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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

Open bladder and cut tissue into strips, attach strips to transducers, pharmacological stimulatiom, electric field stimulation (setting-up the parameters)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

Technically: handling the tissue properly without overstretching it; Conceptually: designing the experiment (setting up proper parameters and controls)

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to evaluate the physiological and pharmacological properties of bladder smooth muscle tissue. (Intro) This is accomplished by first dissecting a rat bladder into strips containing the urothelium, smooth muscle and nerves. (P1) In the second step, the tissue is attached to a force transducer connected to amplifiers and stimulators for measuring the muscle contractility. (P2) In the next step, baseline tone and tissue viability are established (P3) and then the strips are exposed to pharmacological and/or electrical stimulation. (P4) Ultimately, the effects of the stimuli on the contractility of the bladder smooth muscle tissue can be measured. (P5)

From 51807 Kullman graphic overview.pptx

(P1) from P1, show peach colored bladder, then add dotted line and open bladder into a flat sheet, , then add dotted lines and split tissue into strips like last strip in P2 (maybe add blue lines like square piece of tissue with “nerves” and add orange piece to back of strip with “urothelium”?)
(P2) Show tank in P3, then have strip from (P2) enter frame and attach to glass rod and “force transducer” as in graphic, then have amplified and computer appear with “amplifiers” and “stimulators” appear with “stimulators”
(P3) maybe have blue bubbles appear/animate and have computer screen turn on/flash while strip shrinks and stretches out again just a little bit?
(P4) have little yellow lightnings move from “Stimulation electrodes” on either side of tank to strip/have stimulators flash and strip shrink then stretch out again more significantly? Or similar
(P5) 
Add graph from P5 (c)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Stephanie L. Daughtery: This method is used to characterize the effects of pathological and pharmacological compounds on the whole bladder as well as specific bladder tissue components, such as the smooth muscle, nerves and urothelium, in humans and animals. 

1.2. F. Aura Kullmann: The implications of this technique extend toward the therapy of numerous bladder dysfunctions, as it represents a fast, easy and reproducible screening method for pharmacological agents in a well-defined and controlled environment.

Protocol (read by voice talent at JoVE):

2. Tissue preparation

2.1. After confirming sedation by loss of rear limb withdraw reflex, shave the animal’s abdomen and then expose the pelvic organs via a midline abdominal incision.

2.1.1. WIDE: Few seconds Talent shaving animal’s abdomen (Videographer: More Talent than rat in frame) (TEXT: Anesthesia: 4% in O2 isoflurane)

2.1.2. CU (of just shave abdomen): Few seconds midline incision being made
2.2. Next, identify the bladder and urethra and then cut at the bladder neck close to the proximal urethra to remove the bladder. 

2.2.1. CU: Shot of bladder and urethra, with each being indicated by dissecting needle (or forceps) or other if possible (Video Editor: if possible/necessary, please identify “Bladder” and “Urethra” with arrow and appropriate text when mentioned)

2.2.2. CU: Few seconds bladder neck being cut

2.3. Place the tissue immediately in a Sylgard-coated dish filled with aerated Krebs solution. Then after sacrificing the animal, insert tissue-dissecting pins through the bladder dome, neck and ureters to stabilize the tissue for further dissection without stretching the tissue.  

2.3.1. MED: Talent placing bladder in dish with Krebs, with bottle of Krebs with label visible in frame if possible

2.3.2. MED --  over the shoulder: Few seconds Talent adding pins to tissue (TEXT: e.g., CO2 asphyxiation/cervical dislocation)

2.3.3. CU: Shot of stabilized bladder with all pins in place
2.4. Trim the bladder of extraneous tissue and then open the tissue from the base to the dome to create a flat sheet, serosa side down and luminal side up. Place dissecting pins on each corner of the tissue and then remove the bladder dome and the neck tissue. 

2.4.1. CU: Few seconds bladder being trimmed

2.4.2. CU: Few seconds bladder being opened
2.4.3. CU: Pins being placed in at least one corner of the tissue

2.4.4. CU: Shot of at least bladder dome and/or neck tissue being removed

2.5. Next cut the tissue lengthwise from the base to the dome into ~2 x 8 mm strips, attaching a tissue clip to both ends of each strip.  

2.5.1. CU: Few seconds at least one strip being cut, possibly with other already cut strips visible in frame
2.5.2. CU: Shot of at least one clip being attached to end of at least one strip

2.6. Transfer the strips to the experimental chambers, attaching one end of each strip to a force transducer and the other to a fixed rod.

2.6.1. CU: Shot of end being attached to fixed rod

2.6.2. MED: Talent attaching at least one strip end to transducer 
2.7. Now gently stretch the tissues until baseline tension reaches 1g.  Initially the tissue tends to relax, which is recorded as a decrease in baseline tension.

2.7.1. CU: Few seconds at least one tissue being stretched

2.7.2. LAB MEDIA: 51807 Kullmann Baseline tone 3.12.tif (Video Editor: with “initially …  tension” please add/animate/otherwise indicate double-headed red arrow and/or “Initial … baseline” text)

2.8. Wash the strips approximately every 15 minutes with warm, aerated Krebs and adjust the baseline tension to 1g after each wash. Allow the tissues to equilibrate for ~1-2 hours until they no longer relax.

2.8.1. MED: Few seconds Talent adding Krebs/washing strips with Krebs – show left side of figure: 51807 Kullmann Washes and KCl 3.13.tif
2.8.2. MED: Talent adjusting tension to 1g OR CU: Tension readout showing 1g
2.8.3. MED: Talent setting the timer to 15 min and walking away from equipment OR MED: Talent looking at watch OR CU: Shot of timer being set to 60+ min

2.9. Once the baseline tension is stable, add potassium chloride directly to the bath for 5 minutes or until a plateau response is reached to test the tissue viability.

2.9.1. LAB MEDIA: 51807 Kullmann Washes and KCl 3.13.tif  - show right side of this figure
(Video Editor: with “Once … stable” please show/highlight/otherwise the area of graph above double-headed arrow AND/OR add/highlight/indicate double-headed arrow; 

with “add potassium … viability” add “Add KCl 5 min” text and/or accompanying arrow; 

with “until … reached” highlight/otherwise indicate graph plateau between “Add KCl” arrow and far right “Wash” arrow)
2.10. Then wash the tissues 3-5 times with warm, aerated Krebs to allow the experimental chambers to return to their pre-treatment conditions. 
2.10.1. CU: Few seconds tissues being washed/Krebs being added to tissues
3. Stimulation protocols

3.1. For pharmacological smooth muscle stimulation, add 10 (l of each of the concentrations of the stimulus to each 10 ml tissue bath as soon as the response from the previous concentration reaches a plateau.  In parallel strips, add equal amounts of the vehicle. 
3.1.1. WIDE: Few seconds Talent adding carbachol to at least one tissue bath (TEXT: e.g., 10-5M, 3x10-5M, 10-4M, 3x10-4M, 10-3M, 3x10-3M, and 10-2M Carbachol)
3.1.2. LAB MEDIA: 51807 Kullmann Figure 4D 4.1..tif (Video Editor: possibly add/flash/animate each arrow consecutively?)

3.1.3. MED: Few seconds Talent adding water to one strip, with container of water with label visible in frame if possible (TEXT: Vehicle = water)

For neural stimulation of the smooth muscle, or electric field stimulation, set the train duration to 3-10s and the inter-train interval to at least 1 minute apart. After establishing the frequency of the train stimuli, run a frequency response curve ranging from 0.5 - 50 Hz. 

3.1.4. LAB MEDIA: 51807 Kullmann Figure 5B 4.2.tif (Video Editor: with “For neural … 1 minute apart” please highlight the “Trains”/left side of figure; with “run … 50 Hz” please add/animate blue diagonal arrows from trains graph then highlight right side/td graph)
3.2. To establish the intensity of the stimulus, systematically increase the voltage until the amplitude of the contractions reaches a plateau, keeping the frequency constant. 
3.2.1. MED – over the shoulder: Talent at computer set-up, increasing the voltage

3.2.2. LAB MEDIA: 51807 Kullmann Figure 5B (1) 4.3.tif: Few seconds of voltage increasing to plateau with frequency constant 
3.3. Once the stimulation parameters have been established, allow ~20-30 minutes for the electric field stimulation-evoked contractions to stabilize prior to drug testing. 
3.3.1. CU: Shot of timer being set to ~20 min

3.4. Then, to test the effects of alpha-beta methylene ATP and atropine on the electric field stimulation, for example, perform two control frequency response curves and then add 10 (l of alpha-beta methylene ATP to the  test strip (red trace) and 10 (l of vehicle (water) to the control strips (green trace). Alpha-beta methylene ATP directly stimulates the purinergic receptors in the smooth muscle (notice response marked as #) and desensitizes these receptors. After the response (marked as #) returns to baseline, repeat the frequency response curves in all strips.
3.4.1. LAB MEDIA: 51807 Kullmann Figure 5C 4.5.tif (Video Editor: with “perform … curves” please add/highlight/flash the first two brackets” and the red data line under the first two brackets; with “add … smooth muscle” add/highlight/flash the first black arrow and “(-( methlyene ATP” text). Then highlight/circle the smooth muscle response to alpha-beta methylene ATP (marked with #) and then highlight/circle the traces under the next two brackets.
3.5. Add 10 (l of atropine to the test strip (red trace) and 10 (l of vehicle (water) to the control strips (green trace)…
3.5.1. LAB MEDIA: 51807 Kullmann Figure 5C 4.5.tif 
(For Video: highlight/circle the traces under the last two brackets)
3.6. …and repeat the frequency response curves
3.6.1. LAB MEDIA: 51807 Kullmann Figure 5C 4.5.tif (Video Editor: with “After … again” add/flash/highlight the right brackets and red data line under right brackets; with “adding … strips” please highlight the first two black arrows and “vehicle” texts and green data line under middle and right brackets)
3.7. At the end of the electric field stimulation, verify the selectivity of the electric field stimulation by blocking the neural transmission with the sodium channel blocker tetrodotoxin. 
3.7.1. LAB MEDIA: 51807 Kullmann Figure 5C 4.5.tif (Video Editor: Add/highlight/flash the last arrow and TTX text and circle flat part of all strips under/after TTX administration)
3.8. Finally, unclip the strips, blot them gently on a piece of tissue paper to eliminate any extra fluid, and measure the weight of each strip on a balance.
3.8.1. MED: Talent unclipping at least one strip

3.8.2. MED: Few seconds Talent blotting at least one strip

3.8.3. MED: Talent placing strip(s) on balance
4. Data analysis
4.1. To determine the effects on smooth muscle tone, use the appropriate data analysis software to select a window of at least 10-30 seconds before and at the peak of the drug induced response and measure the amplitude of the contraction.
4.1.1. WIDE: Talent at computer, looking at monitor/analyzing data

4.1.2. LAB MEDIA: 51807 Kullmann Data analysis1 5.1.tif 

(Video Editor: with “select … before” please add/highlight/flash “Select 10-30 s window” text and/or accompanying arrow; 

with “and at … response” please consecutively add/highlight/flash red rectangles; 

with “measure … contraction” please add/highlight bottom graph)
4.2. To determine the effects of the experimental treatments on neurally-evoked contractions, measure the amplitude, duration and area under the curve of at least 3 contractions before and at the peak of the drug-induced response.
4.2.1. LAB MEDIA: 51807 Kullmann Data analysis2 5.2.tif 

(Video Editor: with “measure the amplitude” please add/flash “A” and accompanying double-headed arrow in bottom graph; 

with “duration” please add/flash “D” and red parallel lies in bottom graph; 

with “area under the curve” please add/flash “AUC”, accompanying arrow, and diagonal lines within peak in bottom graph)
4.3. Finally, normalize the data to compare the results across the strips and pharmacological treatments.  
4.3.1. 51807 Kullmann Data analysis3 5.3.tif

5. Results: Representative bladder smooth muscle tissue contractility in response to various stimuli
5.1. Spontaneous myogenic activity is a smooth muscle characteristic that changes during postnatal development and pathology. In this representative experiment, strips from neonatal rats exhibit large amplitude, low frequency rhythmic contractions, while strips from adult rats exhibit small amplitude, high frequency activity. After spinal cord injury the neonatal pattern re-emerges.  Flupirtine, a KCNQ channel opener, decreases the amplitude of spontaneous activity in strips from adult rat. 

5.1.1. LAB MEDIA: 51807 Kullmann Representative results Figure 1 6.1.tif 

(Video Editor: with “neonatal … rhythmic contractions” please highlight the top left graph; 

with “while … activity” please highlight the middle two graphs; 

with “After … re-emerges” please highlight the bottom left graph; 

with “Flupirtine … rat” please highlight the right graph)

5.2. Smooth muscle tone and contractility properties, which can be influenced by the urothelium and mucosa, are important factors for proper bladder function during urine storage and voiding. For example, in this graph, the concentration-dependent increases in smooth muscle tone by carbachol activation of muscarinic receptors in pig bladder strips is illustrated.  A reduction in muscle contractility in response to carbachol treatment is observed in the presence of the mucosa, as shown in this graph. 

5.2.1. LAB MEDIA: 51807 Kullmann Representative results Figure 2 6.2.tif 

(Video Editor: with “in this graph ... pig bladder strips” please highlight the left graph; 

with “concentration dependent increase” please add/flash/otherwise indicate arrows in left graph; 

with “the reduction … shown” please highlight the right graph; 

with “in the presence of the mucosa” please outline/otherwise indicate the bottom/square data points data line in the right graph)

5.3. 5HT4 receptors are expressed pre-junctionally in parasympathetic nerves and their activation increases acetylcholine levels. These graphs illustrate the different efficacy and potency of the excitatory effect of the 5HT4 receptor agonist, cisapride, on human bladder vs ileum strips.
5.3.1. LAB MEDIA: 51807 Kullmann Representative results Figure 3 6.3.tif (Video Editor: with “human bladder” please highlight the top two data lines with the bottom left two bar graphs; with “ileums strips” please highlight the bottom two data lines with the bottom right two bar graphs)
5.4. Species differences that exist in a number of receptors can be assessed using this bladder strip method. For example, these data shows that bombesin receptor agonists have excitatory effects on the rat bladder, while having no effects on mouse or pig bladder strips.
5.4.1. 51807 Kullmann Representative results Figure 4 6.4.tif 

(Video Editor: with “rat bladder” please highlight the top data line; 

with “mouse” please highlight the middle data line – only NMB portion of the data; 

with “pig bladder” please highlight the bottom data line - – only NMB portion of the data)
6. Conclusion (said by authors on camera)
6.1. F. Aura Kullmann: For pharmacological stimulation, it’s important to pay attention to the concentration, timing and duration of the drug application to avoid unspecific effects on other receptors or desensitization of the targeted receptors.  

6.2. Stephanie L. Daughtery: For neural stimulation, it’s important to choose the right parameters for the electric field stimulation according to the aim of the experiment and to ensure that the stimulus does not directly activate the smooth muscle.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Schematic Overview: 51807 Kullmann graphic overview

3.12- 51807 Kullmann Baseline tone – example of setting the baseline tone

3.13 -51807 Kullmann Washes and KCl – examples of washes and KCl application

4.1. - 51807 Kullmann Figure 4D – smooth muscle responses to carbachol

4.2. - 51807 Kullmann Figure 5B – schematic of parameters for electric field stimulation

4.3 - 51807 Kullmann 5B(1) – schematic of parameters for stimulus intensity

4.5. - 51807 Kullmann Figure 5C – components of neural transmission - revised
5.1. - 51807 Kullmann Data analysis1 – illustration of data analysis for pharmacological stimulation 

5.2. - 51807 Kullmann Data analysis2 – illustration of data analysis for electric field stimulation

5.3. - 51807 Kullmann Data analysis3 – examples of data normalization. 
6.1. - 51807 Kullmann Representative results Figure 1 – examples of spontaneous activity and its modulation by development, spinal cord injury and pharmacological agents

6.2. - 51807 Kullmann Representative results Figure 2 – examples of effects of pharmacological agents on smooth muscle tone and the role of mucosa

6.3. - 51807 Kullmann Representative results Figure 3 – examples of modulation of neurally evoked contractions in different organs

6.4. - 51807 Kullmann Representative results Figure 4 – species differences

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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