate (TCP) ceramic particles
(genipin-gelatin-TCP, GGT) to bridge the transection
of a 15mm sciatic nerve in rats. Electrophysiological
measurements (peak amplitude and area) illustrated

by compound muscle action potential (CMAP) curves
demonstrated that laser stimulation significantly
improved nerve function and reduced muscular
atrophy. Histomorphometric assessments revealed that
laser stimulation accelerated nerve regeneration over a
larger area of neural tissue, resulting in axons of greater
diameter and myelin sheaths of greater thickness than
that observed in rats treated with nerve conduits alone 38.

Summary
The molecular and cellular mechanisms of LLLT
suggest that photons are absorbed by the mitochondria.
They stimulate more ATP production and low levels of
ROS, which then activates transcription factors, such
as NF-κB, to induce many gene transcript products
responsible for the beneficial effects of LLLT. ROS are
well known to stimulate cellular proliferation of low
levels, but inhibit proliferation and kill cells at high
levels. Nitric oxide is also involved in LLLT, and may
be photo-released from its binding sites in the respiratory

Table 1. The effects of LLL on gene expression.
Name of genes
Mitogen-activated protein
kinase 11 (MAPK11)
Breakpoint cluster region
(BCR)

Role
Proliferation
Proliferation

Change
Mechanism
Up-regulation Isoform of the p38 MAPK, which signaling pathway is involved in
fibroblast growth factor2 induced proliferation28
upregulation A GTPase-activating protein for Ras-related C3 botulinum toxin
substrate 1 (RAC1) and Cell division control protein 42(CDC42)
that promotes the exchange of RAC- or CDC42- bound GDP by
GTP. Active RAC1 and CDC42 can suppress p21, leading to the
upregulation of BCR gene, which can enhance cell growth29

Platelet derived growth
factor C (PDGF-C)

Proliferation

upregulation

Serum response factor

Proliferation

Cullin 1

Prevent
Proliferation

Heat shock 70kD protein
1A Caspase 6 Stress
induced-phosphoprotein 1
NADH dehydrogenase
(ubiquinone) 1 beta
subcomplex, 2
ATP synthase, H
þ transporting,
mitochondrial F0
complex, subunitd
Electron-transferflavoprotein, beta
polypeptide

60

Apoptosis

Energy metabolism
and respiratory
chain
Energy metabolism
and respiratory
chain
Energy metabolism
and respiratory
chain

A member of the PDGF/vascular endothelial growth factor family and
its upregulation can induce mitogenic activity on several mesenchymal
cell types30
upregulation It contributes to mitogen-stimulated transcriptional induction of many
immediate-early genes during the G0-G1 cell cycle transition and is
also essential for cell cycle progression31
downregulation The downregulated gene cullin 1 is an inhibitory regulator of the
cell cycle. Cullin 1 is required for developmentally programmed
transitions from the G1 phase to the G0 phase of the cell cycle or the
apoptotic pathway, the mutation of which leads to the acceleration of
G1 to S phase progression32
downregulation Apoptpsis

upregulation

It is one of the peptides of mitochondria respiratory complex I that
transfer electrons from NADH to the respiratory chain33

upregulation

ATP5H belongs to the respiratory complex V (F1F0 -ATPase assembly),
which catalyzes ATP synthesis34

upregulation

Electron-transfer-flavoprotein b polypeptide (ETFB) is a subunit of ETF
that serves as a specific electron acceptor for several dehydrogenases
including acyl-CoA dehydrogenases that function in fatty acid b
oxidation35
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chain and elsewhere. It is possible that NO release in low
amounts by low dose light may be beneficial.
Further advances in the mechanistic understanding
of LLLT will continue to be made in the near future.
These advances will lead to greater acceptance of LLLT
in main- stream medicine and may lead to LLLT being
used for serious diseases such as stroke, heart attack and
degenerative brain diseases.
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Abstract
GOAL OF WORK: The aim of this study was to investigate the mechanisms whereby
low-intensity laser therapy may affect the severity of oral mucositis.
MATERIALS AND METHODS: A hamster cheek pouch model of oral mucositis was used with all
animals receiving intraperitoneal 5-fluorouracil followed by surface irritation. Animals were
randomly allocated into three groups and treated with a 35 mW laser, 100 mW laser, or no laser.
Clinical severity of mucositis was assessed at four time-points by a blinded examiner. Buccal
pouch tissue was harvested from a subgroup of animals in each group at four time-points. This
tissue was used for immunohistochemistry for cyclooxygenase-2 (COX-2), vascular endothelial
growth factor (VEGF), and factor VIII (marker of microvessel density) and the resulting staining
was quantified.
MAIN RESULTS: Peak severity of mucositis was reduced in the 35 mW laser group as compared
to the 100 mW laser and control groups. This reduced peak clinical severity of mucositis in the 35
mW laser group was accompanied by a significantly lower level of COX-2 staining. The 100 mW
laser did not have an effect on the severity of clinical mucositis, but was associated with a
decrease in VEGF levels at the later time-points, as compared to the other groups. There was no
clear relationship of VEGF levels or microvessel density to clinical mucositis severity.
CONCLUSION: The tissue response to laser therapy appears to vary by dose. Low-intensity
laser therapy appears to reduce the severity of mucositis, at least in part, by reducing COX-2
levels and associated inhibition of the inflammatory response.
PMID: 19234862 [PubMed - indexed for MEDLINE]
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Author information
Abstract
Abstract Objective: The aim of this study was to evaluate the effect of low-level laser therapy (LLLT)
operating at low and high fluences on joint inflammation, fibroblast-like synoviocytes (FLS), and
synovial apoptosis in rats with adjuvant-induced arthritis.
BACKGROUND DATA: Rheumatoid arthritis (RA) is characterized by pronounced inflammation and
FLS proliferation within affected joints. Certain data indicate that LLLT is effective in patients with
inflammation caused by RA; however, the fluence effects of LLLT on synovium are unclear.
METHODS: Monoarthritis was induced in adult male Sprague-Dawley rats (250-300 g) via
intraarticular injection of complete Freund's adjuvant (CFA) into the tibiotarsal joint. Animals were
irradiated 72 h after CFA administration with a 780 nm GaAlAs laser at 4.5 J/cm(2) (30 mW, 30
sec/spot) and 72 J/cm(2) (80 mW, 180 sec/spot) daily for 10 days. After LLLT, the animals were
euthanized and their arthritic ankles were collected for histopathological analysis, immunoassays of
tumor necrosis factor (TNF)-α, matrix metallopeptidase (MMP)3 and 5B5, and terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assays.
RESULTS: LLLT at a fluence of 4.5 J/cm(2) significantly reduced infiltration of inflammatory cells and
expressions of TNF-α-, MMP3- and 5B5-like immunoreactivities, as well as resulting in more TUNELpositive apoptotic cells in the synovium. No significant changes were observed in these biochemicals
and inflammation in arthritic animals treated with 72 J/cm(2).
CONCLUSIONS: LLLT with low fluence is highly effective in reducing inflammation to sites of injury
by decreasing the numbers of FLS, inflammatory cells, and mediators in the CFA-induced arthritic
model. These data will be of value in designing clinical trials of LLLT for RA.
PMID: 25394331 [PubMed - in process] PMCID: PMC4267419 [Available on 2015/12/1]
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Conclusions
Our results provide evidence of laser fluencedependent reductions in TNF-a and MMP3, and of
the ability of LLLT to inhibit the proliferation of
inflammatory FLS.
This makes LLLT with LF a suitable treatment for
synovitis that is associated with the early stages
of inflammation in RA.
Our results also indicate a better understanding of
the role of laser fluence in modulating these
mediators that could be a basis for future
therapeutic interventions.
We conclude that a single application of LLLT with
a fluence of 4.5 J/cm2 is more efficient in
modulating inflammatory mediators and
inflammatory cells, and its effects can be
observed by histological signs of attenuation of
the inflammatory processes.
In addition, there are significant improvements in
reduction of inflammation and FLS proliferation
found in animals treated with 4.5 J/cm2, but not
with 72 J/cm2.

The New Laser Therapy Handbook
Jan Tuner and Lars Hode
Prima Books, 2010

“The effect of laser photon
therapy [LPT] on inflammation
is covered in many chapters of
this book. The antiinflammatory effect of LPT has
been widely studied. LPT seems
to have a similar effect to
steroids and NSAIDs, but
without the severe side effects
of these very common
pharmaceuticals.” p. 248

Mitochondria Gone Bad
Problems in the cell’s energy
factories power new ideas on disease
and aging
Laura Bell
Science News
February 28, 2009
“Mitochondria might even be the
biological epicenter of aging itself.”
“Mitochondrial metabolism is the key to
aging.”
“People are only as young as their
mitochondria.”

1
Ten Lectures on Basic Science of Laser Phototherapy
Tiina Karu
Professor Tiina Karu is the Head of the Laboratory of Laser biology and Medicine at the
Institute of Laser and Information Technologies of the Russian Academy of Sciences
Prima Books
2007
“One of the most important biological mechanisms based on activation/upgrading of
the terminal enzyme of the mitochondrial respiratory chain, cytochrome c oxidase,
is shown to be a universal mechanism controlling many aspects of the metabolism in
different types of irradiated cells.” Back Cover
“Monochromatic light in the visible-to-near region can be a subtle instrument to
regulate cellular metabolism.” (1)
Laser radiation can modulate cell metabolism through the mediation of a universal
photoreceptor. Cytochrome c oxidase is an enzyme that catalyzes the final step in
the mitochondrial respiratory chain. (2)
“Cytochrome c oxidase plays a central role in the bioenergetics of the cell.” (120)
Laser irradiation may cause a shift in the cellular redox state. (4) Cells respond to the
light stimulus in stronger or weaker manner depending on their redox potential at the
moment of the irradiation. (113)
“Upgrading of cytochrome c oxidase may prove a protective influence against the
detrimental effects of environmental pollutants like chemicals and ionizing radiation.”
(5)
Laser irradiation can reduce the formation of scar tissue. (6)
Laser phototherapy may be useful in reducing the severity of chemotherapy or
radiation therapy. (9)
Laser irradiation can enhance bone repair about two-fold. (10)
632.8 nm laser irradiation can modulate immune responses. (12)
“Laser phototherapy is used by physiotherapists (to treat a wide variety of acute and
chronic musculoskeletal aches and pains), by dentists (to treat inflamed oral tissues
and to heal diverse ulceration), by dermatologists (to treat edema, indolent ulcers,
burns, and dermatitis), by rheumatologists (to relieve pain and treat chronic
inflammation and autoimmune diseases), and by other specialists, as well as by
general practitioners. Laser phototherapy is also widely used in veterinary medicine
(especially in racehorse-training centers) and in sports medicine and rehabilitation
clinics (to reduce acute swelling and hematoma, relieve pain, improve mobility, and
treat acute soft-tissue injuries.” (21-22)
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Successful management of female office workers with "repetitive stress injury"
or "carpal tunnel syndrome" by a new treatment modality--application of low
level laser.
Wong E, Lee G, Zucherman J, Mason DT.

Author information
Abstract
Female office workers with desk jobs who are incapacitated by pain and tingling in the hands and
fingers are often diagnosed by physicians as "repetitive stress injury" (RSI) or "carpal tunnel
syndrome" (CTS). These patients usually have poor posture with their head and neck stooped
forward and shoulders rounded; upon palpation, they have pain and tenderness at the spinous
processes C5-T1 and the medial angle of the scapula. In 35 such patients we focused the treatment
primarily at the posterior neck area and not the wrists and hands. A low level laser (100 mW) was
used and directed at the tips of the spinous processes C5-T1. The laser rapidly alleviated the pain
and tingling in the arms, hands and fingers, and diminished tenderness at the involved spinous
processes. Thereby, it has become apparent that many patients labelled as having RSI or CTS have
predominantly cervical radicular dysfunction resulting in pain to the upper extremities which can be
managed by low level laser. Successful long-term management involves treating the soft tissue
lesions in the neck combined with correcting the abnormal head, neck and shoulder posture by
taping, cervical collars, and clavicle harnesses as well as improved work ergonomics.
PMID: 7620690 [PubMed - indexed for MEDLINE]
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BIPHASIC DOSE RESPONSE IN LOW LEVEL LIGHT THERAPY

Ying-Ying Huang 䊐 Wellman Center for Photomedicine, Massachusetts General
Hospital, Boston, MA; Department of Dermatology, Harvard Medical School,
Boston, MA; Aesthetic and Plastic Center of Guangxi Medical University, Nanning,
P.R. China
Aaron C.-H. Chen 䊐 Wellman Center for Photomedicine, Massachusetts General
Hospital, Boston, MA; Boston University School of Medicine, Graduate Medical
Sciences, Boston, MA
James D. Carroll
1HQ, UK

䊐

THOR Photomedicine Ltd, 18A East Street, Chesham, HP5

Michael R. Hamblin 䊐 Wellman Center for Photomedicine, Massachusetts
General Hospital, Boston, MA; Department of Dermatology, Harvard Medical
School, Boston, MA; Harvard-MIT Division of Health Sciences and Technology,
Cambridge, MA
䊐 The use of low levels of visible or near infrared light for reducing pain, inflammation
and edema, promoting healing of wounds, deeper tissues and nerves, and preventing cell
death and tissue damage has been known for over forty years since the invention of lasers.
Despite many reports of positive findings from experiments conducted in vitro, in animal
models and in randomized controlled clinical trials, LLLT remains controversial in mainstream medicine. The biochemical mechanisms underlying the positive effects are incompletely understood, and the complexity of rationally choosing amongst a large number of
illumination parameters such as wavelength, fluence, power density, pulse structure and
treatment timing has led to the publication of a number of negative studies as well as many
positive ones. A biphasic dose response has been frequently observed where low levels of
light have a much better effect on stimulating and repairing tissues than higher levels of
light. The so-called Arndt-Schulz curve is frequently used to describe this biphasic dose
response. This review will cover the molecular and cellular mechanisms in LLLT, and
describe some of our recent results in vitro and in vivo that provide scientific explanations
for this biphasic dose response.

1. INTRODUCTION
1.1. Brief history

Low level laser therapy (LLLT) is the application of light (usually a
low power laser or LED in the range of 1mW – 500mW) to a pathology to
promote tissue regeneration, reduce inflammation and relieve pain. The
light is typically of narrow spectral width in the red or near infrared
Address correspondence to Professor Michael R. Hamblin, BAR 414, Wellman Center for
Photomedicine, Massachusetts General Hospital, 40 Blossom Street, Boston, MA 02114; Phone:
617-726-6182, Fax: 617-726-8566, E-mail: hamblin@helix.mgh.harvard.edu
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FIGURE 1. Schematic diagram showing the absorption of red and NIR light by specific cellular chromophores or photoacceptors localized in the mitochondrial respiratory chain

tissue penetration of light is maximized. This optical window runs
approximately from 650 nm to 1200 nm. (Figure 2). The absorption and
scattering of light in tissue are both much higher in the blue region of the
spectrum than the red, because the principle tissue chromophores
(hemoglobin and melanin) have high absorption bands at shorter wavelengths, tissue scattering of light is higher at shorter wavelengths, and furthermore water strongly absorbs infrared light at wavelengths greater
than 1100-nm. Therefore the use of LLLT in animals and patients almost
exclusively involves red and near-infrared light (600-1100-nm) (Karu and
Afanas’eva 1995).
Phototherapy is characterized by its ability to induce photobiological
processes in cells. Exact action spectra are needed for determination of
photoacceptors as well as for further investigations into cellular mechanisms of phototherapy. The action spectrum shows which specific wavelength of light is most effectively used in a specific chemical reaction (Karu
and Kolyakov 2005). The fact that defined action spectra can be constructed for various cellular responses confirms the first law of photobiology
described above (light absorption by specific molecular chromophores).
2.3. Mitochondrial Respiration and ATP

Current research about the mechanism of LLLT effects inevitably
involves mitochondria. Mitochondria play an important role in energy
generation and metabolism. Mitochondria are sometimes described as
362

Biphasic dose response in low level light therapy

FIGURE 8. Idealized biphasic dose response curve (often termed Arndt-Schulz curve) typically
reported in LLLT studies.

In the context of LLLT the increasing “stimulus” may be irradiation
time or increased irradiance. This non-linear effect contradicts the
Bunsen-Roscoe rule of reciprocity (which was originally formulated for
visual detection of light by photoreceptors (Brindley 1952)), which predicts that if the products of exposure time in seconds and irradiance in
mW/cm2 are equal, i.e. the energy density is the same, then the changes
in biological endpoint will be equal. This inverse linear relationship
between irradiance and time has frequently failed in LLLT research
(Karu and Kolyakov 2005; Lubart et al. 2006).
A “biphasic” curve can be used to illustrate the expected dose
response to light at a subcellular, cellular, tissue or clinical level. Simply
put, it suggests that if insufficient energy is applied there will be no
response (because the minimum threshold has not been met), if more
energy is applied the then a threshold is crossed and biostimulation is
achieved but when too much energy is applied then the stimulation disappears and is replaced by bioinhibition instead. An idealized illustration
(Figure 8) similar to that suggested by Sommer (Sommer et al. 2001)
helps understand the concept.
3.2. Biphasic Response—irradiance

As early as 1978 Endre Mester observed a “threshold phenomenon”
after laser irradiation of lymphocytes in vitro (Mester et al. 1978). Peter
Bolton in 1991 irradiating macrophages with two different irradiances
(W/cm2) but the same energy density (J/cm2) recorded different results
(Bolton et al. 1991). Karu (Karu and Kolyakov 2005) found a dependence
of stimulation of DNA synthesis rate on light intensity at a constant energy density 0.1 J/cm2 with a clear maximum at 0.8 mW/cm2. In another
study (Karu et al. 1997) the same group found no less than seven maxima
in the dose vs. biological effect curves using a pulsed 810-nm diode laser.
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FIGURE 11. Biphasic dose response in measured difference in integrated area under the curve of
time course of wound size compared to no treatment control, with a clear maximum seen at 2 J/cm2,
and the high dose of 50 J/cm2 gave a worsening of the wound healing time curve.

sic dose response with positive effects (difference in integrated area
under the curve of time course of wound size compared to no treatment
control) seen in low doses with a clear maximum seen at 2 J/cm2, and the
high dose of 50 J/cm2 actually gave a worsening of the wound healing
time curve i.e. there was a greater expansion of the wound compared with
non-treated controls.
4.3. Rat arthritis

In another in vivo study (Castano et al. 2007) we investigated whether
LLLT using an 810-nm laser could have a therapeutic effect in a rat
model of inflammatory arthritis caused by zymosan injected into their
knee joints. In this model the severity of the arthritis is quantified by
measuring the diameter of the swollen joint every day and plotting a time
course for each joint. We compared illumination regimens consisting of
a high and low fluence (3 and 30 J/cm2), delivered at high and low irradiance (5 and 50 mW/cm2) using 810-nm laser light daily for 5 days, with
the positive control of conventional corticosteroid (dexamethasone)
therapy.
As shown in Figure 12 three of the illumination regimens were effective in reducing the mean integrated knee swelling almost as much as the
positive control of the powerful steroid, dexamathasone; these were 3
J/cm2 delivered at 5 mW/cm2 and 30 J/cm2 delivered at 50 mW/cm2
both of which took 10 minutes, and 30 J/cm2 delivered at 5 mW/cm2
which took 100 minutes. The only ineffective dose regimen was 3 J/cm2
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The Better Brain Book
David Perlmutter, MD
Board-Certified Neurologist
Riverhead Books
2004
pp. 21-23
“The same forces that are aging your body are aging your brain, only they hit your
brain earlier and harder.”
“These culprits are at the core of virtually all brain problems, from mild memory
issues to brain fog to severe Alzheimer’s disease. They are:
1)

The proliferation in the brain of destructive chemicals called free radicals.

2)

The decline in the ability of the brain cells to make energy.”

The brain is the most metabolically active organ of the body; it uses 20% of
consumed oxygen to make the energy to fuel all of its activities.
“Energy is made in the specialized parts of the cell called the mitochondria.”
“There is a price to pay for making all this energy. Every time a cell makes energy—
any cell, in any part of your body—it also produces toxic substances call free
radicals.”
Free radicals are unstable, and bond with molecules in healthy cells, damaging
tissues and organs, such as the heart, joints, skin, and the fats of ones brain.
Over time, free radicals can destroy substantial amounts of the brain and nerve
tissue through this process of oxidation.
“When the mitochondria of your brain cells are injured, they become less efficient,
produce less energy, and increase free radical production.”
“Free radicals can inhibit the brain’s ability to produce neurotransmitters, which
have a profound impact on memory, learning, mood, and even balance and handeye coordination.”
“Free radicals pose another potentially deadly problem for the brain—they promote
inflammation.”
Inflammation is linked to nearly all chronic brain diseases, including Parkinson’s
disease, Alzheimer’s disease, multiple sclerosis, and dementia.
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Medical Faculty, Comenius University,Bratislava, Slovakia
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“Polarized Light”
Chapter 22
Jan Palinkas and Alfonz Smola
“The actual development of polarized light application started after implementation
of laser therapy in the 1960s of the 20th century,”
“Energy of photons as the smallest parts of light waves depends indirectly on the
wavelength.
Photons with lower wavelengths have more energy than those with longer
wavelengths.
So, photons of UV radiation are richer in energy than photons of visible light.
Photons of blue light have more energy than those of red light.”
Lasers work through a “biostimulation effect.”
The energy of red color “has the greatest ability of biostimulation.”
“Red stimulates when there is lack of energy.”
“With monochromatic polarized light of red color we can irradiate inflammations
from the very beginning.”
“Blue color: 400-490 nm. The light of this color has calming effects—blue is
considered to be a cold color. It slows down pulse frequencies, helps the overloaded
vessels get into normal state, acts as an antiseptic, kills pain and cools.”
“For children, it is one of the best healing colors.”
“Blue is very effective in combination with red.”

There is a great discussion pertaining to photon energy levels in
Wikipedia.
Particularly pertinent is:
A photon’s energy is equal to Plank’s Constant times the speed
of light and inversely to its wavelength
Photon
Energy

=

(Plank’s Constant) X (Speed of Light)
Wavelength

This means that lasers with shorter wavelengths have more energy:
Violet (405 nm) has more than red (635) has more than infrared (830).
Violet (405 nm) > green (535 nm) > red (635) > infrared (830)
Since it is the photonic energy, not depth of penetration or temperature
that enhances healing, shorter wavelength lasers have distinct
advantages
• Dog Cancer Study
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Body contouring using 635-nm low level laser therapy.
Nestor MS, Newburger J, Zarraga MB.

Author information
Abstract
Noninvasive body contouring has become one of the fastest-growing areas of esthetic medicine.
Many patients appear to prefer nonsurgical less-invasive procedures owing to the benefits of fewer
side effects and shorter recovery times. Increasingly, 635-nm low-level laser therapy (LLLT) has
been used in the treatment of a variety of medical conditions and has been shown to improve wound
healing, reduce edema, and relieve acute pain. Within the past decade, LLLT has also emerged as a
new modality for noninvasive body contouring. Research has shown that LLLT is effective in reducing
overall body circumference measurements of specifically treated regions, including the hips, waist,
thighs, and upper arms, with recent studies demonstrating the long-term effectiveness of results. The
treatment is painless, and there appears to be no adverse events associated with LLLT. The
mechanism of action of LLLT in body contouring is believed to stem from photoactivation of
cytochrome c oxidase within hypertrophic adipocytes, which, in turn, affects intracellular secondary
cascades, resulting in the formation of transitory pores within the adipocytes' membrane. The
secondary cascades involved may include, but are not limited to, activation of cytosolic lipase and
nitric oxide. Newly formed pores release intracellular lipids, which are further metabolized. Future
studies need to fully outline the cellular and systemic effects of LLLT as well as determine optimal
treatment protocols.
PMID: 24049928 [PubMed - indexed for MEDLINE]
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Neurological and psychological applications of transcranial lasers and LEDs.
Rojas JC, Gonzalez-Lima F.

Author information
Abstract
Transcranial brain stimulation with low-level light/laser therapy (LLLT) is the use of directional lowpower and high-fluency monochromatic or quasimonochromatic light from lasers or LEDs in the redto-near-infrared wavelengths to modulate a neurobiological function or induce a neurotherapeutic
effect in a nondestructive and non-thermal manner. The mechanism of action of LLLT is based on
photon energy absorption by cytochrome oxidase, the terminal enzyme in the mitochondrial
respiratory chain. Cytochrome oxidase has a key role in neuronal physiology, as it serves as an
interface between oxidative energy metabolism and cell survival signaling pathways. Cytochrome
oxidase is an ideal target for cognitive enhancement, as its expression reflects the changes in
metabolic capacity underlying higher-order brain functions. This review provides an update on new
findings on the neurotherapeutic applications of LLLT. The photochemical mechanisms supporting its
cognitive-enhancing and brain-stimulatory effects in animal models and humans are discussed. LLLT
is a potential non-invasive treatment for cognitive impairment and other deficits associated with
chronic neurological conditions, such as large vessel and lacunar hypoperfusion or
neurodegeneration. Brain photobiomodulation with LLLT is paralleled by pharmacological effects of
low-dose USP methylene blue, a non-photic electron donor with the ability to stimulate cytochrome
oxidase activity, redox and free radical processes. Both interventions provide neuroprotection and
cognitive enhancement by facilitating mitochondrial respiration, with hormetic dose-response effects
and brain region activational specificity. This evidence supports enhancement of mitochondrial
respiratory function as a generalizable therapeutic principle relevant to highly adaptable systems that
are exquisitely sensitive to energy availability such as the nervous system.
Copyright © 2013 Elsevier Inc. All rights reserved.
KEYWORDS: Cognitive enhancement, Cytochrome oxidase, Low-level light therapy, Methylene blue,
Neuroprotection, Photobiomodulation
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Mechanisms of action for light therapy: a review of molecular interactions.
Prindeze NJ, Moffatt LT, Shupp JW.

Author information
Abstract
Five decades after the first documented use of a laser for wound healing, research in light therapy
has yet to elucidate the underlying biochemical pathways causing its effects. The aim of this review is
to summarize the current research into the biochemical mechanisms of light therapy in order to better
direct future studies. The implication of cytochrome c oxidase as the photoacceptor modulating light
therapy is reviewed, as are the predominant hypotheses of the biochemical pathways involved in the
stimulation of wound healing, cellular proliferation, production of transcription factors and other
reported stimulatory effects.
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This year marks the 50th anniversary of the discovery of the laser. The development of lasers for
medical use, which became known as low-level laser therapy (LLLT) or photobiomodulation,
followed in 1967. In recent years, LLLT has become an increasingly mainstream modality,
especially in the areas of physical medicine and rehabilitation. At first used mainly for wound
healing and pain relief, the medical applications of LLLT have broadened to include diseases such
as stroke, myocardial infarction, and degenerative or traumatic brain disorders. This review will
cover the mechanisms of LLLT that operate both on a cellular and a tissue level. Mitochondria are
thought to be the principal photoreceptors, and increased adenosine triphosphate, reactive oxygen
species, intracellular calcium, and release of nitric oxide are the initial events. Activation of
transcription factors then leads to expression of many protective, anti-apoptotic, anti-oxidant, and
pro-proliferation gene products. Animal studies and human clinical trials of LLLT for indications
with relevance to neurology, such as stroke, traumatic brain injury, degenerative brain disease,
spinal cord injury, and peripheral nerve regeneration, will be covered.
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Abstract. Cerebral hypometabolism characterizes mild cognitive impairment and Alzheimer’s disease. Low-level light therapy
(LLLT) enhances the metabolic capacity of neurons in culture through photostimulation of cytochrome oxidase, the mitochondrial enzyme that catalyzes oxygen consumption in cellular respiration. Growing evidence supports that neuronal metabolic
enhancement by LLLT positively impacts neuronal function in vitro and in vivo. Based on its effects on energy metabolism,
it is proposed that LLLT will also affect the cerebral cortex in vivo and modulate higher-order cognitive functions such as
memory. In vivo effects of LLLT on brain and behavior are poorly characterized. We tested the hypothesis that in vivo LLLT
facilitates cortical oxygenation and metabolic energy capacity and thereby improves memory retention. Specifically, we tested
this hypothesis in rats using fear extinction memory, a form of memory modulated by prefrontal cortex activation. Effects of
LLLT on brain metabolism were determined through measurement of prefrontal cortex oxygen concentration with fluorescent
quenching oximetry and by quantitative cytochrome oxidase histochemistry. Experiment 1 verified that LLLT increased the rate
of oxygen consumption in the prefrontal cortex in vivo. Experiment 2 showed that LLLT-treated rats had an enhanced extinction memory as compared to controls. Experiment 3 showed that LLLT reduced fear renewal and prevented the reemergence
of extinguished conditioned fear responses. Experiment 4 showed that LLLT induced hormetic dose-response effects on the
metabolic capacity of the prefrontal cortex. These data suggest that LLLT can enhance cortical metabolic capacity and retention
of extinction memories, and implicate LLLT as a novel intervention to improve memory.
Keywords: Cytochrome oxidase, fear extinction, memory enhancement, mild cognitive impairment, mitochondrial respiration,
neurotherapeutics, photobiomodulation

INTRODUCTION
Low-level light therapy (LLLT) with red to
near-infrared light is a promising and novel neurotherapeutic intervention in animals and humans [1–3].
LLLT via light-emitting diodes (LEDs) or lasers uses
low-energy irradiation that avoids ablative effects on
∗ Correspondence to: Prof. Dr. F. Gonzalez-Lima, University of
Texas at Austin, 108 E. Dean Keeton Stop A8000, Austin, TX
78712, USA. Tel.: +1 512 471 5895; Fax: +1 512 471 5935; E-mail:
gonzalez-lima@psy.utexas.edu.

tissues, yet such energy is high enough to modulate
cell functions. LLLT has well-established beneficial
effects in nervous tissue in vitro and in vivo, including
enhancement of gene expression [4] and nerve regeneration [5], and protection against traumatic injury
[6–8], ischemic damage [9–11], and neurodegeneration induced by mitochondrial dysfunction [12–16].
The mechanism of action of LLLT implicates light
absorption by chromophores in the mitochondrial
respiratory enzyme cytochrome oxidase (also called
cytochrome c oxidase or cytochrome a–a3), which
contains chromophores with high absorbance in the
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Table 2
Behavioral effects of LLLT delivered 15 min after each extinction session

Training session

Total dose

Acquisition
Extinction 1
Extinction 2
Extinction 3
Extinction 4

5.4 J/cm2
10.8 J/cm2
16.2 J/cm2
21.6 J/cm2

Control mean
(% freezing)

SEM

LLLT mean
(% freezing)

SEM

p value

64.00
40.00
34.50
39.63
12.50

8.02
7.24
4.60
3.55
6.93

59.09
42.73
18.64
40.11
30.45

7.65
6.91
4.39
3.38
6.61

0.66
0.79
0.02
0.92
0.08

Experiment 3 showed that LLLT low-dose after
extinction prevented fear renewal
This experiment showed the memory enhancing
effect of LLLT using the fear renewal test. It was
hypothesized that LLLT would not only facilitate
extinction but would also make subjects resistant
to renewal. To test this hypothesis, subjects that
underwent extinction training were exposed to tone
presentations alone in the original acquisition context
(context A) one day after the last extinction session. In this renewal probe, control subjects showed
a mean freezing score of 58 ± 11%, which was similar to acquisition levels of freezing. In contrast,
5.4 J/cm2 LLLT-treated subjects showed a mean freezing score of only 28 ± 4%, which represented a
52% reduction in the mean freezing score (p <0.05)
(Fig. 2). Taken together, behavioral experiments 2

Fig. 2. LLLT after extinction prevented fear renewal. One day after
extinction training, subjects underwent tone presentations in the original acquisition context. The memory enhancing effects LLLT were
evident as a 50% reduction in freezing behavior compared to control
subjects in this fear renewal probe. *p <0.05.

and 3 suggested a dose-dependent LLLT improvement
of neural processes mediating long-lasting extinction
memory.
Experiment 4 showed that LLLT increased
the metabolic capacity of the prefrontal cortex
Secondary effects of LLLT on neural tissue have
been postulated to include long-lasting neurochemical changes that persist beyond the period of light
exposure and translate into changes of neuronal physiology. These changes include activation of second
messenger cascades and gene expression [2]. To test
the hypothesis that in vivo LLLT induces secondary
effects in the brain, mean changes in prefrontal cortex
cytochrome oxidase activity were determined in naı̈ve
animals 24 h after exposure to LLLT. Cytochrome
oxidase is the terminal enzyme in the respiratory
chain and its expression is tightly coupled to neuronal energy demands [23, 44]. Cytochrome oxidase
activity is a sensitive marker of brain metabolic capacity and histochemical determination of its activity
depends on upregulation of the holloenzyme pool
[37, 45, 46]. A hormetic dose-response increase in
cytochrome oxidase activity was detected at 24 h
in the prefrontal cortex of rats exposed to LLLT
(Fig. 3). Control subjects showed a mean cytochrome
oxidase activity of 281 ± 12 mmol/min/g. In contrast, the mean prefrontal cortex cytochrome oxidase
activity in subjects treated with LLLT 10.9 J/cm2
was 319 ± 10 mmol/min/g. This represented a significant 13.6% increase in metabolic capacity (p < 0.05).
Higher LLLT doses of 21.6 J/cm2 and 32.9 J/cm2
were less effective at inducing cytochrome oxidase
activity, with values of 310 ± 12 mmol/min/g and
289 ± 19 mmol/min/g, respectively. These values were
10.3% and 3% higher than control, which were not
significantly different. These results demonstrate that
the lower dose had a significant stimulatory effect
on cortical metabolic capacity. The data also show a
tendency towards reduced enhancement of metabolic
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Fig. 3. LLLT induced a hormetic dose-response on cortical
metabolic capacity. A) Rat prefrontal cortex stained with cytochrome
oxidase histochemistry at the A-P brain level used to measure
cytochrome oxidase activity 24 h after LLLT. B) The lower LLLT
dose induced a significant 13.6% increase in mean cytochrome oxidase activity, compared to control. Higher LLLT doses resulted in
no significant differences compared to control. *p < 0.05.

capacity with increasing doses, supporting a hormetic
dose-response effect.
DISCUSSION
This study is the first demonstration that LLLT can
improve extinction memory. This study also presents
evidence that both primary and secondary LLLT effects
occur in the brain in vivo. The results add to the
growing body of in vitro and in vivo evidence sup-
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porting that LLLT can be used non-invasively to
modulate neural function. Red and near-infrared light
transmittance has been measured through the mouse
skull and its transcranial neuroprotective effects have
been demonstrated in the mouse, rat, and rabbit [7,
26, 47–49]. Human experiments have also demonstrated changes in frontal cortex regional cerebral
blood flow after exposure to LLLT in the forehead
[27]. Several reports have described beneficial effects
of LLLT on cognition. Michalikova et al. [50] demonstrated improvement in working memory after LLLT
in middle-aged mice tested in an appetitive spatial
navigation task. Similarly, Naeser et al. [51] reported
improvement of attention, executive function, and
memory in two patients with chronic traumatic brain
injury with daily use of LLLT to the head. Reports in
rats and humans provide further evidence that LLLT
modulates mood and decreases depressive symptoms
[8, 27]. Taken together, the data supports that LLLT
to the head constitutes a promising neurotherapeutic
tool to modulate behavior in a non-invasive manner.
Future projects should determine the effects of variation in LLLT parameters such as wavelength, radiant
exposure, irradiance, and wave type on transcranial
applications to affect behavioral and brain metabolic
variables.
This study is also the first demonstration that both
primary and secondary mechanisms of action of
LLLT occur in the brain in vivo. The mechanisms of
action of LLLT have been previously described in
cell cultures. Primary LLLT effects occur during light
exposure and refer to the direct photochemical change
of the photoacceptor (e.g., cytochrome oxidase) upon
excitation by light. The most important primary
effect is a redox change of the components of the
respiratory chain that affects electron flow. Support
that primary effects of LLLT occur in the brain
in vivo is provided by the dose-response increase in
oxygen consumption measured in the frontal cortex of
rats exposed to LLLT in this study. Another possible
primary effect of LLLT is the generation of reactive
oxygen species (ROS), including singlet oxygen via
direct photodynamic action and superoxide ion via
one electron auto-oxidation [17]. The significance
of this effect is that ROS are not only damaging
by-products of respiration but they have an important
role in cellular signaling. For example, Chen et al.
[52] demonstrated that LLLT not only enhances
mitochondrial respiration, but also activates the
redox-sensitive nuclear factor kappa B signaling via
generation of ROS in fibroblast cultures. Another
possible secondary effect of LLLT is the generation

748

J.C. Rojas et al. / Low-Level Light Therapy Improves Memory

of nitric oxide (NO). Cytochrome oxidase has a key
role in neuronal activity because it is a rate-limiting
enzyme for oxidative energy production in the
mitochondrial electron transport [53–55], but
cytochrome oxidase can also catalyze the production
of NO under hypoxic conditions [56]. LLLT in vivo
can increase NO and cerebral blood flow in mice
with carotid occlusion [57]. Photobiomodulation
of cytochrome oxidase with LLLT enhances brain
oxygen utilization and NO production, both of
which may protect against reduced cerebral vascular
perfusion. Photobiomodulation of brain cytochrome
oxidase is expected to reverse the pathophysiologic
consequences of cerebrovascular hypoperfusion via
the vasodilator effect of NO resulting in increased
oxygen and nutrient delivery that will increase
neuronal respiration. Although this study did not
directly test the role of ROS and NO as signaling
molecules in the brain in vivo, it is possible that ROS
and NO also play a role in the memory enhancing and
neuroprotective effects of LLLT.
In addition, this study offers evidence of secondary
in vivo LLLT effects supporting induction of metabolic
neuroplasticity of prefrontal brain regions implicated
in extinction memory. Secondary LLLT effects implicate the activation of signaling pathways and regulation
of gene expression that occur after light exposure. Secondary effects are expected to be pleiotropic and have
a significant impact in neuronal function and survival.
In this study, secondary LLLT effects are reflected
by increases in cytochrome oxidase expression 24 h
after LLLT delivery, which represent a non-immediate
improvement in neuronal metabolic capacity. Taken
together, these results support the hypothesis that LLLT
promotes increases in brain energy metabolism that
may mediate its memory-enhancing effects.
As mounting evidence indicates an antecedent and
possibly pivotal role of mitochondrial bioenergetic
deficits and brain hypometabolism in Alzheimer’s
disease (AD) pathogenesis, the ability of LLLT to
increase mitochondrial energy metabolism could
be utilized to recover brain processes impacted by
regional brain hypometabolism associated with AD.
Furthermore, LLLT could be used as a preventive
intervention in people who present risk factors for
AD, such as those with chronic cerebrovascular
hypoperfusion, mild cognitive impairment, or a
history of head trauma. In such patients, LLLT could
be combined with cognitive intervention approaches,
similar to the strategy of applying LLLT during the
memory consolidation period described in this study,
to attenuate metabolic decline in cortical regions

commonly affected by neurodegenerative AD effects.
While there is only one clinical study published to
date [51] that reports improvement of higher-order
cognitive functions in patients with chronic traumatic
brain injury after LLLT, and no published studies of
LLLT in AD patients to date, other studies aimed at
maintaining mitochondrial bioenergetics have shown
that a metabolic intervention approach can be useful
in postponing and attenuating progression of AD. For
example, a meta-analysis examining the effects of
acetyl-L-carnitine in mild cognitive impairment and
early AD showed beneficial effects on both clinical
scales and psychometric tests with improvements after
3 months and even stronger enhancements with longer
treatment [58]. Treatment with acetyl-L-carnitine and
similar compounds may be augmented by LLLT, which
can further increase mitochondrial energy production
and cerebral blood flow. LLLT increases cytochrome
oxidase and superoxide dismutase activities, without
inducing any apparent adverse effects at radiant
exposure doses described in this and previous studies
[3]. Since memory functions are extremely sensitive to
oxidative energy deficits, it is likely that cytochrome
oxidase inhibition linked to impairments in cerebral
vascular perfusion may underlie memory deficits and
eventually contribute to brain cell atrophy and degeneration. Therefore, LLLT should be tested in people
with cognitive and memory impairment as a safe and
potentially effective alternative or complement to
existing pharmacological interventions.
The data presented here support that memory consolidation offers an optimal temporal window to be
used as a target to improve brain energy metabolism
and modulate memory. Almost thirty five years ago,
Martinez et al. [59] demonstrated for the first time
that memory improvement can be achieved by methylene blue, a potent mitochondrial metabolic enhancer,
during memory consolidation but not before acquisition. More recent experiments demonstrated that
extinction memory is effectively improved by brain
metabolic enhancement with methylene blue administered 15 min after tone exposure during extinction
training [30, 60]. The similarities in the effects of
LLLT and methylene blue on extinction become even
more remarkable when their common mitochondrial
mechanism of action is noted. This common mechanism implicates enhancement of the electron transport
chain, an important observation also made by others [61, 62]. Given the memory-improving effects of
methylene blue in alternate paradigms such as habituation [63], spatial memory [64–66], object recognition
[63], and discrimination learning [67], it is expected
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that the beneficial effects of LLLT will have applications in other forms of learning and memory besides
extinction.
It is possible that LLLT potentially reaches all brain
regions but will selectively enhance those with higher
energy demands due to task-dependent activation. This
hypothesis is supported by observations that absorption
of red and near-infrared light by cytochrome oxidase,
and any subsequent photobiological effect, is low in the
fully reduced or fully oxidized forms of the enzyme.
In contrast, light absorption by cytochrome oxidase
has been demonstrated to be maximized in the presence of a mixed valence enzyme state (i.e., partially
reduced or oxidized) [18, 68]. The probability of finding a mixed valence enzyme is higher with higher
respiratory chain electron flow. In turn, this condition is expected to occur in states of increased energy
consumption, such as those of neuronal networks activated during a particular task. In other words, greater
photoneurostimulation is expected in highly metabolically active regions such as the prefrontal cortex after
extinction training in our study. This potential selectivity represents an important mechanistic insight that
deserves validation in future experiments.
To overcome the confounding brain effects intrinsic
to the behavioral tasks and the putative neuronal selectivity of LLLT based on energy demand, metabolic
effects were determined in brains of naı̈ve rats. This
approach allowed the demonstration of a rather interesting hormetic dose-response of LLLT on brain
cytochrome oxidase activity. Lower LLLT doses, but
not higher doses, induced a significant increase in
brain cytochrome oxidase 24 h after treatment. It is
believed that far from being a spurious result, this
hormetic response on neurometabolic stimulation is
representative of the distinctive and well-characterized
dose-response effect of LLLT. Hormesis describes a
dose-response effect in which there is stimulation of
a biological process at a low dose and no effect or
even inhibition of that process at a high dose. Hormetic
responses are typically illustrated as an inverted Ushaped curve and are useful to describe effects below
typical pharmacological threshold, with peak values
30–60% greater than control [69]. Hormetic effects
have been regarded at times as negligible, although
there is compelling evidence that their presence is biologically meaningful. Hormetic responses have been
described for numerous agents including antibiotics
[70], antineoplastic drugs [71], antioxidants [72, 73],
steroids [74], and radiation [75]. In the case of LLLT,
extensive in vitro data support photostimulatory effects
with lower (0.001–10 J/cm2 ) doses and inhibition with
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higher (>10 J/cm2 ) doses [1, 76, 77]. In vivo, hormetic
responses of LLLT have been observed in tissues
with high oxidative potential such as skeletal muscle
[25] and healing connective tissue [78, 79]. Thus, our
data can be interpreted as supportive of the current
mechanistic paradigm of LLLT that implicates
hormetic enhancement of energy metabolism.
In conclusion, this study demonstrated that LEDbased LLLT is a non-invasive intervention without
significant side effects that can enhance cortical
metabolic capacity and facilitate retention of extinction
memory. These results implicate LLLT as a potential
intervention to improve memory in humans.
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Abstract
Transcranial brain stimulation with low-level light/laser therapy (LLLT) is the use of directional lowpower and high-fluency monochromatic or quasimonochromatic light from lasers or LEDs in the redto-near-infrared wavelengths to modulate a neurobiological function or induce a neurotherapeutic
effect in a nondestructive and non-thermal manner. The mechanism of action of LLLT is based on
photon energy absorption by cytochrome oxidase, the terminal enzyme in the mitochondrial
respiratory chain. Cytochrome oxidase has a key role in neuronal physiology, as it serves as an
interface between oxidative energy metabolism and cell survival signaling pathways. Cytochrome
oxidase is an ideal target for cognitive enhancement, as its expression reflects the changes in
metabolic capacity underlying higher-order brain functions. This review provides an update on new
findings on the neurotherapeutic applications of LLLT. The photochemical mechanisms supporting its
cognitive-enhancing and brain-stimulatory effects in animal models and humans are discussed. LLLT
is a potential non-invasive treatment for cognitive impairment and other deficits associated with
chronic neurological conditions, such as large vessel and lacunar hypoperfusion or
neurodegeneration. Brain photobiomodulation with LLLT is paralleled by pharmacological effects of
low-dose USP methylene blue, a non-photic electron donor with the ability to stimulate cytochrome
oxidase activity, redox and free radical processes. Both interventions provide neuroprotection and
cognitive enhancement by facilitating mitochondrial respiration, with hormetic dose-response effects
and brain region activational specificity. This evidence supports enhancement of mitochondrial
respiratory function as a generalizable therapeutic principle relevant to highly adaptable systems that
are exquisitely sensitive to energy availability such as the nervous system.
Copyright © 2013 Elsevier Inc. All rights reserved.
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Photobiomodulation with near infrared light
mitigates Alzheimer’s disease-related pathology in
cerebral cortex – evidence from two transgenic
mouse models
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Abstract
Introduction: Previous work has demonstrated the efficacy of irradiating tissue with red to infrared light in
mitigating cerebral pathology and degeneration in animal models of stroke, traumatic brain injury, parkinsonism
and Alzheimer’s disease (AD). Using mouse models, we explored the neuroprotective effect of near infrared light
(NIr) treatment, delivered at an age when substantial pathology is already present in the cerebral cortex.
Methods: We studied two mouse models with AD-related pathologies: the K369I tau transgenic model (K3),
engineered to develop neurofibrillary tangles, and the APPswe/PSEN1dE9 transgenic model (APP/PS1), engineered to
develop amyloid plaques. Mice were treated with NIr 20 times over a four-week period and histochemistry was used to
quantify AD-related pathological hallmarks and other markers of cell damage in the neocortex and hippocampus.
Results: In the K3 mice, NIr treatment was associated with a reduction in hyperphosphorylated tau, neurofibrillary
tangles and oxidative stress markers (4-hydroxynonenal and 8-hydroxy-2′-deoxyguanosine) to near wildtype levels in
the neocortex and hippocampus, and with a restoration of expression of the mitochondrial marker cytochrome c
oxidase in surviving neurons. In the APP/PS1 mice, NIr treatment was associated with a reduction in the size and number
of amyloid-β plaques in the neocortex and hippocampus.
Conclusions: Our results, in two transgenic mouse models, suggest that NIr may have potential as an effective,
minimally-invasive intervention for mitigating, and even reversing, progressive cerebral degenerations.

Introduction
Alzheimer’s disease (AD) is a chronic, debilitating neurodegenerative disease with limited therapeutic options; at
present there are no treatments that prevent the physical
deterioration of the brain and the consequent cognitive
deficits. Histopathologically, AD is characterised by neurofibrillary tangles (NFTs) of hyperphosphorylated tau protein and amyloid-beta (Aβ) plaques [1,2]. The extent of
these histopathological features is considered to vary with
and to determine clinical disease severity [2]. While the
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initiating pathogenic events underlying AD are still debated, there is strong evidence to suggest that oxidative
stress and mitochondrial dysfunction have important roles
in the neurodegenerative cascade [3-5]. Therefore, it has
been proposed that targeting mitochondrial dysfunction
could prove valuable for AD therapeutics [6].
One safe, simple yet effective approach to the repair of
damaged mitochondria is photobiomodulation with
near-infrared light (NIr). This treatment, which involves
the irradiation of tissue with low intensity light in the
red to near-infrared wavelength range (600 to 1000 nm),
was originally pioneered for the healing of superficial
wounds [7] but has been recently shown to have efficacy
in protecting the central nervous system. While the
mechanism of action remains to be elucidated, there is

© 2014 Purushothuman et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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evidence that NIr preserves and restores cellular function
by reversing dysfunctional mitochondrial cytochrome c
oxidase (COX) activity, thereby mitigating the production
of reactive oxygen species and restoring ATP production
to normal levels [8,9].
To date, NIr treatment has yielded neuroprotective
outcomes in animal models of retinal damage [9,10],
traumatic brain injury [11,12], Parkinson’s disease [13-15]
and AD [16,17]. Furthermore, NIr therapy has yielded
beneficial outcomes in clinical trials of human patients
with mild to moderate stroke [18] and depression [19].
This treatment represents a promising alternative to
drug therapy because it is safe, easy to apply and has no
known side-effects at levels even higher than optimal
doses [20].
The aim of this study was to assess the efficacy of NIr
in mitigating the brain pathology and associated cellular
damage that characterise AD. We utilised two mouse
models, each manifesting distinct AD-related pathologies: the K3 tau transgenic model, which develops NFTs
[21,22]; and the APP/PS1 transgenic model, which develops amyloid plaques [23]. Here, we present histochemical evidence that NIr treatment over a period of 1
month reduces the severity of AD-related pathology and
oxidative stress and restores mitochondrial function in
brain regions susceptible to neurodegeneration in AD,
specifically the neocortex and hippocampus. The findings extend our previous NIr work in models of acute
neurodegeneration [13,14] to demonstrate that NIr is
also effective in protecting the brain against chronic insults due to AD-related genetic aberrations, a pathogenic
mechanism that is likely to more closely model the
human neurodegenerative condition.

Methods
Mouse models

The K3 transgenic mouse model, originally generated as a
model of frontotemporal dementia [21,22], harbours a human tau gene with the pathogenic K369I mutation; expression is driven by the neuron-specific mThy1.2 promoter.
This model manifests high levels of hyperphosphorylated
tau and NFTs by 2 to 3 months of age and cognitive deficits by about 4 months of age [21,22]. We commenced our
experiments on K3 mice and matched C57BL/6 wildtype
(WT) controls at 5 months of age, when significant neuropathology is already present.
The APPswe/PSEN1dE9 (APP/PS1) transgenic mouse
model, obtained from the Jackson Laboratory (Stock number 004462; Bar Harbor, ME, USA), harbours two human
transgenes: the amyloid beta precursor protein gene (APP)
containing the Swedish mutation; and the presenilin-1
gene (PS1) containing a deletion of exon 9 [23]. The APP/
PS1 mice exhibit increased Aβ and amyloid plaques by 4
months of age [24] and cognitive deficits by 6 months of
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age [25]. We commenced our experiments on APP/PS1
mice and matched C57BL/6 × C3H WT controls at 7
months of age, when numerous amyloid plaques and associated cognitive deficits are present.
Genotyping of mice was achieved by extracting DNA
from tail tips through a modified version of the Hot
Shot preparation method [26] and amplifying the
transgene sequence by polymerase chain reaction. As
reported previously, K3 mice were identified using the
primers 5′-GGGTGTCTCCAATGCCTGCTTCTTCAG-3′
(forward) and 5′-AAGTCACCCAGCAGGGAGGTGC
TCAG-3′ (reverse) [21,22] and APP/PS1 mice were genotyped using primers 5′-AGGACTGACCACTCGACCAG-3′ (forward) and 5′-CGGGGGTCTAGTTCTGC
AT-3′ (reverse) [23].
Experimental design

For each series of experiments on K3 mice (aged 5 months)
or APP/PS1 mice (aged 7 months) there were three
experimental groups: untreated WT mice, untreated
transgenic mice and NIr-treated transgenic mice (n = 5
mice per experimental group for the K3 series, 15 mice
in total; n = 6 mice per experimental group for the APP/
PS1 series, 18 mice in total). Our design did not include
a WT control group exposed to NIr because NIr has no
detectable impact on the survival and function of cells
in normal healthy brain [13-15]. Given the consistency
of the previous results, use of animals for this extra
control group did not seem justified [27].
Mice in the NIr-treated groups were exposed to one
90-second cycle of NIr (670 nm) from a light-emitting
device (LED) (WARP 10; Quantum Devices, Barneveld,
WI, USA) for 5 days per week over 4 consecutive weeks.
Light energy emitted from the LED during each 90second treatment equates to 4 Joule/cm2; a total of 80
Joule/cm2 was delivered to the skull over the 4 weeks.
Our measurements of NIr penetration across the fur and
skull of a C57BL/6 mouse indicate that ~2.5% of transmitted light reaches the cortex.
For each treatment, the mouse was restrained by hand
and the LED was held 1 to 2 cm above the head. The
LED light generated no heat and reliable delivery of the
radiation was achieved [13-15]. For the sham-treated
WT, K3 and APP/PS1 groups, animals were restrained
in the same way and the device was held over the head,
but the light was not switched on. This treatment regime
is similar to that used in previous studies where beneficial changes to neuropathology and behavioural signs
were reported [13-15].
Experimental animals were housed two or more to a
cage and kept in a 12-hour light (<5 lux)/dark cycle at
22°C; food pellets and water were available ad libitum.
All protocols were approved by the Animal Ethics
Committee of the University of Sydney.

Purushothuman et al. Alzheimer's Research & Therapy 2014, 6:2
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labelling above, the K3 group showed a much higher
average 4-HNE labelling intensity and area than the
WT group (fivefold and 20-fold, respectively) and this
labelling was significantly reduced (by 50% and 80%,
respectively) in the K3-NIr group. Again, these measures showed no significant differences between the
WT and K3-NIr groups (P > 0.05).
Similar patterns were observed for 8-OHDG immunoreactivity. Overall, there was a significant difference between
the groups for 8-OHDG immunolabelling, by both average
intensity (P < 0.0001) and labelled area (P < 0.0001). Again
the K3 group showed significantly higher 8-OHDG labelling
intensity and area than the WT group (sixfold and 17-fold,
respectively), and the 8-OHDG labelling intensity and area
were significantly reduced in the K3-NIr group relative to
untreated K3 (65% and 85% reduction, respectively). The intensity and area of 8-OHDG labelling did not differ significantly between the WT and the K3-NIr groups (P > 0.05),
suggesting that NIr treatment reduces markers of oxidative
stress to control levels. The representative photomicrographs of 8-OHDG immunoreactivity in the retrosplenial
area (Figure 4H,I,J) reflect the quantitative data, with many
8-OHDG+ structures in the K3 group (Figure 4I) but not in
the WT and K3-NIr groups (Figure 4H,J).
Near-infrared light mitigates mitochondrial dysfunction in
K3 cortex

We assessed expression patterns of the mitochondrial
enzyme COX in the neocortex and the hippocampus as
a marker of mitochondrial function. Overall, there were
statistically significant differences in the patterns of COX
immunoreactivity between the different experimental
groups, both in the neocortex and the hippocampus (both
P < 0.0001; Figure 5). Relative to WT mice, the COX labelling intensity and area were reduced in K3 mice in both
the neocortex and the hippocampus (>70% and >75%
reductions, respectively). The K3-NIr mice showed a
significant recovery of COX immunoreactivity relative
to untreated K3 mice in both the neocortex (>1.7-fold
increase, P < 0.05) and the hippocampus (>3.4-fold increase, P < 0.001). However, recovery was not complete,
with K3-NIr mice having significantly lower COX immunoreactivity than WT mice in the neocortex (~50%,
P < 0.001) and significantly lower COX labelling intensity (~20%, P < 0.05) in the hippocampus. These two
groups did not differ significantly in COX labelling area
in the hippocampus (P > 0.05).
Near-infrared mitigates amyloid pathology in APP/PS1
cortex

Along with NFTs, Aβ plaques are considered a primary
pathological hallmark of AD and Aβ load is often used
as a marker of AD severity [1,35]. We assessed the distribution of Aβ plaques and more immature forms of the Aβ
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peptide in the neocortex and hippocampus of APP/PS1
mice aged 7 months; this age is after the first signs of
intracellular Aβ within cells (at 3 months; Figure 1G) and
extracellular Aβ plaques (at 4.5 and 12 months; Figure 1H
and 1I, respectively).
Three quantitative measures of plaque pathology were
used: percentage plaque burden, average plaque size and
number of plaques. Immunohistochemical labelling with
the anti-Aβ antibody 4G8 revealed a significant reduction
in percentage plaque burden (Figure 6A,D), average plaque
size (Figure 6B,E) and number of plaques (Figure 6C,F) in
both the neocortex and the hippocampus of NIr-treated
APP/PS1 mice relative to untreated APP/PS1 controls.
Percentage plaque burden was reduced by over 40% in the
neocortex (Figure 6A; P < 0.001) and over 70% in the
hippocampus (Figure 6D; P < 0.01), average plaque size was
reduced 25% in the neocortex (Figure 6B) and 30% in the
hippocampus (Figure 6E), and the number of plaques was
reduced by over 20% in the neocortex (Figure 6C) and by
over 55% in the hippocampus (Figure 6F; all P < 0.05).
The photomicrographs of the 4G8 immunoreactivity in
Figure 6 reflect the quantitative data described earlier. The
WT brain is free of plaques (Figure 6H,K); many 4G8+ plaques (arrows) are present in the neocortex (Figure 6I) and
the hippocampus (Figure 6L) of untreated APP/PS1 mice,
and fewer plaques are present in NIr-treated APP/PS1 mice
(Figure 6J,M). Comparable immunolabelling was achieved
using the 6E10 anti-Aβ antibody (data not shown).
A similar but less pronounced trend was observed when
staining with Congo red (Figure 7), which stains only mature plaques. Mean counts of plaques in the neocortex
(Figure 7A) and the hippocampus (Figure 7B) of NIrtreated APP/PS1 brains were lower than mean counts in
untreated APP/PS1 brains (reductions >30%). However,
the differences did not reach statistical significance; given
the findings described above with the 4G8 and 6E10 antiAβ antibodies, this suggests that NIr may have greatest
effect on recently formed Aβ deposits. The micrographs
in Figure 7 show that mature plaques were absent from
the WT brain (Figure 7C,D) but were present in the neocortex (Figure 7E) and hippocampus (Figure 7F) of untreated APP/PS1 brains. There appeared to be fewer
plaques in the NIr-treated APP/PS1 brains (Figure 7G,H).

Discussion
Using two mouse models with distinct AD-related pathologies (tau pathology in K3, amyloid pathology in APP/
PS1), we report evidence that NIr treatment can mitigate
the pathology characteristic of AD as well as reduce oxidative stress and restore mitochondrial function in brain regions affected early in the disease. Further, the extent of
mitigation – to levels less than at the start of treatment –
suggests that NIr can reverse some elements of ADrelated pathology.

Purushothuman et al. Alzheimer's Research & Therapy 2014, 6:2
http://alzres.com/content/6/1/2
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Figure 7 Effect of near-infrared light on Congo red-positive plaque numbers in APP/PS1 mice. (A), (B) Quantification of Congo red-positive
plaque counts in the neocortex (A) and hippocampus (B). All error bars indicate standard error of the mean. (C), (D), (E), (F), (G), (H) Representative
micrographs showing Congo red staining of plaques in the neocortex (C, E, G) and hippocampus (D, F, H). Arrows indicate plaques. Scale bar = 50 μm;
scale in (H) applies to all other micrographs. DG, dentate gyrus of hippocampus; NIr, near-infrared light; SLM, stratum lacunosum moleculare; WT, wildtype.

Evidence of reversal of pathology

Previous reports have described the natural history of
the K3 [21,22] and APP/PS1 transgenic models [24,37].
Based on these previous reports and our own baseline
data (Figure 1), significant brain pathology and functional deficits are present in both models at the ages
when we commenced treatment. Our results therefore
suggest that significant reversal of pathology has been
induced by the NIr treatment. This has implications for
clinical practice, where most patients are not diagnosed
until pathogenic mechanisms have already been initiated
and resultant neurologic symptoms manifest [15,27].
This evidence that AD-related neuropathology can be
transient – appear then disappear – is not novel. Garcia-

Alloza and colleagues described evidence of the transient
deposition of Aβ, including the formation of plaque-like
structures, in a transgenic model of Aβ deposition [24].
Reversal of such pathology, by interventions such as NIr
treatment, may therefore be possible. However our results
suggest that reversal may also be limited to recently
formed, immature plaques, as we observed a significant
NIr-induced reduction in immunolabelling with the 4G8
and 6E10 antibodies but no significant difference in Congo
red staining. Because the 4G8 and 6E10 antibodies recognise various forms of Aβ, while Congo red stains only mature, compacted plaques, a reasonable deduction is that
NIr treatment reduces only the transient, recently formed
Aβ deposits, with no substantial effect on mature plaques.
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Abstract
Background: Plantar fasciitis affects nearly 1 million people annually in the United States. Traditional nonoperative
management is successful in about 90% of patients, usually within 10 months. Chronic plantar fasciitis develops in about
10% of patients and is a difficult clinical problem to treat. A newly emerging technology, low-level laser therapy (LLLT), has
demonstrated promising results for the treatment of acute and chronic pain.
Methods: Thirty patients were administered LLLT and completed 12 months of follow-up. Patients were treated twice
a week for 3 weeks for a total of 6 treatments and were evaluated at baseline, 2 weeks post procedure, and 6 and 12
months post procedure. Patients completed the Visual Analog Scale (VAS) and Foot Function Index (FFI) at study followup periods.
Results: Patients demonstrated a mean improvement in heel pain VAS from 67.8 out of 100 at baseline to 6.9 out of 100
at the 12-month follow-up period. Total FFI score improved from a mean of 106.2 at baseline to 32.3 at 12 months post
procedure.
Conclusion: Although further studies are warranted, this study shows that LLLT is a promising treatment of chronic
plantar fasciitis.
Level of Evidence: Level 4, case series.
Keywords: plantar fasciitis, heel pain, laser therapy
Plantar heel pain is one of the most common pathologies of
the foot, accounting for up to 15% of foot-related symptoms presenting to physicians and 1% of all visits to orthopedic surgeons.30 The clinical manifestations can be
disabling, and despite its high incidence, the specific cause
of plantar fasciitis is poorly understood; it is likely multifactorial and may be associated with systemic disease,
local changes to the plantar fascia tissue, or altered foot
and ankle biomechanics.8,14,20,24,32
The choice of nonoperative treatment is largely up to
the physician. Numerous treatment options exist, including stretching, night splints, orthotics, casting, steroid
injections, and anti-inflammatory medications. There is
limited high-level evidence to support one treatment
over another.11 The treatment of plantar fasciitis can be
frustrating, yet about 90% of patients will respond favorably to nonoperative treatment, usually within 10
months.10-12
Failure of these measures occurs in about 10% of
patients, resulting in chronic plantar fasciitis and a difficult
clinical problem. There is also limited high-level evidence
guiding the treatment of this group of patients. A recent
study showed that up to 55% of foot and ankle surgeons

would consider surgery for the treatment of plantar fasciitis
refractory to 10 months of nonoperative management.11
Short of surgery, a new treatment for chronic plantar fasciitis is low-level laser therapy (LLLT), which has been
used extensively in other areas of the body. It has become
increasingly popular because it is painless, is noninvasive,
and has shown short-term efficacy in the treatment of plantar fasciitis.18,21 The purpose of this clinical study was to
determine the effectiveness of LLLT in the treatment of
chronic plantar fasciitis.

Methods
Between February 2012 and June 2013, a clinical trial of
low-level light therapy was performed on 30 subjects with
1
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chronic heel pain. The 30 patients in the current study were
recruited from a single site of a previous multicenter, prospective, double-blind, randomized control trial on LLLT.
At the end of the original 6-week study period, all 34 participants (both treatment and control groups) were unblinded
and were asked to be available for follow-up for 12 months.
Thirty of the 34 patients elected to enroll and completed 12
months of follow-up. The original 16 treatment group participants had already received treatment and so were followed to the 12-month endpoint. The 14 from the original
placebo group were converted to a treatment group, administered treatment, and followed to the 12-month endpoint.
Inclusion criteria were patients presenting with unilateral chronic plantar fasciitis unresponsive to conservative
measures. This included patients with a primary complaint
of heel pain upon weight-bearing after a period of rest; heel
pain unresponsive to conservative treatments (including
prescription nonsteroidal anti-inflammatory medications
[NSAIDs], rest, taping, stretching, orthotics, shoe modifications, night splinting, casting, physical therapy, or local corticosteroid injections); pain that dissipates after a few
minutes of walking but returns following prolonged periods
of walking or standing; pain located along the medial process of the calcaneal tuberosity and medial plantar band of
the plantar fascia; pain brought on following palpation of
the medial calcaneal tuberosity on passive dorsiflexion of
the foot; chronic heel pain persisting 3 months or more with
no evidence of acute trauma to the heel; average Visual
Analog Scale (VAS) pain score of 50 or more using a 100point scale after taking initial steps following period of rest;
and willingness to refrain from using other conservative
measures (stretching, orthotics, night splinting, casting,
physical therapy or local corticosteroid injections, and
extracorporeal shock wave therapy) until completion of the
study course.
Exclusion criteria included mechanical posterior heel pain
categorized as insertional Achilles tendonitis or bursitis, neurological heel pain resulting from nerve entrapment, arthritic
heel pain, traumatic heel pain, bilateral plantar fasciitis, heel
pain lasting 3 months or longer, skin ulceration surrounding
the heel and treatment area, sciatica, benign and/or malignant
tumors, acute infection, diabets, sensory neuropathy, peripheral vascular disease or autoimmune disease, fibromyalgia,
chronic fatigue syndrome, notable heart conditions, photosensitivity disorder, and pregnancy or lactation.
After inclusion in the study, patients were asked to
refrain from any other treatment modalities other than acetaminophen, which was considered the rescue medication
and was allowed during the study.
The patients each received 6 total LLLT treatments: 2
procedures per week during a consecutive 3-week period.
All patients were treated with a multihead low-level diode
laser emitting a divergent 635-nm (red) laser light generating a 17-mW output (The Erchonia, Erchonia Corporation,

Figure 1. The Erchonia laser.

McKinney, TX) (Figure 1). Exposure time during the LLLT
was 10 minutes across the dorsal foot, the myofascial junction of the heel, and the plantar aspect of the heel, simultaneously, for each procedure administration. Each procedure
administration took place in the clinical setting. This laser
machine contains 3 independent diodes mounted in scanner
devices, positioned equidistant from each other, and tilted at
a 30-degree angle. Each scanner emitted 17 mW, 635 nm of
red laser light, leading to a total dose of 1.476 J/cm2 delivered to the skin.
The patients were evaluated subjectively at 4 different
points during the study: baseline, 2 weeks post procedure,
6 months post procedure, and 12 months post procedure.
The parameters used were the VAS for pain and the Foot
Function Index (FFI), containing the Pain subscale,
Disability subscale, and Activity Limitation subscale.5
Patients were not offered any form of compensation to
participate, nor were they charged for the cost of the laser
procedure or related evaluations. Approval was obtained
from the hospital institutional review board prior to the initiation of the study.
Mean and standard deviation (SD) of the VAS scores and
the FFI scores were calculated for each investigated time
point. Comparisons between these scores were performed
using 2-way repeated-measures analysis of variance
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Plantar Fasciitis
Plantar fasciitis – is Laser Phototherapy a good option?
By Jan Tunér

Plantar fasciitis affects nearly 1 million people annually in the United States. Traditional non-operative
management is successful in about 90% of patients, usually within 10 months. Chronic plantar fasciitis
develops in about 10% of patients and is a difficult clinical problem to treat. Laser phototherapy is a
good option for these patients, but still not widely used. How effective is LPT for plantar fasciitis and
what is the scientific evidence?
The first study was published in 1998, and the outcome was negative. Basford [1] treated 32 patients
with plantar fasciitis during 12 sessions. The origin of the plantar fascia was given 1 J of 830 nm laser
(30 mW) and the medial border of the fascia was swept with a total dose of 2 J. With today’s
knowledge about dosage, the negative outcome is what can be expected. 1 J at the origin is very low
and sweeping with a total of 2 J does not produce much of an effect. WALT recommendation is a
minimum of 4 J per point and 2-3 points, so at least 8 J per session.
Three years later, Hronková [2] published a study where irradiated the place of maximum pain with a
200 mW, 870 nm , energy density 9 J/cm2, 10 sessions every other day. Sixty-one patients had this
therapy while fifty-two patients had a non-active placebo laser. In the laser group, 64% had a complete
remission of pain, 26% experienced an improvement, and in 10% this therapy brought no effect at all.
In the placebo group, 18% reported a full remission of pain, 42% reported an improvement and 40%
felt no effect. In a separate study, ultrasound was used for 60 patients – 1 W/cm2 applied for 5
minutes, 10 applications. All in all 50% of the patients had a complete remission of pain, 16.6% were
improved and 33.3% reported no effect. Eight of the patients who had not experienced any effect from
ultrasound were given LPT, no earlier than two weeks after ending the ultrasound treatment. Six of
these patients evaluated their treatment as successful while the additional LPT had no effect in two
patients.
The two studies above used GaAlAs wavelengths. Kiritsi [3] used GaAs (904 nm) to investigate the
effect of LPT on plantar fasciitis documented by the ultrasonographic appearance of the aponeurosis
and by patients’ pain scores. Thirty individuals with diagnosis of unilateral plantar fasciitis were
enrolled in a randomised, double-blind, placebo-controlled trial, but 25 participants completed the
therapeutic protocol. The contralateral asymptomatic fascia was used as control. After enrolment,
symptomatic individuals were randomly assigned to receive LPT, or identical placebo, for 6 weeks.
Ultrasonography was performed at baseline and after completion of therapy. The subjective
subcalcaneal pain was recorded at baseline and after treatment on a visual analogue scale (VAS). After
LPT, plantar fascia thickness in both groups showed significant change over the experimental period
and there was a difference (before treatment and after treatment) in plantar fascia thickness between
the two groups. However, plantar fascia thickness was insignificant (mean 3.627 +/- 0.977 mm) when
compared with that in the placebo group (mean 4.380 +/- 1.0042 mm). Pain estimation on the visual
analogue scale had improved significantly in all test situations (after night rest, daily activities) after
LPT when compared with that of the placebo group. Additionally, when the difference in pain scores
was compared between the two groups, the change was statistically significant. In summary, while
ultrasound imaging is able to depict the morphologic changes related to plantar fasciitis, 904 nm laser
may contribute to healing and pain reduction in plantar fasciitis.
The most recent study on plantar fasciitis is by Jastifer [4] and of particular interest. What is so
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interesting is not shown in the abstract, though. The PubMed abstract says that thirty patients were
administered LPT and completed 12 months of follow-up. Patients were treated twice a week for 3
weeks for a total of 6 treatments and were evaluated at baseline, 2 weeks post procedure, and 6 and 12
months post procedure. Patients completed the Visual Analog Scale (VAS) and Foot Function Index
(FFI) at study follow-up periods. Patients demonstrated a mean improvement in heel pain VAS from
67.8 out of 100 at baseline to 6.9 out of 100 at the 12-month follow-up period. Total FFI score
improved from a mean of 106.2 at baseline to 32.3 at 12 months post procedure.
And here is the interesting part: The laser was irradiating the heel area in non-contact mode from
three sides with 630 nm, 17 mW, during 10 minutes per session, delivering a total energy of about 30 J
per session. One would expect the red 630 nm light to be ineffective for this type of condition, but the
explanation is probably the long irradiation time. It is well documented that low energies during long
time is more effective for reduction of inflammation that high energies during short time [5]. And in
spite of the fact that the laser light hardly reached the actual foci of inflammation, a long time of
irradiation can produce a systemic effect. This is nothing new. In the 90s, defocused CO2 lasers were
used for biostimulation, and the 10600 nm wavelength has extremely poor penetration. So it was all a
matter of systemic effects.
The laser used was from the Erchonia company. In the Annals we have criticized this company several
times for the homeopathic doses recommended and the vastly exaggerated claims of penetration of
630 nm. So we are happy to give credit to a study that finally makes sense and provides interesting
information. Red laser may not be ideal, but the study shows that it can be used if applied during long
time.
Summing up, the scientific documentation is scant, but suggests that LPT could be a non-invasive
option for plantar fasciitis. And as always: no side effects, no needles and no knives.
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Scientific Reports:
Case Reports and Case Series

PALLIATIVE CANCER CARE USING
FREQUENCY-SPECIFIC LOW LEVEL LASER
THERAPY: FOUR CASE REPORTS
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Mid-Isle Veterinary Hospital, 5 – 161 Fern Road West, Qualicum Beach, British Columbia,
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CCF: Chaos conversion factor

Abstract

Introduction

Four cases of cytologically diagnosed, histologically
diagnosed, or presumed malignant neoplasia managed
with frequency-specific low level laser therapy in dogs are
described. In each of these cases, the therapy resulted in
temporary tumor regression and improvement in clinical
signs associated with the cancer. Specific laser frequencies
along with chaos conversion factor frequencies for third
(and fourth) bodies were utilized to manage four cancer
patients with a class two laser. Further research is needed to
optimize the selection of frequencies for managing specific
cancers in individual companion animals.

Frequency-specific low level laser therapy (FSLLLT)
is currently being used to manage a myriad of disease
conditions in companion animals. The potential of
FSLLLT can be fully realized with the use of the Erchonia
base station laser.
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The class two laser (a) has been described in a prior
publication (1). The laser utilized was designed to reestablish communication systems of the body using the
elements that emulate the energy type (photonic light),
the wavelength (635 and 405 nm), the energy level

signs were much improved. Frequencies for pain were

restricting stool passage. He received his 36th treatment

periodically used throughout the course of treatment to

that day.

keep his spine comfortable.
A stool softener was introduced (Peg 3350, 1 teaspoon PO
The laser therapy was continued on roughly a monthly
th

basis. The 25 treatment was done on day 166. The mass
felt the same size as it did when it was first detected. On
day 178, the mass size was noted to be stable. The patient
was not treated again until day 298. At that time, the
mass was not palpably enlarged, but the surface was more
irregular in texture.
Over the next 12-week period, the patient received
additional FSLLLT (with appropriate light frequencies)
that addressed other medical conditions – an anal sac
abscess and two bouts of ileocolitis.
As well, a new CCF frequency (for liver tissue) was added.
Until that time, the frequencies provided by Inman for
sarcomas had been employed – those for bladder and
skin. On day 325, the mass was significantly smaller on
abdominal palpation and it was smaller yet again when it
was felt on day 352 (31st treatment).

q 12 h or to effect) (c) to allow easier passage of the feces.
The laser sessions were increased to 3 times that week and
twice weekly for a further 3 weeks. After one session, the
patient was more comfortable but still straining. By day
459, he was not straining; he was passing stools of varying
sizes (still on the stool softener).
On day 466, the mass in the abdominal cavity had
decreased noticeably by abdominal palpation. It was even
smaller on day 491. When assessed on day 544, the mass
was stable in size.
On day 552, the patient was presented because he was
unable to urinate. The abdominal component of the mass
had once again grown significantly. A catheter could be
passed, but the dog could not urinate unassisted. He was
lasered that day and he subsequently managed to urinate
on his own for 2 days. Reobstruction occurred on day 555,
at which time euthanasia was elected by the owner.

The patient was reassessed on day 449 because he started
having difficulty defecating. The mass was much larger,
irregular, and had invaded the entire pelvic canal,

TABLE 1: LASER FREQUENCIES USED TO MANAGE THE
SARCOMA AND OTHER CONDITIONS IN CASE 1
“a” head

“b” head

“405” head

4-33-60-151
9-16-42-53

465-20.5-25-666
465-20.5-25-666

45.2-8166-1550-36
155.6-155.7-279-111

4-777-60-151

53-240-20.5-1884

1698.6-55.15-10000-5000

Diarrhea Colitis

4-33-60-151
20-96-784-440

784-16-66-96
880-216-465-25

83-2949-776-727
43.82-46.6-10000-5000

Anal Sac Infection
Sarcoma (Liver CCF)

784-1260-69-72
4-33-60-151

21-73-216-363
10000-5000-230-777

1884-36-47-46
149.86-1884-53-55

Musculoskeletal Inflammatory
Pockets & Pain Sarcoma
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case 2
Large cell/Lymphoblastic Lymphosarcoma
A 15-year-old neutered, male German shorthaired pointer

and with the apparent success of the treatment, the owner

was presented for acute onset of facial edema, including the
upper and lower jaws, muzzle, and eyelids. On examination,
severe mandibular and prescapular lymphadenopathy was
found and fine needle aspirates were performed on the
lymph nodes.

elected to pursue a course of FSLLLT for the LSA as well as
his arthritic pain (see Table 2).

While waiting for a definitive diagnosis, the edema was
managed with FSLLLT. Frequencies for lymphatic drainage
were utilized (see Table 2). The patient was on the antiinflammatory meloxicam (d) (0.1 mg/kg PO q 24 h) for
chronic arthritis treatment. The owner was asked to stop
the meloxicam that day in case prednisone therapy was
needed in the future.
Cytologic findings became available the next day (day
2) with a diagnosis of lymphosarcoma (LSA), large cell/
lymphoblastic type (e). The owner was given the option of
chemotherapy, but this was declined due to cost and the age
of the patient. Because the edema had resolved overnight

Therapy began on day 3 and was repeated on days 8, 11, 14,
16, 23, 24, 29 and 38. The treatment regime was dictated by
the owner’s personal work schedule. By day 8, the patient
was feeling good, moving well and his lymph nodes were
estimated to have decreased to about half their original
size. By day 14, all lymph nodes were of normal dimensions.
The dog was feeling well with excellent mobility. He had
initiated play in the snow, which the owner had not seen
for a long time.
On day 44, there was an acute recurrence of the peripheral
lymphadenopathy. Prednisone (f) (1 mg/kg PO q 24 h) was
prescribed as a rescue therapy combined with the antacid/
proton pump inhibitor omeprazole (g) (1 mg/kg PO q 24
h). The patient failed to respond, his appetite fell, and he
was euthanized 5 days later.

TABLE 2: LASER FREQUENCIES USED TO MANAGE THE
LYMPHOSARCOMA AND EDEMA IN CASE 2
“a” head

“b” head

“405” head

Lymphatic Drainage

45-24-54-47

15-250-230-146

279-111-100-55

Lymphosarcoma

20.5-666-2187-1260

83-73-53-465

317.12-145.65-96-25

Inflammation

4-33-60-151

20-66-73-43
363-21-59-97

9-16-42-53
155.6-155.7-36-2

Lymphosarcoma

10-234-78-46

363-21-59-97

155.6-155.7-36-2
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Low Level Laser Therapy
Know Physiology
1)

Increased ATP
The Universal Mechanism
Cytochrome c Oxidase
Improves Strength
Improves Range of Motion
Accelerates Healing
Enhances Gene Expression: immunity, neurotransmitters, hormones, etc.
Sodium Pump: pain inhibition
Aspartate/Glutamate Pump: reduces neurodegenerative diseases
Reduces Free Radical Production

2)

Inhibits COX enzymes / inflammatory eicosanoids
Pain Control
Cancer Connection
Reduces Free Radical Production
Degenerative Joint Disease—Artery Disease—Autoimmunity—
Neurodegeneration, etc.

3)

Upregulates the Endogenous Antioxidant Array
Glutathione
Master Antioxidant
Master Detoxification

4)

Scar Tissue Degradation
Improves Range of Motion
Improves Local Mechanoreception and Systemic Neurology
Visceral Applications

5)

Improve Neuron Function
Action Potential
Synaptogenesis/Neuroplasticity

6)

Upregulates Hormone Sensitive Lipase
Lipolysis

