Submission ID #: 56574
Editor Name: Bridget Colvin
Videographer Name: David Allen
Film Date: 
Submission Link: http://www.jove.com/files_upload.php?src=17255118
Authors and Affiliations: Sho Kurihara1,2*, Masato Fujioka3*, Tomohiko Yoshida1,2*, Makoto Koizumi4, Kaoru Ogawa3, Hiromi Kojima2, and Hirotaka James Okano1
*These Authors contributed equally to the work.

1Division of Regenerative Medicine, Jikei University School of Medicine

2Department of Otorhinolaryngology, Jikei University School of Medicine

3Department of Otorhinolaryngology, Head and Neck Surgery, Keio University School of Medicine

4Laboratory Animal Facilities, Jikei University School of Medicine
Title: A Surgical Procedure for the Administration of Drugs to the Inner Ear in a Non-Human Primate Common Marmoset (Callithrix jacchus)
Corresponding Authors: 
Hirotaka James Okano 

hjokano@jikei.ac.jp
Masato Fujioka 

masato@2002.jukuin.keio.ac.jp 

Tel: +81-3-3433-1111
Co-authors: skurihara@jikei.ac.jp, yoshidatomo@jikei.ac.jp, koizumim@jikei.ac.jp, ogawak@a5.keio.jp, kojimah@jikei.ac.jp 
A. Microscopy: Does your protocol require JoVE to film through your microscope? Yes, Leica M300
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
3.3., 3.5., 3.6., 3.9., 3.10., 3.11.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.9.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this surgical procedure is to evaluate the effects of specific drugs of interest on the hearing function of a non-human primate common marmoset through their safe administration into the inner ear without inducing hearing loss. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hirotaka James Okano: This method can help answer key questions about inner ear drug delivery, including how to open the mastoid cavity and where to deliver the drug.

1.2. Masato Fujioka: The main advantage of this technique is that the inner ear can be approached without complications, which is critical for evaluating the efficacy of inner ear treatments in primates.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sho Kurihara: The implications of this technique extend toward the study of potential therapies for human deafness, as the auditory system of the marmoset is quite similar to that of humans.  

1.4. Tomohiko Yoshida: Visual demonstration of this method is critical, as the posterior tympanotomy is difficult to learn and requires the small window to be created in a narrow space without damaging the facial nerve or the ossicular chain.   
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of the Jikei University and performed in accordance with the Institutional Guidelines for the Use of Laboratory Animals at the Jikei University, which agree with the Guidelines for Proper Conduct of Animal Experiments by the Science Council of Japan (2006). 
Protocol: (read by voice talent at JoVE)
2. Pre-Operative Preparation
2.1. At least 30 minutes before the procedure, administer antibiotic into the femoral muscle of an overnight-fasted, common marmoset [1-WIDE-TXT].

2.1.1. Few seconds Talent injecting antibiotic (TEXT: Antibiotic: ampicillin 0.08 mg/g) Comment from the authors: Move step 2.1. above step 2.3.
2.2. Confirm the appropriate level of sedation by toe pinch [1-ECU-TXT] and place the animal in the supine position on a heating mat with the head and neck extended [2-MED].
2.2.1. Toe being pinched (TEXT: Anesthesia: 4% -> 1-3% isoflurane and medetomidine 0.04 mg/kg + midazolam 0.4 mg/kg + butorphanol 0.4 mg/kg i.m.) 
2.2.2. Few seconds Talent placing animal in supine position (Videographer: More Talent than marmoset in shot) 
2.3. Fix maxilla to the table with nylon thread and pull up the tongue. [1-CU-TXT] Insert an endotracheal tube along the laryngeal surface of the epiglottis. [2-CU] 
2.3.1. Few seconds fix maxilla to table with nylon thread and pull up tongue. TEXT: Alternative: Using
 a laryngoscope, visualize the epiglottis and the entry of the larynx. Few seconds laryngoscope being inserted/epiglottis/larynx being visualized (TEXT: Alternative: Fix maxilla to table with nylon thread and pull up tongue)
2.3.2. Few seconds tube being inserted

2.4. Check the end tidal carbon dioxide level in the endotracheal tube to confirm that the tube has been properly placed within the trachea [1-ECU] and secure the tube to the animal’s face [2-CU].

2.4.1. Shot of end tidal carbon dioxide level

2.4.2. Few seconds tube being secured

2.5. Incline the head to a 30-45° angle toward the non-operative side [1-MED-TXT] and shave the post-auricular region of the operative side of the animal [2-CU].

2.5.1. Few seconds Talent inclining head (Videographer: More Talent than marmoset in shot) (TEXT: Monitor SpO2, EtCO2, and body/rectal temperatures throughout procedure)

2.5.2. Few seconds animal being shaved

2.6. Then disinfect the post-auricular region and the external auditory canal with povidone-iodine [1-CU] and cover the animal with a surgical drape sheet with a round opening over the surgical area [2-MED].
2.6.1. Few seconds skin being disinfected

2.6.2. Few seconds Talent covering animal (Videographer: More Talent than marmoset in shot)

3.  Inner Ear Drug Delivery
3.1. Before making opening the skin, inject 1% of lidocaine hydrochloride subcutaneously into the incision site [1-SCOPEWIDE-TXT].
3.1.1. Few seconds Talent inject lidocaine (Videographer: More Talent than marmoset in shot) (TEXT: i.e. w/ 1:100,000 epinephrine, 0.1-0.2 mL)  
3.2. Then, using a surgical microscope and a No.15 round-shaped blade, make an incision into the postauricular skin [1-SCOPE] and apply pressure to the bleeding area with a gauze soaked in 1:5000 diluted epinephrine [2-SCOPE-TXT].

3.2.1. Few seconds incision being made

3.2.2. Few seconds gauze being applied (TEXT: Alternative: Bipolar cauterize to stem bleeding)
3.3. Open the soft tissue of the post-auricular region so that auricular cartilage and the post-auricular muscle can be identified [1-SCOPE] and expose the external auditory canal bone deep within the cartilage [2-SCOPE].

3.3.1. Few seconds tissue being opened
3.3.2. Shot of external auditory canal bone (Video Editor: please indicate external auditory canal bone when mentioned if necessary/appropriate)
3.4. To confirm the depth of the tympanic membrane, expose the bony part of the tympanic rim [1-SCOPE-TXT] and peel the post-auricular muscles toward the caudal aspect to separate the muscles from the temporal bone [2-SCOPE-TXT].

3.4.1. Few seconds bony part of rim being exposed (TEXT: Tympanic rim = adhesion of skin and bone in deepest part of posterior ear canal) 

3.4.2. Few seconds muscles being peeled (TEXT: i.e. sternocleidomastoid, splenius capitis, and posterior belly of digastric muscles)
3.5. Expose the lateral surface of the temporal bone [1-SCOPE] and use a 1 mm diamond bur to make a hole approximately 5 mm behind the external auditory canal [2-SCOPE-TXT].

3.5.1. Lateral surface of temporal bone being exposed

3.5.2. Few seconds hole being drilled (TEXT: Drill speed = 1000-8000 rpm depending on drilling site)
3.6. Drill further to enlarge the hole as appropriate [1-SCOPE] and locate the horizontal semicircular canal, which bulges toward the mastoid cavity [2-SCOPE].

3.6.1. Few seconds drilling 
3.6.2. Shot of horizontal semicircular canal (shot will be used again)

3.7. Identify the vertical section of the facial nerve that runs anterior to the horizontal semicircular canal [1-SCOPE].
3.7.1.  Use 2.6.2. (Video Editor: please indicate facial nerve when mentioned)
3.8. Then drill and remove any bone septa as necessary to obtain a clear view of the facial recess [1-SCOPE], located at the center of the triangular area between the facial nerve and the chorda tympani [2-SCOPE].
3.8.1. Few seconds drilling

3.8.2. Few seconds bone being removed/shot of facial recess 
3.9. Using a 0.6 mm diameter diamond bur at 1000 rpm, drill a small hole between the vertical section of the facial nerve [1-SCOPE], which appears as a pink line through the thinned bone, and the tympanic rim [2-SCOPE-TXT].

3.9.1. Shot of drill bit being placed between the nerve and rim (Video Editor: please indicate pink line of facial nerve with “with vertical section of the facial nerve” as possible) 
3.9.2. Few seconds bone being drilled (TEXT: Move bur parallel to posterior canal wall to prevent facial nerve damage)
3.10. Stop the drilling just before the nerve is exposed as a white line structure and confirm that the round window niche can be visualized through the hole [1-SCOPE].
3.10.1.  Shot of white line niche (Video Editor: please indicate white line and round window niche when mentioned as possible/appropriate) 
3.11. Using a 25-gauge or thinner needle, deliver the drugs of interest into the niche [1-SCOPE] and cover the niche with an appropriate viscous solution to ensure the drug is retained [2-SCOPE].
3.11.1.  Few seconds drugs being delivered

3.11.2.  Few seconds niche being covered

3.12. Confirm that hemostasis is securely controlled [1-MED] and use 6-0 absorbent threads to close the epidermal and dermal layers with simple interrupted sutures [2-CU].
3.12.1.  Few seconds Talent confirming homeostasis (Videographer: More Talent than marmoset in shot)
3.12.2.  Few seconds suture(s) being placed

3.13. Then place a piece of gauze onto the surgical wound [1-ECU], fix the gauze in place with a bandage [2-CU], and allow the marmoset to recover in an intensive care unit at 37 °C and 30% oxygen until complete arousal [3-MED-TXT].

3.13.1.  Gauze being placed

3.13.2.  Few seconds gauze being fixed with bandage

3.13.3.  Talent placing marmoset in ICU (Videographer: More Talent than marmoset in shot) (TEXT: See text for full post-operative care details)
4. Results: Representative Auditory Brainstem Response (ABR) Assessment
4.1. In these graphs, the auditory brain stem responses of a 7-year-old common marmoset before [1-LM] and two months after the delivery of 1 microliter of PBS to the round window niche as just demonstrated are shown [2-LM].
4.1.1. Authors: please upload the ABR map from Figure 5A through the submission link as its own .ai, .tif or .psd file without the A label: no animation
4.1.2. Authors: please upload the ABR map from Figure 5B through the submission link as its own .ai, .tif or .psd file without the B label: no animation
4.2. Comparison of these waveforms and thresholds to a previous study demonstrated no changes in these parameters before [1-LM] or after the surgery [2-LM], confirming that posterior tympanotomy is a safe and useful procedure for drug administration to the round window niche of the common marmoset [3-LM].
4.2.1. Authors: please upload the threshold graph from Figure 5C through the submission link as its own .ai, .tif or .psd file without the C label: please add/trace/indicate before data line
4.2.2. Figure 5C: please add/trace/indicate after data line

4.2.3. Figure 5C: no animation

5. Conclusion (said by authors on camera):
5.1. Masato Fujioka: Once mastered, this technique can be completed in one hour, including the anesthesia induction, if it is performed properly.
5.2. Tomohiko Yoshida: While attempting this procedure, it’s important to remember not to damage the ossicles or the facial nerve, which can result in conductive hearing loss or facial paralysis, respectively.
5.3. Sho Kurihara: After its development, this technique paved the way for researchers in the field of the translational research to test potential new therapies for hearing loss.
5.4. Hirotaka James Okano: After watching this video, you should have a good understanding of how to approach the inner ear of the common marmoset safely and to administer the drug into the round window niche properly.
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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, 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.  

.
4.1.1. Figure 5A ABR waveforms before surgery.tif
4.1.2. Figure 5B ABR waveforms after surgery.tif
4.2.1. Figure 5C ABR thresholds following surgery.tif
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 in the email accompanying the finalized script.
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