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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes
  Authors: Please create scope videos of the shots labeled as SCOPE and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21318023
SCOPE: 2.7.2 , 2.11.1-2.11.2, 2.12.1-2.12.2



3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 02/07/2026 


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare


Current Protocol Length

Number of Steps:  12
Number of Shots:  29

Introduction 


INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Belfran Medina: The scope of this research is to understand how craniofacial tissues regenerate morphologically, structurally, and functionally using an axolotl jaw amputation model.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
What are the current experimental challenges?
1.2. Samanta González: The current experimental challenges involve developing practical, safe, and reproducible surgical axolotl models to reliably investigate and compare craniofacial regeneration mechanisms.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:


What advantage does your protocol offer compared to other techniques?
1.3. Samanta González: The advantage of this protocol is that it enables controlled injuries, is easy to perform, preserves feeding ability, and maintains animal viability.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
How will your findings advance research in your field?
1.4. Samanta González: Our findings will advance research in the field by enabling systematic comparisons of surgical designs across axolotl and other species with effective craniofacial regeneration.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
What new scientific questions have your results paved the way for?
1.5. Samanta González: These results motivate the identification and elucidation of signaling pathways regulating the cellular and molecular mechanisms underlying this regenerative response.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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Protocol  

2. Distal Mandible Amputation and Regenerative Imaging in Axolotls
Demonstrator: Samanta Tarquino González and Belfran Carbonell Medina


2.1. To begin, select axolotls approximately 12 to 15 centimeters in length from snout to tail [1]. Place each selected axolotl individually in a transparent rectangular container large enough to allow free movement [2]. Keep the animals in 40 percent Holtfreter’s solution at a temperature between 19 degrees Celsius and 21 degrees Celsius under a 12 to 12 light‑dark cycle [3-TXT].
2.1.1. WIDE: Talent selecting axolotls and examining body length with hands.
2.1.2. Talent placing a single axolotl into a transparent rectangular container. 
2.1.3. Talent showing the filled container in temperature‑controlled water bath with lights. TXT: Avoid overfeeding 24 h prior to experimentation
2.2. To perform complete distal mandible amputation, first carefully place a deeply anesthetized axolotl supine on the plastic tray [1-TXT]. Measure the amputation region with a calliper on the outer edge of the jaw toward the proximal end at approximately 2.5 millimeters in the chin and symphysis region [2]. 
2.2.1. Talent placing anesthetized axolotl on plastic tray. TXT: Anesthesia: Submergence in 0.1% tricaine methanesulfonate anesthetic solution
2.2.2. Talent using a calliper to measure jaw region.
2.3. Make a mark with a red wax pencil to identify the trajectory of the amputation plane and the extent of the surgical defect [1]. Then carefully lift the axolotl and hold it firmly with one hand [2]. 
2.3.1. Talent drawing a red wax line marking the cut plane.
2.3.2. Talent lifting and holding the axolotl securely.
2.4. Position a direct light over the head region of the axolotl, specifically over the anatomical region to be operated on [1]. With the other hand, use the rounded, wider side of a 7A spatula to separate the tongue from the floor of the mouth and the jaw region to be operated on [2]. 
2.4.1. Talent positions a surgical light over operation site.
2.4.2. Shot of 7A spatula being used to lift the axolotl tongue.
2.5. Now, make an initial cut with surgical forceps from the outer edge of the jaw through skin and hard tissues including tooth bone and Meckel’s cartilage [1]. Then use fine surgical scissors to cut transversely across the entire width of the jaw following the planned plane [2]. Observe the immediate retraction of remaining soft tissue [3].
2.5.1. Shot of an initial cut being made with forceps from the outer edge of the jaw through skin and hard tissues
2.5.2. Shot of scissors cutting transversely across entire width of the jaw.
2.5.3. Shot of soft tissue retracting post‑cut.
2.6. Collect the amputated tissue with dissecting forceps [1] and immerse it in a 1.5-milliliter tube containing 4 percent paraformaldehyde for fixation or Trizol for nucleic acid extraction [2]. 
2.6.1. Talent collecting tissue with forceps.
2.6.2. Shot of tissue placed into labeled tube with solution.
2.7. Transfer the axolotl into a Petri dish [1] and observe under the stereomicroscope to remodel exposed bone and cartilage edges with forceps [2]. Then carefully return the axolotl to the plastic tray [3] and apply 0.5 percent Sulfamerazine antibiotic baths for 12 hours [4].
Authors: Please create scope videos of the shots labeled as SCOPE and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21318023
2.7.1. Talent placing the axolotl into a Petridish. 
2.7.2. SCOPE: Shot through stereomicroscope showing remodeling of jaw edges.
2.7.3. Talent placing axolotl back onto tray .
2.7.4. Talent placing tray in 0.5 percent Sulfamerazine antibiotic solution.
2.8. After surgery, place the axolotl in a transparent container with cold 40 percent Holtfreter’s solution at approximately 4 to 8 degrees Celsius [1]. Observe for return of gill movements, righting reflex, and tactile response over 30 to 60 minutes as signs of recovery [2]. 
2.8.1. Talent placing recovering axolotl into chilled solution.
2.8.2. Shot of gills and righting reflex behavior.
2.9. Change the cold Holtfreter solution every 24 hours for at least 8 days, paying special attention to the first 48 hours [1]. After 24 to 48 hours post‑procedure, feed the axolotl soft‑textured food that is easier to catch and less traumatic [2].
2.9.1. Talent changing Holtfreter’s solution.
2.9.2. Talent offering soft food to axolotl.
2.10. For image acquisiton, transfer an anesthetized axolotl into a Petri dish under the stereomicroscope with a digital camera [1]. Use incident light pointing at the head to improve visibility of the jaw area [2]. Hold the body securely to prevent slipping [3-TXT]. 
2.10.1.  Talent transferring anesthetized axolotl to imaging station.
2.10.2. Shot of incident light illuminating head region.
2.10.3. Talent holding body secure. TXT: Avoid photographing in water; Moisten body with 40% Holtfreter’s solution as needed
2.11. Properly identify and focus on the jaw area under the stereomicroscope [1]. Adjust imaging parameters including contrast, brightness, exposure, gain, and white balance for optimal acquisition [2]. 
Authors: Please create scope videos of the shots labelled as SCREEN and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21318023
2.11.1. SCOPE/SCREEN: Talent adjusting microscope focus on jaw.
2.11.2. SCREEN: Show imaging software parameters being adjusted.
2.12. Then acquire images with a 0.7X stereomicroscope lens to measure and monitor regeneration over successive days [1]. Once regeneration is complete, stain regenerated tissues using alcian blue and alizarin red according to established histological protocols [2].
2.12.1. SCREEN: Jaw images are being captured. 
2.12.2. SCREEN: Shot of stained regenerative tissue.




Results

3. Results 

3.1. A 100% survival rate was achieved in all 37 axolotls that underwent complete transverse mandibular amputation for the first time [1]. The animals showed no changes in swimming, foraging, or jaw movement behaviors following surgery, indicating the safety of the surgical technique [2].
3.1.1. LAB MEDIA: Figure 2C. Video editor: Highlight the bar labeled “full cross-sectional” showing 100% on the vertical axis.
3.1.2. LAB MEDIA: Figure 2B. 
3.2. Macroscopic observation prior to amputation revealed the normal appearance of the mandibular tissues [1]. Immediately after amputation, the remaining soft tissue showed hemostatic response and retraction, resulting in a concavity at the amputation site [2].
3.2.1. LAB MEDIA: Figure 3B. 
3.2.2. LAB MEDIA: Figure 3C. Video editor: Please highlight the area pointed at by the red arrow
3.3. In cases with exposed bone tissue post-amputation, bone regularization was performed, improving wound closure and soft tissue coverage of the amputation site [1].
3.3.1. LAB MEDIA: Figure 3D. 
3.4. At 180 days post-amputation, the jaw had fully regenerated to a size similar to its original pre-amputation state [1]. The regenerated structure at 180 days included both soft tissue and skeletal elements, resembling the original anatomy [2].
3.4.1. LAB MEDIA: Figure 3E
3.4.2. LAB MEDIA: Figure 3F. Video editor: Highlight the red arrow pointing to regenerated soft tissue and the yellow arrow pointing to regenerated skeletal structures.
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