[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 66959
Scriptwriter Name: Debopriya Sadhukhan
Project Page Link: https://review.jove.com/account/file-uploader?src=20422543 

Title: Design and Development of Self-Emulsifying Drug Delivery System to Improve the Solubility and Bioavailability of Ciprofloxacin

Authors and Affiliations: 

[bookmark: _Hlk174451295]Muhammad Akhlaq1, Abul Kalam Azad2, Azmat Ali Khan3, Sabiha Fatima4, Vinoth Kumarasamy5, Vetriselvan Subramaniyan6, Mireia Mallandrich Miret7

1Department of Pharmacy, Hazara University
2Faculty of Pharmacy, University College of MAIWP International
3Pharmaceutical Biotechnology Laboratory, Department of Pharmaceutical Chemistry, College of Pharmacy, King Saud University
4Department of Clinical Laboratory Science, College of Applied Medical Sciences, King Saud University
5Department of Parasitology and Medical Entomology, Faculty of Medicine, Universiti Kebangsaan Malaysia
6Pharmacology Unit, Jeffrey Cheah School of Medicine and Health Sciences, Monash University, Malaysia
7Department of Pharmacy, Pharmaceutical Technology and Physical-Chemistry, Faculty of Pharmacy and Food Sciences, University of Barcelona


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


Corresponding Authors: 
[bookmark: _Hlk25233958]
Vinoth Kumarasamy		(vinoth@ukm.edu.my)
Abul Kalam Azad		(drazad@ucmi.edu.my)

Email Addresses for All Authors: 

Muhammad Akhlaq		(drakhlaq@hu.edu.pk)
Azmat Ali Khan		(azkhan@ksu.edu.sa) 
Sabiha Fatima			(sabmehdi@ksu.edu.sa) 
Vetriselvan Subramaniyan	(subramaniyan.vetriselvan@monash.edu)
Mireia Mallandrich Miret	(mireia.mallandrich@ub.edu) 
Vinoth Kumarasamy		(vinoth@ukm.edu.my)
Abul Kalam Azad		(drazad@ucmi.edu.my)



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.

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:  33
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 the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: 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 30 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 30 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 30 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 30 or fewer words.

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 30 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 30 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 30 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 30 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 30 or fewer words.
What research questions will your laboratory focus on in the future?
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 30 or fewer words.


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

Testimonial Questions (OPTIONAL): 

Answers to these questions will not appear in the video but may be featured in our journal's promotional materials.
· Enter the full name of the author who will deliver the statement.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Answers will be mildly edited for clarity.
· Limit the length of each statement to 50 words or fewer.


How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. 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 50 or fewer words.
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. 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 50 or fewer words.


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.) 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. Equilibrium Solubility Determination of Ciprofloxacin in Oil-Surfactant Systems
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, take an excess amount of ciprofloxacin and add 2 milliliters each of the selected oils, surfactants, and co-surfactants to it [1-TXT].

2.1.1. WIDE: Talent sequentially adding 2 milliliters of oil, surfactant, and co-surfactant to a beaker containing ciprofloxacin. TXT: Selected oils: Oleic acid oil, olive oil, castor oil, sunflower oil, mygliol oil; Surfactant: T-80, T-20; Co-surfactant: PG, PEG200, PEG400, PEG600

2.2. Using a vortex mixer, vortex the prepared mixture thoroughly [1]. Then, place the mixed sample in a thermo mixer set to maintain a constant temperature of approximately 25 degrees Celsius [2-TXT].

2.2.1. Talent placing the container in the vortex mixer.
2.2.2. Talent placing the vortexed sample into the thermo mixer and setting the temperature to 25 degrees Celsius. TXT: Check samples at 2, 6, 12, 18, and 24 h to assess equilibrium solubility


2.3. Once equilibrium solubility is reached, centrifuge the sample at 16,770 g for 15 minutes at room temperature [1]. Using a 0.22-micrometer membrane filter, filter the supernatant into a clean tube [2].

2.3.1. Talent placing the tube in a centrifuge.
2.3.2. Talent filtering the supernatant through a 0.22 micrometer membrane filter.

2.4. Then, mix the filtered sample with methanol in a 1:1 (one to one) ratio [1]. Measure the sample concentration using a UV–Visible (U-V-Visible) spectrophotometer set to 277 nanometers [2].

2.4.1. Talent pipetting equal volumes of the filtered sample and methanol into a cuvette or container.
2.4.2. Talent placing the cuvette in the spectrophotometer.

3. Pseudo-Ternary Phase Diagram Construction and SEDDS Preparation
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Construct a pseudo-ternary phase diagram using all surfactant and co-surfactant mixtures [1].

3.1.1. An image of the pseudo-ternary phase diagram using all surfactant and co-surfactant mixtures. Authors: Is it possible to provide an image for the constructed pseudo-ternary phase diagram?

3.2. Adjust the oil to Smix (S-mix) ratio from 1:9 (one to nine) to 9:1 (nine to one) for the graph of the pseudo-ternary phase [1-TXT]. After weighing the oil and surfactant mixture [2], add distilled water drop by drop to the mixture [3] and observe the mixture for a transition from clear to turbid solution [4]. Authors: How do you want to pronounce Smix throughout the video? “S-mix”, “S-mixture”, “surfactant and co-surfactant mixture”, or “surfactant mixture”?

3.2.1. Talent pipetting oil and Smix to adjust the oil to Smix ratio from 1:9 to 9:1. TXT: Smix: Mixture of surfactants and co-surfactants
3.2.2. Talent weighing the oil and surfactant mixture.
3.2.3. Talent adding water dropwise.
3.2.4. A shot of the mixture transitioning from clear to turbid solution.

3.3. Weigh the oil and surfactant mixture after water addition and use the initial weight to calculate the quantity of water added [1]. Then, calculate the percentage composition of all components [2] to plot the pseudo-ternary phase diagram [3].

3.3.1. Talent weighing the oil, surfactant, and water mixture.
3.3.2. SCREEN: To be provided by authors: The percentage composition of components being calculated.
3.3.3. SCREEN: To be provided by authors: The pseudo-ternary phase diagram being plotted.

3.4. Identify the stable emulsification region for each Smix on the phase diagram [1].

3.4.1. SCREEN: To be provided by authors: Highlighting the stable emulsification region for a Smix on the phase diagram.

3.5. For the self-emulsifying drug delivery systems or SEDDS (S-E-D-D-S), prepare formulations with surfactant and co-surfactant mixture concentrations between 30 and 60 percent [1-TXT].

3.5.1. A shot of the prepared formulations with surfactant and co-surfactant mixture concentrations between 30% and 60%. TXT: Prepare 4 formulations for every phase diagram within this 30 – 60% range

3.6. Add 25 milligrams of ciprofloxacin to 100 milligrams of the oil phase [1]. Using a vortex mixer, mix the drug and oil phase thoroughly [2].

3.6.1. Talent adding ciprofloxacin to a tube containing 100 milligrams of oil phase.
3.6.2. Talent vortexing the mixture.

3.7. Add an adequate quantity of Smix to the oil-drug mixture [1-TXT] and mix the entire formulation using homogenization for 10 minutes [2].

3.7.1. Talent pipetting Smix into the oil-drug mixture tube. TXT: Keep the oil content unchanged in all 8 formulations; Change the quantity of Smix in each formulation
3.7.2. Talent placing the tube in a homogenizer. 


4. Thermodynamic Stability and Emulsification Behavior Assessment

Demonstrator: Click here to enter name of demonstrator(s) 

4.1. For thermodynamic studies, centrifuge the formulations at 6,037 g for 15 minutes [1] and only select formulations that show no phase separation for the freeze-thaw test [2-TXT].

4.1.1. Talent loading the centrifuge with formulation tubes.
4.1.2. Shot of a formulation that shows no phase separation after the freeze-thaw test. TXT: Subject selected formulations to 3 freeze-thaw cycles at 40 °C, RT, and 20 °C; Retain each formulation at the set temperature for 48 h during each cycle

4.2. To identify self-emulsification time, prepare the dissolution apparatus II (two) by filling each dissolution vessel with 500 milliliters of distilled water [1]. Stir the water at 50 rpm, maintaining the temperature at 37 ± 2 degrees Celsius [2].

4.2.1. Talent pouring distilled water into the dissolution vessel.
4.2.2. Talent placing the dissolution vessel on a stirrer.

4.3. Add 100 microliters of the formulation sample to each vessel [1]. Observe and record the time at which the emulsion forms to determine the self-emulsification time [2].

4.3.1. Talent pipetting 100 microliters of formulation into the vessel.
4.3.2. A shot of the formed emulsion and the talent recording or noting the time on paper or on a computer.

4.4. Next, mix each formulation separately with distilled water, acid buffer, and phosphate buffer in the ratios of 1,000 to 1, 100 to 1, and 50 to 1, respectively [1]. Visually inspect each mixture for emulsion stability [2-TXT]. Authors: Is the narration of 4.4 and the shot description of 4.4.1 and 4.4.2 correct? 

4.4.1. A shot of small amounts of formulation in three labeled test tubes, and the talent adding distilled water, acid buffer, and phosphate buffer to the tubes separately.
4.4.2. A shot of the tubes containing the mixture with stable emulsion. TXT: Reject all formulations that show emulsion breakage


4.5. For the cloud point measurement, take 1 milliliter of each formulation and mix with 200 milliliters of water [1]. Gradually increase the temperature from 0 to 75 degrees Celsius using a water bath [2].

4.5.1. Talent adding 1 milliliter of formulation to a flask containing 200 milliliters of water.
4.5.2. Talent placing the flask in a water bath.

4.6. Observe the formulation for the temperature at which turbidity appears and record it as the cloud point. Repeat this in triplicate for accurate results [1].

4.6.1. A shot showing the emulsion gradually turning from clear to turbid and the talent recording the temperature on paper or on a computer.

5. Droplet Size and Zeta Potential Analysis
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Dilute the selected formulations with water at a 1 to 100 ratio [1]. Mix each diluted formulation using an ultrasonic homogenizer for at least 1 minute before analyzing the zeta potential and particle size distribution [2].

5.1.1. Talent adding water to a tube containing formulation to achieve a 1 to 100 dilution.
5.1.2. Talent using an ultrasonic homogenizer to mix the formulation.


5.2. Next, take 0.1 milliliters of the emulsion in a 25-milliliter glass beaker and dilute it with 9.9 milliliters of distilled water [1]. Transfer 2.5 milliliters of this diluted solution into a 3-milliliter quartz cuvette, ensuring no air bubbles are present [2].

5.2.1. Talent pipetting 9.9 milliliters of water into a beaker containing the emulsion and mixing.
5.2.2. Talent transferring 2.5 milliliters of the diluted sample into a cuvette using a pipette.

5.3. Click the DTS (D-T-S) desktop icon to launch the software [1].

5.3.1. Talent clicking the DTS icon and launching the software. Videographer: Please record the screen for this shot.

5.4. Place the 3-milliliter cuvette containing the prepared sample into the instrument, aligning it correctly with the light beam [1]. Click the Measurement icon to begin the analysis [2].

5.4.1. Talent placing the cuvette into the instrument with proper alignment.
5.4.2. The Measurement icon being clicked to start reading. Videographer: Please record the screen for this shot.

5.5. Save the data as a PDF file in a personal folder for future use [1].

5.5.1. The file being saved as PDF. Videographer: Please record the screen for this shot.

6. Morphology, Fourier Transform Infrared (FT-IR) Analysis, and In Vitro Drug Release Procedure

Demonstrator: Click here to enter name of demonstrator(s) 

6.1. For the morphology study, dilute each formulation 50 times with deionized water to prepare a well-dispersed sample [1].

6.1.1. Talent adding deionized water to the formulation.

6.2. Spread a thin film of the diluted sample onto a glass slide, ensuring the sample is evenly positioned to form tiny films [1].

6.2.1. Talent using a micropipette or glass rod to apply and spread the diluted sample evenly across the surface of a glass slide, forming a uniform thin film.

6.3. Place the slide in a freezer and freeze-dry the sample between minus 40 and minus 80 degrees Celsius to dehydrate the thin film [1].

6.3.1. Talent inserting the slide into a freezer.

6.4. Analyze the freeze-dried thin film using a Scanning Electron Microscope [1].

6.4.1. Talent loading the freeze-dried thin film sample into a Scanning Electron Microscope.

6.5. For the FT-IR (F-T I-R) study, set the instrument wave number range between 4,000 and 400 inverse centimeters using ambient air as the background and a resolution of 1 inverse centimeter [1]. Authors: How do you want to pronounce FT-IR here? “F-T I-R” or “Fourier Transform Infra-Red”?

6.5.1. SCREEN: To be provided by authors: Setting the wave number range, background, and resolution in the FT-IR instrument.

6.6. Place the formulation sample on the sampling area [1] and set parameters to 16 scans, 4 resolution, gauge force 80, and flat-tip pressure arm [2].

6.6.1. Talent loading the formulation sample into the instrument.
6.6.2. SCREEN: To be provided by authors: Scan number, resolution, gauge force, and flat-tip pressure arm parameters being set.

6.7. Ensure that the Auto Increment option is set to Blank and click the Sample button to begin the sample measurement [1-TXT].

6.7.1. SCREEN: To be provided by authors: Auto Increment being set to Blank. Click on the Sample button and the scan initiates. TXT: Similarly, record spectra of pure drug; Analyze all the samples individually, one by one

6.8. For the in vitro drug release study, prepare stock solutions of the pure drug at 0.17 milligrams per milliliter and of formulations F2 and F5 at 0.1 percent, using preheated 50 millimolar phosphate buffer at pH 7.4 and 37 ± 2 degrees Celsius [1]. Authors: Is the narration for 6.8 correct?

6.8.1. A shot of the three prepared stock solutions of the pure drug, F2, and F5..

6.9. Load 1 milliliter of each solution into dialysis tubes [1] and dialyze each sample at 300 rpm at 37 ± 2 degrees Celsius in 25 milliliters of phosphate buffer using a thermo-mixer [2].

6.9.1. Talent pipetting solution into dialysis tube.
6.9.2. Talent loading the tube into the thermo-mixer.

6.10. Take 0.1 milliliters of aliquots from the medium at seven time points between 0 and 6 hours [1] and replace the aliquots with an equal volume of fresh 50 millimolar phosphate buffer [2].

6.10.1. Talent taking out 0.1 milliliters of aliquots from the medium.
6.10.2. Talent adding fresh phosphate buffer to the medium to maintain total volume.

6.11. Finally, determine the amount of pure drug using fluorescence spectroscopy with excitation at 335 nanometers and emission at 420 nanometers, applying background correction [1].

6.11.1. Talent placing the sample into the fluorescence spectrometer.

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: 154.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Dynamic light scattering analysis was used to evaluate the size distribution of droplets in the optimized F5 formulation, revealing a highly uniform profile [1]. The F5 formulation displayed a mean droplet size of approximately 202 nanometers and a narrow polydispersity index, indicating minimal variation in droplet sizes and a homogeneous emulsion [2].
7.1.1. LAB MEDIA: Figure 3.
7.1.2. LAB MEDIA: Figure 3. Video Editor: Highlight the red curve.
7.2. Zeta potential analysis demonstrated that the F5 formulation carried a moderately negative surface charge of approximately -13.38 millivolts, suggesting acceptable colloidal stability [1].
7.2.1. LAB MEDIA: Figure 4. Video Editor: Highlight the red peak.
7.3. High-resolution scanning electron microscopy confirmed that the F5 droplets were spherical in shape [1] and exhibited a smooth surface texture, consistent with effective nanoemulsion formation [2].
7.3.1. LAB MEDIA: Figure 5. Video Editor: Highlight some of the black dots to show they are spherical in shape.
7.3.2. LAB MEDIA: Figure 5.
7.4. Fourier Transform Infrared Spectroscopy revealed that the characteristic absorption peaks of Ciprofloxacin remained preserved in the F5 formulation, indicating no significant interaction with formulation excipients [1].
7.4.1. LAB MEDIA: Figure 6. Video Editor: Highlight the blue texts and the corresponding black peaks in the spectra.
7.5. In vitro release studies demonstrated that [1] the F5 formulation released 88.2 percent of Ciprofloxacin within 2 hours [2] and reached 93.1 percent after 5 hours [3], outperforming other tested formulations [4].
7.5.1. LAB MEDIA: Figure 7.
7.5.2. LAB MEDIA: Figure 7. Video Editor: Highlight the top datapoint at 2 in F5-CPN curve (top curve).
7.5.3. LAB MEDIA: Figure 7. Video Editor: Highlight the top datapoint at 5 in F5-CPN curve (top curve).
7.5.4. LAB MEDIA: Figure 7. Video Editor: Highlight the whole top curve.
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