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Abstract
Low-level laser (light) therapy (LLLT) involves absorption of photons being in the mitochondria
of cells leading to improvement in electron transport, increased mitochondrial membrane potential
(MMP), and greater ATP production. Low levels of reactive oxygen species (ROS) are produced
by LLLT in normal cells that are beneficial. We exposed primary cultured murine cortical neurons
to oxidative stressors: hydrogen peroxide, cobalt chloride and rotenone in the presence or absence
of LLLT (3 J/cm2, CW, 810 nm wavelength laser, 20 mW/ cm2). Cell viability was determined by
Prestoblue™ assay. ROS in mitochondria was detected using Mito-sox, while ROS in cytoplasm
was detected with CellRox™. MMP was measured with tetramethylrhodamine. In normal neurons
LLLT elevated MMP and increased ROS. In oxidatively-stressed cells LLLT increased MMP but
reduced high ROS levels and protected cultured cortical neurons from death. Although LLLT
increases ROS in normal neurons, it reduces ROS in oxidatively-stressed neurons. In both cases
MMP is increased. These data may explain how LLLT can reduce clinical oxidative stress in
various lesions while increasing ROS in cells in vitro.
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Representative images of cortical neurons labeled with MitoRox (red) for mitochondrial ROS,
Mitotracker green for mitochondrial colocalization and Hoescht (blue) for nuclei (seen in triple
overlay).
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1. Introduction
The use of low level light (laser) therapy (LLLT) consisting of non-thermal red and/or near
infrared light (600–1000 nm) delivered from a laser or from a non-coherent light source has
been shown to have beneficial effects on a wide range of pathologies. A growing number of
reports have shown a positive outcome for LLLT in diseases and injuries related to the
nervous system (both peripheral and central). Treatment with low energy laser promotes
axonal growth and nerve regeneration in both rat spinal cord [1, 2] and peripheral nerve
injuries [3]. The efficacy of LLLT in the nervous system has been further demonstrated in
animal studies showing improved neurological and functional outcome post-stroke [4– 6]
and post-traumatic brain injury (TBI) [7–12]. The results of human studies in patients with
long term peripheral nerve injury (6) and ischemic stroke [13, 14] have also been promising.
LLLT also improves emotional response and memory function of middle aged CD-1 mice
[15].

Oxidative stress, defined as an imbalance between oxidants and antioxidants, has been
implicated in the pathogenesis of TBI and other brain disorders [16–18]. The fundamental
mechanism of photobiomodulation [19] is proposed to involve mitochondria as the primary
cellular target for the photons leading to increased cytochrome c oxidase activity [20],
release of nitric oxide (NO) [21] and an increase in ATP levels [22]. Changes in intracellular
signaling molecules such as calcium ions, reactive oxygen species (ROS) and redox
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sensitive transcription factors like NF-κB are also thought to mediate the effects of light
[23]. Low-level laser has been reported to attenuate oxidative stress [24]. Although the exact
mechanisms are yet to be fully understood, LLLT has been used to rescue neurons from
neurotoxic injuries [25–27] and help tissue repair and wound healing in animal models [28].

Previous studies from our laboratory have shown that LLLT increases ATP synthesis,
mitochondrial membrane potential and intracellular calcium levels; stimulates ROS
production and NO release with a biphasic pattern in normal murine cortical neurons [29].
However the effects of 810 nm laser on neurons under oxidative stress have not yet been
studied. In the present study we used three different agents to produce oxidative stress in
cultured cortical neurons and tested the ability of 3 J/cm2 of 810 nm laser to rescue the cells.

2. Materials and methods
2.1 Materials

Timed pregnant CD1 mice were purchased from Charles River. Calcium-magnesium-free,
Hank’s balanced salt solution (CMF-HBSS), HEPES buffer, Glutamax, Neurobasal media,
B27 supplement and PrestoBlue® Cell Viability Reagent were purchased from Life
Technologies Invitrogen (Grand Island, NY), while Mitosox, CellRoxTM deep red,
Tetramethylrhodamine methyl ester (TMRM), Hoechst 33342 were obtained from
Molecular Probes Invitrogen (Eugene, OR). 2.5% trypsin/EDTA, penicillin/ streptomycin,
Type IV Deoxyribonuclease I (DNAse I), poly-D-lysine (MW150,000–300,000), Krebs-
Ringer solution, cobalt chloride (CoCl2), rotenone, hydrogen peroxide (H2O2), and dimethyl
sulfoxide (DMSO) were purchased from Sigma, (St. Louis, MO). Glass-bottom petri dishes
were purchased from In Vitro Scientific, (Sunnyvale, CA).

2.2. Primary mouse cortical neuron isolation from mice
All animal procedures were approved by the Subcommittee on Research Animal Care of the
Massachusetts General Hospital and met the guidelines of the National Institutes of Health.

Pregnant female CD1 mice (age, 8–10 weeks) were sacrificed at 16 days post-conception.
The cortical lobes of 10 embryonic brains were separated from sub-cortical structures in
calcium-magnesium-free, Hank’s balanced salt solution containing 20 mM HEPES buffer
(CMF-Hepes-HBSS). After removal of the meninges, brain tissue was placed into CMF-
Hepes- HBSS, triturated briefly with pipetting, and incubated at 37 °C for 30 min with 2.5%
trypsin and 50 μg/ml DNAse I. Cells were then further dissociated mechanically and
centrifuged at 1000 rpm, at 4 °C for 5 min. The pellet was resuspended in Neurobasal Media
(NBM) supplemented with 2 mM Glutamax, 100 units/ml of penicillin, 100 μg/ml of
streptomycin, and B27 supplement. Neurons were plated at a density of approximately 600
cells/cm2 on poly-D-lysine coated cell culture plastic plates or glass-bottom petri dishes.
The plating and maintenance media consisted of Neurobasal plus B27 supplement (NB27).
Cultures were then placed in a humidified atmosphere of 95% air, 5% CO2 at 37 °C. This
media formulation inhibited the outgrowth of glia resulting in a neuronal population that is
>95% pure. Half of the culture medium was changed at division 4 and then every 3 days.

Experiments were performed on culture days 8 to 12. Before treatment, neurons were
washed with and kept in HEPES-buffered Krebs-Ringer solution (Hepes-KB solution),
containing 125 mM NaCl, 4.8 mM KCl, 1.2 mM MgSO4, 1.3 mM CaCl2, 1.2 mM KH2PO4,
10 mM Glucose, 20 mM HEPES, pH 7.40. All the experiments were carried out at 37 °C.

Neurons were divided into 7 experimental groups: 1) Sham control: normal neurons were
taken out of the incubator and set in the dark for 150 s, similar to experimental groups, but
without oxidant exposure or laser treatment; 2) exposure to CoCl2 alone (0.2, 0.5, 1 and 2
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mM) for 1 h, followed by wash; 3) CoCl2 exposure (0.2, 0.5, 1 and 2 mM) for 1 h, laser
treatments (810 nm; 3 J/cm2 (20 mW/cm2) were given for 150 sec commencing immediately
after addition of CoCl2; 4) exposure to 10 or 20 μM H2O2 for 1 h, followed by wash; 5)
H2O2 (10, 20 μM) exposure for 1 h, laser treatments were given for 150 sec commencing
immediately after addition of H2O2; 6) exposure to rotenone (0.1, 0.2, 1, 2 and 5 μM) for 1
h, followed by wash; and 7) rotenone exposure (0.1, 0.2, 1, 2 and 5 μM) for 1 h, laser
treatments were given for 150 sec commencing immediately after addition of rotenone.

2.3 Laser irradiation protocol
The experiments were conducted with a diode laser (Photothera Inc., Carlsbad, CA), which
emits continuous wave 810 nm wavelength near infrared radiation. The cells were irradiated
with a power density of 20 mW/cm2 for 150 sec to achieve total energy densities of 3 J/cm2.
The spot size was 5 cm in diameter in both cases. In the case of 96-well plates, the spot
covered 9 wells.

2.4 Cell viability assay
Cells in 96-well plates were treated with oxidative stress agents either with or without
additional laser application and had their cell viability assayed after 24 h. Administration of
10 μL Prestoblue solution into each well and incubated the plate at 37 °C for 2 h, then the
cells was measured at excitation 560 nm, emission 590 nm on a 96-well plate reader
(Molecular Devices SpectraMax M5) following manufacturer’s instructions. Three
independent experiments were carried out.

2.4 Evaluation of mitochondrial ROS and cellular ROS production
Cytoplasmic ROS was measured using CellROX™ Deep Red, a fluorescent indicator of
cytoplasmic ROS. CellROX Deep Red is a cell permeant dye that is non-fluorescent while in
a reduced state and becomes fluorescent upon oxidation by ROS with emission maxima of
665 nm. Mito-Sox red is a non-fluorescent dye based on dihydroethidium that localizes in
mitochondria and undergoes reaction with mitochondrial superoxide to give red
fluorescence [30]. The neurons were incubated with then 2 μM of Mito-sox red for 10 mins,
and then 50 nM Mitotracker green for 30 mins, 5 μg/ml of Hoechst-33342 (Sigma) was also
added for a nuclei stain. After a wash once with Hepes-KB solution, the neurons were
incubated with the following concentrations of CoCl2, (500 nM) H2O2 (20 μM) or rotenone
(200 nM) and irradiated with the 810 nm laser for 150 sec immediately after exposure to the
oxidative stress agent. For CellROX™ Deep Red, after incubation with oxidative stress
agent for 30 mins, the neurons were incubated with 5 μM of CellROX™ Deep Red in Hepes-
KB solution for another 30 mins, 5 μg/ml of Hoechst-33342 (Sigma) was then added as a
nuclei stain. Then washed twice with and kept in Hepes Krebs-Ringer’s buffer. The
fluorescence was imaged with a confocal microscope (Olympus America Inc, Center Valley,
PA) using ex/em 635 nm/660 nm for CellROX™ Deep Red, and 559 nm/590 nm for Mito-
Sox red.)

2.5 Mitochondrial membrane potential determination
Mitochondrial membrane potential was monitored with tetramethylrhodamine methyl ester
(TMRM) at a loading concentration of 25 nM sufficient to cause dye aggregation within the
mitochondrial matrix. After washing, fluorescence was monitored in the presence of TMRM
by excitation at 559 nm with emission at 610 nm, using an Olympus FV1000 inverted
fluorescence microscope equipped with a 60× water immersion objective.
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2.6 Quantitative confocal microscopy
Confocal images were collected on an Olympus FV1000 microscope (Olympus, Japan) with
an inverted microscope fitted with a 60× PlanApo (1.40 NA) water immersion objective.
Images were collected using the Olympus Fluoview software with 800 × 800 pixels with the
slow scan speed. Fluorescence quantification was carried out on this widefield microscope
with a 20× magnification objective to obtain a large number of cells per field. Images for
qualitative purposes were obtained at a higher magnification (60×). Fields used for
quantification were selected at random throughout the dish and focused using phase-contrast
optics before viewing the fluorescence. Digital images were recorded and the quantification
of fluorescence intensity was performed using Image-Pro Plus 6.0 software (Media
Cybernetics). Total fluorescence per field was obtained by summing the pixel intensity over
the whole field after subtracting an integer corresponding to a background value obtained
from a field that did not contain any cells. Background fluorescence values including
autofluorescence and nonspecific fluorescence were obtained by imaging fields of cells
under the same illumination and exposure conditions. The fluorescence intensity was
calculated by dividing the total integrated optical density by the total number of cells in each
field and expressed as relative fluorescence intensity [31].

2.7 Statistical analysis
All fluorescence readings were normalized to total protein (measured by BCA, Pierce
Biotechnology Inc.). All assays were performed in triplicate with n = 6 for each sample.
Excel software was used to perform Single-Factor ANOVA with Tukey’s posthoc test to
evaluate the statistical significance of experimental results (p < 0.05).

3. Results
3.1 Effect of 810 nm LLLT on cell viability after oxidative stress

Cell viability assays were performed to determine dose response curves for reduction of
viability in the cortical neurons caused by 1 h exposure to either CoCl2, H2O2 or rotenone
and to investigate the effect of 810 nm laser irradiation on cell viability.

For CoCl2 treatment concentrations of 0.2, 0.5, 1 and 2 mM led to cytotoxicity ranging from
25% to 45%. Laser treatment (3 J/cm2) protected neurons from the cytotoxic effects of
CoCl2 reducing the loss of viability to a maximum of 12% cytotoxicity (p < 0.01) (Figure 1).

For H2O2, treatment with 10 and 20 μM H2O2 led to cytotoxicity of 67% and 75%
respectively. Laser treatment reduced the neuronal cytotoxicity to 56% (p < 0.01) and 58%
(p < 0.05) respectively (Figure 2).

Rotenone treatment (0.1 μM to 5 μM) produced a dose-dependent loss of viability reaching
cytotoxicity of 94% at 5 μM. Laser treatment protected against rotenone cytotoxicity,
however the protection in cell viability was much reduced (only 3–5% less killing)
compared to the other oxidative stress agents. Nevertheless the protection was statistically
significant (p < 0.05) at 0.2, 2, and 5 μM (Figure 3).

3.2 Effect of 810 nm laser on mitochondrial superoxide generation measured by Mito-sox
red

Representative images are shown in Figure 4(A–H) and the quantification of the
fluorescence measurements is shown in Figure 5. Significant (p < 0.01) Mito-sox red
fluorescence indicating mitochondrial production of ROS was seen in control neurons (no
oxidative stress) exposed to 3 J/cm2 810 nm laser (compare Figures 4A and B and 5). This is
in agreement with the results we have reported previously [29].
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An approximate 7-fold rise in mitochondrial ROS was seen in the 500 μM CoCl2 treated
group (compare Figure 4A and C). Mitochondrial ROS production was significantly reduced
(p < 0.05) after exposure to 3 J/ cm2 laser (compare Figures 4D with C and 5). H2O2 (20
μM) also produced an approximate 7-fold rise in mitochondrial ROS and this was
significantly reduced (p < 0.01) after 3 J/cm2 of 810 nm laser (compare Figures 4F with E
and 5). Rotenone (200 nM) also produced an approximate 7-fold rise in mitochondrial ROS
which was significantly reduced (p < 0.01) by laser treatment (compare Figures 4H with G
and 5).

3.3 Effect of 810 nm laser on cytoplasmic ROS generation measured by CellRox deep red
Representative images are shown in Figure 6(A–H) and the quantification of the
fluorescence measurements is shown in Figure 7. In contrast to the results we found with
mitochondrial ROS, we did not find a significant rise in cytoplasmic ROS when laser was
delivered to control neurons without oxidative stress (compare Figures 6A and B and 7). An
approximate 4-fold rise in cytoplasmic ROS was seen in the 500 μM CoCl2 treated group
(compare Figure 6A and C). Cytoplasmic ROS production was significantly reduced (p <
0.001) after exposure to 3 J/cm2 laser (compare Figures 6D with C and 7). H2O2 (20 μM)
produced an approximate 2.5-fold rise in cytoplasmic ROS and this was significantly
reduced (p < 0.01) after 3 J/cm2 of 810 nm laser (compare Figures 6F with E and 7).
Rotenone (200 nM) produced a 3-fold rise in cytoplasmic ROS which was significantly
reduced (p < 0.01) by laser treatment (compare Figures 6H with G and 7).

3.4 Effect of 810 nm laser on mitochondrial membrane potential
Representative images are shown in Figure 8(A–H) and the quantification of the
fluorescence measurements is shown in Figure 9. In agreement with the results from a
previous study [29] we found a small (~30%) but significant (p < 0.01) rise in MMP when
laser was delivered to control neurons without oxidative stress (compare Figures 8A and B
and 9). An approximate 3-fold reduction in MMP was seen in the 500 μM CoCl2 treated
group (compare Figure 8A and C). MMP was significantly increased (p < 0.01) after
exposure to 3 J/cm2 laser (compare Figures 8D with C and 9). H2O2 (20 μM) produced an
approximate 5-fold reduction in MMP and this was significantly attenuated to control levels
(p < 0.001) after 3 J/cm2 of 810 nm laser (compare Figures 8F with E and 9). Rotenone (200
nM) produced the largest reduction in MMP and although the increase after laser treatment
was relatively minor compared to other oxidative stress agents it was still significant (p <
0.01) (compare Figures 8H with G and 9).

4. Discussion
Oxidative stress and chronic inflammation have been implicated in neuronal dysfunction and
are considered to be hallmarks of many brain injuries and neurodegenerative diseases [32].
Oxidative stress induced by overproduction of ROS causes damage to basic components in
cells, such as lipids [33], DNA [34] and proteins.

In this study, we demonstrated that 810 nm laser suppressed ROS production induced by
three different oxidative stresses (CoCl2 H2O2 and rotenone), and rescued primary cortical
neurons from cell death caused by oxidative stress. We also provide an explanation of an
apparent paradox that can be perceived in the literature concerning the proposed
mechanisms of LLLT; namely, how can the numerous reports of generation of ROS after
LLLT in diverse cell types in vitro [35–41], be reconciled with equally numerous reports
(often in vivo models or under other conditions) [42–45] of reductions in ROS and
amelioration of oxidative stress caused by LLLT. Our data suggest that ROS can be
produced in mitochondria in the short-term associated with an increase in MMP when LLLT
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is delivered in an appropriate dose to normal unstressed cells in culture. However an
increase in ROS is also associated with a reduction in MMP when mitochondrial inhibitors
(rotenone) or oxidative stressors (CoCl2 or H2O2) are employed. In the latter case when
LLLT is delivered to the cells the MMP is increased and therefore the generation of ROS by
the mitochondria is lessened.

The mitochondria are the putative cellular target for red and NIR photons. ROS produced in
the mitochondria are involved in many signaling pathways [46]. Although MitoSox is
specific for superoxide that is not itself a highly damaging oxidant, superoxide can act as a
precursor to much more damaging ROS such as hydroxyl radical and these ROS can diffuse
out of the mitochondria as shown by activation of CellROX.

Increasing evidence in the literature has suggested a direct correlation between LLLT and
activation of the cellular antioxidant system [47]. In addition, it has been suggested that
changes in the cellular redox state leads to photobiostimulatory processes [48]. Wong-Riley
et al. have demonstrated NIR treatment reversed the down-regulation of cytochrome oxidase
activity and cellular ATP content induced by toxins [25].

CoCl2 is a well-known hypoxia-mimetic agent [49] that has been demonstrated to mimic
physiologically occurring hypoxic/ischemic conditions, including generation of reactive
oxygen species (ROS) [50] and transcriptional change of some genes such as hypoxia-
inducible transcription factor-1a (HIF-1a), that is associated with p53, and p21, promoting
cell death [51, 52] in diverse cell types [53, 54]. CoCl2-induced ROS generation, and thus
oxidative stress, is thought to act via a non-enzymatic and non-mitochondrial mechanism
[54] in divergent cell types [53]. Co (II) has been identified as an oxidative stress-inducing
factor producing ROS via a Fenton-type reaction [55, 56]. Zhang et al. [57] investigated
CoCl2-induced cell damage in primary cultured cortical neurons and the possible underlying
mechanisms. It was shown that treatment with CoCl2 at 100 μM in PC12 cell line produced
intracellular ROS at incubation times of less than 3 h [58].

Hydrogen peroxide (H2O2) is one of the ROS generated during cellular metabolism.
Previous studies have shown that exogenously added H2O2 can activate several downstream
signaling pathways involved in cell survival or apoptosis (depending on dose) in various cell
types during oxidative insults. H2O2 hyperpolarizes the neuronal membrane concomitant
with an increase in the cytosolic Ca2+ concentration, leading to the subsequent activation of
a Ca2+ dependent K+ conductance [59]. The hydroxyl radical seems to play a central role in
the mediation of the H2O2 response. It is proposed that H2O2 plays a role in the regulation
of enzyme activity via oxidation of cysteine residues [60]. In principle, H2O2 might act
directly at the neuronal Na+ channels or it might interfere with modulator proteins
responsible for the regulation of their activity. Neuronal voltage-gated Na+ channels are
known to be regulated by phosphorylation [61]; and oxidants have been shown to interact
with serine/threonine protein phosphatases [62] as well as with tyrosine protein
phosphatases [63]. Consequently, different inhibitors of protein phosphatases and protein
kinases were tested for their ability to interfere with the action of the oxidant. H2O2
exposure selectively and transiently induced acute cell apoptosis via activating PI3K-Akt
and Mek-Erk signaling pathways in a concentration-dependent and time-dependent manner
in neuron stem/progenitor cells [64]. H2O2, as a major ROS, can alter the intracellular redox
state of cells, and induce oxidative damage by its conversion into a highly reactive hydroxyl
radical, ·OH [65]. In addition, the level of H2O2 and ·OH in mitochondria has been shown to
be elevated during the pathogenesis of neurodegenerative disorders [66]. Therefore, H2O2
has been extensively used to furnish a cell culture model of oxidative stress for studying
neurotoxicity and neuroprotection in the CNS. Choi et al. [67] found H2O2 induced transient
hyperpolarization of the MMP and a subsequent delayed burst of ROS, causing non-
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apoptotic neuronal cell death in a c-jun N-terminal kinase and poly (ADP-ribosyl)
polymerase-dependent manner.

Rotenone inhibits the mitochondrial respiratory chain at complex I and can cause highly-
selective degeneration of nigrostriatal neurons and can reproduce many features of
Parkinson’s disease [68]. Growing evidence shows that rotenone, even at low
concentrations, exerts significant toxicity within the hippocampus neurons. It was
demonstrated that rotenone induced H2O2 generation, followed by a significant reduction in
the MMP, and caspase-3 activity increased in a time-dependent manner [69]. The
mechanism of rotenone induced apoptosis may be involved in H2O2 generation through
inhibition of NADH dehydrogenase complex and/or activation of NAD(P)H oxidase, and
H2O2 generation causes the disruption of MMP [70]. Radad et al. [71] showed that rotenone
also decreased MMP in dopaminergic cells significantly. In parallel, Menke et al. [72]
reported that rotenone decreased MMP in the human neuroblastoma cell line SH-SY5Y. It
was also reported that mitochondrial depolarization by rotenone lead to caspase-3-dependent
apoptosis in primary dopaminergic neurons [73]. The fact that the protection from
cytotoxicity afforded by laser was lower in the case of rotenone than it was with the other
oxidative stressors may be relevant. Since rotenone is a complex one inhibitor and the
putative site of action of LLLT is at complex four (cytochrome c oxidase) [25, 74, 75], it
may the case that the increasing the electron transport in the latter part of the chain cannot
completely overcome a blockage right at the beginning.

An emerging body of literature from several independent laboratories is establishing the
beneficial effects of LLLT on intracellular neuronal and non-neuronal pathways that provide
for improvements in mitochondrial function, decreased oxidative stress and increased cell
viability. Brief treatment with 670 nm light-emitting diode (LED) has been shown to
regulate the expression of genes encoding DNA repair protein, antioxidant enzymes and
molecular chaperons in retinas of methanol intoxicated rats [76]. LLLT also increased the
expression of anti-apoptotic protein Bcl-2 and reduced the expression of proapoptotic
protein Bax in muscle cell cultures [77].

Consistent with our work, LLLT was found to decrease intracellular ROS levels induced by
CoCl2, and consequently alleviated oxidative stress in human umbilical vein endothelial
cells [78]. Giuliani et al. reported 670 nm laser could prevent H2O2-induced MMP reduction
at early (2 and 15 min) time points and improved cell viability in a neuronal PC12 cell line
[24]. In vitro, LLLT increased survival and ATP content of neurons and decreased oxidative
stress after rotenone-induced toxicity [27]. In vivo, LLLT exerted neuroprotective effects
against rotenone-induced neurotoxicity in rats [79], and these effects were demonstrated by
assessing behavioral, morphological and neurochemical changes [79]. It is interesting to
note that light therapy had no effect on a transgenic mouse model of ALS expressing mutant
human SOD1 [80].

Although we chose a defined LLLT dose that in our lab was beneficial, it is important to
note that a biphasic dose response has been demonstrated many times in low level laser
therapy research [29, 81, 82]. The mechanisms by which LLLT could increase ROS in
normal non-stressed cells, but give the opposite effect by decreasing ROS in cells subjected
to oxidative stress needs further investigation, but the fact that both these effects are
associated with increases in MMP provides an avenue for further studies. Our studies
provide insights into potential applications of LLLT in attenuating oxidative stress in
neuronal disease and damage.
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Figure 1.
Cell viability of cortical neurons treated with increasing doses of CoCl2 for 1 hour with and
without 3 J/ cm2 810 nm laser in 1st 2.5 min. N = 6 wells per group, error bars are SEM and
* = p < 0.05 and ** = p < 0.01.
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Figure 2.
Cell viability of cortical neurons treated with CoCl2 (10 and 20 μM) for 1 hour with and
without 3 J/cm2 810 nm laser in 1st 2.5 min. N = 6 wells per group, error bars are SEM and
* = p < 0.05 and ** = p < 0.01.
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Figure 3.
Cell viability of cortical neurons treated with increasing doses of rotenone for 1 hour with
and without 3 J/ cm2 810 nm laser in 1st 2.5 min. N = 6 wells per group, error bars are SEM
and * = p < 0.05.
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Figure 4.
(online color at: www.biophotonics-journal.org) Representative images of cortical neurons
labeled with MitoRox (red) for mitochondrial ROS, Mitotracker green for mitochondrial
colocalization and Hoescht (blue) for nuclei (seen in triple overlay). (A) control cortical
neurons (B) cortical neurons with 3 J/cm2 810 nm laser; (C) cortical neurons treated with
500 μM CoCl2; (D) cortical neurons treated with 500 μM CoCl2 and 3 J/cm2 810 nm laser;
(E) cortical neurons treated with 20 μM H2O2; (F) cortical neurons treated with 20 μM
H2O2 and 3 J/cm2 810 nm laser. (G) cortical neurons treated with 200 nM rotenone; (H)
cortical neurons treated with 200 nM rotenone and 3 J/cm2 810 nm laser. Scale bar = 20 μm.

Huang et al. Page 15

J Biophotonics. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Quantification of fluorescence measurements from the groups shown in Figure 4. N = 6
fields per group, error bars are SEM and * = p < 0.05 and ** = p < 0.01.
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Figure 6.
(online color at: www.biophotonics-journal.org) Representative images of cortical neurons
labeled with Cellrox (deep red) for cytoplasmic ROS, and Hoescht (blue) for nuclei. (A)
control cortical neurons (B) cortical neurons with 3 J/cm2 810 nm laser; (C) cortical neurons
treated with 500 μM CoCl2; (D) cortical neurons treated with 500 μM CoCl2 and 3 J/cm2

810 nm laser; (E) cortical neurons treated with 20 μM H2O2; (F) cortical neurons treated
with 20 μM H2O2 and 3 J/cm2 810 nm laser. (G) cortical neurons treated with 200 nM
rotenone; (H) cortical neurons treated with 200 nM rotenone and 3 J/cm2 810 nm laser.
Scale bar = 20 μm.
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Figure 7.
Quantification of fluorescence measurements from the groups shown in Figure 6. N = 6
fields per group, error bars are SEM and * = p < 0.05 and ** = p < 0.01.
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Figure 8.
(online color at: www.biophotonics-journal.org) Representative images of cortical neurons
labeled with TMRM for mitochondrial membrane potential, and Hoescht (blue) for nuclei.
(A) control cortical neurons (B) cortical neurons with 3 J/cm2 810 nm laser; (C) cortical
neurons treated with 500 μM CoCl2; (D) cortical neurons treated with 500 μM CoCl2 and 3
J/cm2 810 nm laser; (E) cortical neurons treated with 20 μM H2O2; (F) cortical neurons
treated with 20 μM H2O2 and 3 J/cm2 810 nm laser. (G) cortical neurons treated with 200
nM rotenone; (H) cortical neurons treated with 200 nM rotenone and 3 J/cm2 810 nm laser.
Scale bar = 20 μm.
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Figure 9.
Quantification of fluorescence measurements from the groups shown in Figure 8. N = 6
fields per group, error bars are SEM and * = p < 0.05 and ** = p < 0.01.

Huang et al. Page 20

J Biophotonics. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


