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Guest Editorial*

The Potential of Light Therapy for Central
Nervous System Injury and Disease

LIGHT AS A NEURO-RESTORATIVE and/or neuro-protective
therapy for the treatment of injury and diseases of the
central nervous system (CNS) is a novel concept that is rapidly
gaining attention. The earliest reports on the use of light for
the treatment of CNS injury were the pioneering experiments
of Shimon Rochkind.'™® Rochkind and colleagues used 780-nm
wavelength laser irradiation in a number of models of spinal
cord injury (SCI) and reported enhanced axonal sprouting and
spinal cord repair. What was amazing about this research and
hard for many people to accept was the claim that light ap-
plied transcutaneously could penetrate to the level of the spi-
nal cord and alter the response of the spinal cord to injury.
My laboratory, in conjunction with Drs. Waynant and Ilev
of the US. Food and Drug Administration, was the first to
definitively show that light applied transcutaneously pene-
trates to the level of the spinal cord. In a series of experiments
on anesthetized Sprague Dawley rats, a broadband light
source was directed at the surface of the skin in the region of
the low thoracic vertebral level. A smart, tissue-activated op-
tical fiber probe attached to a spectrophotometer was inserted
sequentially into tissue layers from the skin to the spinal cord
and a transmission spectrum in the range of 500-1200 nm was
collected at each layer.® Analysis of the transmission spectra
revealed that the penetration was highest through all tissue
layers overlying the spinal cord and through blood between
the 770- and 820-nm wavelengths. The peak transmission was
at 810nm. Further analysis showed 98% of 810-nm light was
transmitted through water.” For SCI my laboratory has shown
that 810-nm light is an effective therapy in both dorsal hemi-
section” and contusion® rodent models. The noninvasive
transcutaneous application of 810-nm light at the injury site
caused a significant increase in the number of regenerating
corticospinal tract axons and the length of axonal regrowth.
Functional recovery was achieved with ladder crossing time
and angle of hind paw rotation returning to baseline levels
9wk post-injury. Light therapy (LT) significantly decreased
the invasion of cells involved in secondary damage to the
spinal cord, including macrophages/activated microglia and T
lymphocytes from 48h to 5wk post-injury, and astrogliosis
was reduced at early time points.” LT acutely applied after SCI
also resulted in a statistically significant suppression of pro-
inflammatory cytokine and chemokine expression” and in a

significant alteration in a subset of genes involved in the im-
mune response, cellular proliferation, and growth factor re-
ceptors.”1? These data provide evidence that light exerts
specific ameliorative molecular effects on the response of cells
in the CNS to traumatic injury leading to immunosuppression
and alteration of the secondary injury response and progres-
sion of the injury process. Additionally, optical measurements
in human cadavers revealed that 810-nm light penetrates to
the level of the spinal cord (J.J. Anders; USUHS, unpublished
results). Based on these data, 810-nm light is an effective
wavelength for treatment of the CNS.

Recent studies in our laboratory and others have docu-
mented that 810-nm and similar (808-nm) wavelength light
applied to the scalp readily passes through the skull and into
the brain and is effective in treating injury to the brain.
Transcranial laser therapy (TLT) applied either 4-6h or 24h
after ischemic stroke in rats and rabbits''™" caused a signifi-
cant improvement in neurological score compared to control
animals. Oron et al.'"* demonstrated that noninvasive tran-
scranial application of light irradiation improves short- and
long-term behavioral function and reduces brain tissue loss
after traumatic brain injury. In fact, LT was recently shown to
be safe and effective for treatment of humans within 24 h of
stroke onset'® and a 660 patient NEST-2 study showed similar
safety outcomes and a trend toward efficacy.'® TLT holds
promise for becoming the new gold standard therapy for
acute, mild stroke.

Currently there is great interest in using TLT for neurode-
generative disorders such as Alzheimer’s disease, Parkinson’s
disease (PD), and amyotrophic lateral sclerosis (ALS). These
disorders are particularly attractive as candidates for TLT
based on current evidence indicating the role of mitochon-
drial dysfunction and ATP depletion, oxidative stress, pro-
inflammatory factors, and apoptosis among the cascade of
events leading to neuronal death. Since light can alter mito-
chondrial function, oxidative stress, pro-inflammatory factors,
and rescue injured and/or dying neurons, TLT is a potential
therapy for neurodegenerative disorders. Using an in vitro
model of PD," light was reported to significantly increase
cellular ATP, decrease the number of neurons undergoing
cell death, and significantly reduce the expression of reac-
tive oxygen and reactive nitrogen species in rotenone- and
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MPP"-exposed rat striatal and cortical neurons. However,
caution is needed when considering TLT for the treatment of
neurodegenerative diseases because of their complex and
progressive neuropathology. A recent publication on the use of
LT on the SOD1 transgenic mouse model of ALS reported that a
brief, statistically significant improvement in function occurred
in the group that received LT."® These data suggest that LT
delays the onset of motor deficits. However, the benefit was
short-lived, indicating that LT cannot alter the ongoing process
of mitochondrial vacuolation and degeneration that ultimately
disrupts the electron transport chain in this animal model of
ALS. This pathological progression explains the loss of a ben-
eficial effect from LT in advanced stages of the disease.'® In
support of this theory, a series of in vitro experiments using cell
lines bearing the mitochondrial DNA of PD patients have
identified dysfunctional components of the mitochondrial
electron transport chain, which is essential for the production of
ATP. The dysfunction leads to defective use of oxygen by these
models of PD disease progression, and several PD cell lines had
seriously crippled oxygen utilization machinery in their mito-
chondria. These PD cell lines showed minimal response to LT,
whereas PD cell lines with more intact oxygen utilization ma-
chinery were more responsive to LT (Dr. Patricia Trimmer,
University of Virginia, personal communication). This reason-
ing may also apply to other neurodegenerative diseases. Re-
cently, it was reported that LED pretreatment caused a much
greater increase in cellular content of ATP in primary neurons
grown in rotenone or MPP+ compared to neurons treated by
light during the exposure to the neurotoxins." The authors
concluded that this finding may have relevance to animal
models of PD, and may indicate that the treatment would be
most effective as a preventative therapy used in the early stages
of Parkinsonian induction before symptoms appear.

A major research challenge for establishing light as an ef-
fective therapy for CNS injuries and disease is optimization of
the time of application of light for a particular injury or disease
process. Identifying the effective temporal windows could
alter the course of the inflammatory process and the second-
ary injury cascades that accompany trauma and neurode-
generative diseases. Investigation of light interaction with
the CNS holds great potential for light/energy therapeutics
to become the standard therapy for many CNS injuries and
diseases that currently have no effective treatments.

References

1. Rochkind, S., Barr-Nea, L., Bartal, A., Nissan, M., Lubart, R.,
and Razon, N. (1988). New methods of treatment of severely
injured sciatic nerve and spinal cord. An experimental
study. Acta Neurochir. Suppl. 43, 91-93.

2. Rochkind, S., Vogler, I., and Barr-Nea, L. (1990). Spinal cord
response to laser treatment of injured peripheral nerve.
Spine 15, 6-10.

3. Rochkind, S., Shahar, A., and Nevo, Z. (1998). A combined
procedure of cultured embryonal cell implantation and
780nm laser treatment to cure paraplegic rats following
complete spinal cord transection, in: World Association of
Laser Therapy Conference. Kansas City, MO.

4. Rochkind, S., and Ouaknine, G.E. (1992). New trend in
neuroscience: low-power laser effect on peripheral and
central nervous system (basic science, preclinical and clinical
studies). Neurol. Res. 14, 2-11.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

GUEST EDITORIAL

. Rochkind, S., Shahar, A., and Nevo Z. (1997). An innovative

approach to induce regeneration and the repair of spinal
cord injury. Laser Ther. 9, 151-152.

. Ilev, 1., Waynant, R., and Reiter, M. (2002). Smart optical

fiber probes for precise tissue treatment. Proc. Soc. Photo.
Opt. Instrum. Eng. 4616, 220-228.

. Byrnes, K.R., Waynant, RW,, Ilev, LK., et al. (2005). Light

promotes regeneration and functional recovery and alters
the immune response after spinal cord injury. Lasers Surg.
Med. 36, 171-185.

. Wu, X., Dmitriev, A.E., Cardoso, M.]., et al. (2009). 810nm

wavelength light: An effective therapy for transected or
contused rat spinal cord. Lasers Surg. Med. 41, 36-41.

. Byrnes, K.R., Waynant, RW., Ilev, LK., et al. (2002). Geno-

mic analysis of spinal cord following injury and photo-
biomodulation. Lasers Med. Sci. 17, A28.

Byrnes, K.R.,, Waynant, RW., Ilev, LK, et al. (2003). Al-
teration in gene expression following spinal cord injury and
photo-biomodulation. Lasers Surg. Med. Supp. 15, 41.
Detaboada, L., Ilic, S., Leichliter-Martha, S., Oron, U.,
Oron, A., and Streeter, J. (2006). Transcranial application
of low-energy laser irradiation improves neurological
deficits in rats following acute stroke. Lasers Surg. Med. 38,
70-73.

Lapchak, P.A., Wei, ]J., and Zivin, J.A. (2004). Transcranial
infrared laser therapy improves clinical rating scores after
embolic strokes in rabbits. Stroke 35, 1985-1988.

Oron, A., Oron, U., Chen, J., et al. (2006). Low-level laser
therapy applied transcranially to rats after induction of
stroke significantly reduces long-term neurological deficits.
Stroke 37, 2620-2624.

Oron, A., Oron, U., Streeter, J., et al. (2007). Low-level laser
therapy applied transcranially to mice following traumatic
brain injury significantly reduces long-term neurological
deficits. J. Neurotrauma 24, 651-656.

Lampl, Y., Zivin, ]J.A., Fisher, M., et al. (2007). Infrared laser
therapy for ischemic stroke: a new treatment strategy: re-
sults of the NeuroThera Effectiveness and Safety Trial-1
(NEST). Stroke 38, 1843-1849.

Zivin, J.A., Alber, G.W., Bornstein, N., et al. (2009). Effec-
tiveness and safety of transcranial laser therapy for acute
ischemic stroke. Stroke 40, 1359-1364.

Liang, H.L., Whelan, H.T., Eells, J.T., et al. (2008). Near-
infrared light via light-emitting diode treatment is thera-
peutic against rotenone- and 1-methyl-4-phenylpyridinium
ion-induced neurotoxicity. Neuroscience 153, 963-974.
Moges, H., Vasconcelos, O.M., Campbell, W.W., et al. (2009).
Light therapy and supplementary riboflavin in the SOD1
transgenic mouse model of familial amyotrophic lateral
sclerosis (FALS). Lasers Surg. Med. 41, 52-59.

Ying, R., Liang, H.L., Whelan, H.T., et al. (2008). Pretreat-
ment with near-infrared light via light-emitting diode pro-
vides added benefit against rotenone- and MPP* -induced
neurotoxicity. Brain Res. 1243, 167-178.

Address reprint requests to:

Juanita . Anders, Ph.D.

Department of Anatomy, Physiology and Genetics
Uniformed Services University of the Health Sciences
4301 Jones Bridge Rd.

Bethesda, MD 20814

E-mail: janders@usuhs.mil



