[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 68748
Scriptwriter Name: Sulakshana Karkala
Project Page Link: https://review.jove.com/account/file-uploader?src=20968188


Title: Use of Cerebral Open-Flow Microperfusion for the Longitudinal Collection of Interstitial Fluid in an Animal Model of Glioblastoma

Authors and Affiliations: 
Ian E. Olson, Rafal Chojak, Umme H. Faisal, Jillyn Turunen, Irene Lazanyi, Jason Miska, Atique U. Ahmed

Department of Neurological Surgery, Feinberg School of Medicine, Northwestern University

☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Atique U. Ahmed		(atique.ahmed@northwestern.edu)
Email Addresses for All Authors: 
Ian E. Olson			(ian.olson1@northwestern.edu)
Rafal Chojak			(rafal.chojak@northwestern.edu)
Umme H. Faisal		(faisal.ummeh@northwestern.edu)
Jillyn Turunen			(jillyn.turunen@northwestern.edu)
Irene Lazanyi			(irenelazanyi2027@u.northwestern.edu)
Jason Miska			(jason.miska@northwestern.edu)
Atique U. Ahmed		(atique.ahmed@northwestern.edu)





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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or 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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)


Current Protocol Length
Number of Steps: 24
Number of Shots: 54

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What questions will future research focus on?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


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



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Stereotaxic Cerebral Open-Flow Microperfusion (cOFM) Guide Installation and Intracranial Cell Infusion Procedure
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, with a sterile scalpel, make a sagittal midline incision along the surface of the skull, starting between the eyes and extending caudally for 8 to 10 millimeters [1]. Then use sterile forceps, cotton-tipped applicators, or a scalpel blade to laterally retract the skin from the midline incision [2]. Ensure both Bregma and Lambda are visible, and extend the incision if necessary [3].
2.1.1. WIDE: Talent making a midline scalp incision using a sterile scalpel.
2.1.2. Talent retracting the skin with sterile forceps and cotton-tipped applicators.
2.1.3. Close-up of the exposed skull with Bregma and Lambda becoming visible.
2.2. Next, use a sterile scalpel to incise the periosteum and retract the tissue laterally with forceps [1]. Apply 1% to 3% hydrogen peroxide with a sterile cotton-tipped applicator to clean the skull surface [2]. 
2.2.1. Talent making a periosteum incision and retracting it with forceps.
2.2.2. Talent cleaning the skull surface using a hydrogen peroxide-soaked cotton applicator.
2.3. Now use a 0.3 to 1.0 milliliter insulin syringe to apply 20 to 40 microliters of self-etching dental adhesive evenly onto the skull surface [1]. Apply a dental curing light to etch the adhesive [2]. Once cured, wipe away any excess adhesive with sterile cotton-tipped applicators and saline [3].
2.3.1. Talent applying dental adhesive using an insulin syringe.
2.3.2. Talent holding a curing light over the adhesive area.
2.3.3. Talent wiping excess adhesive with cotton-tipped applicators and saline.
2.4. Reposition the drill bit to the cOFM (C-O-F-M) guide coordinate, set the drill to 15,000 revolutions per minute, and drill a burr hole using the DV micromanipulator dial [1]. Frequently monitor skull thickness during drilling and flush with physiological saline to remove debris and reduce heat [2].
2.4.1. Talent drilling burr hole with micromanipulator dial. TXT: cOFM: cerebral Open-Flow Microperfusion
2.4.2. Talent flushing the skull with saline while monitoring skull thickness. 
2.5. Repeat the drilling procedure at each anchor screw coordinate [1-TXT].
2.5.1. Talent repositioning the drill and creating additional burr holes for anchor screws. TXT: Drill co-ordinates: ML = 2.5, AP = -2.5, and ML = -2.5, AP = -2.5
2.6. Now, install anchor screws using sterile forceps and a sterile screwdriver, until inserted 1 to 2 thread lengths deep [1]. Then mount the cOFM guide and dummy assembly into the guide holder and attach the holder to the stereotactic frame [2]. Position the guide tip above the burr hole and lower it slowly to the predetermined depth at 1 millimeter per minute [3].
2.6.1. Talent positioning and screwing in an anchor screw with forceps and screwdriver.
2.6.2. Talent installing cOFM guide into holder and frame.
2.6.3. Talent adjusting the DV knob to slowly lower the guide to target depth.
2.7. Apply the cementing agent to the skull in thin, uniform layers, covering areas under and around the cOFM guide and screws [1]. Use a dental curing light to harden each layer before applying the next one [2]. Ensure the cement covers the entire area between components while avoiding the locking wedge [3].
2.7.1. Talent applying cementing agent in a thin layer around components.
2.7.2. Talent curing the cement with a dental light.
2.7.3. Shot of cured cement surrounding the guide and screws.
2.8. Detach the guide holder from the cOFM guide and slowly raise it using the DV  (D-V) knob of the micromanipulator [1-TXT]. Then, remove the micromanipulator from the stereotactic frame [2].
2.8.1. Talent detaching and lifting the guide holder. TXT: DV: Dorsoventral
2.8.2. Talent removing the micromanipulator.
2.9. Using forceps, remove the locking wedge from the cOFM guide and dummy assembly [1]. Gently lift out the dummy from the guide [2].
2.9.1. Talent removing locking wedge using forceps.
2.9.2. Talent lifting out dummy from the guide.
2.10. Use the ML (M-L) and AP (A-P) micromanipulator knobs to align the syringe-infusion insert assembly over the cOFM guide [1]. Lower the infusion insert using the DV knob  [2] and secure it in position by firmly reinserting the locking wedge with forceps [3].
2.10.1. Talent aligning infusion insert above the guide. TXT: ML: Mediolateral; AP: Anteroposterior
2.10.2. Talent lowering infusion insert.
2.10.3. Talent reinserting wedge with forceps.
2.11. Now, inject 3 microliters of cell suspension from the syringe at 1 microliter per minute [1]. Monitor the area around the cOFM guide to ensure that no cell suspension effluxes out of the assembly [2-TXT].
2.11.1. Talent injecting cell suspension using syringe.
2.11.2. Close-up of infusion site for any leakage. TXT: Wait 1 min post injection to equilibrate intracranial pressure
2.12. Use forceps to remove the locking wedge from the guide and infusion insert assembly [1]. Then carefully lift the infusion insert from the guide using the DV adjustment knob [2].
2.12.1. Talent removing locking wedge.
2.12.2. Talent lifting infusion insert using micromanipulator knob.
3. Microperfusion Tubing Preparation and System Flush for cOFM Setup
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Prefill the push and pull tubing lines with artificial cerebrospinal fluid using gastight glass syringes [1]. Install the peristaltic section of the tubing into the pump head of the microperfusion pump [2].
3.1.1. Talent filling push and pull tubing lines using syringes.
3.1.2. Talent installing tubing into pump head.
3.2. Connect the perfusate bag to the push tubing using a Luer lock connector [1]. Then connect the sampling insert to the tubing using flanged connectors [2]. Attach the longer inlet shaft to the output end of the push tubing and the shorter outlet shaft to the input end of the pull tubing [3]. Place the connected sampling insert into a sterile microcentrifuge tube containing 750 microliters of artificial cerebrospinal fluid [4].
3.2.1. Talent connecting perfusate bag to tubing with Luer lock.
3.2.2. Talent connecting sampling insert inlet to push tubing.
3.2.3. Talent connecting sampling insert outlet to pull tubing.
3.2.4. Talent placing the insert into a microcentrifuge tube containing 750 µL.
3.3. Connect the fraction collector needle to the pull tube output line using a flanged tubing connector [1]. Then perform a tubing flush for 20 minutes at 10 microliters per minute to eliminate air bubbles [2].
3.3.1. Talent attaching fraction collector needle to tubing.
3.3.2. Shot of the display of tubing system flushing with digital timer at 10 microliters/minute.
3.4. Next, prefill the pull tubing line with artificial cerebrospinal fluid using gastight syringes [1]. Reinstall the peristaltic tubing into the pump head of the microperfusion pump [2].
3.4.1. Talent filling pull tubing line with a syringe.
3.4.2. Talent reinstalling tubing into pump head.
3.5. Connect the sampling insert again using flanged tubing connectors [1]. Attach the inlet to the output end of the pull tubing and the outlet to the input end of the pull tubing [2]. Place the insert into a sterile microcentrifuge tube with 750 microliters of artificial cerebrospinal fluid [3].
3.5.1. Talent reconnecting insert to pull tubing.
3.5.2. Talent securing outlet and input connections.
3.5.3. Talent placing insert into microcentrifuge tube.
3.6. Perform another 20-minute tubing system flush at 10 microliters per minute to clear any residual air bubbles [1].
3.6.1. Shot of second tubing flush in progress with active flow rate indicator.


4. Animal Jacketing, cOFM Sampling, and Post‑Sampling Handling Procedure
Demonstrator: Click here to enter name of demonstrator(s) 

AUTHORS: Please note that as per JoVE’s guidelines, anesthesia and euthanasia of animals cannot be demonstrated
4.1. Place an anesthetized animal in an appropriately sized jacket [1-TXT]. Draw the forelimbs completely through the arm holes and fasten the jacket securely along the animal’s back [2].
4.1.1. Talent selecting and placing the jacket on the animal. TXT: Anesthesia : Isoflurane inhalation (3%)
4.1.2. Shot of forelimbs positioned and fasteners being secured.
4.2. Use a pair of forceps to remove the locking wedge from the guide and dummy assembly [1]. Then carefully lift the dummy insert out of the guide [2]. Gently install the sampling insert into the guide and reinsert the locking wedge [3].
4.2.1. Talent using forceps to remove the locking wedge.
4.2.2. Talent lifting the dummy insert from the guide.
4.2.3. Talent inserting the sampling insert and reinserting the wedge.
4.3. Remove the animal from anesthesia and place it into the rotating cage system [1]. Attach the cage tether to the animal jacket and activate the rotating cage system [2].
4.3.1. Talent placing the animal into the rotating cage.
4.3.2. Talent attaching tether and switching on the rotating cage.
4.4. After cOFM sampling, deactivate the rotating cage system and detach the cage tether from the animal jacket [1-TXT].
4.4.1. Talent stopping the rotating cage and removing the tether. TXT: Transfer the animal to the anesthesia induction chamber
4.5. Now, use forceps to remove the locking wedge from the guide and sampling insert assembly [1]. Carefully lift the sampling insert out of the guide [2]. Then gently insert the dummy insert back into the guide and reinsert the locking wedge [3].
4.5.1. Talent using forceps to remove the locking wedge.
4.5.2. Talent lifting out the sampling insert.
4.5.3. Talent inserting the dummy and reinserting the wedge.
4.6. Detach the fasteners on the back of the animal jacket and gently remove the jacket from the animal [1].
4.6.1. Talent undoing jacket fasteners and removing it from the animal.
4.6.2. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 86.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Bioluminescent imaging confirmed the presence of tumors in animals with cOFM guide-mediated tumor cell engraftment [1]. Proteomic principal component analysis of cOFM-sampled interstitial fluid revealed distinct separation between temozolomide-treated and dimethyl sulfoxide-treated animal groups [2].
5.1.1. LAB MEDIA: Figure 4A. Video editor: Highlight the bright signal regions within the red boxes sequentially from left to right
5.1.2. LAB MEDIA: Figure 4B. Video editor: Highlight the orange cluster labeled “TMZ” and then the blue cluster labeled “DMSO” 
5.2. Global metabolomic signal distributions overlapped almost perfectly between temozolomide and dimethyl sulfoxide samples [1]. Despite signal overlap, metabolomic volcano analysis revealed a distinct temozolomide-driven shift [2].
5.2.1. LAB MEDIA: Figure 4C (left). 
5.2.2. LAB MEDIA: Figure 4C (right). 
5.3. Quantitative comparisons of metabolomic values from the same animals showed that recirculated configurations improved analyte concentrations while preserving relative metabolite proportions [1].
5.3.1. LAB MEDIA: Figure 4D. Video editor: Highlight all four scatter plots sequentially
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