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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 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?   No 

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


[bookmark: Text5]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: MM/DD/YYYY	Comment by Pallavi  Sharma: Authors: Please provide a probable date of filming


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

Current Protocol Length

Number of Steps:  16
Number of Shots:  38 

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

REQUIRED: What is the scope of your research? What questions are you trying to answer? 	Comment by Pallavi  Sharma: Authors: As per our guidelines, we can not show more than 3 statements from a single author
1.1. Medoua Nama Gabriel: This study presents a GC-MS protocol using deuterium-labeled retinol to estimate vitamin A body stores, improving biomarker accuracy for surveillance and deficiency interventions.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.9.1


What significant findings have you established in your field?
1.2. Medoua Nama Gabriel: GC-MS with deuterium-labeled retinol provides a precise, scalable biomarker of vitamin A body stores, transforming the monitoring of deficiency and excess.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: Figure 2


How will your findings advance research in your field?
1.3. Medoua Nama Gabriel: Our findings provide a validated GC-MS biomarker using deuterium-labeled retinol to accurately quantify vitamin A body stores beyond unreliable serum retinol measures.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.11.1

Ethics Title Card
The protocol was approved by the Ethics Committee of the Ministry of Public Health (No. 2015/02/550/CE/CNERSH/SP), and informed consent was obtained from parents/guardians.



Protocol
2. Extraction of Retinol from Serum, and GC-MS Analysis
Demonstrator: Click here to enter name of demonstrator(s)	Comment by Pallavi  Sharma: Authors: Please provide the name of the person demonstrating the procedure
Protocol
2.1. To extract retinoids in serum, allow frozen serum samples to thaw gently at room temperature [1]. Aliquot 400 microliters of serum into a 16 by 100-millimeter disposable culture tube [2]. Add 500 microliters of 0.85% saline solution, 100 microliters of the internal standard, and 5 milliliters of chloroform-methanol solution [3]. 
2.1.1. WIDE: Talent placing frozen serum samples on the bench to thaw at room temperature.  
2.1.2. Talent aliquoting 400 microliters of serum into a 16 x 100 mm disposable culture tube using a pipette.  
2.1.3. Talent adds saline solution to the culture tube.  Authors: Please keep the internal standard and chloroform-methanol solution in the frame as well.

2.2. Then, vortex the sample for 30 seconds to mix thoroughly [1]. Centrifuge the mixture at 1157 g for 10 minutes at 4 degrees Celsius [2]. Using a glass Pasteur pipette, carefully extract the chloroform lower layer and transfer it to a 13 by 100-millimeter disposable culture tube [3]. 
2.2.1. Talent placing the tube on a vortex mixer.  
2.2.2. Talent placing the tube into a centrifuge.  
2.2.3. Close-up of a glass Pasteur pipette extracting the lower chloroform layer from the centrifuged sample.  

2.3. Now, dry the collected layer under nitrogen gas in a water bath set to 40 degrees Celsius [1]. Resuspend the residue in 100 microliters of ethanol [2]. After vortexing the sample, sonicate the sample for 30 seconds [3].
2.3.1. Talent drying the chloroform layer under a nitrogen gas stream in a water bath at 40 degrees Celsius.  
2.3.2. Talent resuspending the dried residue in 100 microliters of ethanol.
2.3.3. The sample is being sonicated. 

2.4. Then, transfer the resuspended sample into a crimp vial fitted with an insert [1]. Close the vial securely and label it appropriately [2-TXT]. 
2.4.1. Talent transferring the resuspended sample into a crimp vial with an insert using a pipette.  
2.4.2. Talent sealing the crimp vial and attaching a label with clear identification details.  TXT: The sample is ready for HPLC retinol collection 

2.5. Before injecting the serum samples, inject 70 microliters of the retinol working solution into the HPLC (H-P-L-C) system [1] and record the retention time of the retinol peak [2]. Set up the fraction collector to collect the eluted retinol fraction within a specified range in a 5-milliliter tube with a ground-glass stopper [3-TXT]. 
2.5.1. Talent injecting the retinol working solution into the HPLC system.  
2.5.2. Retention time of the retinol peak displayed on the HPLC system.  
2.5.3. Fraction collector set to collect eluted retinol fraction from 7.5 to 10.5 minutes, displayed in the system interface.   TXT: Collect the retinol fraction over a 3 min interval, from 7.5–10.5 min

2.6. Then, inject 70 microliters of each serum sample into an HPLC system equipped with a C18 column and a diode-array detector set to 340 nanometers [1]. Program the pump to deliver Mobile Phases A and B at a constant flow rate of 1 milliliter per minute [2]. 
2.6.1. Serum sample being injected into the HPLC system, showing the C18 column and diode-array detector settings at 340 nanometers.  
2.6.2. The pump schedule displayed Mobile Phases A and B, with flow rate set to 1 milliliter per minute.  

2.7. Now, dry the collected retinol fraction from HPLC under nitrogen gas in a water bath set to 40 degrees Celsius for at least 3 hours [1]. Add ethanol during drying to facilitate moisture evaporation [2]. Add 20 microliters of BSTFA (B-S-F-T-A) with 10% TMCS (T-M-C-S) to the tube [3]. 
2.7.1. Talent placing the retinol fraction in a water bath at 40 degrees Celsius under a nitrogen gas stream for drying.  
2.7.2. Talent adding ethanol during the drying process.  
2.7.3. Talent adding 20 microliters of BSTFA with 10% TMCS to the completely dry retinol fraction.

2.8. Now, place the tube containing the derivatized retinol sample in a dry block heater set to 70 degrees Celsius for 30 minutes [1]. Using a glass Pasteur pipette, transfer the reaction mixture into a crimp vial fitted with an insert [2], seal it tightly with a crimp cap using a cap crimper, and label the vial [3-TXT]. 
2.8.1. Talent placing the tube in a dry block heater and setting the temperature to 70 degrees Celsius for incubation.  
2.8.2. Talent using a glass Pasteur pipette to transfer the reaction mixture into a crimp vial with an insert.  
2.8.3. Talent sealing the crimp vial using a cap crimper and attaching a label.  TXT: Store the sample in a desiccator at 4 °C until analysis; Derivatize standard solutions for GC/MS 

2.9. For GC/MS (G-C-M-S) analysis, inject 3 microliters of the derivatized retinol sample into the gas chromatograph using an autosampler equipped with a cool on-column injector [1-TXT]. 
2.9.1. Shot of the autosampler injecting 3 microliters of the derivatized retinol sample into the GC.   TXT: Injector connects to a 15m fused silica capillary column (0.25mm ID, 0.25µm DB-1)

2.10. Program the column oven and on-column injector temperatures to increase from 50 degrees Celsius to 285 degrees Celsius at a rate of 15 degrees Celsius per minute [1]. Set the GC/MS interface temperature to 285 degrees Celsius [2]. Use helium as the carrier gas to elute the trimethylsilyl derivative of retinol over approximately 12 minutes [3].
2.10.1. Temperature program for the column oven and injector, showing the increase from 50 degrees Celsius to 285 degrees Celsius at a rate of 15 degrees Celsius per minute.  
2.10.2. GC/MS interface temperature setting at 285 degrees Celsius displayed on the interface.  
2.10.3.  Helium is being selected as the carrier gas 

2.11. Using 0.5 torr methane negative ion chemical ionization, detect the GC eluate with a quadrupole mass spectrometer [1]. Set the ion source temperature to 150 degrees Celsius and configure the mass spectrometer to scan between 260 and 280 daltons [2]. 
2.11.1. Quadrupole mass spectrometer interface showing the methane negative ion chemical ionization settings with 0.5 torr pressure.  
2.11.2. Ion source temperature set to 150 degrees Celsius and mass spectrometer configured to scan between 260 and 280 daltons.  

3. Data Analysis and Estimation of Vitamin A Stores

3.1. Process the chromatographic data using the GC/MS data analysis software. Extract all desired ions based on their mass-to-charge ratios [1], integrate the area under the peaks [2], and transfer the results to a spreadsheet file for further calculations [3].  
3.1.1. GC/MS data analysis software interface showing chromatograms and extracted ion traces.  
3.1.2. Manual integration interface for adjusting peak start and end points.  
3.1.3. Spreadsheet showing transferred peak area data.  

3.2. Calculate the sum of peaks for labeled retinol by adding the peak areas at mass-to-charge ratios of 274, 275, 276, 277, and 278 [1]. Then, calculate the sum of peaks for unlabeled retinol by adding the peak areas at mass-to-charge ratios of 268, 269, and 270 [2].  
3.2.1. Spreadsheet showing calculations for labeled retinol by summing peak areas at m/z 274 to 278.  
3.2.2. Spreadsheet showing calculations for unlabeled retinol by summing peak areas at m/z 268 to 270.

3.3. Calculate the enrichment of labeled retinol [1] and the amount of unlabeled retinol using the presented equations [2].
3.3.1. TEXT ON A PLAIN BACKGROUND
D = SD/(SH + SD). 

3.3.2. TEXT ON A PLAIN BACKGROUND
H = 1 – D

3.4. To control the system, calculate a linear regression equation between the weight ratios of the calibration standards and the integrated areas for labeled retinol and non-labeled retinol [1].
3.4.1. Linear regression equation and associated graph generated from the calibration data.  

3.5. Calculate the total liver stores of vitamin A using the Olson equation [1]. Then, calculate the total body stores of vitamin A using the presented Green equation [2].
3.5.1. TEXT ON A PLAIN BACKGROUND
Vitamin A Total Liver Stores = F x Dose x [S x a x (H/D – 1)]
3.5.2. TEXT ON A PLAIN BACKGROUND 
TBS = Fa × S × (1/SAp)
Results
4. Results 
4.1. The injection of 3 microliters of a derivatized sample containing approximately 50 picomoles per microliter of calibrants showed no molecular ion [1] but showed a major fragment ion at mass-to-charge ratio 268 for retinol [2] and at 278 for D₈-retinol [3].
4.1.1. LAB MEDIA: Figure 1. 
4.1.2. LAB MEDIA: Figure 1. Video editor: Highlight the tall peak labelled 268.0 in the lower graph
4.1.3. LAB MEDIA: Figure 2. Video editor: Highlight the tall peak labelled 278.0 in the lower graph
4.2. Injection of mixtures of retinol and D8-retinol showed 2 major fragment ions at mass-to-charge ratio 268 for retinol [1] and mass-to-charge ratio 276 for D8-retinol [2].
4.2.1. LAB MEDIA: Figure 3. Video editor: Highlight the peak labelled 268.0 in the lower graph
4.2.2. LAB MEDIA: Figure 3. Video editor: Highlight the peak labelled 276.0 in the lower graph
4.3. The calibration curve exhibited excellent linearity [1], with a high correlation coefficient [2].
4.3.1. LAB MEDIA: Figure 4. Video editor: Show the full scatter plot with the dotted trend line
4.3.2. LAB MEDIA: Figure 4. Video editor: Zoom in on the text showing R squared equals 0.975
4.4. The gas chromatography and mass spectrometry response obtained from serum samples from children who received an oral dose of 2 milligrams of retinol equivalents of D8-retinol showed the presence of retinol and D8-retinol [1], with 2 major fragment ions at mass-to-charge ratio 268 [2] and mass-to-charge ratio 274 [3].
4.4.1. LAB MEDIA: Figure 5. 
4.4.2. LAB MEDIA: Figure 5. Video editor: Highlight the peak labelled 268.0 in the lower graph
4.4.3. LAB MEDIA: Figure 5. Video editor: Highlight the peak labelled 274.0 in the lower graph
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