Detailed Methods
Animals

Procedures conformed to the Association for Research in Vision and Ophthalmology Resolution on the Use of Animals in Research
 and were approved by the Animal Care Committee of the University of Chicago. (Additional information specifically per this journal’s policy: Animal Care Protocol number 70935, latest date of approval April 2012 (no animals were experimented on after the three year expiration date), and chairman of the committee Catherine Reardon-Alulis, Ph.D).  Male Sprague-Dawley rats (200–250 g, 8-10 weeks of age at the start of the study, Taconic, Hudson, NY, USA; with an indwelling jugular vein cannula, surgical model #JVC-R), were maintained in the Animal Resources Centre on automated 12 h on/12 h off light cycle. Specifically, they were housed in ambient light < 325 lux, with light cycling to prevent light damage in these albino rats.1
 They had unrestricted access to food and water, were housed up to three rats per cage per standard protocol, and had no environmental enrichment. The venous catheter, 3.5 Fr polyurethane, had a 50 l fill volume. The lock solution was made with 10.0 ml heparin (1000 IU/mL) and 10.0 ml 99% Glycerol solution (Sigma). Rats arrived 4-7 days after catheterization, and experiments commenced after a standard three-day quarantine period.  

Functional evaluation of the retina and optic nerve in rodent experiments


As readers of the Journal may not be familiar with evaluation of retinal and optic nerve function and structure, Supplemental Fig 1 shows anatomy and cellular generators of the light-flash evoked electroretinogram, and representative waveforms, optic nerve tracts, stimulator setup, electrode placements for electroretinography, visual evoked potentials (VEP), and a representative VEP. The retinal ganglion cell  (RGCs) function, whose axonal projections continue as the optic nerve, was studied using ultra-dim light flashes, the scotopic threshold response (STR).2
 

Electroretinography and Visual Evoked Potentials


 Animals were in complete darkness for > 2 h, which we found was sufficient for proper dark adaptation.3
 They were injected intraperitoneally with ketamine (35 mg/kg) and xylazine (5 mg/kg) about every 20 min.
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 Corneal analgesia was with 0.5% proparacaine. Pupils were dilated with 0.5% tropicamide and cyclomydril (Alcon, Fort Worth, TX, USA). 
The electroretinogram was recorded at baseline (prior to the experiments), 14 d, and 28 d after experiments. Electroretinogram, STR, and VEP were obtained using a UTAS-E4000 and full-field Ganzfeld bowl (LKC Technologies, Gaithersburg, MD, USA), with the head centered 7 inches from the stimulator. Custom silver/silver chloride electrodes were fashioned from 0.010 inch Teflon-coated silver wire (Grass Technologies, West Warwick, RI, USA). Electrodes first were attached to a 9-V battery and placed in a 1 N HCl bath for 12 seconds until coated with silver chloride, then applied to the animal. About 10 mm of wire was exposed and formed the corneal loop/positive electrodes, and about 20 mm of wire was a hairpin loop, the sclera/negative electrodes behind the equator of the eye. The ground was a 12-mm × 30-gauge stainless-steel needle electrode (Grass) inserted in the tail.  We measured the a-wave, b-wave, oscillatory potentials, and P2.  

The low pass filter was 0.05 Hz and high 500 Hz. For STR, flash series intensities varied electronically, and using neutral density filters secured into frames whose edges were sealed with black tape to prevent light leakage, from -6.4 cd∙s∙m-2  to -5.42 log cd∙s∙m,-2  as we previously reported.
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 Responses were averaged from 60 flashes one second apart.2
 For the stimulus-intensity a- and b-waves, flash intensities were -3.39 log cd∙s/m-2 to 1.40 log cd∙s/m-2. We averaged 3-10 flashes delivered 4-27 seconds apart. The number of flashes decreased and time between them increased with intensity.  Settings were confirmed by photometry (EG & G Model 550 photometer, Electro-Optics, Boulder, CO, USA).  

VEPs were recorded at 28 d after experiments; accordingly, amplitudes and latencies were compared to those in the SUP group.  Needle electrodes were placed under the skin until contacting the skull, 1 mm anterior and 1 mm right/lateral from lambda, with positive and negative electrodes in the cheek, and a tail ground; 80 responses at 1.4 log cd∙s∙m-2 were recorded.
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Fundus photography
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After dilating the pupils, the fundus was photographed using an Olympus (Center Valley, PA, USA) EP-1 12.5-megapixel digital camera with attached macro lens (AF-S Micro NIKKOR 60 mm f/2.8G ED, Nikon USA, Melville, NY, USA) connected to a 4-mm diameter, 6 cm long Storz Rigid Hopkins 0-degree angle Telescope (El Segundo, CA, USA), via an Olympus (Waltham, MA, USA) borescope adapter, with a xenon light source (Storz, Tuttingen, Germany). To prevent corneal drying, the eyes were intermittently irrigated with balanced salt solution (Braun Medical, Irvine, CA, USA). Photographs were assessed qualitatively by a neuro-ophthalmologist (NJN) who was blinded to group assignment.

Intraocular pressure (IOP) Measurement

IOP was measured with a Tono-Pen XL (Mentor, Norwell, MA, USA) prior to, at 2.5 h, and at 5 h time points during experiments, on the topically-anesthetized cornea. Because the Tono-pen is designed for humans, and the rat corneal curvature differs, to obtain accurate and repeatable measurements, we used a method specifically adapted for the rodent eye. IOP was measured until the Tono-pen microprocessor averaged four consecutive values with variation < 0.5%.  At least two such readings were obtained and results were averaged.8

Retinal histology

Eyes enucleated 28 d after experiments, following completion of functional measurements, were placed in 11% glacial acetic acid, 2% neutral buffered formalin, and 32% ethanol for 24 h, transferred to 70% ethanol for 24 h, and stored in phosphate-buffered saline at 4oC.  The posterior segment was paraffin-embedded, sectioned to 4 µm and stained with hematoxylin and eosin.  Sections were quantitated as we previously described and validated. 
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Fluorescent TUNEL for Apoptosis

We used a Fluorescein FragEL DNA Fragmentation Detection Kit (Calbiochem, La Jolla, CA, USA), as described and validated previously. Frozen retina was fixed and hydrated in 4% formaldehyde, permeabilized with proteinase K in 10 mM Tris (pH = 8, 1:100), and labelled by Terminal deoxynucleotidyl Transferase enzymatic reaction. 
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Immunostaining

Eyes and optic nerves from euthanized rats at 28 d were evaluated using immunohistochemistry. Under isoflurane anesthesia (3-5% in oxygen) the chest was rapidly opened, the left ventricle cannulated with a 21-g needle, and the right atrium opened. Normal saline was infused until blood exiting the right atrium cleared, followed by 50 ml of cold 4% paraformaldehyde. Enucleated eyes were fixed 3h at room temperature in 4% paraformaldehyde. After removal of the anterior segment, the posterior eye was post-fixed in the same fixative overnight at 4°C then placed in 25% sucrose for a second overnight period at 4°C. Eyecups were embedded in Optimal Cutting Temperature Compound (Sakura Finetec, Torrance, CA, USA), and cut into 10-µm thick cryosections, including longitudinal sections of the optic nerves. 


To stain optic nerve axons, Cholera toxin subunit B (Alexa Fluor 594 conjugate; Invitrogen-Life Technologies, Grand Island, NY, USA) had been intra-vitreally injected (2 μl, 10 μg/μl) 48 h before euthanasia.
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  Primary antibodies (1:50) were: GFAP for glial cells (Sigma, St. Louis, MO, USA, mouse monoclonal), and anti-thy1 for retinal ganglion cells (BD Bioscience, San Diego, CA, mouse monoclonal). Secondaries for fluorescent colour (1:500) were goat anti-mouse IgG1 Fluorescein Isothiocyanate (FITC, Southern Biotechnology, Birmingham, AL, USA) or FITC–conjugated egg white avidin (Jackson Immunoresearch, West Grove, PA, USA).  Antifade mounting media containing 4', 6-diamidino-2-phenylindole (DAPI, EMC Biosciences, La Jolla, CA, USA) stained cell nuclei.  Standardization, validation, and quantitation of immunostained images have been described by us previously.4

Imaging and Image Analysis

Immunostained images were captured at 40x with an Olympus DSU spinning disk confocal microscope (Olympus, Centre Valley, PA, USA) and photographed (Evolve EM-CCD, Photometrics, Tucson, AZ, USA, controlled by SlideBook v5.0 (Intelligent Imaging Innovations, Denver, CO, USA)). Excitation/dichroic/emission settings were 405 nm (DAPI, blue), 488 nm (FITC, greens), and 640 nm (rhodamine, red).  Fluorescent intensities were measured with NIH ImageJ v.1.33 (Bethesda, MD, USA).
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_ENREF_18  For each animal, 4–5 non overlapping images were randomly taken over 2-3 mm of optic nerve length. The 4-5 images of the retina were taken from 200 to 1000 m on either side of the optic nerve.  Background was subtracted in ImageJ. Measurements were obtained at the same laser intensity and time exposure for paired experiments.  In particular, SUP was the comparison control group. Every time we imaged one of the other three groups for quantitation, SUP was simultaneously imaged under the same conditions (exposure time and intensity), enabling comparison between image intensities, as validated by us previously.
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 We blindly counted Thy1-positive cells (i.e., RGCs), and GFAP, quantitated as staining intensity. DAPI (nuclear) signals surrounded by cytoplasmic Thy1 were counted as RGCs. 

Data handling 

Amplitude, time course, and intensity (log cd∙s∙m-2) of electroretinogram a-, b-, oscillatory potentials, P2-waves and STR from the LKC UTAS system were exported to and analyzed in Matlab 2011a (MathWorks, Natick, MA, USA)._ENREF_18 The a-wave was the minimum amplitude following the flash stimulus, and the b-wave was the difference between the negative a-wave value and the maximum b wave amplitude. The flash stimulus-intensity response over 10 intensities for the b and P2 waves showed the expected rod saturation plateau; accordingly, to simplify data presentation, we compared baseline vs 14 and 28 d at a single flash intensity as previously reported.14


The derivation of P2, and isolation of the oscillatory potentials have been reported earlier.3
  The P2 was derived by fitting the Hood and Birch phototransduction model to the leading edge of the a-wave, by first determining the P3 wave, with the transformation:  P3 (i,t) = Rmax ·{ 1 - e[ - i·S·(t - td )2]}. Rmax is the saturating photocurrent, i is the flash energy, S is the sensitivity parameter that scales flash energy, t is the time after flash onset, and td is a delay approximating a number of extremely brief stages.15
 The P3 was subtracted from the averaged waveform, leaving a temporary waveform ~P2, which was smoothed using a 21-point moving average filter, effectively removing the oscillations. The smoothed temporary waveform was then subtracted from the original temporary waveform ~P2, isolating the oscillatory potentials. The oscillatory potentials were expressed as root mean squares of their maximal amplitudes.

As there is no accepted convention for reporting STR, the response to three flash intensities was evaluated, generating a stimulus-intensity plot,3
  with amplitude on the y-axis, and flash intensity on the x-axis. Positive STR (pSTR) was calculated as maximum positive amplitude, while negative STR, nSTR was calculated as maximum negative amplitude.2
 Results of three flash intensities comparison appears in Suppl Table 1. 
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Supplemental Figure 1: Electroretinography and Visual Evoked Potentials and the Cellular Generators of the Waveforms in Rodents

A. Representative electroretinogram waveforms, and their cellular generators in the retina.

Light enters the retina, reaches the photoreceptors (top), then successive layers of retinal cells send the signals to the retinal ganglion cells (RGCs), and then to the nerve fiber layer, and on to the optic nerve (not shown). The components of the dark adapted electroretinogram in the rodent (a nocturnal animal) and their waveforms are shown on the right. All of the waveforms represent the light-flash evoked response of the retinal cells, as explained in the Methods. From the top, the ERP (early retinal potential) and P3 are generated in the retinal pigment epithelium and the photoreceptors (rods and cones), respectively, the P2 in the bipolar cells, the OP (oscillatory potentials) in the amacrine cells, and the positive and negative STR (scotopic threshold response, pSTR and nSTR) in the RGCs. Note that the STR, the response to ultra-dim light flashes, is shown as a series of waveforms generated by increasing light intensity (bottom to top). In the background of the P2 can be seen the OP (grey). The a- and b-waves are shown on the left side of the figure. The horizontal lines in the figure indicate the retinal cells that generate the waveforms. Lines with arrows on the A/B waves on the left diagrammatically illustrate the method for measuring wave amplitudes. Adapted with permission from Weymouth et al (2012), and from the NOVEL (Neuro-ophthalmological Virtual Electronic Library, Alfredo Sadun, MD Collection) of the North American Neuro-ophthalmological Society, nanosweb.org (accessed 14 March 14). 

B. The visual pathway, and the recording of the visual evoked potential (VEP)

A stimulator generated light flashes in front of the eyes of dark-adapted rats (A), and the VEP was recorded by needle electrodes placed over the visual cortex (Area 17), as detailed in the Methods. The transmitted retinal signals are via the optic nerve, lateral geniculate nucleus (not shown), the optic radiations, and on to the visual cortex.  In (B) are representative VEP waveforms; by convention, N (negative) appears as an up-going deflection, and P (positive) is down-going.
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Supplemental Table 1: Complete Positive & Negative Scotopic Threshold Response
Scotopic threshold response (STR, negative STR = nSTR, and positive STR = pSTR) waveforms for SUP (n = 12), SUP-HD (n = 8), TILT (n = 8), and TILT-HD (n = 8) groups. 

Abbreviations: SUP (supine); TILT (tilted head down only); TILT-HD (tilted head down and haemodiluted); SUP-HD (supine and haemodiluted). The STR was recorded at baseline, prior to experiments, and 14 and 28 d after. Recording technique is in the Methods. Results are mean + SD and 95% confidence interval. nSTR amplitudes decreased significantly in TILT-HD at all three flash intensities (P = 0.008, 0.013, and 0.006, from lowest to highest, respectively), as well as at the highest intensity at 14 d (P = 0.017); in SUP-HD, for highest flash intensity, nSTR decreased (P = 0.02) at 28 d. SUP, SUP-HD, and TILT showed a significant increase in the pSTR amplitude at 14 and 28 d. Specifically, in SUP, pSTR increased at 14 d for the middle flash intensity (P = 0.006) and at 28 d from lowest to highest intensities (P = 0.008, 0.004, and 0.004, respectively). For SUP-HD, the changes were significant at the highest flash intensity (P = 0.001). For TILT, at 28 d, the increases in pSTR were significant at the middle and highest intensities (P = 0.001, and 0.001, respectively). However, there was no change in pSTR at 14 or 28 d compared to baseline in TILT-HD. Due to technical problems, there are no recordings at 14 d in SUP-HD. # = p < 0.025 vs baseline in each group.

Figure 2: Immunohistochemistry for GFAP in the optic nerve at 28 days after experiments

Representative longitudinal 10 m thick cryosectional images of the optic nerve stained with anti-GFAP (A-E, an astrocytic activation marker, green). The main finding is that GFAP increased in TILT-HD and TILT. 

Abbreviations: SUP (supine); TILT (tilted head down only); TILT-HD (tilted head down and haemodiluted); SUP-HD (supine and haemodiluted). n = 5 for TILT-HD and SUP-HD and n = 6 for SUP and TILT. Red is cholera toxin (axonal staining), and blue is DAPI (staining cell nuclei). Panel E at 100x magnification. 
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