RESPONSE TO REVIEWS

JoVE editors and reviewers, we appreciate the opportunity to address the feedback provided on our submission and believe the process has further improved our manuscript. Below we provide a detailed a point-by-point response to this input with amendments highlighted by red text in our manuscript. This revision has addressed all reviewer and editors comments as requested. 


Editorial Comments
Point 1) Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.
Response: Manuscript thoroughly read with all identified spelling, grammar and abbreviation issues addressed.

Point 2) Please consider providing reaction set-ups and solution composition as Tables in separate .xls or .xlsx files uploaded to your Editorial Manager account. These tables can then be referenced in the protocol text.
Response: Solution composition tables uploaded to editorial manager account and referenced in protocol text. See page 4, lines 141, 143, 157, and page 12 lines 498 and 508; and new Table 1.

Point 3) JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
Response: All commercial language removed for manuscript and figure legends and commercial products only referred to in table of materials and reagents.

Point 4) Please revise the text, especially in the protocol, to avoid the use of any personal pronouns.
Response: Text revised, and all personal pronouns removed. 

Point 5) Please ensure that all text in the protocol section is written in the imperative tense.
Response: Text revised and where required changed to imperative tense.

Point 6) 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 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. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
Response: Text revised and where needed clarification on how the step should be performed was made more direct.

Point 7) Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points and one-inch margins on all the side. Please include a ONE LINE SPACE between each protocol step and then HIGHLIGHT up to 3 pages of protocol text for inclusion in the protocol section of the video.
Response: Text revised and formatted according to guidelines.

Point 8) Please add limitations of the technique to the discussion.
Response: More extensive treatment of limitations added to discussion. See page 16, 17 and 18, lines 689-701, 706-708 and 716-736.

Point 9) Do not abbreviate journal titles
Response: Text revised, and journal title abbreviations removed. 



REVIEWER #1
Major Concerns
Point 1) While the notion of a neuropharmacological assay where spontaneous activity driven by K channel inhibition may have some utility, it is not clear whether or not other compounds typically used to promote rhythmic firing (GABA_A receptor blockers) might have a similar effect.
Response:  Our decision to use 4-AP to induce spontaneous activity in the dorsal horn of spinal slices is now more clearly justified, while also acknowledging that alternative methods have also been used in various CNS regions. We now cite this literature, which includes chemically induced rhythmic epileptiform behaviour in brain slices, and fictive locomotor behaviour in the ventral horn of the spinal cord. We also justify our choice of 4-AP as it has been used in several dorsal horn studies and been assessed pharmacologically, including its sensitivity to a range of antiepileptics and analgesics. Finally, we now show that modifying potassium ion concentration can also induce a similar pattern of spontaneous activity, providing a complementary ionic approach to drug mediated induction of activity. See page 3, lines 107-115; page 12; lines 491-497; page17, lines 697-701; and Figure 10. 

Point 2) The claim that the assay could support the discovery of antinociceptive compounds is not compelling since TTX is far from a compelling model. Why not lidocaine or carbamazepine?
Response: Application of TTX in our manuscript is used to simply highlight the preparation is amenable to pharmacological studies, while at the same time confirming that rhythmic LFP activity is a network signal that is dependent on spiking. Justification for use of 4-AP to assess antinociceptive compounds is now better supported citing previous patch clamp work that screened the effects of both analgesics and antiepileptic drugs on 4-AP induced activity in dorsal horn neurons. These results suggested that drug sensitivity of the 4-AP assay was similar to the pharmacological profile in neuropathic pain patients. Finally, we note the JoVE does not require experimental data comparisons and thus a more detailed pharmacological screen was not undertaken. See page 3, lines 107-115.

Point 3) How long can the slices be maintained acutely? If it is only 15 min, this is far from long-term stability such that the utility as described is highly limited.
Response: Apologies for the misunderstanding. Following preparation, spinal cord slices can be maintained for approximately 6 hours in the incubator. Once a recording begins and 4-AP applied, we confirmed that rhythmic activity is maintained for at least 15 minutes. This was considered sufficient time for an in vitro drug assay, allowing 4-AP induced activity to be assessed prior to and following drug application. The average duration that spinal cord slices remain viable, and clarification of how long stable 4-AP induced activity was assessed, are now more clearly described in our revision.



REVIEWER #2
Major Concerns
Point 1) An important issue is related to the lack of rhythmic activity showed by the authors under control conditions, their interpretation and the use of 4-AP. There are several works that have shown spontaneous spiking activity and intrinsic rhythmicity in the spinal cord under in vivo conditions (Pain. 1976 Mar;2(1):5-24. doi: 10.1016/0304-3959(76)90042-7, Neuroscience. 1994 Aug;61(4):991-1006. doi: 10.1016/0306-4522(94)90419-7), and hence spontaneously active neurons are likely present in the spinal cord under physiological conditions. In spinal cord preparations in vitro, there are also works that had reported considerable rhythmic activity (J Neurosci. 2011 Jun 15;31(24):9010-22. doi: 10.1523/JNEUROSCI.6555-10.2011; J Physiol. 2014 Apr 1;592(7):1519-34. doi: 10.1113/jphysiol.2013.269472). Although the proportion of neurons with rhythmic activity can be low, the use of multiple electrodes must facilitate the recording of spontaneously active neurons and enable its study. This seems to be successfully done using a similar slice approach and multielectrode arrays (Sci Rep. 2018 Jun 27;8(1):9735. doi: 10.1038/s41598-018-27993-y; Pflugers Arch. 2016 Nov;468(11-12):2017-2030. doi: 10.1007/s00424-016-1886-6). Its appears that the age of the animals in these in vitro studies was lower than in the present ms (3-12 months here vs animals under 2 months), and that the proportion of spontaneously active neurons may decrease with age (J Neurosci. 2011 Jun 15;31(24):9010-22. doi: 10.1523/JNEUROSCI.6555-10.2011). However seems difficult to justify an impossibility to work with non-pharmacologically-induced rhythmic activity only by the age of the animals. 
Response: These points are now clarified in the manuscript. Of course we don’t dispute that some cells are spontaneously active (and sometimes rhythmically) in the dorsal horn. The work referred to is now cited, with the caveat that studies reporting such activity are predominantly limited to young neonatal tissue. We have also added note of literature on spontaneous activity in the spinal cord of adult animals. Importantly, this work is done using a search strategy where electrodes are advanced into tissue to identify active cells, a very different approach to the static sampling that is achieved when a slice is placed on a fixed array of electrodes. In fact, the examples provided by the reviewer of spontaneous activity (Sci Rep. 2018 Jun 27;8(1):9735. doi: 10.1038/s41598-018-27993-y; Pflugers Arch. 2016 Nov;468(11-12):2017-2030. doi: 10.1007/s00424-016-1886-6) use single shaft MEAs that are advanced through the preparation until activity is detected. Furthermore, this work reports very low levels of activity when patch clamp recording, which does not afford a prospective search for active cells, is used. This detail is now added to the manuscript and is consistent with our report of low baseline activity levels and use of an approach (4-AP stimulation) to enhance activity in the slice and unmask regional networks. See page 16 and 17, lines 689-701.

Point 2) The slicing procedure made can be affecting the results obtained. First, it is likely that the portions close to the cut border have been damaged by the blade, and hence may have low functionality. Although the authors used 3D electrodes these have a low size and may still be located in a partially damaged portion. Second, as slices seem to be cut in both sides, this could have severed many connections reducing the active contacts within the circuits. This is also important given the claim of the authors that this approach may be useful for studying spinal circuits' activity. 
Response: It is certainly widely accepted by slice electrophysiologists that some level of cell damage occurs at the cut surface of slices. This has not hampered the field from making substantial progress in mapping dorsal horn circuits, including the use of optogenetics. Furthermore, the same method is used for every experiment which enables consistency in data collection and any damage related impact is unlikely to skew results.  It should be noted that previous work suggests MEA electrodes pick up signals from approximately 30-100 µm away from the activity source, conversely it is estimated that cell damage on the cut slice surface spans approximately 15-30 µm. Together, these parameters support the utility of the preparation as described in our manuscript. Importantly, we also highlight the potential to make recordings from multiple slice orientations, accounting for the orientation of DH circuits. These consideration and caveats are now added to our expanded discussion. See page 16 and 17, lines 716-736.

Point 3: The use of 4-AP inevitably alters the operation of spinal circuits and reduce the relevance of the data obtained. In a methodological ms like this, I consider that at least a discussion of these issues (if the authors do not find an experimental way to deal with them), together with sufficient and unbiased citation of the literature may give the reader a complete vision of the possibilities of this procedure and additional alternatives that may enhance its applicability. 
Response: Literature describing the background and existing understanding of 4-AP induced activity in the dorsal horn was cited in our original manuscript (i.e., studied using patch clamp, extracellular recording and calcium imaging; requires intact excitatory and inhibitory synaptic transmission; expands receptive fields when applied in vivo). Nevertheless, and expanded treatment of this literature is now included in our revision. We also note that other pharmacological and ionic strategies can be used to evoke spontaneous activity in slice preparations. Much of this literature is developed in the field of epilepsy using brain slices, though similar strategies are also used to induce fictive locomotor activity in the ventral spinal cord. This work is now cited, but we also take the opportunity to emphasise that use of 4-AP to induce activity in the dorsal horn has the greatest evidence and background information. In addition, we have added data showing that modest elevation of potassium concentration in the bathing (aCSF) solution can also evoke rhythmic activity with the same characteristics as 4-AP. This reinforces the utility and biological relevance of the methodology described in our manuscript. See page 3, lines 107-115; page 12; lines 491-497; page17, lines 697-701; and Figure 10.

Point 4: The use of slices with attached roots will also increase the options for these studies. This may enable the activation of primary afferent terminals to activate intrinsic circuits and neurons, perhaps avoiding the pharmacological intervention with 4-AP.
Response: There are many methods descriptions that detail preparation of dorsal root attached slice preparation, including our own. This is outside our intended scope, and we therefore simply acknowledge that this alternative would be possible. 

Point 5: It is quite surprising that the authors do not shown any example of an extracellular action potential in which was possible to judge the quality of the recording. In figures 3B, 4A and 5 there are some fragments of the recording in a time scale that impedes to identify the characteristics of the action potential. Considering the analysis itself, it is currently more common to analyse extracellular recordings using spike sorting than simply a threshold-based criterion. There are multiple possibilities of analysis programs (some of them free access) that can be used in order to classify the recorded activity and obtain more precise information from the experiments. Have the authors tried to perform this type of analysis? This also may help to obtain a more accurate analysis, since it seems strange to read "less than 10 EAPs should be detected in reference electrodes where physiological activity won't be occurring", and such activity will probably be excluded with an adequate analysis. 
Response: We now provide a new figure that shows a series of recordings spanning the range of extracellular action potential activity, as well as examples on an expanded timescale to show the quality of obtained recordings. We also add a note to highlight our pooling of extracellular action potentials as a single population for each electrode, and a reference a detailed review of spike sorting strategies and analysis for readers that wish to pursue this analysis. See page 9, lines 370-374; page 10; lines 396-403; and Figure 4.

Point 6: To study synchronicity, the authors indicate that they have used a method described in a previous work from Satuvuori, et al. However, I'm not sure if they use the same tool or an adapted version, this need to be clarified, and also if this tool is available or not, and where get it, if it was possible.
Response: We used equations published in the Satuvuori, et al. paper to undertake our synchronicity analysis, not a method or tool. These details are available in section 2.3 of the Satuvuori, et al. paper, equation 20, for readers that wish to access this information. 

Minor Concerns
Point 1) It seems for the examples in figs 4B and 6B that EAPs and LFPs in the presence of 4-AP may occur in slightly different areas of the cord, LFPs in deeper regions. Have the authors seen any relation between the type of activity elicited and the area of the cord?
Response: Data presented in figures 4B and 6B is example data from two different slices leading to the difference in location. The schematic of MEA electrode location under the DH, shown in panel B on the left for both figures, is an estimate location and subsequently the difference in activity partially stems from the DHs of each slice sitting in a slightly different location on the MEA. Additionally, the area of activity does differ between slices, however, no obvious pattern of difference is evident between activity types, and this has not been investigated further. 

Point 2) Looking at figure 8B it seems that there is more synchronization between left and right sides than inside the right side, is this possible?
Response: Figure 8B shows activity recorded in a horizontal slice. Activity is predominantly in the left dorsal horn as shown by the thicker connecting lines. Some activity is also resolved in the right side, though much less than left. Coincident activity between side is possible, although many other factors such as slice depth and subtle off axis orientations could contribute. This is not a significant feature in the data.

Point 3) In section 1.1.2 indicate that sucrose aCSF was introduced in a -80ºC freezer, but then in section 1.3 seems that "ice-cooled" aCSF was used. At first glance, -80ºC seems a rather low and perhaps uncommon temperature for living tissues, that could affect the viability of the preparation. Please explain and justify if necessary.
Response: The -80ºC freezer was used to freeze the solution to an ice-cold consistency quickly. The temperature of the solution when used to cool the tissue was below 0º but much higher than -80ºC as the solution was removed from the freezer, vigorously shaken and stirred to achieve a ‘slurry’ consistency and held at room temperature prior to use. This is now clarified in the text. See page 4, line 166.

Point 4) Although the authors used carbanox, perhaps other 95% O2, 5% CO2 gas mixtures could also be adequate and easier to obtain?.
Response: Carbanox is simply one trade name for the common 95% O2, 5% CO2 gas mixture used in electrophysiological procedures across the literature, also referred to as Carbogen. We now clarify this and refer to the gas mixture by composition.

Point 5) In Fig 1, sagittal slice picture shows a line of white matter in the centre that may not correspond to the position indicated with the blade.
Response: This image depicts a lateral sagittal slice where the lateral fasciculus is interposed between the dorsal and ventral horns. We can confirm that the depiction is accurate with several years of experience preparing this tissue.  
	
Point 6) In figure 2E it is difficult to appreciate the borders of the cord and the semi-transparent band that correspond to SDH.
Response: This image is a realistic reflection of the likely appearance of the preparation. Superimposed outlines highlight the spinal cord slice positioning. We believe this gives the reader sufficient landmarks to correctly orient the tissue on an MEA. 

Point 7) Raster plots in figures 4A and 6A. How were these graphs constructed? Is each row a different channel? How are ordered the channels? Only "active" channels are included? How can be compared the same channel under different conditions using this graph? Are the bins 1 second long?
Response: In terms of the construction of the raster plots, each channel represents a different electrode, and the bins are 1 second long. Previously only active channels were shown, however, to clarify confusion previously excluded inactive channels have now been included. This means channels now correspond between conditions, i.e. channel 1 in baseline corresponds to channel 1 in 4-AP and 4-AP 15 minutes. See Figures 5 and 7.

Point 8) The authors must indicate the parameters used for slicing. Although is likely that the parameters must be adjusted for each vibratome, an indication will be useful for other researchers.
Response: Details on the vibratome settings have been added to the manuscript. See page 6, lines 242-243.

Point 9) Please correct line 469 (traces are at the right), and line 484 (in).
Response: Corrected.



REVIEWER #3
Point 1) There is a mention about a MATLAB script, but the code is not given.
Response: MATLAB script now included in manuscript. We note that provision of this code necessitated a new author (Augustus Elton) be added to our manuscript. Author details are updated accordingly.

Point 2) Replace excel with Excel.
Response: All mentions of Excel have been removed at the editor’s request (no commercial language should be used in the manuscript).
