Author Responses to Reviewer Critiques

[bookmark: _GoBack]Thanks to the editor and reviewers for their efforts in critiquing this manuscript. Good points were raised which are now addressed in the revised manuscript as described in detail below in blue font.  We feel the revisions suggested have improved the quality of the manuscript.  All changes to the manuscript are shown in colored text in the “changes tracked” version of the manuscript. Please note that the line numbers referred to below correspond to the “changes tracked” version of the manuscript in which changes in Microsoft Word are shown “in line”, not in balloons.

Editorial Comments

General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

Author Response: We have proofread the manuscript and no spelling or grammar issues have been found. 

2. Please provide at least 6 key words or phrases.

Author Response: The keyword “oxidative stress” has been added to make a total of 6 key words or phrases (line 20). 

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. For example: Halt (protease inhibitor cocktail), Eppendorf, Amicon Ultra

Author Response: The words Halt, Eppendorf, Amicon Ultra, and Athens Research and Technology company phrase have been crossed out throughout the protocol and we used generic terms instead (lines 157, 168, 175, 206, 214, 225-226, 233, 258, 353). See manuscript with tracked changes. 

Protocol:
1. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.

Author Response: We have added the following statement to lines 142-144 as requested: “Human serum specimens were obtained from consenting volunteers under IRB approval and according to the principles expressed in the Declaration of Helsinki. Specimens were coded and de-identified before transfer to the analytical laboratory.”

2. For each protocol step/substep, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.

Author Response: We added extra two steps to explain how to prepare the CuCl2 stock solutions (see lines 184-190, 241-244). We’ve also added additional text to better explain how to prepare the sodium acetate buffer solution pH 4 (lines 287-288, 294-295). See manuscript with tracked changes. 

Figures:
1. Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, or .pdf file (i.e., 5 files in total). Please remove ‘Figure 1’ etc. from the figures themselves.

Author Response: We have removed “Figure 1” etc. from the figures themselves and created individual files for each figure. There is a total of six figures (six files) now since we added an extra figure to address one of the reviewer comments. We have uploaded these as .eps files as instructed in the main body of the editor’s email. We can convert them to PDF if needed.

Acknowledgment and Disclosures:
1. Please include a Disclosures section, providing information regarding the authors’ competing financial interests or other conflicts of interest. If authors have no competing financial interests, then a statement indicating no competing financial interests must be included.

Author Response: This has been done. See lines 573, 575.

References:
1. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al.
2. Please do not abbreviate journal titles.

Author Response: We have now added this format for the references, and corrected all journal title abbreviations (see references list). 

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.

Author Response: We have added information on the rest of materials mentioned in the protocol. Also, we have added the state for the companies since this was requested by one of the reviewers. See Table of Materials, highlighted in blue. 

Reviewer #1

The manuscript entitled "Evaluation of Oxidative Stress in Biological Samples Using the Thiobarbituic Acid Reactive Substances Assay" describes a well-known TBARS assay in biological samples. I know that it is a commonly used method in the researches dealing with oxidative stress and so many investigators were used it without enough attention on its reliability, reproducibility, repeatability, selectivity, sensitivity and other method validation criteria. The reported SD values for figures 3-5 looks excellent, however, we tried the assay using different methods from the literature and we have observed very large SD values. I regret to say that I cannot recommend its publication in your journal in its present form, until the authors convince the readers with acceptability of full validation data which could be found in the official guidelines of FDA and ICH. It is obvious that, ignoring the analytical method validation data will result in some misleading data, waste of time and resources.
It is interesting that the number of publications retrieved from Scopus using key words of "malondialdehyde" are 4631, 4906 and 144, in which 1527, 1460 and 24 of the articles categorized in the subject area of "medicine", respectively for years 2018, 2019 and 2020. These figures reveal that MDA has an important position in biomedical investigations. However, in most of these reports researchers used usually TBARS assay without even partial validation tests. There are a number of publications dealing with the pitfalls of the assay and I am happy to review the authors' responses to these critics. As examples, I am listing some of them:
Clinical Chemistry 34, 208, 1988.
Clinical Chemistry 35, 336, 1989.
Bioimpacts, 5, 123-127, 2015.
Lung, 193, 867-868, 2015.
Clinical Oral Investigations, 20, 395-396, 2016.
Current Pharmaceutical Analysis, 12, 4-17, 2016.
Bioanalysis, 8, 2179-2181, 2016.
Pharmaceutical Sciences, 23, 193-197, 2017.
Annals of Surgical Oncology, 24, S573-S576, 2017.
Biomarkers in Medicine, 12, 551-554, 2018.
Plant Physiology 180, 1246-1250, 2019.

Author Response: We looked up and read the references cited by the reviewer. In short, we must conclude that the reviewer makes an excellent point. We had previously pointed out that as an analytical method the TBARS assay lacks specificity and can be impacted by pre-analytical specimen handling and storage. But thanks to this reviewer it has become very clear to us that the assay also lacks analytical ruggedness (i.e., the ability to make minor methodological modifications without significantly affecting assay results) to the point that we are now of the opinion that TBARS assay results should not be compared between laboratories in the absence of explicit inter-laboratory analytical validation data.

In conjunction with the recommendation made by Reviewer #2 to shorten the second two paragraphs of the Introduction, these have now been cut and replaced with new text (see lines 90-116 and 124-127 and 134) that describes some of the major issues surrounding the application and interpretation of the TBARS assay. In this section we state, among other things, that: 

“Pre-analytical variables related to biospecimen handling and storage (e.g., blood plasma kept even temporarily at -20 °C)14,15 can have a major impact on TBARS assay results 16,17—so much so, that in our opinion, TBARS assay results should not be compared across different laboratories unless such a comparison is warranted by explicit inter-laboratory analytical validation data. This recommendation is akin to how western blots are commonly used and interpreted: comparisons of band densities are valid for within-blot and perhaps within-laboratory studies, but comparing band densities between laboratories is generally considered an invalid practice.” See lines 103-110.

We have also modified a few paragraphs in the Discussion section to align this new emphasis on correct analytical applicability with the Introduction and the rest of the paper (see lines 461-462, 481-485, 507-509, 512-513, 515-516).  For example, we now start the first sentence of the Discussion with the statement, “Despite its limitations1,3,4,7,9,10,12,14,15,19 and, in our opinion, lack of suitability for comparison between laboratories,…”. And we conclude the penultimate paragraph of the Discussion with the statement, “This means that even modest variability in the pre-analytical handling and storage of biospecimens that are to be compared to one another using the TBARS assay must be avoided.”

Finally, we would also like to respectfully point out that we did not “ignor[e] the analytical method validation data”. On the contrary, we validated linearity, sensitivity and working dynamic range (now Fig. 3), limits of detection (Table 2), and intra- & interassay precision/reproducibility (Table 3). The latter was actually documented independently for each biological matrix analyzed as part of this manuscript (Table 3). As explained in the manuscript the assay is well known for its lack of selectivity. Because of this, we did not attempt to validate accuracy/recovery because without selectivity it is impossible to fully define accuracy. Moreover, even if accuracy/recovery were low (which others have proven it to be using a similar analytical standard to that employed in this study)7, this would not matter as long as the assay was precise and interpretation was limited to relative intra-laboratory comparisons—which we now prescribe.

Given the limitations of the TBARS assay, it is surprising that anyone uses it today. As we describe now in the Introduction, “…if the assay had not been developed over 50 years ago, it probably would not have gained the widespread use and tacit acceptability that it enjoys today. Although there are other assays with greater analytical sensitivity, specificity and ruggedness used for the determination of oxidative stress in biological samples, because of its ease of use the TBARS assay based on absorbance at 532 nm still remains by far one of the most commonly used assays for the determination of lipid peroxidation20, and thereby assessment of oxidative stress in general.” (See lines 113-119.) This is the reason why we feel it is important to publish our revised manuscript: The unstoppable popularity of the TBARS assay in biomedical research requires papers like this one (and those cited by Reviewer #1) that put forward use-specific analytically validated methods alongside verbiage that includes caveats and warnings about the overall applicability and interpretability of the method.



Reviewer # 2

The authors provide economic, detailed, reproducible methodology for TBARS assay in low-density lipoproteins, cell lysates and human serum.

Author Response: We are pleased to see that, in general, the reviewer believes the method reported in the manuscript warrants publication.

1 - lanes 57-81: in my opinion, the background concerning diseases/pathologies and lipid peroxidation is not so appropriate and it lacks of important findings. However, the focus is a homemade assay that will be suitable for different research purposes that depend on researcher needs. The authors should rewrite lanes 57-81 in a concise way.

Author Response: As described above in our response to Reviewer #1, we have deleted lines 57-81 (along with a few additional lines), and instead used this space to re-orient the paper to more of an analytical focus, in which we describe how this assay should only be used for intra-laboratory experiments and that the data between labs are not compatible unless the assay has been explicitly validated as compatible between the labs (see revised Introduction section). 


2 - Warnings should be written in a separate sections and preparations using a different character style. Laboratory preparations must be standardized by indicating the weighings and the volumes used for all ones. Abbreviations should be used correctly in all the manuscript.

Author Response: According to JoVE manuscript guidelines, the word “CAUTION” should be used to indicate any harmful or toxic chemicals being used in the protocol, in which the hazard and appropriate handling guidelines need to be described. We are not sure what type of character style is being asked for. We have now corrected all laboratory preparations and indicated the specific volumes and weights that were used in preparation of all reagents used in this assay. Specifically, for line 150 the volume of media used is indicated, for line 163 the volume of PBS is indicated, and so on. Correct abbreviations are indicated in lines 205-208, line 344-345, 348-350, 354, 405, line 407-409, and line 445.


3 - Schematic protocol/s should be added.

Author Response: We have added a new graphics/photos-based figure (Figure 1) showing the workflow schematic of the protocol used here. See Figure 1, and the new caption for Figure 1. 


4 - When ELISA or colorimetric assays are developed an accurate and easier volumes are preferred. Why 94 μl of sample and not 95 μl? Why 6 μl of sample and not 5 μl? Why 24 μl of sample and not 25 μl? And so on. The authors should calculated the stock solution concentration to make the pipetting easier.

Author Response: Due to the fact that adjustable-volume air displacement pipettes are ubiquitous features of nearly every modern research laboratory, we feel that it is neither easier or more difficult to pipette 94 vs. 95 µL or 6 vs. 5 µL, etc. As such, we did not take this consideration into account when conducting the experiments for this manuscript. Because of this, we cannot include the altered volumes in the protocol because they are not what we used. We would have to repeat every experiment with slightly altered volumes and concentrations to fulfill this request, which is an undertaking that we did not feel was scientifically necessary—especially given the universality of adjustable volume pipettes.


 
5 - The authors should, more or less, specify the cost to test 96 samples to demonstrate the lower cost of their assays than that of a commercial kit

Author Response: Good point. For 100 grams of thiobarbituric acid (TBA) the cost is $105 dollars, and here we prepared 500 ml of 0.8 % TBA solution, for which we only used 4 grams of TBA. However, for 96 samples only 144 ml of the 0.8 % TBA solution are needed. Hence, about $1.21 for thiobarbituric acid is needed for 96 samples. The cost for 250 ml of MDA bis dimethyl acetal is $65 dollars, and we only used 92 μl for a 1000 ml stock solution. Hence, the cost for MDA standard is insignificant (about $0.0239 dollars) for 96 samples. For preparing sodium acetate buffer we used 100 ml of glacial acetic acid and 13 grams of sodium hydroxide beads. The cost for 1000 ml of acetic acid is $74 dollars, and the cost for 2500 grams of sodium hydroxide beads is $102 dollars. However, for 96 samples, only 144 ml of sodium acetate buffer pH 4 are needed. Hence the total cost for the sodium acetate buffer solution pH 4 for 96 samples is about $0.0317 dollars. Finally, in this protocol we prepared excess 8.1 % SDS solution since only 200 μl are needed per sample and we prepared 400 ml. For 96 samples, about 20 ml of 8.1 % SDS solution are needed, in which 1.62 grams are needed to prepare such solution. The price for 100 grams of SDS is $141 dollars, about $1.4 dollars per gram and therefore $2.27 for 96 samples. Therefore, the total cost to test 96 samples using our assay is about $3.5 dollars, extremely low when compared to the commercial kit which costs about $400 dollars. This has been indicated in abstract and discussion sections, specifically lines 44 and 466-467. 
 
6 - The authors should argument better the concept of the sentence in lanes 98-99 as, for some research laboratories, it is not a problem to test about 25 different samples all together (one for each experimental condition repeated 3 times = 75) in a day with only one standard curve

Author Response: For researchers that consistently run nearly 96 samples in a batch and therefore make efficient use of their purchased TBARS assay kits, this is not a problem. But for other researchers it can represent a problem when they intend to determine the levels of oxidation in a biological sample at different time points. We have added an extra sentence (line 124-127) to better explain this concept. 


7 - The authors have chosen cell lysates of HepG2, but they not specify if their assay could be used for all cell lysates

Author Response: HepG2 cell lysates are a prototype cell lysate used in this assay. Strictly speaking, assay performance characteristics would have to be validated for other cell types (i.e., other biological matrices), but based on the results presented here, it is reasonable to expect that the assay will work with most other types of cell lysate. We have added this information in lines 431-435.  


8 - Is it possible using other lysis buffer instead of RIPA buffer?

Author Response: We chose RIPA buffer because it is commonly utilized to lyse cells. The general ingredients for most lysis buffers are buffer, NaCl, MgCl, KCl, protease inhibitors and detergents. It is expected that most other lysis buffers will not interfere with the TBARS assay. However, if researchers choose to use a different lysis buffer or add additional ingredients, preliminary validation studies should be conducted to make sure the lysis buffer of choice is compatible with the TBARS assay used here. We have added this information in lines 159-161.


9 - Is it possible detach cells with trypsin 1X?

Author Response: When working with adherent cells, there are two general ways of performing a lysis procedure; one way is to add the lysis buffer directly to detach and lyse the cells at the same time, and alternate way is by detaching the cells with trypsin to collect cell pellets for lysis. When it comes to choosing either procedure, it is a researcher’s choice, and there is not a reason to believe that one method would work better than the other. Here we chose to add the lysis buffer directly to the cells. However, It is also possible to detach the cells first with trypsin 1X, wash the cell pellets with PBS, and then reconstitute each cell pellet with lysis buffer. The main goal of this manuscript is to show the applicability of the TBARS assay in different biological matrices, and it is difficult to cover every possible way to do a general cell lysis procedure, which was not the main goal of the manuscript. However, based on the results obtained here, it is reasonable to assume that detaching the cells with trypsin will also work. If trypsin is used and then media employed to neutralize it, cell pellets should be washed twice with PBS prior to adding the lysis buffer. We added this information in lines 176-180. 


10 - Is it always mandatory concentrate the cell lysate supernatant? Is it possible diminish the volume of lysis buffer not to concentrate the sample?
Author Response: No, it is not mandatory to concentrate the cell lysate supernatant. It is possible to diminish the volume of lysis buffer to avoid concentration of the sample. Here we chose to add more lysis buffer to cover all the cell surface in a T75 flask. However, if the cells are detached with trypsin, cell pellets can be reconstituted/lysed with a lower volume of lysis buffer, in this case 250 μl of lysis buffer in each cell pellet. It is recommended to have a high concentration of cell lysate to increase the analytical signal and therefore the precision of the TBARS assay. We have added this information in the manuscript with tracked changes lines 176-180. 


11 - Please, specify the volume of each sample for unknown samples and for standard curve (100 or 150 μl?)

Author Response: The volumes for unknown samples and for each standard should be 100 μl. We have specified this better in the sample preparation section (pg. 7). We have specifically deleted part of the sentence in line 252 to avoid confusion. A 100 μl final sample volume is now clearly specified in line 367.   

12 - Please, specify better in Figure 4a that the LDL samples contain EDTA

Author Response: We specify in the figure caption that LDL samples in Figure 4a (now Figure 5a) contain EDTA, but we have added additional information in Figure 5a and 5b to better specify the difference between samples containing EDTA and the ones that do not contain EDTA (see Figure 5 and corresponding caption).  


13 - p<0.001, one * is enough if Figures

Author Response: we have corrected this in all figures containing significant differences to show only one *. 

14 - Please, provide the State for the companies

Author Response: We have added the State or residence for the companies in the Table of Materials since according to editor comments we are not allowed to use commercial language and company names in the manuscript. See Table of Materials. 


Reviewer # 3

The manuscript "Evaluation of oxidative stress in biological samples using the thiobarbituric acid reactive substance assay" describes study in which detailed protocol for determination of MDA is described.
As author stressed, the thiobarbituric assay is widely used method for determination of oxidative stress in biological samples. If properly conducted reliable results could be obtained. Described protocol is not new but gives detailed procedure. The detailed procedure is always needed, and each analyst will adopt the method that is the most suitable for its type of sample (and budget).

Author Response: We are pleased to see that, in general, the reviewer believes the method reported in the manuscript warrants publication.

Minor Concerns:
I have only one question. Can the authors explain why they omitted use of BHT (that is usually added to samples to prevent additional oxidation of sample).

Author Response: BHT is a radical scavenger that can help to minimize artefactual formation of TBARS in order to preserve the “natural” biological state of a biospecimen. In this study we were not interested in studying biological processes per se, but rather we were interested in documenting the performance characteristics of a basic analytical method. 

As documented by the comments of Reviewer #2 and our responses to them, there are a great many possible methodological variations that could be applied to this assay and we could not possibly have tested or validated all of them. This manuscript provides a useful but general protocol that can be further adapted (and validated) for specific applications—including those for which the addition of BHT to samples is appropriate or mandated. We have now added this information to the Discussion (lines 481-485).


Reviewer # 4
The manuscript explain and discuss a popular method in biochemical research i.e. TBARS assay. The article is designed an written very well and contain all necessary information about the importance and experimental details of MDA measurement.
It contains the good information about usage of this method in different biological samples.

Author Response: We thank the reviewer for his/her positive remarks.


Minor Concerns:
In legend of figures * is set for showing statistical significance; however in the figures the *** symbol is used.

Author Response: We have now corrected this, and both the figure captions and graphs consistently show one *. 


Just a question : there any other compound that can be used as standard? if it ai suggest to point out in the article ( just the name)

[bookmark: _Hlk34125395][bookmark: _Hlk34065073]Author Response: For this assay, only malondialdehyde (MDA) should be used as a standard—but pure, authentic MDA is not stable and is not commercially available. However, different chemical forms of MDA are commercially available such as, MDA tetrabutylammonium salt, MDA bis (dimethyl acetal), and MDA bis (diethyl acetal). Of these three forms of MDA, we used MDA bis (dimethyl acetal) since the vast majority of studies have used this same standard21,22. It has been demonstrated that the acidic conditions of the assay allow the release of MDA from MDA bis (dimethyl acetal)1; MDA then reacts with thiobarbituric acid (TBA) to form MDA-TBA2 adducts that give a pink color. We did not test the other two chemical forms of MDA that are commercially available, however if researchers plan to use the other two forms of MDA as a standard, they should do so prior testing (see the new text addressing this question in lines 337-342). 
8

