

[image: ]FINAL SCRIPT:APPROVED FOR FILMING


Submission ID #: 73109
Scriptwriter Name: Ruchira Mukherji
Project Page Link: https://review.jove.com/files_upload.php?src=22298293

Title: Combined Cardioprotective Effects of Molecular Hydrogen and Vericiguat via the NO-sGC-cGMP Signaling Pathway in Rats with Heart Failure 


Authors and Affiliations: 

Xiaojian Hong1*, Li Dong1*, Zhipeng Zhang1, Juanwen Cao1, Zhiyuan Sheng1, Ding Yu2, Ruijie Liu3, Wei Yang1

1Department of Cardiology, Fourth Affiliated Hospital of Harbin Medical University
2Department of Cardiology, Shaoyang Central Hospital
3Department of Cardiology, Bengbu First People’s Hospital

*These authors contributed equally


Corresponding Authors: 
[bookmark: _Hlk25233958]
Wei Yang                           yangwei@hrbmu.edu.cn	Comment by Ruchira  Mukherji: Dear Author, please note that, according to JoVE’s scripting guidelines, an asterisk (*) is used exclusively to indicate authors who have contributed equally. No other symbols are used, including to identify corresponding authors.
Unfortunately, I am unable to make any changes that deviate from these guidelines.


Email Addresses for All Authors: 

dongli127@163.com
zhangzhipeng@hrbmu.edu.cn
842617@hrbmu.edu.cn
112468@hrbmu.edu.cn
17760451213@163.com
bjjerryjack@gmail.com
yangwei@hrbmu.edu.cn
heitudi0451@163.com




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

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

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


[bookmark: Text5]3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: MM/DD/YYYY


When you are ready to submit your video files, please contact our China Location Producer, Junling Cheng.

Current Protocol Length

Number of Steps: 26 
Number of Shots: 33 

Interviews 
Authors: Statements have been edited for length and clarity. 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.
1.1. Xiaojian Hong: The study asks whether hydrogen plus vericiguat reduces isoproterenol-induced cardiac injury through sGC–cGMP–NO signaling more effectively than monotherapy.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Xiaojian Hong: This protocol applies to preclinical ISO-induced myocardial injury models for investigating cardioprotective mechanisms and evaluating combined drug–gas therapies in heart failure.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Xiaojian Hong: Researchers can measure cardiac function, fibrosis, cardiomyocyte apoptosis, mitochondrial damage, and sGC–cGMP–NO pathway activity in ISO-induced heart-failure models.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Xiaojian Hong: The key challenge is ensuring consistent ISO-induced myocardial injury and standardized conditions across groups to produce reproducible phenotypic and pathway results.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Are there any additional methods or analyses that can be performed following this procedure?
1.5. Xiaojian Hong: Yes. Researchers can add mitochondrial electron microscopy, longitudinal echocardiography, and gene knockdown or overexpression to validate pathway targets and long-term effects.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at the First Affiliated Hospital of Harbin Medical University


Protocol  
1. Experimental Overview and Histopathological Assessment
Demonstrator: Xiaojian Hong 

1.1. Begin by reviewing the in vivo and in vitro analyses that will be used to evaluate the treatment effects [1-TXT].
1.1.1. [bookmark: OLE_LINK16]LAB MEDIA: 1.1.1.mp4  00:12 – 00:23 TXT- See text protocol for analysis details

1.2. Next place a prepared hematoxylin-and-eosin-stained cardiac tissue slide on the light microscope to examine the myocardial morphology [1].
1.2.1. LAB MEDIA: he_slide_microscope_observation.mp4  00:02-00:08.  

2. Serum Isolation and ELISA Quantification

2.1. For circulating biomarker assessment, collect whole blood to prepare serum samples [1].
2.1.1. LAB MEDIA: 2.1.1.mp4 00:06 – 00:10


2.2. After allowing the collected, whole blood to clot for 30 minutes at room temperature, centrifuge it at 3,000 g for 15 minutes at 4 degrees Celsius [1]. Carefully collect the serum supernatant and divide it into aliquots [2] Store the aliquots at minus 80 degrees Celsius until further analysis [3].
2.2.1. LAB MEDIA: blood_sample_centrifugation.mp4  00:02-00:12. 
2.2.2. LAB MEDIA: 2.2.2.mp4 00:12 – 00:22, 00:32 – 00:43, 00:50 – 01:01
2.2.3. LAB MEDIA: 2.2.3.mp4 00:10 – 00:23, 00:25 – 00:30

2.3. Using commercial ELISA (ee-lie-zah) kits, prepare the assay reagents according to the manufacturers' instructions to quantify BNP, nitric oxide, and cyclic GMP [1]. Load each sample into three replicate wells [2].
2.3.1. LAB MEDIA: 3.1.1.mp4 00:22 – 00:32
2.3.2. LAB MEDIA: 3.1.1.mp4 00:55 – 01:10.


2.4. Measure the optical density at the specified wavelength using a microplate reader [1] and calculate each analyte concentration from its standard curve [2].
2.4.1. LAB MEDIA: 3.1.3.mp4 00:10 - 00:20, 00:34 - 00:44. 
2.4.2. [bookmark: OLE_LINK17]LAB MEDIA: 2.4.2.mp4 00:06 – 00:16 


3. H9C2 Culture Quality Control and In Vitro Injury Model

3.1. To complement the animal experiments, next prepare quality-controlled H9C2 (h-9-c-2) cultures for the in vitro injury model [1].
3.1.1. LAB MEDIA: 1.1.1.mp4  02:10 – 02:20

3.2. Assign the H9C2 cardiomyoblasts to the control, isoproterenol-injury, isoproterenol-plus-vericiguat, isoproterenol-plus-molecular-hydrogen, and combined-treatment groups [1]. Prepare hydrogen-saturated complete medium by bubbling high-purity hydrogen through DMEM for 30 minutes at room temperature [2]. Measure the dissolved-hydrogen concentration and immediately apply the medium to the appropriate cells [3].
3.2.1. LAB MEDIA: 3.3.1.mp4  00:12 – 00:23, 00:24 – 00:34
3.2.2. Talent bubbling hydrogen gas through DMEM medium	Comment by Ruchira  Mukherji: Authors this step has not been filmed. Please film this
3.2.3. LAB MEDIA: 3.3.2.mp4  00:16 – 00:26, 00:31- 00:41, 01:00 - 01:10, 01:30 – 01:42, 02:32 – 02:42, 02:58 – 03:08 - Talent adding hydrogen gas saturated medium to cells. 	Comment by Ruchira  Mukherji: Authors please check if the time stamps are correct and correspond to this exact step

[bookmark: OLE_LINK1]3.3.2 Talent placing the culture flasks of molecular‑hydrogen group and molecular‑hydrogen‑plus‑vericiguat combined‑treatment group into the hydrogen‑rich incubation chamber. File name: APF_Cell_05.mp4 Timestamps: 00:00 – 00:35	Comment by Ruchira  Mukherji: Authors Please clarify what this means? Is this a new step? Is it already a part of your manuscript? 

Also where are these files - APF_Cell_05.mp4 and APF_Cell_06.mp4

Description: The researcher puts cell culture flasks belonging to the molecular‑hydrogen group and molecular‑hydrogen‑plus‑vericiguat combined‑treatment group into a special hydrogen‑rich incubation chamber for cell culture.
3.3.3 Talent introducing hydrogen gas into one port of the dedicated hydrogen‑rich incubation chamber and detecting hydrogen concentration at the other port. File name: APF_Cell_06.mp4 Timestamps: 00:00 – 00:40
Description: The researcher connects the gas pipeline to one end of the dedicated hydrogen‑rich incubation chamber for hydrogen inflow, while the hydrogen concentration is monitored at the opposite port of the chamber.

4. Flow Cytometry for Apoptosis and Cell-Cycle Analysis

4.1. After completing the cell treatments, proceed with flow-cytometric assessment of apoptosis and cell-cycle distribution [1].
4.1.1. LAB MEDIA: 4.1.1.mp4  00:22 – 00:32, 00:33 – 00:43, 00:44- 00:54

4.2. Harvest the H9C2 cells, wash them with PBS [1], and resuspend them in Annexin-binding buffer [2]. Perform Annexin V-FITC (annexin five- fit-c) and propidium-iodide double staining [3], then acquire the flow-cytometry data to quantify apoptotic and necrotic populations [4].
4.2.1. LAB MEDIA: Talent washing the harvested cells with PBS.	Comment by Ruchira  Mukherji: Authors have been steps been filmed? If yes please provide exact time stamps and file names. If no, then please film these steps.
4.2.2. LAB MEDIA: Talent re-suspending washed cells in Annexin binding buffer.
4.2.3. LAB MEDIA: 6.1.1.mp4  00:25 – 00:35, 00:45 – 00:55, 01:15 – 01:25
4.2.4. LAB MEDIA: 6.1.2.mp4 00:15 – 00:25 

4.3. For cell-cycle analysis, analyze the treated cell samples using flow cytometry to determine the proportions of cells in the G0/G1, S, and G2/M phases [1-TXT].
4.3.1. LAB MEDIA: 6.1.2.mp4 00:15 – 00:25 TXT- See text protocol for sample treatment details

5. Western Blotting

5.1. Finally, assess treatment-related protein expression in the cell and myocardial samples by western blotting [1].
5.1.1. LAB MEDIA: Labeled protein samples, gel apparatus, and PVDF membranes arranged at the western blot workstation.	Comment by Ruchira  Mukherji: Authors please film this step as well.

5.2. Extract total protein from the H9C2 cells and myocardial tissues [1] and determine the protein concentrations using a BCA (b-c-a) assay [2].
5.2.1. LAB MEDIA: 5.2.1.mp4  00:06 – 00:16, 00:18 – 00:29, 00:35 – 00:45, 00:48 – 00:59, 01:02 – 01:10, 01:20 – 1:28, 01:30 – 01:38 
5.2.2. LAB MEDIA: 5.2.2.mp4 00:12 – 00:24, 00:45 – 00:55, 00:56 – 01:03    

5.3. After separating equal amounts of protein by 10 percent SDS-PAGE (s-d-s page), transfer them to PVDF (p-v-d-f)  membranes [1]. Incubate the blocked membranes overnight with the primary antibodies as described in the text protocol [2]. Next, incubate the membranes with the appropriate secondary antibodies for 2 hours at room temperature [3].
5.3.1. LAB MEDIA: 5.3.1.mp4 00:10 – 00:22
5.3.2. LAB MEDIA: 5.3.2.mp4 00:08 – 00:18, 00:22 – 00:30
5.3.3. LAB MEDIA: 5.3.3.mp4 00:12 – 00:22, 00:23 – 00:35, 00:36 – 00:42

5.4. Wash the PVDF membrane thoroughly in washing buffer after the primary-antibody incubation [1]. Repeat the wash after the secondary-antibody incubation to remove unbound antibody [2].
5.4.1. LAB MEDIA: wb_membrane_washing1.mp4, 00:00-00:05.
5.4.2. LAB MEDIA: wb_membrane_washing2.mp4, 00:00-00:06.

5.5. Prepare the chemiluminescent working solution [1] and incubate the PVDF membrane with the solution before imaging [2]. Visualize the immunoreactive bands using a gel-imaging system [3], quantify their intensities in Image Lab, and normalize them to GAPDH (gap-d-h) [4].
5.5.1. LAB MEDIA: 2.1.2.mp4 00:20 – 00:30, 00:40 – 00:50, 01:10 – 01:15
5.5.2. LAB MEDIA: 2.1.2.mp4  01:40 – 01:50, 02:05 – 02-10
5.5.3. LAB MEDIA: wb_chemiluminescence_development.mp4  00:06 – 00:16
5.5.4. LAB MEDIA: 5.5.4.mp4  00:10 – 00:21







Results
6. Results 

6.1. Isoproterenol exposure reduced H9C2 cell viability and increased extracellular LDH (l-d-h) release, confirming successful induction of cellular injury [1]. 
6.1.1. LAB MEDIA: Figure 8. Video Editor: In Panel A, highlight the lower ISO cell-viability curve compared and in Panel B, highlight the elevated LDH-release bar in the ISO group.

6.2. Hydrogen and vericiguat monotherapies improved cell viability and reduced LDH release compared with isoproterenol treatment alone [1]. 
6.2.1. LAB MEDIA: Figure 8. Video Editor: In Panels A and B, highlight the ISO+Veri and ISO+H₂ groups.

6.3. Combined hydrogen and vericiguat treatment produced the greatest numerical improvement in viability and the lowest LDH release among the isoproterenol-treated groups [1]. 
6.3.1. LAB MEDIA: Figure 8. Video Editor: Please highlight the ISO+H₂+Veri group in Panel A and the corresponding lowest LDH-release bar for ISO+H₂+Veri in Panel B.

6.4. Cellular BNP (b-n-p) expression was also numerically lowest following combined treatment [1]. 
6.4.1. LAB MEDIA: Figure 8. Video Editor: In Panel D, highlight the lower BNP-production bar in the ISO+H₂+Veri group. 


6.5. ISO (i-s-o)-induced injury markedly increased apoptosis in H9C2 cells compared with the control [1]. 
6.5.1. LAB MEDIA: Figure 9. Video Editor:  In Panel A, highlight the enlarged upper-right apoptotic population in the ISO plot and in Panel B, highlight the high bar for the ISO group.

6.6. Hydrogen and vericiguat monotherapies reduced apoptosis, while the combined treatment produced the greatest reduction and the lowest apoptotic rate among the ISO-treated groups [1]. 
6.6.1. LAB MEDIA: Figure 9. Video Editor: In Panels A and B, please highlight the reduced apoptotic populations and bars in the ISO+Veri and ISO+H₂ groups.

6.7. Cell-cycle profiles and the distribution of cells across the G0/G1, S, and G2/M phases remained broadly comparable among the groups [1]. 
6.7.1. LAB MEDIA: Figure 9. Video Editor: Compare the cell-cycle histograms across all groups in Panel C and the corresponding stacked bars in Panel D.

6.8. ISO exposure also disrupted F-actin organization, whereas the monotherapies partially restored the cytoskeleton and combined treatment produced the strongest recovery [1].
6.8.1. LAB MEDIA: Figure 9. Video Editor: In Panel E, please highlight the weakened and disrupted red actin staining in the ISO group, then highlight the corresponding fluorescence-intensity ISO- bar in Panel F.
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