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Strategies for attenuating decline in balance function with increasing age are predominantly focused on physical therapies including balance
tasks and exercise. However, these approaches do not address the underlying causes of balance decline. Using mice, the impact of near
infrared light (NIr) on the metabolism of cells in the vestibular sensory epithelium was assessed. Data collected shows that this simple and safe
intervention may protect these vulnerable cells from the deleterious effects of natural aging. mMRNA was extracted from the isolated peripheral
vestibular sensory epithelium (crista ampullaris and utricular macula) and subsequently transcribed into a cDNA library. This library was then
probed for the expression of ubiquitous antioxidant (SOD-1). Antioxidant gene expression was then used to quantify cellular metabolism.

Using transcranial delivery of Nlir in young (4 weeks) and older (8 - 9 months) mice, and a brief treatment regime (90 sec/day for 5 days), this
work suggests NIr alone may be sufficient to improve mitochondrial function in the vestibular sensory epithelium. Since there are currently no
available, affordable, non-invasive methods of therapy to improve vestibular hair cell function, the application of external NIr radiation provides a
potential strategy to counteract the impact of aging on cellular metabolism inthe vestibular sensory epithelium.

Video Link

The video component of this article can be found at https://www.jove.com/video/52265/

Introduction

Declining balance performance and subsequent falls are common, and unfortunately often defining features of natural aging1. The impact

of this decline can be both physical and social, and significantly reduces quality of life for older people. In response, physical therapies and
rehabilitation have been the focus of research into falls but have not been associated with consistent reduction in the prevalence of repeated
falls. At the same time, work investigating changes in the peripheral or central vestibular system (the system responsible for maintain balance) is
scarce, and potential therapeutic strategies targeting these systems and the underlying causes of imbalance limited.

Recent work on age-associated neurodegenerative disorders including age-related macular degeneration“, Alzheimer’s disease modelss'B,
and Parkinson’s disease”"? have shown neuroprotective effects of simple non-invasive application of near infrared (NIr) light. Further, in the
vestibular system, NIr has been used to increase the activity of vestibular primary afferent neurons in vitro'®. While the mechanism of Nir lightis
not well-understood, most studies using NIr have suggested that Nir stimulates mitochondria complex IV (cytochrome c oxidase)M'17 to facilitate
cellular metabolism. In the vestibular sensory epithelium the subcuticular plate of type | hair cells is dense in mitochondria® and as such may
represent a site of action for therapeutic NIr treatment.

Here, a brief, non-invasive treatment regime of transcranially applied Nir that can be used to measure cellular metabolism (and by implication,
mitochondrial function) in the mouse vestibular sensory epithelium is described. Also discussed is a preparation of the vestibular sensory
epithelium and it is shown that NIr increases the expression of a ubiquitous anti-oxidant (superoxide dismutase 1) in the sensory epithelium —
previously shown to be important for cochlea hair cell survival'®.

Protocol

Ethics Statement: All procedures outlined below were approved by the University of Sydney Animal Ethics Committee.

1. Animals

NOTE: 1 and 8 - 9 month old mice (C57/BL6) were obtained from the Animal Resources Centre (Perth, Australia). Mice were housed in the
Bosch Rodent Facility at the University of Sydney.
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1.
2.

House mice in standard mouse cages on a 12/12 hr light/dark cycle with access to food and water ad libitum.
Divide mice in each age group into near infrared (NIr) treated, or sham treated (control) groups for comparison.

2. Near Infrared (NIr) Irradiation and Sham Treatment

Noos

Shave the fur on the head and neck region of the mouse with an electric razor as closely as possible to prevent quick regrowth of hair before
the completion of the treatment regime. In order to maintain the pathogen-free status of the mice, use 70% ethanol to clean instruments
between shaving animals and F10 veterinary disinfectant between animals from separate cages. Do this 2 - 3 days prior to the beginning of
treatment so animals are not over-handled.

Restrain mouse by holding the proximal end of the tail and allow it to relax in the palm of one hand or bench top so as to minimize stress
which could lead to false results.

Hold the NIr (670 nm) LED (light emitting diode) device 1 - 2 cm away from the exposed (shaved) area and switch on the device for 90 sec
(Figure 1A).

NOTE: The temperature change as a result of 90 sec exposure was measured as <0.2 °C in 100 ml of water.

Repeat steps 2.2 - 2.3 for the sham treatment group of animals but leave the device switched off (Figure 1B).

Repeat steps 2.2 - 2.3 for the Nlir-blocked treatment group of animals but cover the device with aluminium foil.

Repeat steps 2.2 - 2.5 daily at approximate 24 hr intervals for 5 consecutive days.

Extract the vestibular sensory epithelium (3 cristae and 1 utricular macula) from both ears on the fifth day post-treatment (See Section 3
below).

3. Tissue Extraction?’

10.

1.

12.

13.

Prepare 300 ml of a glycerol-based artificial cerebrospinal fluid (ACSF) consisting of (in mM): 26 NaHCO3, 11 glucose, 250 glycerol, 2.5 KCl,
1.2 NaH,POy, 1.2 MgCl,, and 2.5 CaCl,. Prior to the addition of CaCl,, gas the solution with carbogen (95% O, and 5% CO,) to establish a
pH of 7.4 and avoid calcium precipitation (cloudiness). Chill the solution in a -80 °C freezer for 45 min so that an ice slurry is formed.
Prepare the RNA isolation lysis buffer in labelled screw top microtubes (stops the popping of lids when tube pressure changes between
freeze and thawing in liquid nitrogen) according to the instructions of the manufacturer or usual lab practices. Have liquid nitrogen ready in an
aluminium dewar flask.
NOTE: Use protective clothing and eyeware when handling liquid nitrogen. Ensure that liquid nitrogen is used in a well-ventilated room as the
volume of its gas form is approximately 700 times that of its liquid form and can cause asphyxiation.
Deeply anaesthetize mice with ketamine (400 mg/kg) via an intra-peritoneal injection. Allow the hind-limb reflex to completely subside as
indication that mice are fully anaesthetised.
Decapitate mice with sharp stainless steel scissors and make an incision along the sagittal skin of the skull using a razor blade (rounded
#22). At this point and throughout steps 3.5 - 3.9, keep the cranial vault, brain, and underlying vestibular apparatus as cool as possible by
regular application of ice-cold ACSF over the tissue.
Using the pointed arm of standard pattern scissors make a small incision in the skull at Lambda and cut along the sagittal suture.
Gently slide one arm of a shallow rongeurs beneath the parietal bone keeping the blade as close as possible to the inferior surface of the
bone without dragging the brain. Secure and pull away the parietal bone laterally and the occipital bone posteriorly until the brain is exposed.
Use a small stainless steel spatula and lift the brain away from the anterior and middle cranial fossa to expose the vestibulocochlear nerve
(CN VIII). Transect the nerve to prevent unnecessary tension on the primary afferent axons that directly innervate the vestibular hair cells.
Remove the brain in toto after transection of CN VIII.
Observe the bony labyrinth containing the cochlea and the peripheral vestibular organs in the middle cranial fossa. Make two small incisions
beside each bony labyrinth and excise the entire structure by holding the anterior semicircular canal and pulling laterally.
Immediately immerse excised labyrinths in a dissecting dish containing ice-cold ACSF solution (as described in step 3.1) while continuously
perfusing with carbogen.
Under a stereomicroscope, hold down the labyrinth by the cochlea and secure it to the bottom of the dish with forceps.

1. Use straight fine forceps to scratch a small opening in the bone above the anterior semicircular canal (SSC) ampulla.

2. Gently enlarge this opening by reaching immediately below the bone and flicking outwards away from the ampulla. Exercise caution

here to not push forceps into the opening and damage the fragile membranous labyrinth below. Continue in this fashion until the utricle,
anterior and lateral ampullae are all exposed. If possible remove the posterior ampulla also.

Using fine forceps, gently lift the utricle and ampullae away from the bony labyrinth until they are completely detached. Where possible, hold
them by their associated semicircular canals to avoid damaging the sensory epithelium. In some cases, the proximal part of the semicircular
membranous duct may need to be cut with iris scissors to release the ampullae from the bone.
Securely grasp the vestibular organs between the tip of forceps and place into the lysis buffer prepared earlier in step 3.2. Gently swirl the
forceps around in the buffer to ensure vestibular organs have detached from the forceps. Check this is the case by bringing the forceps under
the stereomicroscope.

1. Screw on the microtubule lid and freeze the sample in liquid nitrogen immediately.

4. RNA Extraction and RT-PCR

Follow standard methods of messenger RNA (mRNA) extraction according to manufacturer’s instructions or preferred lab protocols.

NOTE: A commercial kit that utilized carrier RNAs to help isolate small yields of mRNA was used in this protocol. Lower elution volumes can
be used to increase final concentrations of mMRNA.

NOTE: Negative “no enzyme” controls (NECs) and “no DNA template” controls (NTCs) must also be completed to ensure validity of observed
effects.
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2. Apply standard methods of reverse transcription of mMRNA to complementary DNA (cDNA) and amplification of target gene521'23.

Representative Results

To compare the impact of NIr treatment in young (4 weeks) and older (8 - 9 months) mice we measured the expression of antioxidant superoxide
dismutase 1 (SOD-1) in young (n = 16) and older (n = 20) mice that were Nlr-treated, sham-treated, or Nir-blocked. Figure 2 shows a significant
increase in B-actin normalized SOD-1 expression of more than 2-fold in young Nir-treated animals compared to young sham-treated animals

(p < 0.01) and young Nlir-blocked animals (p < 0.01). Older Nlir-treated animals also showed more than a 2-fold up-regulation of SOD-1 when
compared with older Nlir-blocked animals (p < 0.05).

A

Figure 1. NIr Treatment. (A) NIr LED device held 1 - 2 cm above the shaved region on the head of the mouse for 90 sec per day for 5

consecutive days in irradiation treated mice. (B) NIr LED device held above sham-treated mice in the same way but with the device turned off for
the duration of 90 sec. Please click here to view a larger version of this figure.

Copyright © 2015 Journal of Visualized Experiments March 2015 | 97 | e52265 | Page 3 of 6


https://www.jove.com
https://www.jove.com
https://www.jove.com
https://www.jove.com/files/ftp_upload/52265/52265fig1large.jpg

L]
lee Journal of Visualized Experiments www.jove.com

Young Oider Young Qider Young Older
(Sham)  (Sham) (Blocked) (Blocked) (Nir) (Nir)

B-actin

- — — — —
*
|

|

L
L
% . k. .

4 4
a ¥ % b
L] l |
o
L]
G 34
EIZI b
&
c 24
T ]
L1k
o &
&
3 1] . 3
L)
E |
L

)

Young Older Young Older Young Older
(Sham) (Sham) (Blocked) (Blocked)  (Nir) (NIr)

Figure 2. Analysis of SOD-1 gene expression after 5 consecutive days of Nir treatment (90 sec/day). The vestibular sensory epithelium
was harvested on the fifth day and specific antioxidant gene probed for using RT-PCR. The SOD-1 gene was normalised to 3-actin baseline
and densitometry conducted using ImagedJ v1.48. Significant up-regulation (p < 0.01) of SOD-1 expression was observed in young Nlr-treated
animals when compared with both young sham-treated and young Nlir-blocked controls (4 weeks). Significant increase (p < 0.05) in SOD-1
expression was also observed in older Nlir-treated animals when compared with older Nir-blocked animals (8 - 9 months). All graphs show the
fold change of SOD-1 gene expression compared to the young sham-treated control. Data represents mean + SD. All data were analysed using
one-way ANOVA and statistical significance determined using Tukey’s multiple comparison post-hoc test. Please click here to view a larger
version of this figure.

The representative results described here show that brief transcranial delivery of Nir light (90 sec/day for 5 days) is sufficient to raise the levels of
antioxidant expression in older mice when compared with sham-treated mice. While emitted heat could represent a source of mitochondrial and/
or neuronal activation, as reported for rat vestibular afferents®* — our measurement of heat emitted by the Nir LED device was <0.2°C over 90
sec, and as such is unlikely to cause the changes described here. Further, unlike the report highlighted above, the NIir treatment used here was
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not applied directly to the sensory epithelium or vestibular afferent neurons, and as such is also unlikely to impact on thermo sensitive channels
(e.g., TRP\%). Finally, previous work using the same NIr device in other brain regions have suggested that heat was not the source of observed
differences’"”.

While these results show an up-regulation of cellular responses to age-associated oxidative stress on the genetic level, it is not clear whether
these changes are further expressed at the protein level, or importantly, whether they are reflected in the overall balance performance of mice. In
addition, the up-regulation is shown for a single ubiquitous anti-oxidant. It is likely that multiple markers of cellular metabolism are affected by this
treatment regime. Further, since mMRNA was extracted from the vestibular apparatus in toto (i.e., hair cells, supporting cells, vestibular afferents
and epithelium all present) it is not possible to relate observed changes in cellular metabolism in response to Nir light treatment to a specific
vestibular hair cell or primary afferent type. Importantly though, using the described preparation sufficient mMRNA can be extracted from a single
mouse to allow future correlative studies between cellular metabolism and behavioural analysis of balance performance.

The high intensity LED device used here emits approximately 5 Jiem? per 90 sec treatment- totalling 25 J of energy over 5 days. While the
advantage of the use of long wavelength light (including NIr) is penetrance, it cannot be assumed that the full 25 J of NIr light is delivered to the
vestibular sensory epithelium. In the mouse, light must penetrate at least 1 mm through layers of soft tissue and bone that protect the peripheral
vestibular apparatus and the brain. In humans this extends to centimetres. Thus the penetrance of light represents a limitation of the described
technique in regards to translation of NIr light treatment strategies into the clinical setting. Recent work however has employed optical fibres to
deliver NIr light to deep brain structures including the basal gangliazs, and sensory organs including the cochlea®. Based on this and the location
of the peripheral vestibular apparatus adjacent to the cochlea (and clinical access to it via the mastoid process), it is feasible to suggest that in
the human, direct stimulation of the vestibular sensory epithelium could be achieved through a small optical fibre triggered by an external device
— akin to a cochlea implant27.

Several conditions can be modified in the protocol described above to adapt to the interest of the investigator. First, the wavelength used here
(670 nm) can be extended to include longer wavelengths in the infrared range as previously reported in other sensory systems and animal
models. Second, treatment regimes can also be varied depending on whether short-term or long-term response is in question. Here a very brief
treatment regime was utilized, but this could be extended to longer durations, or even shorter durations to measure the dynamics of Nir induced
changes.

The main challenge of this protocol is to maintain the viability of the tissue during tissue extraction. Given the time required to remove the bony
labyrinth and excise the membranous labyrinth from it, it is critical to reduce metabolic breakdown. This is achieved by bathing the tissue in
ice-cold ACSF throughout the entire procedure and perfusing this solution continuously with carbogen. In addition, at the end of the dissection
procedure, further tissue degradation can be halted with the use of liquid nitrogen to flash freeze the extracted tissue. When appropriate, the
frozen tissue can be thawed and mRNA extracted for further gene analysis.

Although the methods described here do not describe the complete impact of Nlr light treatment on cellular metabolism in the vestibular sensory
epithelium, further application of this strateé;y can be maodified to include other age-associated markers of mitochondrial function®®?® and/ or
cellular metabolic insults such as hypoxia3 . Ultimately, the ability to describe the vestibular cellular metabolic profile of an individual mouse will
allow the investigation of the correlations between balance performance and subcellular processes during ageing, and the impact of therapeutics
including NIr treatment.
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