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In this resubmission of my protocol manuscript, re-titled “An acute mouse brain slicing method for investigation of spontaneous hippocampal network activity”, I have made substantial revisions to incorporate the changes suggested in both the editorial and reviewer comments. I would first like to thank all of the reviewers for their detailed and considerate feedback, and I feel that the manuscript has been greatly improved with these revisions.  I have included below specific responses (in blue) to each editorial and reviewer comment. 

Sincerely, 



Alex C. Whitebirch


Editorial comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

• Protocol Language: Please ensure that all text in the protocol section is written in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible. Examples NOT in the imperative: 4.1, 6.1, 6.3, etc.

I corrected the protocol text to include as much imperative tense as possible (lines 176 - 482).

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
1) section 6: please add a few steps to describe stimulation and recording briefly. The protocol seems incomplete as is.

I added several steps to section 6 to include more details for the stimulation and recording steps. This section is still relatively brief, as I wrote the protocol to emphasize the slicing procedure itself, and the precise nature of the stimulation and recording will vary depending on the user’s specific experimental design and objectives (lines 402 - 482). 

• Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. Please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.

1) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.
2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
4) Notes cannot be filmed and should be excluded from highlighting.

After revision, the total length of the highlighted text is approximately 2.5 pages. Highlighting includes complete sentences and covers the critical steps that should be included in the video (lines 215 - 462).

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

I heavily revised the manuscript to include a more comprehensive discussion (lines 593 - 705).

• References: Please spell out journal names.

I updated the list of reference to have unabbreviated journal names (lines 716 - 855). 

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."

All figures and tables in this protocol are original and have not been published anywhere.

Reviewers' comments:

Reviewer #1:
This MS, based on its title, proposes a method that may optimize brain slicing for investigation of hippocampal SWRs. The author states in the abstract that hippocampal slices do not typically exhibit SWRs, or other forms of spontaneous network activity. In addition, the author suggests that HEC slices cut with an angle at 450 um thickness preserve more connectivity, so this may be a better approach to study SWRs. First, there is no evidence presented in the MS that this suggestion is valid, i.e. hippocampal slices are less ready to generate spontaneous rhythms. If this is one of the main statements of the MS, then a solid comparison should be done, not only present an example recording without any comparison. Second, this reviewer does not think that hippocampal slices do not typically generates SWRs. Two-three horizontal hippocampal slices per hemisphere typically show SWRs at a thickness of 350-400 um. This is the case even if there is no entorhinal cortex is attached to the hippocampal slices, i.e. the parahippocampal region is not pivotal for SWR generation in vitro. This is in agreement with in vivo data. Therefore, it is hard to see why HEC slices are better to study SWRs than hippocampal slices without the EC, unless this is shown by a systematic comparison. The author may consider the fact that in a 450 um thick slices the connectivity is better preserved than in 400 um thick ones that are usually used in SWR studies, thus the thickness of the slices may be the key factor here and not the presence of EC itself.
My original text was not clearly written in this regard, particularly the statements such as lines 33 & 34 in the original document. The missing context was that this statement was in reference to transverse hippocampal slices of the dorsal hippocampus, maintained under submerged conditions. The abstract and introduction have been heavily revised to clarify this point (lines 26 - 174). Similarly, this manuscript was not intended to make the argument that HEC slices are superior to isolated hippocampal slices in terms of their ability to generate spontaneous SWRs. I revised the text to clarify this issue, and explain that the inclusion of parahippocampal regions is optional and dependent on one’s specific experimental objectives (lines 107 – 135; lines 620 - 638). In the original manuscript I was not clear in my rationale for including the angled slice approach. I didn’t mean to claim that it is a superior or necessary modification to a “standard” horizontal slice, and you are certainly correct in that this angle is not necessary for the primary objective of producing slices exhibiting spontaneous SWR activity. Indeed many studies I’ve referenced in this protocol produce spontaneously active slices with no angle. I added a paragraph to clarify the rationale behind the angled horizontal slice, with specific references both to studies that use this slicing angle as well as studies that use a true “flat” horizontal slice (lines 107 - 135; lines 620 - 638). My rationale in including this aspect to the protocol is that the angle can be implemented to preferentially create horizontal slices that parallel the transverse plane of the ventral or intermediate hippocampus. In the original version of figure 1 the brain was depicted with the ventral surface glued to the ramp and the rostral end of the brain pointed up the slope of the ramp – this “upward” angle, used by Stoop et al., 2000 and Mizunuma et al., 2014, yields more slices from the intermediate hippocampus. I added to the figure a depiction of the alternate angle, where the rostral end of the brain is pointed down the slope (figure 1). With this “downward” angle, the horizontal cut will produce more slices of the ventral hippocampus. The downward angled horizontal slice is used by Jones et al., 1988, Rafiq et al., 1993, Carter et al., 2011, and ul Haq et al., 2016. As with the inclusion of parahippocampal regions in the slice, I added text to clarify that the use of an angled slice is optional and dependent on one’s experimental objectives (lines 123 – 135; lines 620 - 638).

Additional comments:
1)Sections usually refers to thin tissue samples, for instance used for immunostaining. Electrophysiological recordings are done in slices and not in sections. Please revised accordingly.
Good point - all instances of “section” have been replaced with “slice” (lines 29,38,46,137,390,688).

2) In line 90, the given reference should be changed to Hajos et al., 2009.
The reference has been fixed (line 145).

3) Reference Hajos et al., 2004 should be added in line 98, as this is the first demonstration that oscillations can be maintained in submerged slices.
This reference has been added (lines 157,161).

4) In line 101: 'spontaneously active hippocampal tissue'. Tissue is not active, but the hippocampal neurons within the slice are active.
This line has been rewritten (lines 171,172).

5) To maintain SWRs in slices, the author used a very high flow rate in a submerged chamber with dual surface superfusion. This is likely due to the fact that he introduced a series of syringes to dampen pulsation caused by a peristaltic pump. This reviewer assumes that the introduction of this dampener system may lead to a reduction in the oxygen levels, therefore the author needs to apply so fast superfusion rates to maintain SWRs even in dual surface superfusion chamber. If a peristaltic pump with 12 (or more) roller rotors is used, no pulsation disturbs the recordings in the chambers, i.e. no pulsation dampener should be added, thus a shorter tubing can be used, which may ensure that even at a lower flow rate SWRs can be maintained in hippocampal slices, similarly to that reported earlier.
Thank you for the suggestion! I agree that the tubing length in my set up could be shortened if I removed the pulsation dampener. Unfortunately the peristaltic pump that I have access to only has four rollers, and I noticed a substantial pulsation with even moderate flow rates – thus my incorporation of the pulsation dampener, inspired by Shi et al., 1990. Based on your suggestion, I added discussion of this limitation to the text to emphasize that this protocol can be improved with the use a peristaltic pump with a larger number of rollers, to preclude the use of a pulse dampener and ensure that tubing length is as short as possible (lines 670 - 679). 

6) MOhm should be used instead of mOhm.
This line has been corrected to MOhm (line 427).

In summary, it has to be unequivocally demonstrated that HEC slices cut with an angle are better to study SWR properties than e.g. horizontal hippocampal slices, and the recording apparatus has to be optimized to reduce fast flow rates for maintaining oscillatory activity in dual-surface superfusion chamber.


Reviewer #2:
Alexander C. Whitebirch: An optimized acute brain slicing method for investigation of spontaneous hippocampal network activity

Manuscript Summary:
The author describes a modified slice preparation protocol, which allows investigating cellular mechanisms of hippocampal network activity (the sharp wave/ripple, in particular) in acute slices from mouse hippocampus. The manuscript is organized and written very well, illustrations are appealing and informative; all procedural steps are explained well and in sufficient detail. The protocol description will be very useful for labs intending to enter the field of hippocampal network oscillations.

(main comments)

I have one major conceptual concern: the author mentions (and I highly value his openness not to conceal this fact) that just one or two slices per hippocampus regularly express spontaneous network activity (Discussion). Why is that? Based on my experience and that of other labs working in the field (see references below), simpler approaches (i.e. without cardial perfusion) can reliably produce slices (up to five per hippocampus, depending on slice thickness) that show spontaneous network activity. The author should add some discussion to explain this issue; one possible explanation would be that his approach potentially covers more of the intermediate-to-dorsal hippocampus, while conventional 'horizontally cut' slices tend to be closer to the temporal pole…
I added a paragraph in the discussion to address this issue (lines 688 - 705). I cannot fully account for my lower yield (in terms of the proportion of slices showing spontaneous SWRs) relative to some other studies. I agree that my use of the intermediate hippocampus may indeed be a factor, as there is some evidence in the literature that spontaneous activity occurs most readily in ventral slices. I added text in the introduction and discussion to specifically address the role of the dorsal-ventral axis. Another contributing factor may be my use of slightly thicker (450 um) slices, which yields fewer slices in total. I also used adolescent and adult mice (hence the incorporation of transcardial perfusions), and the success rate may be improved with the use of younger animals. 

Introduction: l. 66-67: 'For example, in vivo the hippocampus generates highly synchronous population activity, visible as oscillations in the extracellular local field potential.' - Please, add appropriate in vivo references here (e.g. point to original work by Vanderwolf, Buzsáki, McNaughton, O'Keefe, or others)!
Good suggestion - I added several relevant representative references to this portion of the introduction (line 53)!

l. 86: the author quotes examples of studies conducted in interface conditions (Ref. 4 and 6); he should not conceal that sharp wave/ripple activity, too, was investigated using this approach. In that regard, statements like 'Hippocampal slices do not typically exhibit SWRs or other forms of spontaneous network activity.' (l. 33/34) is incorrect. The author is pointed to and should give credit to earlier work (e.g. by Maier et al., J Physiol 2002 and 2003; Papatheodoropoulos & Kostopoulos, Brain Res Bull and Neurosci Lett 2002; Wu et al., J Physiol, 2002; Kubota et al., J Neurophysiol 2003; Behrens et al., Nat Neurosci 2005; Both et al., Hippocampus, 2005; Colgin et al., Neurosci Lett, 2005, and others). Please provide a more balanced overview of studies which have used acute slices to study hippocampal oscillations (that is, sharp wave/ripple- or gamma activity).
My original text was poorly written in this regard, particularly the statements like the one you identified from lines 33 & 34. The missing context was that this statement was in reference to transverse hippocampal slices of the dorsal hippocampus, maintained under submerged conditions. The abstract and introduction have been heavily revised to clarify this point. Thank you for the suggested references – I’ve substantially re-written the introduction to provide a more comprehensive overview regarding past work on sharp wave ripples and other network activities in slices (lines 26 – 174).

Figure 1: The author emphasizes the importance of a 12° cutting angle for preparing hippocampal/entorhinal cortex slices. Why 12°? Is there any evidence for benefits using this particular angle, or any angle at all? Since the hippocampus is a bent structure, I do not see any advantage of using a cutting angle, unless the angle is constantly adjusted with every new cut slice; see Figure 2 in Papatheodoropoulos & Kostopoulos (2002) for illustration of angle adjustment: there, with every slice the tissue was rotated with respect to the blade of the tissue chopper; and indeed this procedure can optimize preserving the integrity of the hippocampal lamella. Please discuss this issue, and provide references for the benefits of using the 12° cutting angle!
Papatheodoropoulos and Kostopoulos (2002) Brain Res Bull 57, 187-193
https://www.sciencedirect.com/science/article/pii/S0361923001007389?via%3Dihub#FIG1
I added text to the introduction and conclusion to clarify the use of an angled horizontal slice, with specific references to several papers that recommend this slicing method (lines 123 - 135; lines 620 - 638). I didn’t mean to claim that it is a superior or necessary modification to a “standard” horizontal slice, and you are certainly correct in that the “ideal” angle with respect to the hippocampal lamellae will vary along the whole dorsal-ventral curve of the hippocampus. Indeed many studies I’ve referenced in this protocol produce spontaneously active slices with a “true” horizontal cut. However, the angle can be implemented to preferentially create horizontal slices that parallel the transverse plane of the ventral or intermediate hippocampus. In figure 1 of the original manuscript, the brain was depicted with the ventral surface glued to the ramp and the rostral end of the brain pointed up the slope of the ramp – this “upward” angle, used by Stoop et al., 2000 and Mizunuma et al., 2014, yields more slices from the intermediate hippocampus. I added to the figure a depiction of the alternate angle, where the rostral end of the brain is pointed down the slope. With this “downward” angle, the horizontal cut will produce more slices of the ventral hippocampus. The downward angled horizontal slice is used by Jones et al., 1988, Rafiq et al., 1993, Carter et al., 2011, and ul Haq et al., 2016. I clarify this issue in the text, and explain that if one’s experimental objectives do not specifically require intermediate or ventral slices, the agar ramp can be disregarded and flat horizontal slices can be used (lines 123 - 135; lines 620 - 638). 

(further comments)

Abstract: uM -> µm
All instances of uM have been replaced with µm (lines 39,121,385,446,462,596,689,693) .

Protocol:
l. 117: ACSF = artificial cerebrospinal fluid (not 'cerebral')
All instances have been fixed to read “artificial cerebrospinal fluid” or “ACSF” (lines 22,38,41,69,190,584).

l.331: please correct: patch pipettes should have resistances of several megaOhms (MOhm) not milliOhms (mOhms)

This line has been corrected to MOhm (line 427).

Figure 2, and l. 353ff: Using empty syringes as pulsation dampeners is an excellent idea! The author should refer to the underlying physical (and physiological) principle of 'elastic reservoir' or 'Windkessel' effect - see https://en.wikipedia.org/wiki/Windkessel_effect for further information.
Thanks for the information! I included a mention of the Windkessel effect in the discussion, as well as a reference (lines 668 - 679).

l. 365: please indicate the approximate volume of the recording chamber!
The volume of the recording chamber is approximately 1 mL, to accommodate fluid flow underneath and above the slice. The narrowed oval shape is intended to promote laminar flow of the ACSF. The chamber design could be altered to reduce volume further, particularly if the middle layer of the chamber is excluded and the slice rests on the coverslip, as in a standard submerged recording chamber. The chamber I present here is similar in concept to the commercially available Warner RC-27LD, in which slices rest on a support layer of Lycra threads.

l. 430: 'clean' water; please specify!
The water in our lab is purified using a Milli Q system. In the text I included a brief, general description as recommended by reviewer #3: “…purified water that has been filtered to remove trace metals and other impurities” (lines 193,202,574,584).

l. 560: Strange et al. - the journal should be Nature Reviews Neuroscience.

I corrected this reference (lines 778).


Reviewer #3:
Manuscript Summary:
Alexander Whitebirch describes a protocol to obtain spontaneously active horizontal slices of the mouse brain containing the hippocampus and entorhinal cortex (HEC slices). The protocol makes use of standard methods for in vitro electrophysiology while applying a combination of optimised steps to promote cell survival and intact connectivity within the tissue. The author proposes the use of transcardial perfusion, a cutting angle, incubation of tissue under interface conditions, and a double perfusion recording chamber as important measures to obtain an improved quality of electrical activity in HEC slices, especially from adult mice. The manuscript represents an interesting and informative description of the protocol, while showing some weaknesses in introducing the field and relevant applications and in the discussion of the applied techniques.

Major Concerns:
There are no major concerns.

Minor Concerns:
Title / Abstract:
(1) Please add "in mice" to the title. The protocol is described for use of mice and was probably only tested in mice by the author. If so, please make sure that the statements referring to this protocol only refer to mice across the manuscript.
You are correct - everything in this protocol refers to mice specifically, and I edited the title to reflect that (lines 2,3).

Introduction:
(2) The first paragraph does not efficiently summarise the general use of in vitro preparations and the citation of Karlocai (2014) is insufficient to account for them. Either rewrite or make more specific to recordings of SWR- or epileptic activity in HEC slices.
The introduction has been heavily revised to include more specific background and references regarding network activity in slices (lines 46 - 174). 

(3) ACSF stands for "artificial cerebrospinal fluid". Incorrect across the rest of the manuscript.
All instances have been fixed to read “artificial cerebrospinal fluid” or “ACSF” (lines 22,38,41,69,190,584).

(4) The expression "slices" should be used consistently, not "sections".
I replaced all instances of “section” with “slice” (lines 29,38,46,137,390,688).


(5) 2nd par. and Fig. 1: The angle of 12 deg used here is not specifically cited, but rather vaguely discussed. The illustration seems inconsistent with other work cited, since placing the ventral side of the mouse brain on the block rather produces a 0 deg angle compared to the dorsal line (surface of the cortex). Please clarify!
I added a paragraph to clarify the use of an angled horizontal slice, with specific references to several papers that recommend this slicing method (lines 123 - 135; lines 620 - 638). I do recognize however that many other studies do not use an angle, and I certainly don’t mean to claim that it is a superior or necessary modification to a “standard” horizontal slice. Indeed many studies I’ve referenced in this protocol produce spontaneously active slices with no angle. However, the angle can be implemented to preferentially create horizontal slices that parallel the transverse plane of the ventral or intermediate hippocampus. In the original figure the brain was depicted with the ventral surface glued to the ramp and the rostral end of the brain pointed up the slope of the ramp – this “upward” angle, used by Stoop et al., 2000 and Mizunuma et al., 2014, yields more slices from the intermediate hippocampus. I added to the figure a depiction of the alternate angle, where the rostral end of the brain is pointed down the slope. With this “downward” angle, the horizontal cut will produce more slices of the ventral hippocampus. The downward angled horizontal slice is used by Jones et al., 1988, Rafiq et al., 1993, Carter et al., 2011, and ul Haq et al., 2016. I clarify this issue in the text, and explain that if one’s experimental objectives do not specifically require intermediate or ventral slices, the agar ramp can be disregarded and a flat horizontal slicing plane can be used (lines 123 - 135; lines 620 - 638).

(6) 3rd par.: Complex spontaneous activity in interface recording chambers has not been properly discussed and inadequately referenced. See papers from Heinemann and Draguhn labs.
Thanks for the suggestions - I revised these paragraphs to include more background on interface chamber studies and I added references to works from both U. Heinemann and A. Draguhn (lines 52 - 105, 137 - 169, 640 - 661).

(7) The difference between an interface recording chamber (Oslo-type or Haas-type) and interface storage has not been explained. Many papers, including some of the citations here, incubate in actual interface recording chambers with running perfusion and possibly recordings of the activity before the transfer. One would expect differences to the simplified interface storage chamber described here.
I agree, one would expect differences between a true interface chamber and storage of slices in a simplified interface-style holding chamber! In the introduction I clarified that the method presented in this protocol represents a “compromise” between fully submerged preparations and a true interface recording chamber with running perfusion (lines 149 - 159). I also added text to the discussion to address this limitation (lines 640 – 655, 664 - 679).

Protocol:
(8) Line 302, step 5.9.: Transfer of slices is not explained. How and using which tools?
Slices are transferred one at a time from the microtome chamber to the interface-style holding chamber using a plastic transfer pipette (line 390). I added this transfer pipette to the list of materials. 

(9) Line 323, step 6.2.: Same as (8)
I added text to the protocol to explain this point. The slices are transferred with the use of fine forceps. The experimenter holds a corner of the lens paper the slice is resting on – the slice will stick to the lens paper. Using the forceps, place the lens paper and slice into the recording chamber with the slice facing down. In this way, the lens paper can then be “peeled” away, leaving the slice submerged in the recording chamber (lines 432 – 436).

(10) Basic steps to record LFP signals are not explained (Using multiclamp amplifier listed in materials?). Some components for whole-cell recordings are mentioned, but no whole-cell recording is shown and is does not really seem to be part of this protocol. I suggest removing whole-cell recording components and solutions from the manuscript.
I added additional detail to the protocol regarding the LFP recording steps (lines 402 – 482). I did also follow your suggestion and remove all whole-cell recording portions from the manuscript. 

Figures and Tables:
(11) Table 1: Define "clean water", term seems uncommon compared to aqua bidest, deionized water etc. Maybe something similar to citation 13: "Solutions should be made up in purified water that is free of trace metals and other impurities."
I replaced the term “clean water” with a more specific description (lines 193,202,574,584).

(12) Table 3, line 450: pH value is brought UP from an acidic pH (low value) to a more neutral pH (~7.2) with KOH.
I removed the parts of the protocol concerning intracellular recordings.

Discussion
(13) Line 460: 32 deg Cel. does not represent a physiological temperature for mice (~37 deg C). These recording temperatures (32 - 34 deg C) are simply established as a compromise between sufficiently high activity and stability of slice preparations.
This phrase has been removed.

(14) Line 504: Has the NMDG protocol been tested to successfully produce spontaneously active HEC slices from wild-type mice? Can you safely claim an improved quality in terms of this protocol?
I have not used the NMDG protocol, so indeed I cannot claim from personal experience that it would be in improvement with specific regards to this protocol. This sentence has been removed. 

(15) Discussion of the protocol seems narrow. Many papers produced comparable oscillations (judging by Fig. 3) without transcardial perfusion; although this was shown to be very beneficial for slices form adult animals, the perfusion poses a risk to animal welfare and requires ethical approval and training. Experiments without imaging could possibly be performed without transcardial perfusion.
I expanded upon the discussion to include more in the way of alternatives and limitations to this protocol (lines 593 – 705). The use of transcardial perfusions was included here to provide detailed steps for researchers using adult or aging animals, however you are correct in that perfusions are not strictly necessary and shouldn’t be performed unless necessary. I added text to address this issue in the discussion (lines 602 - 613).

(16) The low number of active slices makes me wonder, although maybe only one or two slices from each hemisphere could be of sufficient quality for a specific experiment. This definition is at the same time imprecise, as the quality criteria for SWR activity should be chosen to be sufficient for the individual experiment while maximising the use of tissue.
I agree that the number of active slices required will depend on one’s specific experimental objectives. In this case, my definition for an “active slice” was one in which multiple spontaneous SWRs were observed in CA2/CA3 or CA1. I cannot fully account for the low number of active slices produced by this protocol, but I added a paragraph to the discussion to address possible factors (lines 688 - 702). 

Material and solutions
(17) whole-cell patch clamp-specific solutions seem irrelevant for the protocol.
I removed the parts of the protocol concerning intracellular recordings.

(18) It is mentioned that the storage chamber and recording chamber was custom-built using a 3D-printer. The model and the material used for printing is missing from the Material/Equipment list. Maybe consider providing model-files?

I added both the 3D printer and the material used to the Materials/Equipment list. The holding chamber is a basic acute slice chamber designed by ChiaMing Lee and the file can be found on the NIH 3D print exchange at https://3dprint.nih.gov/discover/3dpx-001623 (materials list). I designed the recording chamber and included the model file in this revision (materials list). 


Reviewer #4:
Manuscript Summary:
The author describes techniques for preparation of hippocampal slices; many of the details of the described techniques are indeed very useful for obtaining healthy slices.

Major Concerns:
However, the text is vaguely written, and should be edited for precision and clarity (below are just few examples out of many...). As of now, it reads more like a memo for the author or people working in the same lab and already familiar with the techniques. I am not sure that unexperienced person, say undergraduate student starting to work in the lab would be able to reproduce these procedures in a running lab; or, for that matter, a postdoc without prior experience would be able to start a lab using this description.
That said, the paper does contain useful hints and detail.
Thank you for your feedback – I’ve added detail to much of the protocol (lines 176 – 482), and addressed below the specific points you raised. 

Minor Concerns:
Tables 1-3 and preparation of solutions
- Table 1 and 2 legend is mixed up
I reordered the legends to reflect the table files (lines 574 – 590). 

- please fit 5 columns of each table in one page
- as of now, it reads as if CaCl2 and MgCl2 have MW of 1
- why not to make stock solutions also for NaCl, KCl, NaHPO4; also NaHCO3?
I adjusted the width of the columns so that all five columns fit onto one page. In order to distinguish between the CaCl2 and MgCl2 solutions and the other chemicals, the tables include a second row of labels, with the third column labeled as “stock concentration (M)”. There is no specific reason why stock solutions couldn’t be made for the other chemicals you mention – the lab I am in just happens to purchase stock solutions of CaCl2 and MgCl2, so the tables are written to reflect the way that I prepare sucrose and ACSF. Certainly one could prepare stock solutions of other components as well. 

- what is the point of keeping stock of NaCl solution at -20C° ???
I rewrote that portion of the protocol, NaCl solution does not need to be stored at -20C (lines 192 - 194).

- since the composition of intracellular solution is provided, please consider showing an example recording.
I removed the parts of the protocol concerning intracellular recordings.

- Table of materials - please make font size uniform (unless different font size is intentional, then explain what it supposed to stress)
All text in the table of materials has been made size 12 font. 

- "Clean water" - ??? do you mean distilled? Tab water is also 'clean'.
I updated the text to be more specific, indicating that solutions should be made with “purified water that has been filtered to remove trace metals and other impurities” (lines 193,202,574,584).

- "To visualized recorded cells... " -> "To label recorded cells for morphological reconstruction...”
 I removed the parts of the protocol concerning intracellular recordings.

- "... single-cell
53 recordings for which a glass pipette must be stably affixed to the cell membrane. " - this is a weird description of an intracellular recording...
I re-wrote this portion of the introduction and removed this sentence (lines 46 – 50).

- mold for agar preparation - petri dish?
A petri dish would work, but I’ve been using a rectangular plastic container that once held glass capillaries. The rectangular container is approximately 4 cm by 4 cm by 12 cm. When filled with agar dissolved in purified water, I tilt the container along its long axis so that when the agar solidifies it forms a ramp 12 cm in width. For each experiment I cut out a small ramp, roughly 2 cm in width. I added some more detail on this point to the protocol (lines 201 - 209).

- agar ramp - please give approximate dimensions
The ramp should be approximately 4 cm along the angled surface, 0.8 cm in height, and 2 cm in width. I added dimensions to the protocol (lines 253 - 256).


- what for is carbogen line in petri dishes? If petri dish is filled to ~3-5 mm depth, carbogen might go straight in the air rather than diffuse sideways. I would rather keep chilled solution bubbling in a beaker, and pour it into the dish just before use.
You are correct - in fact, I don’t fill the petri dishes with sucrose solution until the last moment before beginning the perfusion and dissection. I re-wrote this portion of the protocol to clarify and emphasize this point (lines 297 – 299). The carbogen lines are directed into each petri dish to ensure that carbogen is bubbling continually through the sucrose in all stages of the protocol, but I believe you are correct in that the more important factor is that carbogen is bubbled though the sucrose stored in a beaker before the dissection begins. 

Fig. 2B - where and how ACSF is supplied to/removed from the chamber?
The ACSF is supplied by two tubing inlets at one end of the oval chamber, and an outlet attached to a vacuum is positioned at the other end of the chamber to remove ACSF. I added text to the figure legend and updated the figure to include this (figure 2). 


Fig. 3A - labeling EC and DG might be useful.
I added labels for the DG and the EC (figure 3).

Fig. 3B - How stimulation intensity was adjusted to compare fEPSPs?
I stimulated each slice with a range of stimulus intensities. Typically maximum responses are observed with a stimulus intensity of around 64V, so the representative fEPSPs are averaged responses to 64V stimulation (figure 3).

Fig. 3C - what is the rationale for showing recordings at different scales and differently filtered?
Comparison might be easier if scale and filtering are same...
These two traces are filtered and scaled differently because they are presenting the two different aspects of the SWR signal: the top trace is filtered to isolate the high frequency oscillation present in the SP layer, and the bottom trace is filtered to emphasize the low frequency sharp wave in the SR layer (figure 3). 

Reviewer #5:
Manuscript Summary:
This protocols aims to provide the optimal conditions for preserving the hippocampal network integrity in order to recapitulate the endogenous sharp wave-ripple activity in vitro. For this purpose author recovers the slices in an interface storage with fast ACSF flow rate and records the activity from a submerged chamber as Maier and colleagues suggested. (Maier et. al., 2009). In addition, thick (450um) slices were cut at a 12-degree angle to maintain the connections between hippocampus and entorhinal cortex. Author claims when the indicated steps were followed one would obtain active and healthy slices presenting large evoked field responses and spontaneous sharp-wave ripples.

Major Concerns:
It is unclear why one has to adapt the cut with the 12 degree. In referred articles (Maier et. al., 2009-PLos ONE; Schlingloff et.al., 2014-j Neuosci) the spontaneous SWR activity was successfully detected in high yield (90%) when the regular horizontal cutting was applied where as in this protocol one can obtain only one or two active slices. And there isn't any comparison of the quality of the recordings.
[bookmark: _GoBack]In the original manuscript I was not clear in my rationale for including the angled slice approach. I didn’t mean to claim that it is a superior or necessary modification to a “standard” horizontal slice, and you are certainly correct in that this angle is not necessary for the primary objective of producing slices exhibiting spontaneous SWR activity. Indeed many studies I’ve referenced in this protocol produce spontaneously active slices with no angle. I added a paragraph to clarify the use of an angled horizontal slice, with specific references both to studies that recommend this slicing method as well as studies that use a true “flat” horizontal slice (lines 123 - 135, 620 - 638). My rationale in including this aspect to the protocol is that the angle can be implemented to preferentially create horizontal slices that parallel the transverse plane of the ventral or intermediate hippocampus. In the original figure the brain was depicted with the ventral surface glued to the ramp and the rostral end of the brain pointed up the slope of the ramp – this “upward” angle, used by Stoop et al., 2000 and Mizunuma et al., 2014, yields more slices from the intermediate hippocampus. I added to the figure a depiction of the alternate angle, where the rostral end of the brain is pointed down the slope (figure 1). With this “downward” angle, the horizontal cut will produce more slices of the ventral hippocampus. The downward angled horizontal slice is used by Jones et al., 1988, Rafiq et al., 1993, Carter et al., 2011, and ul Haq et al., 2016. I cannot account for my lower yield (in terms of the proportion of slices showing spontaneous SWRs) relative to some other studies. Contributing factors may be my use of slightly thicker (450 um) slices, which yields fewer slices in total, and my use of the intermediate hippocampus, which may produce spontaneous activity less readily than more ventral tissue. I also used adolescent and adult mice (hence the incorporation of transcardial perfusions). I added text to the discussion section to address this issue (lines 688 - 702). 
