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Short Abstract 

Retinal ganglion cells transmit visual information from the eye to the brain in the form of sequences of action potentials. Here, we demonstrate the experimental rig and the fabrication of electrodes necessary to record action potentials from single axons of retinal ganglion cells in the anesthetized rat. 
Long Abstract

Information about the visual world is transmitted to the brain in sequences of action potentials in retinal ganglion cell axons that make up the optic nerve. In vivo recordings of ganglion cell spike trains in several animal models have revealed much of what is known about how the early visual system processes and encodes visual information. However, such recordings have been rare in one of the most common animal models, the rat, likely owing to the difficulty in recording from such small diameter axons. Retinal disease models in the rat, including new genetic models for outer retinal degeneration, have motivated the need for these recordings in rat, where ganglion cells can be recorded without disturbing the eye, as in in vitro or intraocular recordings. Here, we demonstrate a method for recording spike trains from the optic chiasm of the anesthetized rat1. First, we designed tungsten-in-glass electrodes, which are optimized for recording from single axons of retinal ganglion cells. We also illustrate our custom designed stereotaxic system that achieves remarkably high signal-to-noise ratios. These methods can be replicated for any in vivo brain recordings, and the electrodes will allow recordings from neuronal fibers that are not possible with typical store-bought electrodes.  
Protocol: 

Part I: Introduction 
Part II: Fabrication of Tungsten-in-Glass Electrodes 

1.) A graphite ring is placed in a concentrated sodium nitrate and potassium hydroxide2, and this is placed under the sewing arm of a modified sewing machine. 
2.) Tungsten wire (0.5mm diameter, 6cm length) is taped to the sewing arm so that it is partially dipped (~1-2cm immersed) in solution. 

3.) 2V are applied across the solution by attaching a lead to the sewing arm, and another lead to the graphite ring. 

4.) The sewing machine is turned on, causing the tungsten to be dipped repetitively into solution, electrolytically etching the metal, creating a sharp tip. 

5.) The tungsten wire is placed under a standard microscope (40x magnification) along with a glass micropipette that is pulled with a Sutter glass puller. 

6.) The wire is carefully inserted into the glass, and pushed gently through the 1µm in the glass. A small piece of glass is seen to break off the tip, which is typical and indicates a tight fit of the tungsten in the glass. 

7.) Krazy glue is applied to the back end of the electrode and after drying (~3min), the impedance is measured, where 1MΩ electrodes are ideal for these recordings.

Part III: Stereotaxic Setup and Spike Train Recordings
1.) The stereotaxic apparatus is illustrated, along with the stimulus display monitor, and the microdrive, which lowers the tungsten electrode into the brain.  

2.) The animal is placed on the heating blanket and the ear and tooth bars are inserted. 

3.) The rectal probe is inserted, which measures body temperature and controls the heating blanket, to maintain body temperature at 37°C.

4.) A single lead is used to measure the electrocardiogram, which is used to monitor heart rate. 

5.) The skin is removed from the top of the skull and stereotaxic system is calibrated to the bregma mark on the skull. A 5mm hole is drilled around bregma. 

6.) The animal is then paralyzed with intravenous injection of gallamine in order to prevent eye movements. This requires the animal to be ventilated, which is done through the trachea at 60 breaths/min, 4mL tidal volume. 

7.) The guide needle is then lowered in to brain and the tungsten electrode is then slowly lowered (4µm/sec) through the guide needle until the tip of the electrode is about 8-9mm below the skull, where the optic chiasm is located. 

8.) Spike trains are recorded from a visual cell, and the cell is shown to be visually responsive with a high signal-to-noise ratio. At this point any visual stimuli of interest can be presented. 

Discussion: 
The recordings demonstrated here are more commonly done in cat because the smaller diameter axons in rat are much harder to record from. Most electrodes will not pick up single cells from the optic chiasm of rat, including store-bough electrodes of the same impedance as the electrodes we fabricated. This implies that there is something unique of the geometry of our electrodes, where the long, sharp tip of the tungsten allows axons to be recorded, whereas most electrodes tend to have a more blunt, wider tip. In addition to illustrating how to fabricate these electrodes, we show our custom-designed steretaxic system that achieves excellent signal to noise ratio. This is important when recording from axons, where the action potentials are often a few hundred microvolts, as opposed to cell body recordings that tend to be higher. With our system, noise levels are as low as tens of microvolts. This setup can be duplicated for any number of in vivo brain recordings, but it is especially beneficial to those who aim to record from axons. 
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Materials: 

Animals were anesthetized with ketamine hydrochloride and xylazine obtained from Henry Schein Inc. Visual stimuli were presented on a Sony Multiscan 17e CRT monitor running at 100 frames/sec with a resolution of 800x600 pixels. Data acquisition and visual stimuli were controlled with custom software written in Matlab and LabView in conjunction with the Psychophysics Toolbox3. A standard stereotaxic apparatus was purchased from the Stoelting Co. (Wood Dale, IL). Light wall PTFE (Teflon) of 0.13mm diameter, and tungsten wire (0.5mm diameter) was obtained from Small Parts Inc. (Sarasota, FL). In order to sharpen the tungsten wire, sodium nitrate and potassium hydroxide were obtained from Sigma Aldrich.  A tracheal Y-tube and small animal rodent ventilator were obtained from Harvard Apparatus (Holliston, MA). Specialized small diameter borosilicate glass was obtained from Friedrich and Dimmock Inc (Millville, NJ), which was pulled by a standard micropippete puller (P-97) from Sutter Instruments. Signals were amplified and filtered with a high input impedance, X-Cell 3x4 Microelectrode Amplifier and spikes were detected and recorded with an Acquisition Processor Module (APM), both obtained from FHC Inc. (Bowdoin, ME). A motorized microdrive that lowered the electrode into the brain was obtained from Newport Inc. A metal –electrode impedance tester was purchased from Bak-Electronics (Baltimore, MD). 
