Dear editor:
Please find our manuscript entitled “A composite animal model: Particulate matter exposure aggravates myocardial ischemia with atherosclerosis”, and we deeply appreciate all the comments made by the editor and the reviewer. The comments are encouraging and the reviewer appear to share our judgement that this study. Please see below, in blue, our detailed response to comments. All page numbers refer to the manuscript file with tracked changes.

Editorial Changes
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
[bookmark: OLE_LINK654][bookmark: OLE_LINK655][bookmark: OLE_LINK658][bookmark: OLE_LINK659]Author’s response: Thank you for the comments. We have checked and corrected the spelling and grammar in the manuscript.
[bookmark: _Hlk85465772]
2. Please provide an institutional email address for each author.
[bookmark: OLE_LINK662][bookmark: OLE_LINK663][bookmark: OLE_LINK660][bookmark: OLE_LINK661]Author’s response: Thanks for your important guidance. But we are sorry that not all co-authors have an institutional email address. In our institution, only employees have institutional email addresses while students don’t have institutional email addresses.

3. Please revise the following lines to avoid previously published work: 44-45, 96-97,119-121,123-124,142-143,183-186. Please refer to the iThenticate report attached.
Author’s response: Thank you for giving us the opportunity to refine our manuscript. According to your advice, we have made a revision.
[bookmark: _Hlk85405462]
4. Please define all abbreviations upon first use. For example, LV, ST, ECG, etc.
[bookmark: OLE_LINK664][bookmark: OLE_LINK665]Author’s response: Thank you for your careful reading and your constructive remarks. We have added defines of abbreviations as follows: line 176: left ventricle (LV); ‘ECG’ has corrected as ‘electrocardiogram’ (line 177). ‘ST segment’ (line 176) is a term in electrocardiography, not an abbreviation.
[bookmark: _Hlk85409711][bookmark: OLE_LINK672][bookmark: OLE_LINK673]
5. Please ensure that the Introduction includes all of the following:
a) A clear statement of the overall goal of this method
b) The rationale behind the development and/or use of this technique
c) The advantages over alternative techniques with applicable references to previous studies
d) A description of the context of the technique in the wider body of literature
e) Information to help readers to determine whether the method is appropriate for their application
[bookmark: _Hlk85447098][bookmark: _Hlk85463719][bookmark: OLE_LINK668][bookmark: OLE_LINK669]Author’s response: Thanks for your comments. We have added relevant content to the manuscript. Supplementary descriptions of relevant issues are provided as follows:
a) .A clear statement of the overall goal of this method was shown in lines 77-78：Here the method developed an animal model of myocardial ischemia combining with atherosclerosis and PM acute exposure.
[bookmark: _Hlk85409596][bookmark: OLE_LINK646][bookmark: OLE_LINK647][bookmark: OLE_LINK459][bookmark: OLE_LINK460][bookmark: _Hlk85409435][bookmark: OLE_LINK461][bookmark: OLE_LINK462][bookmark: OLE_LINK463][bookmark: OLE_LINK464][bookmark: OLE_LINK622][bookmark: OLE_LINK623][bookmark: OLE_LINK624][bookmark: OLE_LINK625]b) The rationale behind the development and/or use of this technique was shown in lines 57-65: For medical research, it is particularly important to select a suitable animal model. Simple atherosclerosis animal models, myocardial ischemia animal models, and PM exposure animal models have been already existed. ApoE−/− (apolipoprotein E knocked out) mouse is a traditional mouse model using in atherosclerosis studies. The ability of clearing plasma lipoproteins in ApoE−/− mice is severely impaired, and the high-fat diet feeding would cause serious atherosclerosis, resembling the diet dependency of atherosclerotic heart disease observed in humans1. Ligation of the left anterior descending coronary artery (LAD) is a classic method to induce the ischemic event2,3. Tracheal infusion has used in many research and stands out from exposure models4,5 because of its better simulation and less cost.
[bookmark: _Hlk85719937][bookmark: OLE_LINK467][bookmark: OLE_LINK468][bookmark: OLE_LINK469][bookmark: OLE_LINK470][bookmark: OLE_LINK477][bookmark: OLE_LINK478]c) The advantages over alternative techniques were shown in lines 66-76: However, animal models of single disease have great limitations in research. The myocardial ischemia induced merely by LAD ligation is not identical in the actual situation. In the natural state, myocardial ischemia is usually caused by plaque rupture and blocked coronary arteries. Patients with ischemic cardiomyopathy usually have atherosclerotic basic lesions6. There are also abnormal lipid metabolism and inflammatory reactions in the body7.Therefore, ischemia caused by physical factors or under natural conditions have different pathological manifestations. Existing studies have shown that the infarction and inflammation in myocardial ischemia models with atherosclerosis are more severe8,9. PM exposure can aggravate atherosclerosis and myocardial ischemia further by inducing inflammation and oxidative stress10. Three factors usually coexist in the natural state, so actual situation could be better simulated by using a compound model.
[bookmark: OLE_LINK670][bookmark: OLE_LINK671][bookmark: OLE_LINK717]d) We have added more context of the technique, contain in ‘c) advantages over alternative techniques. 
[bookmark: OLE_LINK674][bookmark: OLE_LINK675]e) We add some Information to help readers to determine whether the method is appropriate for their application in lines 83-85: This model can be used to study the impact of PM exposure in air pollution on atherosclerosis and ischemic cardiomyopathy, as well as to conduct research on drugs for the treatment of diseases with such complex factors.
[bookmark: _Hlk85410053]
6. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary.
Author’s response: Thank you for pointing this out. The numbering of the protocol has been corrected, please see lines 87-195.

7. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly.
Author’s response: Thank you for this excellent advice. We have re-checked the imperative tense in the protocol and have adjusted the presentation.

8. Being a video-based journal, JoVE authors must be very specific when it comes to the humane treatment of animals. Regarding animal treatment in the protocol, please add the following information to the text:
a) Please include an ethics statement before all of the numbered protocol steps indicating that the protocol follows the animal care guidelines of your institution.
b) Please specify the euthanasia method.
c) Please mention how animals are anesthetized and how proper anesthetization is confirmed.
d) Please specify the use of vet ointment on eyes to prevent dryness while under anesthesia.
e) For survival strategies, discuss post-surgical treatment of animals, including recovery conditions and treatment for post-surgical pain.
f) Discuss maintenance of sterile conditions during survival surgery.
g) Please specify that the animal is not left unattended until it has regained sufficient consciousness to maintain sternal recumbency.
h) Please specify that the animal that has undergone surgery is not returned to the company of other animals until fully recovered.
i) Please do not highlight any steps describing euthanasia.
Author’s response: Thanks for your generous advice. We have added relevant content to the manuscript. Supplementary descriptions of relevant issues are provided as follows.
[bookmark: _Hlk85620792]a) Please see lines 89-90: All animal activities described here were approved by the Animal Ethics Committee of the Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences.
[bookmark: OLE_LINK536][bookmark: OLE_LINK537]b) Please see lines 199-200: Mice are anesthetized by tribromoethanol, taken blood by eyeball extracted.
c) Please see lines 118-120: Anesthetize the mouse using tribromoethanol anesthetic by intraperitoneal injection (0.1 mL for every 10 g of body weight). After 2~3 minutes, flip the mouse to check if there is a righting reflex. Perform a toe pinch to confirm sedation. Drop sterile lubricating on the eyes.
d) Please see lines 120: Drop sterile lubricating on the eyes.
[bookmark: _Hlk85720341]e) Please see lines 185-195: 
5.2. Place the mouse on a heating pad in a lateral recumbent position. Continuous monitoring of mouse signs until they recover from anesthesia (NOTE: Mice breathe easier in lateral recumbent position). 
5.3.	Once turning over is observed, transfer the mice to clean recovery cages on a heating pad, with food and water bottle. Continue to monitor for 15~30 minutes to ensure survival of the mouse. Keep the mouse away from others before it can move completely autonomously. 
5.4. To prevent wound infection, inject penicillin sodium intramuscularly according to the desired dose. 
5.5. Place the mouse back in to the home cage. Keep monitoring for next 24 hours before sample collection.
[bookmark: _Hlk85720519][bookmark: OLE_LINK526][bookmark: OLE_LINK527]f) Please see lines 146-147: Prepare surgical instruments. All surgical instruments are sealed and stored in the instrument box after autoclaving. Soak them in 75% alcohol before surgery.) 
We also emphasized the sterility of other instrument in the text.
g) Please see lines 185-187: Place the mouse on a heating pad in a lateral recumbent position. Continuous monitoring of mouse signs until they recover from anesthesia (NOTE: Mice breathe easier in lateral recumbent position). 
[bookmark: OLE_LINK682][bookmark: OLE_LINK683]h) Please see lines 190-191: Keep the mouse away from others before it can move completely autonomously.
i) We have adjusted it in the manuscript as suggested. 
[bookmark: OLE_LINK684][bookmark: OLE_LINK685]
9. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Readers of all levels of experience and expertise should be able to follow your protocol.
[bookmark: _Hlk85721276][bookmark: _Hlk85463688]Author’s response: Thank you for your approval of part of our work. We have added relevant contents to the manuscript. 

10. Line 75: How was ultrasonic breaking done? Please provide all the associated steps along with the instrument used and the associated settings and parameters.
[bookmark: _Hlk85720944]Author’s response: We have added details to the manuscript. Please see lines 96-100: PM suspension: 5 mg DPM (Diesel particulate matter 1650b) is measured in 10mL EP tubes. Add in 5 mL normal saline and turn the EP tube upside down to mix well. Use parafilm to seal the EP tube and then put it into ultrasonic cleaner (40KHz, 80w), ultrasonic breaking for 2~3 hours. The suspension should be homogeneous and free of particles agglomerates. Shake well before use.)

11.Line 78: Please specify the age, sex, and strain of the mice used for this study? 
[bookmark: _Hlk85721478]Author’s response: We have added details to the manuscript. Please see line 103-104: Male ApoE−/− mice (C57BL/6 background) of 6~8 weeks old are fed with high-fat diet.
How was the formation of plaque observed? 
[bookmark: OLE_LINK508][bookmark: OLE_LINK509][bookmark: OLE_LINK494][bookmark: OLE_LINK495][bookmark: OLE_LINK498][bookmark: OLE_LINK499][bookmark: OLE_LINK500][bookmark: OLE_LINK501][bookmark: OLE_LINK496][bookmark: OLE_LINK497][bookmark: OLE_LINK502][bookmark: OLE_LINK503]Please see lines 105-108: To estimate the progress of atherosclerosis, select 2~3 mice randomly and check whether there is plaque in the aortic arch by ultrasound imaging, or anatomical observant directly. (NOTE: Anatomical observation is usually more reliable, because ultrasound imaging could not observe all plaque.)
12.95/122: Please include the step number in which anesthesia was performed.
[bookmark: _Hlk71659301]Author’s response: We have added details to the manuscript. Please see line 152: Anesthetize the mice with the procedure described in procedure 3.2.
13.Line 108: 50 µL? do two injections mean 25 µL each? Pet indwelling needle for intravenous injection?	
Author’s response: We have added details to the manuscript. Please see lines 135-137: Drop 50 μL DPM suspension into the tube with a pipette gun. The suspension will be naturally inhaled into the lungs of the mouse as it breathes. To ensure smooth breathing, it is better to give the mouse in two times (25 μL for once), 10 seconds apart.
14.Line 124: How were the tail, limbs, and beard fixed?
Author’s response: We have added details to the manuscript. Please see lines 154-155: Tape the tail, limbs and beard.
15.Line 126: Please specify the surgery area? 
Author’s response: We have added details to the manuscript. Please see line 156: Remove the hair of left chest and part of the adjacent right chest before surgery.
16.Line 127: Please specify the step number here. 
[bookmark: _Hlk85721714]Author’s response: We have added details to the manuscript. Please see lines 157-158: Orotracheal intubation in mice should be performed with the procedure described in procedure 3.4~3.8.
Line 137-144: Please simplify the Protocol so that individual steps contain only 2-3 actions per step. 
Author’s response: We have adjusted the manuscript as suggestions. Please see lines 168-180. 
4.11.	Locate the LAD firstly.
4.12.	 Hold the sterile 6-0 suture silk with a vascular hemostatic forceps, pass the silk through a 2 mm width of myocardium in the area where the coronary artery is located. (NOTE: Do not try to ligate the LAD only, which may cause intraoperative major hemorrhage). 
4.13.	Place a short piece of sterile 5-0 silk between the ligature and myocardial tissues for preventing tissue breakage.
4.14.	Tie the LAD and the small bundle of the myocardium around it tightly. The ligation is deemed successful when the anterior wall of the left ventricle (LV) turns pale; ST segment elevation can be observed at the same time if an electrocardiogram machine connected.
4.15.	Gently squeeze out the air in the chest. Suture intercostal, muscles and skin sequentially with sterile 5-0 silk. (NOTE: Simple interrupted suture is recommended, for the mice may gnaw the silk when they are awake).
18. Line 145-147: Please specify the size of the suture used?
Author’s response: We have added details to the manuscript. Please see lines 178-179. Suture intercostal, muscles and skin sequentially with sterile 5-0 silk.
19. Line 150-153: Please ensure that the Protocol section consists of numbered steps. We cannot have non-numbered paragraphs/steps/headings/subheadings.
Author’s response: We have adjusted the manuscript as suggestions. Please see lines Line 184-195.
5.1.	Clean up all the bloodstain after surgery, or the mouse would be attacked by others.
5.2.	Place the mouse on a heating pad in a lateral recumbent position. Continuous monitoring of mouse signs until they recover from anesthesia (NOTE: Mice breathe easier in lateral recumbent position). 
5.3.	Once turning over is observed, transfer the mice to clean recovery cages on a heating pad, with food and water bottle. Continue to monitor for 15~30 minutes to ensure survival of the mouse. Keep the mouse away from others before it can move completely autonomously.
5.4.	To prevent wound infection, inject penicillin sodium intramuscularly according to the desired dose.
5.5.	Place the mouse back in to the home cage. Keep monitoring for next 24 hours before sample collection.
20. Please include a single line space between each step, substep, and note in the protocol section. Please highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
Author’s response: Thank you for pointing this out. We have added single line space between each step in the manuscript. Steps for video in the manuscript have been highlight with fluorescent yellow.

21. Please include at least one paragraph of text to explain the Representative Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc.
Author’s response: Thanks for your generous advice. We have added relevant content to the manuscript. Supplementary descriptions of relevant issues are provided as follows:
Line 199-206: 
The mice are euthanized 24 hours after surgery. Mice are anesthetized by tribromoethanol, taken blood by eyeball extracted. The heart was harvested, the degree of ischemia was examined by 2,3,5-Triphenyltetrazolium Chloride (TTC) staining (Figure 1). TTC reacts with succinate dehydrogenase in normal tissues turns red, while the ischemic tissues still pale due to the decrease of dehydrogenase activity. 
Figure 2 shows plaques in the aorta, by oil red O staining. Oil red O can specifically color neutral fats such as triglycerides in the tissues. The red spots in the picture indicate plaques.
Figure 3 shows the homemade chest opening tools mentioned and its’ usage.

22. As we are a methods journal, please ensure that the Discussion explicitly covers the following in detail in 3-6 paragraphs with citations.
Author’s response: Thank you for giving us the opportunity to refine our manuscript. We have added relevant content to the manuscript. Supplementary descriptions of relevant issues are provided as follows:
[bookmark: OLE_LINK698][bookmark: OLE_LINK699][bookmark: _Hlk85464849]a) Critical steps within the protocol, b) Any modifications and troubleshooting of the technique. 
[bookmark: OLE_LINK236][bookmark: OLE_LINK237]Please see lines 231-259.
The establishment of a composite animal model is slightly different from the single MI model. Keeping high survival rate is challenging in the development of the composite model. The severity of atherosclerosis in ApoE−/− mice will become more severe with the extension of high-fat feeding time, and the weakness of mice leads to the increase of mortality. Therefore, it is necessary to continually monitor the condition of the mice during the experiment, and adjust the time for inducing atherosclerosis according to the needs of the experiment.
PM exposure may exert little effect on the survival rate of mice. But repeating tracheal intubation will cause intraoral bleeding and edema in mice, which will increase the difficulty of subsequent experiments. Therefore, it is necessary to practice the intubation process diligently. Try to find the correct position in as few tries as possible. Because a long period is needed in this experiment, it is necessary to shorten the mouse's long incisors. Shorten mouse's long incisors should be avoided during the days around the operations Including endotracheal intubation, otherwise the sharp incisors may scratch the mouse tongue and cause bleeding.
LAD ligation surgery affects the survival rate of mice. Classic and conservative intrathoracic ligation of the LAD coronary artery has been prudently chosen rather than the ‘Efficient Model’2 (a method that squeezes the heart out of the chest), to get better long-term survival after surgery  with less training costs. 
The most critical essentials in the operation are to anesthetize, maintain the breathing of the mouse and prevent bleeding. Compared with pentobarbital, tribromoethanol can significantly improve the survival rate of mice. The mouse will be in an unconscious state about 3 minutes after anesthesia, and this situation usually lasts until the end of the operation. If the mouse wakes up, a supplementary injection of 0.05 mL anesthetic is carried out. 
After the chest cavity is opened, the ventilator should be connected all the way. If the tracheal intubation falls off in the middle, the thoracic cavity should be sealed immediately with hemostatic forceps, and the experiment can be continued after reconnecting the ventilator.
Bleeding should be avoided during the surgery. The bleeding process tends to occur in the open chest, pericardium removed and LAD ligated. If bleeding occurs, remove the blood with cotton swabs. Exhaust should be fully squeezed when closing the chest cavity, or use chest tube3 when the chest is closed.
[bookmark: OLE_LINK715][bookmark: OLE_LINK716][bookmark: OLE_LINK718][bookmark: OLE_LINK719]
c) Any limitations of the technique
Please see lines 263-265: Compared to breathing under PM exposure, tracheal dripping is a passive exposure process, the distribution of PM in the trachea and lungs may be different from the natural state.
Please see lines 272-273: The particulate matter standard may be different from the particulate matter in the air, which is also not a perfect choice.

d) The significance with respect to existing methods. 
We have mentioned related content in the introduction (Lines 66-76).
[bookmark: OLE_LINK700][bookmark: OLE_LINK701]
e) Any future applications of the technique. 
We have mentioned in lines 277-280: This model can be used to study the effect of air pollution on cardiovascular diseases and provide reference for the establishment of animal model of complex diseases.)
[bookmark: _Hlk85465201]
23. Please do not abbreviate journal names in references. 
Author’s response: Thanks for your generous advice. We have corrected the journal names in lines 295-340.

24. Please add all items (plastic and glassware, solvents, equipment, software, etc.) in the Table of Materials so that it serves as a handy reference for users to get everything ready for the protocol.
Author’s response: Thank you for your important guidance again. New supplemented material form has been submitted with the manuscript.

[bookmark: OLE_LINK713][bookmark: OLE_LINK714]25. Please label the Figures to make them more informative.
Author’s response: Thank you for this excellent advice. Figures were labeled at lines 214-226.


Reviewer #1:
Manuscript Summary:
this is a protocol for applying particulate matter solution in the trachea of anaesthetized miss, as model for studying effects of air pollution.

Major Concerns:
no major concerns. The model is described in sufficient detail, although preparation of PM compound (lot number?) may require some more detail, "M suspension: blending 5 mg DPM (Diesel particulate matter 1650b) in 5 mL normal saline and ultrasonic breaking for 3~5 hours.”: so how does ultrasonic breaking work precisely? Is there any quality control on the composition of this commercial PM prep? Is it tested for endotoxin?

Minor Concerns: the abstract needs revision of language, e.g., the first sentence is not correct "...patients, which will aggravate the condition...". Discussion: "Air pollution is a kind of complex mixture... " Air pollution is a phenomenon and it comprises different elements, a complex mixture of etc.
In general, the description would benefit from additional language revision.

Reply to the comments of Reviewer1
Thank you. Details of the PM suspension’s preparation has been added in the manuscript at lines 96-100: PM suspension: 5 mg DPM (Diesel particulate matter 1650b) is measured in 10mL EP tubes. Add in 5 mL normal saline and turn the EP tube upside down to mix well. Use parafilm to seal the EP tube and then put it into ultrasonic cleaner (40KHz, 80w), ultrasonic breaking for 2~3 hours. The suspension should be homogeneous and free of particles agglomerates. Shake well before use.
PM cannot be dissolved in physiological saline, and it can be dispersed quickly and evenly only after ultrasound treatment. The Diesel Particulate Matter (DPM) used in this manuscript was purchased from National Institute of Standards Technology, Catalog Number: SRM 1650b. 
All information about the product could be find on the website (https://www-s.nist.gov/srmors/view_detail.cfm?srm=1650b).
In addition, thank you for your correction to the language in the manuscript. We have corrected the sentences.

Reviewer #2:
Manuscript Summary:
Authors describe a mice model that combines previously well-established protocols of LAD ligation, PM exposure via tracheal intubation, and atherosclerosis in ApoE null mice.
The significance of the protocol is in the combined model of atherosclerosis and induction of myocardial infarct. Furthermore, the authors raise key surgical considerations that reduce animal morbidity and mortality in this combined model.

Minor Concerns:
The introduction needs to address better why a combined model of atherosclerosis and MI is needed compared to an isolated model of atherosclerosis or MI. What is the added benefit of this model compared to existing models? If there are macroscopic/histologic differences in the MI model with and without the atherosclerosis background, that would be an interesting figure/result to add.
There is some language that interchangeably use myocardial ischemia and myocardial infarct. They are not that same and care should be taken to distinguish the two.

Discussion of some other methods of PM exposure, and the pros and cons of each method compared to this current proposed method is desired and would improve the manuscript.

Reply to the comments of Reviewer 2
Thank you for your careful reading. We have added the following tips in the manuscript at lines 66-76: However, animal models of single disease have great limitations in research. The myocardial ischemia induced merely by LAD ligation is not identical in the actual situation. In the natural state, myocardial ischemia is usually caused by plaque rupture and blocked coronary arteries. Patients with ischemic cardiomyopathy usually have atherosclerotic basic lesions6. There are also abnormal lipid metabolism and inflammatory reactions in the body7. Therefore, ischemia caused by physical factors or under natural conditions have different pathological manifestations. Existing studies have shown that the infarction and inflammation in myocardial ischemia models with atherosclerosis are more severe8,9. PM exposure can aggravate atherosclerosis and myocardial ischemia further by inducing inflammation and oxidative stress10. Three factors usually coexist in the natural state, so actual situation could be better simulated by using a compound model.
[bookmark: OLE_LINK707][bookmark: OLE_LINK708][bookmark: OLE_LINK709][bookmark: OLE_LINK710]And thank you for reminding us about the difference between ‘myocardial ischemia’ and ‘myocardial infarction’. We have taken more rigorous expressions in the manuscript.
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