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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Olympus SZ61

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length

Number of Steps:  18
Number of Shots:  36

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. [bookmark: OLE_LINK31][bookmark: OLE_LINK34]This method provides an approach to visualize blood flow in mouse cochlea in real-time under normal and pathological conditions, thus will enable a better understanding of microcirculation associated cochlear homeostasis.
1.1.1. SCREEN:5.2-velocity measurement.mp4. 00:01 – 01:24.

1.2. [bookmark: OLE_LINK24][bookmark: OLE_LINK30][bookmark: OLE_LINK39][bookmark: OLE_LINK44][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Application of this technique with transgenic mouse models has the potential for advancing research to unravel the links between hearing function and pathology related to cochlear blood flow in the stria vascularis.
1.2.1. 3.2.1.

Introduction of Demonstrator: 
Video Editor: Please show this as on-screen text.
1.3. Demonstrating the procedure will be Zhiqiang Hou and Lingling Neng, postdoctoral scholars from the Shi Laboratory.


Ethics Title Card
1.4. All procedures involving the use of animals were reviewed and approved by the Institutional Animal Care and Use Committee at Oregon Health & Science University.

Protocol
2. Preparation of the fluorescent-labeled blood cells and surgery to create an open window

2.1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Begin by collecting approximately 1 millimeter of blood in heparin by cardiac puncture [1]. Centrifuge the blood at 3,000 times g for 3 minutes at 4 degrees Celsius [2].
2.1.1. Talent collecting blood.
2.1.2. Talent centrifuging the blood.

2.2. [bookmark: OLE_LINK112][bookmark: OLE_LINK113]Remove the plasma [1], then wash the blood cell pellet with 1 milliliter of PBS [2] and centrifuge three times at 3000 times g for 3 minutes at 4 degrees Celsius [3].
2.2.1. Talent removing the plasma.
2.2.2. Talent washing the blood cells with PBS. 
2.2.3. Talent centrifuging the cells.

2.3. [bookmark: OLE_LINK80][bookmark: OLE_LINK81]Label the blood cells with 1 milliliter of 20 micromolar DiO (‘di-O’) or Dil (‘dil’) in PBS [1-TXT] and incubate in the dark for 30 minutes at room temperature [2]. 
2.3.1. Talent adding the DiO or Dil in blood cells. TEXT: DiO- 3, 3′-dioctadecyloxacarbocyanine perchlorate; Dil- 1,1-dioctadecyl-3,3,3,3-tetramethylindocarbocyanine perchlorate.
2.3.2. Talent incubating the cells in the dark.

2.4. Wash the labeled blood cells with 1 milliliter of PBS [1] and centrifuge three times at 3000 × g for 3 minutes [2]. Resuspend the cell pellet in 30% hematocrit with approximately 0.9 milliliters of PBS before injection [3-TXT].
2.4.1. Talent washing the blood cells with PBS.
2.4.2. Talent centrifuging the cells.
2.4.3. Talent adding PBS to the cells to make the final hematocrit ~30%. TEXT: Final volume- 1.3 mL

2.5. Prepare sterile surgical instruments and imaging platform [1] and place a heating pad beneath the drape [2]. Monitor the paw reflex and general muscle tone of the anesthetized mice to check the depth of the anesthesia [3].
2.5.1. Surgical instruments and imaging platform. 
2.5.2. Talent placing the heating pad.
2.5.3. Talent monitoring the paw reflex and muscle tone of the mice.

2.6. Place the animal on the warm heating pad [1], and its tail in the monitor system for monitoring blood pressure and heartbeat [2]. Maintain the rectal temperature at 37 degrees Celsius [3]. Record the animal’s systolic blood pressure, diastolic blood pressure, and mean blood pressure in the anesthetized condition [4].
2.6.1. Talent placing the animal on heating pad.
2.6.2. Talent placing the animal tail in the monitoring system.
2.6.3. Talent maintaining the rectal temperature.
2.6.4. Talent measuring the blood pressures.

2.7. [bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Open the left tympanic bulla via a lateral and ventral approach under a stereo microscope, leaving the tympanic membrane and ossicles intact. Make an incision along the midline of the animal’s neck with its head immobilized to minimize movement [1].
2.7.1. Talent making an incision along the midline of animal’s neck. 

2.8. Remove the left submandibular gland and posterior belly of the digastric muscle and cauterize [1]. Locate and expose the bony bulla by identifying the sternocleidomastoid muscle and facial nerve extending anterior toward the bulla [2].
2.8.1. SCOPE: Talent removing the left submandibular gland and posterior belly and cauterizing.
2.8.2. SCOPE: Talent exposing the bony bulla of the animal.

2.9. Open the bony bulla with a 30-gauge needle [1] and carefully remove the surrounding bone with surgical tweezers to provide a clear view of the cochlea and stapedial artery, with its medial margin lying over the edge of the round window niche and coursing anterior-superior towards the oval window [2]. Videographer: This step is important!
2.9.1. SCOPE: Talent opening the bony bulla with needle.
2.9.2. SCOPE: Talent removing the surrounding bone with surgical tweezers.

2.10. Use a small knife blade to scrape the lateral wall bone at the apex-middle turn of the mouse cochlea, approximately 1.25 millimeters from the apex, until a thin spot is cracked [1]. Remove the bone chips with small wire hooks [2]. Videographer: This step is difficult and important!
2.10.1. SCOPE: Talent scraping the lateral wall bone with small knife.
2.10.2. SCOPE: Talent removing the bone chips with wire hooks. 

2.11. Cover the vessel-window with a cut coverslip to preserve normal physiological conditions and provide an optical view for recording vessel images [1].
2.11.1. Talent covering the vessel with coverslip.
3. [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Imaging of cochlear blood flow under a fluorescence intravital microscope, video analysis, and noise exposure
3.1. Cut the leg skin to expose the right saphenous vein [1]. Successively infuse 100 microliters each of the FITC-dextran solution and the blood cell suspension into the animal through the saphenous vein to enable visualization of the blood vessels and tracking of blood flow [2]. Videographer: This step is important!
3.1.1. Talent cutting leg skin to expose right saphenous vein.
3.1.2. [bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK82][bookmark: OLE_LINK83]Talent infusing FITC-dextran and blood cell suspension into the right saphenous vein. TEXT: FITC- fluorescein isothiocyanate

3.2. [bookmark: OLE_LINK143][bookmark: OLE_LINK144]Observe the blood flow in real time on a video monitor 5 minutes after the injection [1]. Image the blood vessels using a fluorescence microscope equipped with a long working distance objective and a lamp-housing containing a multiple band excitation filter and compatible emission filter [2]. Videographer: This step is important!
3.2.1. Talent observing blood flow on the monitor.
3.2.2. Talent imaging the blood vessels on fluorescence microscope.

3.3. Record the video using a high-resolution digital black and white charge-coupled device camera, acquiring more than 350 images per video to ensure successful analysis of the flow velocity [1].
3.3.1. Talent recording the video of blood flow velocity.

3.4. Measure the vessel diameter using appropriate software and determine the distance between two fixed points across the vessel in the acquired images [1].
3.4.1. SCREEN: 5.1-diameter measurement.mp4. 00:43 – 01:04.

3.5. Open the video of blood flow in the software and set the scale of the images [1]. Track the selected DiO-stained blood cells using the tracking function, then use the distance the cells have moved and the interval of time between image frames in the video for auto-calculation of the flow velocity [2].
3.5.1. SCREEN: 5.1-diameter measurement.mp4. 00:01 – 00:42.
3.5.2. SCREEN: 5.2-velocity measurement.mp4. 00:01 – 01:24.

3.6. Calculate the volumetric flow using the equation given in the text manuscript [1-TXT].
3.6.1. SCREEN: 5.3-F calculation.mp4. 00:02 – 00:25. TEXT: F = V × A; V: velocity; A: cross-sectional area of the vessel

3.7. For noise exposure, place the animals in wire mesh cages [1] and expose them to broadband noise at 120-decibel sound pressure level in a sound exposure booth for 3 hours, then for an additional 3 hours on the next day [2].
3.7.1. Talent placing the animals in cages.
3.7.2. Talent exposing the animals to noise.












Results
4. IVM imaging of cochlear capillaries and analysis of change in vessel diameter and blood flow in the stria
4.1. After surgical exposure of the cochlear capillaries in the lateral wall, intravital high-resolution fluorescence microscopic observation of Dil-labeled blood cells in FITC-dextran-labeled vessels was performed through an open vessel-window [1].
4.1.1. LAB MEDIA: Figure 1E.

4.2. Dil-labeled blood cells in strial vessels labeled with FITC-dextran are shown here [1]. DiO-labeled blood cells labeled with FITC-dextran show that the vessel density of the spiral ligament is sparser [2] than that of the denser stria vascularis [3].
4.2.1. LAB MEDIA: Figure 2A. Video editor focus on the red region shown with arrow.
4.2.2. LAB MEDIA: Figure 2B.
4.2.3. LAB MEDIA: Figure 2C.

4.3. [bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91]High-resolution IVM shows the blood flow patterns in control and noise-exposed groups [1]. The disturbed pattern of blood circulation can be seen in the noise-exposed groups [2]. Anomalies included reduced vessel diameter [3] and increased variation in vessel diameter [4].
4.3.1. LAB MEDIA: Figure 3A and 3B.
4.3.2. LAB MEDIA: Figure 3B.
4.3.3. LAB MEDIA: Figure 3C. Video editor focus on the Control bar graph then gradually on the reduced NE bar.
4.3.4. LAB MEDIA: Figure 3D. 

4.4. The blood flow velocities in the control [1] and noise-exposed groups were calculated by tracking the routes of the DiO-labeled blood cells [2]. The blood velocity [3] and volume in the noise-exposed group were significantly lower than in the control group [4].
4.4.1. LAB MEDIA: Figure 4A
4.4.2. LAB MEDIA: Figure 4B.
4.4.3. LAB MEDIA: Figure 4C and D. Video editor focus on the NE 2W bar in C.
4.4.4. LAB MEDIA: Figure 4C and D. Video editor focus on the NE 2W bar in D.
Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. The successful establishment of the open vessel-window requires a high degree of surgical skill; care must be exercised in removing the bone of the cochlear lateral wall.

5.1.1. 2.10, 2.11
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