Rat heart Materials and Methods  (DRAFT)

Rats

Male Sprauge-Dawley rats, weighing 200 to 350 g, were obtained from a commercial supplier and maintained in standard housing.  Rats were given food and water ad libitum.  All experiments were performed under a protocol approved by the Purdue University Animal Care and Use Committee.

Microscopy
Confocal images were collected on a Radiance 2100MP Rainbow (Bio-Rad, Bio-Rad, Hemel Hempstead, UK) on a Nikon TE2000 inverted microscope (Nikon, Tokyo, Japan).  An objective inverter (LSM Technologies, Etters, PA) was mounted on the system to enable use as an upright.  Animals were placed on a XY stage to the side of the microscope.  The XY stage was mounted on platform with a height adjustment for loading and unloading.  To enable the positioning of the Ibidi relative to the rat, a small XYZ stage was attached to the large stage and the clamp containing the Ibidi was attached.  A 10x S FLUOR 0.50 numerical aperture objective (Nikon, Tokyo, Japan) was used for all experiments. Visible laser excitation at 543 nm and 100% power and 488 nm at 20% power was used.  Emitted light was collected on an internal PMT with a 590/70 band pass filter.  Time-lapse image series of 550 frames were collected at 256 x 256 pixels with a scan speed of 1200 lps and a zoom of 1.5. 

Flow chambers intended for use in cell microscopy were modified to constrain the heart’s movement and provide the flat, coverslip equivalent for imaging in the live animal.  The µ-Slide I Luer chambers (Ibidi GmbH, Martinsried, Germany) were placed on a lathe and an area 13 mm in diameter was machined out until the thickness of the plastic covering the channel was approximately 0.2 mm.  The central 5 mm was then machined further to remove the remaining plastic over the channel to create the imageable area where the heart is in contact with the coverslip equivalent.  The Ibidi was mounted in a large clamp.
Experimental procedure


Just prior to the experiment, a rat is weighed and then transported to the microscopy facilities. The rat is anesthetized using ketamine/xylazine injected IP Ketamine Hydrochloride (80 mg/kg) and Xylazine (10 mg/kg).  Anesthesia is monitored throughout the experiment by pinching a hind foot and watching for any reaction, additional doses of KX are administered IM as needed.  When fully sedated, the rat is placed on a deltaphase isothermal pad (Braintree Scientific, Braintree, MA) and the clock is started.  A catheter (Braintree Scientific, part#MTV-01, Braintree, MA) is placed in the tail vein and secured with tape. Electric clippers are used to shave the neck, chest and lower body.  Blunt dissection to expose trachea is performed.  A tracheotomy tube is inserted, secured with suture, and attached to a 683 small animal ventilator (Harvard Apparatus, Holliston, MA) set to a rate of 145 strokes/min and a volume of 1.6 ml.  Medical grade oxygen is used at a flow rate of 0.75 ml/min.  Then 0.1 ml of 0.1 mg/ml TMRM solution is injected through the tail vein catheter.  The catheter is flushed with a small amount of saline and the syringe is taped to the tail.  The skin is opened at the midline using scissors and peeled back.  To expose the heart, scissors are used to make two cuts through the ribs each approximately 1.5 cm from the midline, starting at the level of the diaphragm.  Blood vessels are cauterized as the cut is made to minimize blood loss (Fine Science Tools, Foster City, CA).  Hemostats are clamped onto the tip of the sternum and the flap is retracted to expose the heart.  The rat is transferred to the THM100 HR/ECG monitor (Indus Instruments, Webster, TX) which has been pre-warmed using a second deltaphase isothermal pad.  The ventilator tubing is secured in the THM100’s clamp.  An uninterruptable power supply is used to power the ventilator when the setup is transported from the prep area to the microscopy area.

Signagel electrode gel (World Precision Instruments, Sarasota, FL) is applied to the back of each paw which is then taped to the THM100 HR/ECG monitor using scotch tape.  Rat and monitor are transferred to the stage by lifting frame over the ibidi holder XYZ control.  All cables are connected and the THM100 integrated heater is set to 37 C. The ECG monitor is turned on and the threshold is adjusted.  To ensure the line is completely filled with drug solution, the thumbscrew on the NE-1000 syringe pump (SyringePump.com, Farmingdale, NY) is moved forward till a drop of drug solution is coming out its tubing.  The catheter and syringe pump lines are connected.  The syringe pump is programmed to deliver 1 ml/hr for one hour.

The ibidi holder is attached to the ibidi XYZ stage and the vacuum tubing is connected to the leur ports on both sides. The ibidi is positioned so that the center is over the left ventricle then slowly lowered until their is steady contact between the left ventricle and most (approximately 75%) of the imageable area on the ibidi.  Care is taken to ensure that the lungs do not intrude into the imageable area as the ibidi is lowered.  The area in contact will cycle as the heart beats. A valve with a fine adjustment is gradually opened.  At first, the suction will break in rhythm with the heart beat.  The valve is opened slowly until the suction force is balanced with the force of the heart’s movement.  The minimum vacuum pressure needed to achieve this is used for each rat; generally the glycerin-filled vacuum gauge (McMasterCarr, Santa Fe Springs, CA) reads 2-5 in. Hg.  The vacuum gauge is monitored throughout the course of the experiment to ensure that the vacuum pressure is constant.  If the vacuum is too high there will be increased tissue damage.

The objective inverter is positioned over the imageable area and the platform is raised to bring the ibidi within the working distance of the lens.  The focus is established and an area without with large or numerous blood vessels, preferably near the center of the imageable area is selected.  Areas with large or numerous blood vessels are avoided because they have a smaller area available for TMRM calculations.  The edges of the imageable area are avoided because of tissue damage.  The settings of Radiance 2100 confocal system are established.  The threshold setting on the THM100 is checked again by correlating the beep of the THM100 to the rhythm observed through the microscope.  A pre-infusion image series and ECG are collected.  To begin the drug-infusion, the syringe pump is started and an image series and the ECG are collected.  Thereafter, image series are collected every 10 minutes and ECGs are collected every 5 minutes.  Drug is administered for a total of 1 hour.  Collection of images and ECG data continues after drug administration for a maximum of 30 minutes.  At the conclusion of the experiment, Beuthenasia (0.2 ml/100g) is injected into the heart.  After euthanasia, the heart is excised.
Icyt Imaging of sections


After excision, the heart is placed into a petri dish containing warm 1X Krebbs-Ringer bicarbonate buffer (Sigma-Aldrich, St. Louis, MO) and is gently squeezed about 10 times to remove the majority of the blood from the chambers.  The buffer is replaced with fresh warm Krebbs.  Coronal slices of 2mm in thickness are created using a rat heart slicer matrix (Zivic Instruments). The area imaged is always oriented toward the top of the matrix.  Slices are transferred to a 12-well plate (BD Falcon, Bedford, MA) containing two drops of buffer per well.  The orientation of the slices is preserved as much as possible. 


The wells are imaged on the iCys laser scanning cytometer (Compucyte Corporation, Westwood, MA) using a 10x objective and x-step size of 6 microns.  The area imaged is larger than the tissue slice to accommodate variations in the position of the slices within the wells.  The 488 nm laser line is used for excitation and orange and green channels of fluorescence are collected using the same gain and offset for both.  A transmission image is also collected.  Phantom contours are created using the iCyte software (Compucyte Corporation, Westwood, MA) and the area containing the tissue is segmented.  The intensity of the orange signal to green signal is plotted.  Areas with a high orange to green ratios are visualized with iCys and iBrowser software.

ECG data is saved as a project using Lab View signal express and exported to Excel.  The excel files are batch converted to text files using an AutoHotKey script.  The text files can then be analyzed using emka software (at Amgen). Heart rates recorded by hand are put into excel.

