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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. 	Comment by Chowdhury, Twinkle /US: The author-provided videos have been submitted to Utkarsh Khare.	Comment by Poornima  G: Correct, all the videos are accepted.
√ Correct 


2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.


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



Current Protocol Length

Number of Steps:  05
Number of Shots:  08 

Introduction 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.	Comment by Poornima  G: Authors: 4 best answers are chosen and are slightly edited according to journal guidelines. Please check and approve them	Comment by Poornima  G: Once you approve the final shotlist, we will directly move your project ahead for video assembly
1.1. This work focuses on freehand lumbar intrathecal injections to deliver therapeutics directly into the cerebrospinal fluid of mice.
1.1.1. B.roll: 2.2.1

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. This minimally invasive, rapid technique offers superior translational relevance compared with more invasive approaches such as intracerebroventricular injections.	
1.2.1. B.roll: 2.4.1


CONCLUSION:
Describe the most important consideration or challenge when performing this protocol.
1.3. The primary procedural challenge is accurately identifying the anatomical entry point to access the lumbar cistern. 
1.3.1. B.roll: 2.6.1



How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.4. Future studies may compare the cell type-specific distribution or effects of injected therapeutics between intrathecal delivery and other intra‑CSF administration methods.
1.4.1. B.roll: 3.2.1



Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Biogen


Protocol  
2. Direct Intrathecal Injection of Antisense Oligonucleotides into the Mouse
Demonstrator: Twinkle Chowdhury

2.1. To begin, apply ophthalmic lubricant to both eyes of the mouse immediately after anesthesia induction to prevent corneal desiccation [1-TXT]. Then position the mouse in ventral recumbency on the heating pad to prevent hypothermia, minimize physiological stress, and support normal cardiovascular and respiratory functions throughout the procedure [2].
2.1.1. LAB MEDIA:  A)Mouse_Prepration_1 IMG.MOV 00:00–00:10 TXT: Anesthesia: 2 - 2.5% Isoflurane
2.1.2. LAB MEDIA:  A)Mouse_Prepration_1 IMG.MOV 00:11–00:20

2.2. Administer buprenorphine extended-release injectable suspension at 3.25 milligrams per kilogram subcutaneously using a sterile syringe with a 25-gauge needle and inject 0.05 milliliters per 20 grams of body weight prior to the procedure [1].
2.2.1. LAB MEDIA:  A)Mouse_Prepration_1 IMG.MOV 00:20–00:35

2.3. After shaving the lumbar region from mid-flank to pelvic girdle, disinfect the area using alternating swabs of povidone-iodine [1] and isopropyl alcohol. Repeat three times and allow the site to air-dry completely [2].
2.3.1. LAB MEDIA:  B)Mouse_Preparation_2 IMG.MOV 00:08–00:14
2.3.2. LAB MEDIA:  B)Mouse_Preparation_2 IMG.MOV 00:15–00:25



2.4. Now, stabilize the pelvic girdle by gently grasping the pelvic girdle between the thumb and forefinger of one hand and palpating the dorsal midline with the other hand to locate the target intervertebral space between L4 to L5 or L5 to L6 [1].
2.4.1. LAB MEDIA:  C)Mouse IT injection Video IMG.MOV 00:00–00:10

2.5. Align the antisense oligonucleotide-containing sterile 0.3 milliliter insulin syringe fitted with a 29-gauge, ½-inch needle perpendicular to the dorsal skin surface or at a 70 to 80 degree angle, with the bevel oriented cranially [1]. Advance the needle until slight resistance is encountered as it penetrates the dura mater, then continue into the intrathecal space to inject the solution. Note the tail flick reflex, which indicates successful intrathecal entry [2].
2.5.1. LAB MEDIA:  C)Mouse IT injection Video IMG.MOV 00:11–00:25
2.5.2. LAB MEDIA:  C)Mouse IT injection Video IMG.MOV 00:26–00:31


2.5.3. 

Results
3. Results 

3.1. Evans blue dye injected intrathecally for foundational validation experiments at 20, 30 microliters, and 50 microliters volumes showed consistent dorsal-to-ventral spinal cord staining in all mice, with higher volumes yielding more intense rostrocaudal dye saturation [1].
3.1.1. LAB MEDIA: Figure 1. Video editor: Highlight the increasing darkness of blue staining from the 20 , 30 and the 50 microliter Evans blue injection spinal cords.

3.2. Mice injected with sterile saline instead of Evans blue dye showed no spinal cord coloration or background staining [1].
3.2.1. LAB MEDIA: Figure 1. Video editor: Show the spinal cord from the control (saline) 

3.3. At 5 weeks post-treatment, compound muscle action potential amplitude was significantly higher in mice treated with SOD1-targeting antisense oligonucleotide via intrathecal injection [1] or intracerebroventricular injection [2], compared to mice treated with inactive antisense oligonucleotide [3]

3.3.1. LAB MEDIA: Figure 2A. Video editor: Highlight the green triangle group labelled "SOD1-ASO 100 µg; IT" with visibly higher CMAP amplitude.
3.3.2. LAB MEDIA: Figure 2A. Video editor: Highlight the blue circle group labelled "SOD1-ASO 100 µg; ICV" with similarly elevated CMAP amplitude.
3.3.3. LAB MEDIA: Figure 2A. Video editor: Highlight the red square group labelled "Inactive ASO; IT" with the lowest CMAP amplitude.

3.4. Serum levels of phosphorylated neurofilament heavy chain at 5 weeks post-injection were significantly reduced in both intrathecal [1] and intracerebroventricular SOD1-antisense oligonucleotide-treated mice [2] compared to inactive ASO controls [3].


3.4.1. LAB MEDIA: Figure 2B. Video editor: Highlight the green triangle group labelled "SOD1-ASO 100 µg; IT" with low pNFH levels.
3.4.2. LAB MEDIA: Figure 2B. Video editor: Highlight the blue circle group labelled "SOD1-ASO 100 µg; ICV" with similar low pNFH levels.
3.4.3. LAB MEDIA: Figure 2B. Video editor: Highlight the red square group labelled "Inactive ASO; IT" with high pNFH levels.

3.5. Quantitative PCR analysis showed that intrathecal delivery of SOD1-targeting antisense oligonucleotide achieved approximately 60% knockdown of human SOD1 mRNA in spinal cord tissue [1], whereas intracerebroventricular delivery resulted in approximately 35% knockdown [2], both significantly different from the inactive control [3]
3.5.1. LAB MEDIA: Figure 3. Video editor: Highlight the green triangle bar for “SOD1-ASO 100 µg; IT” showing the lowest SOD1 mRNA levels.
3.5.2. LAB MEDIA: Figure 3. Video editor: Highlight the blue circle bar for “SOD1-ASO 100 µg; ICV” showing moderate SOD1 mRNA reduction.
3.5.3. LAB MEDIA: Figure 3. Video editor: Highlight the red square bar for “Inactive ASO; IT” showing the highest SOD1 mRNA expression
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