Prof John Mitrofanis’s presentation 6 December 2016
Turning on the Lights to Stop Neurodegeneration – exploring the potential of a new treatment for
Parkinson’s Disease (PD). (Summary by CH)
Glossary
COX: Cytochrome oxidase photo receptors
BG: Basal Ganglia
JM: Prof John Mitrofanis
M1: main motor cortex in the brain
M2: the secondary motor cortex in the brain
MPTP: A chemical that induces Parkinson’s Disease-like symptoms.
NIr : near infrared light
PD: Parkinson’s Disease
SN: Substantia Nigra

JM introduced the many members of the full research team, in Sydney and in France.
While the research has been primarily about Parkinson’s Disease (PD), the knowledge gained from
his and other’s research is applicable to other neurodegenerative diseases. The presentation
focussed on JM’s team’s research into PD.
What parts of the brain are important for movement:
A number of different parts of the brain work together to make movement happen.
- M2 – the secondary motor cortex
- Basal Ganglia – deep inside the brain.
- M1 - the main motor cortex
- Spinal Cord – connecting the brain to the muscles in the rest of the body
The Basal Ganglia work with M2 to plan and program each movement – JM called them the “brain”
behind the movement.
M1 and the Spinal Cord carry out the movement – the “brawn”.
In PD, the cells in a specific part of the Basal Ganglia, the substantia nigra pars compacta start to die.
These cells produce dopamine, and as they die, the dopamine levels in that part of the brain start to
drop. When the dopamine levels drop, the cells start getting “frisky” as they need the dopamine to
keep their behaviour in order. When these cells get frisky, the normal planning and programming for
any kind of movement goes awry, resulting in the kind of movement seen in people with PD. As
more cells die, and the dopamine levels continue to drop, there are increased problems with
movement.
Why do the cells producing dopamine in the substantia nigra pars compacta die?
Every cell has an inbuilt battery, called the mitochondria. The mitochondria make sure that enough
energy is available so that the cell can do what it is supposed to do. In the case of PD, there is
damage to the mitochondria inside the cells that power the cells producing dopamine. Why they are
damaged is not known, and there are lots of theories, including an environmental toxin, a genetic
mutation, maybe a prion infection.

Current treatment for PD
The current treatment is to replace the dopamine, by taking it as a medication on a regular basis
each day. Some people with PD have surgery to put electrodes deep into the brain and firing a low
dose current to stimulate the damaged cells, via Deep Brain Stimulation.
The impact of red and near infrared light (NIr) on damaged cells in PD
NIr goes through the cell wall and the light energy then produces a chemical reaction inside the cell.
(JM noted that this part of the story is the part that gives medical practitioners the most problem in
accepting – that light energy is transformed into metabolic energy). This energy transformation
causes a change in the way that the cell functions. Mitochondria have, as part of their structure,
molecules that respond to light, photo-receptors.
There are two main modes of action of NIr on the cells – direct and indirect.

1. Direct action of on cells
If the NIr directly shines onto the mitochondria in the damaged cell, the photo-receptors absorb the
light, and this transfer of light energy results in chemical reactions. An important group of photoreceptors is Cytochrome Oxidase (COX – lots of them, not just one).
When the COX absorbs the light photon, there is a chemical response which kickstarts the
respiratory chain, a series of chemical reactions vital for the mitochondria, and therefore the cell to
function well. Some of the things that then happen are short term, and some are longer term:
- Increased power for the cell (through an increase in ATP)
- Increased NO (Nitric Oxide) – which directly affects the bloody vessels, making
them open up and increase the blood flow in the immediate area
- Increased ROS (Reactive Oxygen Species)
- The increased ROS which gives the cell nucleus a kick to start increasing the
production of genes, and up to 20 different Transcription Factors
- The increased Transcription Factors are the key to the neuro-protective aspect
of light therapy, as they
o Increase the number of new cells (neurogenesis)
o Increase the number and complexity of the connections on each cell, so
that the communication between cells is boosted(synaptogenesis)
o Increase Growth Factor which helps the cell survive and thrive
- Another longer term effect is the change to the cell calcium channels
There are other signalling systems that seem to respond to the light in such a way to protect the cell.
JM summarised the action of NIr as enhancing the in-built survival systems in cells. The light simply
provides the right kind of energy to kickstart these intrinsic systems. This action is the direct effect of
light. The direct effect is the best.

2. Indirect action of red and near infrared light on cells
If NIr shines onto the head, it is unlikely to penetrate deeply enough to get to the damaged cells in
PD. But NIr can penetrate into the tissues of one part of the body, and yet can show an effect on
another part of the body. JM’s research highlighted this very clearly in the helmet experiment.
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It is thought that the NIr stimulates something in the circulating bloodstream, most likely white cells
involved in immune function, including mast cells. As well, it has been shown that stem cells in the
bone marrow are stimulated. The result is an increase of white cells heading over to the damaged
area.
If the light is able to reach the damaged area, then the damaged area gets the benefit of both the
direct and indirect effects of the light, and most likely the two effects somehow work together.
But if the light does not reach all the way to the damaged area, then only the indirect effect works.
And while this is better than nothing, how well the indirect effect works depends on what JM called
a Middleman. The Middleman is different for each person, which is why one person with PD might
get a good response and another person with PD might get a not-so-good response from an indirect
effect of the light.
Other things that influence the effectiveness of indirect NIr are:
- How advanced the disease is (how much brain is affected)
- Where in the brain the damage is actually located

So what?
By 2008 the big questions being asked about using NIr were:
a. Does it protect cells?
b. Is it useful?
c. Does it improve behaviour?
JM provided very detailed information based on research work done on mice with PD. Mice
responded well to the NIr, and it consistently had a calming effect on them.
a. Does NIr protect brain cells?
When the PD-inducing chemical MPTP was given at the same time as NIr, the MPTP did not
cause the damage seen in the mice with MPTP alone. NIr had protected the mice brains from the
damaging effects of MPTP. JM made it clear that looking down the microscope was undervalued,
and that no amount of statistical magic could replace the irrevocable findings from looking at
the actual brain tissue.
This experiment clearly showed that NIr could protect brain cells.
b. Is NIr useful?
When a cell is more active than it should be, there is a marker that can be detected. MPTP would
normally cause this marker to be increased in the sub-thalamic nucleus, the part of the brain
particularly out of control in PD (and the location where the Deep Brain Stimulation usually
goes). JM’s team found that the marker level in the mice which had had the MPTP and NIr
together was not increased. This means that the NIr was protecting the cell function, and so the
cells didn’t just look pretty, they acted normally as well.
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c. Does NIr improve behaviour?
The mice were observed by a computer that logged their every move, recording the distance
moved and the speed of the movement – called a locomotor trace. The mice which had had the
MPTP and NIr together moved well, showing no signs of the slowed movement seen in the mice
which had the MPTP alone.
Getting NIr into the human brain
NIr was shown to protect brain cells, to be useful and to improve behaviour. The next problem was
how to get NIr into the brains of people with neurodegenerative diseases. From the experiments,
the direct effect was the best, as described in the mice study. It is easy to get the light into the
mouse brain. But, it is probably not possible to get a direct effect onto the very deep parts of the
human brain by shining light on the head. The problem part for PD is 8-10cm down from the top of
the head and 6-8cm from the ear area, but there it is protected by the relatively thicker parietal
bone. Up the nose is possible, but there are still some problematic tissues in the way.
JM’s team have shown that the NIr shining on the head loses 65% of its energy for every millimetre it
travels through the tissue. By the time it gets to the basal ganglia, it is not detectable and so not
sufficiently powerful to have a direct effect.
Implanting a NIr light source into the brain
The aim of the team in Sydney and France is to develop a brain implant that will deliver NIr directly
onto the problem part of the brain. The work that has been done to test this approach out has
shown that the animals with PD are given a brain implant tolerate the implant well, do not show
inflammation or an adverse reaction in the brain from the implant (the glial cell levels around the
implant are not increased), and have improved behaviour. There were two groups given MPTP and
NIr, one group had low doses of NIR, called MPTP-NIr, and the other group, MPTP-NIr+, had higher
NIr doses.
The assessment of behaviour looks at posture, general activity, tremor and movement (akinesia,
bradykinesia). The higher the score, the worse the PD is.
Control group:
MPTP only:
MPTP-NIr:
MPTP-NIr+:

0
23
7
16

The experimental group that scored the best (apart from the control group which didn’t have
induced PD) was the one with low dose NIr. The locomotor traces (distance and velocity) showed the
same pattern – the group with low dose NIr were the best.
JM said that this result was the Eureka moment for him, when the evidence was so compelling that
he was convinced that NIr had real potential for the management of neurodegenerative diseases.
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Does the dose of NIr matter?
These experiments was that too much NIr can reduce effectiveness. This was reinforced by the
microscopic findings.
JM’s team looked at cells from
1. SN– the cells that are damaged in PD, and
2. Striatum, a nearby structure through and in which cell communication happens for
movement planning. This is where the PD drugs have their main action.
The group with the low dose of NIr had a much better outcome than those with the higher dose of
NIr. While both groups showed more cells in the SN, there were far more connections in the
striatum in the low dose group, compared with the higher dose group. This finding demonstrates
that the low dose NIr produced a much better outcome, from all points of view.
Another experiment has shown that using two NIr wavelengths together at the same time is less
effective than using each wavelength separately one immediately followed by the other.
The future
It is still early days, eg
1. which wavelength - different wavelengths seem to have different effects. The lower NIr
wavelengths stimulate the COX group, while the higher NIr wavelengths work on different
photo-receptors.
2. What dose?
3. Why should these cells, buried deep under the skull, be sensitive to light? Could it be that
some neurodegenerative diseases result from a deficiency of light?
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