Dear Journal of Visualized Experiments Editorial Team and Reviewers,

We thank you for your thoughtful feedback for improving the clarity of the methodology instructions and providing a richer context for how this method fits within the field. Below, you will find a line-by-line response to your feedback. We have made every attempt to fully address and incorporate and your suggestions, and we are excited about the prospect of publishing this improved version of our manuscript in the Journal of Visualized Experiments.

Editorial Comments:

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

We have thoroughly reviewed the text to identify spelling and grammatical errors.

• Textual Overlap: Significant portions show significant overlap with previously published work. Please re-write lines 110-121, 125-129, 265-280 to avoid this overlap.

This text has been rewritten to reduce overlap between previous submissions.


• 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 add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) 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) 2.1: Mention animal age, sex, weight, strain.
The following has been added to this line:
“Using adult, male, Sprague Dawley Rats (250-450g)…

2) 2.6: Mention drill bit size and speed.

The following has been added to this line:
“Use a stereotaxic or hand drill, drill (1.00mm, 30,000 r.p.m)”

3) 2.7: What kind of screw? Mention specifications.

The following has been added to this line:
“Partially (about halfway, until it is firmly in place) implant a screw (1.59mm O.D., 3.2mm long) in this hole”

4) 2.8.,2.11: How? By drilling? See previous comment on drilling.

These suggestions have been accommodated by replacing the word “drill” instead of “make”




5) 5.4: Briefly describe brain extraction or cite a reference.

The following sections have been added and rewritten to expand on brain extraction:

5.5 Remove the head from the anesthetized rat by using a sharpened guillotine. 
5.6 Using rongeurs, remove the connective tissue and skull surrounding the brain, and gently dislodge the brain from any remaining tissue
5.7 Store the brain in 4% formalin for 1 day. The brain should be transferred to 30% sucrose afterwards. 

Note: in our hands, perfusion with 4% formulin is not necessary to see the lesion site, although as a best practice will improve the reconstruction of the lesion site.

• 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.

We have significantly reworked and reorganized the discussion to better incorporate these five sections.


• 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]."
 
N/A: this work has not been published in any other publication.


 

Comments from Peer-Reviewers:



Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The Addy lab provides a brief description of the methodology by which a scientist could perform combined microinfusions + electrochemical recording via fast-scan cyclic voltammetry (FSCV). Dr. Addy trained under the founder of this electrochemical technique and is a good candidate to make a video detailing how it should be performed. Moving forward with a video would make a useful contribution to the field. Of note, there are several nuances regarding urethane anesthesia, where to order specific parts, etc., that are not otherwise available in current publications on the technique. However there are several places the written text could be expanded, in addition to numerous grammatical errors and typos that require a round of judicious editing by the authors.

Major Concerns:
The authors should note in the discussion that transient release events are distinct from electrically-evoked release events (PMID: 15128853 fig. 3; this may not directly depolarize dopamine neurons) and these, in turn, are dissociable from optically-evoked release events (PMID: 26011081). It might also be worth noting that phasic neural activity detected using extracellular electrophysiological recordings might be dissociable from the dopamine release events detected using FSCV.

This is an important distinction to integrate into the discussion. The following has been incorporated into the discussion to highlight the distinction between transient, electrical, and optically evoked dopamine release:

“It is important to note that electrically evoked release events are distinct from transient release events often observed in freely-moving studies, and less often in the anesthetized preparation. Transient release events, for example, may not be necessarily be driven by direct depolarization of dopamine neurons unlike electrically evoked release events[30]. As such, phasic neural activity might be dissociable from the dopamine release events detected via FSCV.  Moreover, optically evoked DA release has been shown to differ from electrically evoked DA release events A recent comparison between optically and electrically evoked stimulation has revealed that electrically evoked stimulation produces multi-synaptic regulation of phasic DA release whereas optically evoked stimulation can limit stimulation to more specific circuits” [31].

Urethane dosing is complicated and could be clarified here. Some detailed description in determining final solution and injection dosage for urethane would be helpful. Substantial solute is required in the case of urethane. What is the concentration of urethane solution the authors use? Is the 1g/kg dose based on a concentration after the solute is added or before? It might also be helpful to note that urethane is a carcinogen/mutagen/teratogen and why it is used over less dangerous anesthetics.

Your suggestion is very useful in clarifying the complexities of urethane dosing. We have amended the protocol to incorporate a clearer, step-by-step explanation on urethane dosing and achieving an anesthetized plane.


2.1 [bookmark: _Hlk25326550]Using adult, male, Sprague Dawley Rats (250-450g) give 1.5 g/kg (1 ml/kg volume) intraperitoneal injection of urethane dissolved in sterile saline 

2.2 The concentration of the urethane solution is 0.5g/ml w/v (weight per volume). For preparation, add 10g of Urethane to 10g (~10ml) saline. The initial urethane dose administered to the rat is 1.0 to 1.2g/kg. If the animal is still responsive to the noxious stimulus test (tail pinch) 20 minutes after urethane administration, an additional 0.3 to 0.5g/kg urethane can be administered for a 1.5g/kg total dose. It is important to note that urethane is a carcinogen, but also note the importance of its use as an anesthetic as it does not alter levels of dopamine, as do other anesthetics such as ketamine/ xylazine and chloral hydrate[22, 23].  

Squires electronics was purchased by Kauffman engineering I believe; this point should be checked and updated in the authors' part description spreadsheet if necessary. Also, a unit should be provided for length. But, a reference of parts, etc., is sorely lacking and makes it difficult for investigators unfamiliar with the field to set-up this technique. This reference alone appeals to me.

Thank you for identifying that Squire Electronics is no longer in business. We have also updated the materials sheet that will be more useful to those who are unfamiliar with this approach.

Might perfusion of the animal improve histological reconstruction of lesioned tissue in this 'best-practices' tutorial?

We agree that perfusion could certainly improve histological reconstruction. In our hands, we do not need it to see the reconstruction site, but we included a note that perfusion will aid in reconstructing the lesion site:

5.3 Using a lethal injection of pentobarbital (150mg/kg, i.p,), euthanize the animal. 
5.4 Perfuse the rat using a 4% formalin solution
5.5 [bookmark: _Hlk25328218]Remove the head from the rat by using a sharpened guillotine. 
5.6 Using rongeurs, remove the connective tissue and skull surrounding the brain, and gently dislodge the brain from any remaining tissue.
5.7 [bookmark: _Hlk26793258][bookmark: _Hlk25330277]Store the brain in 4% formalin for 1 day. The brain should be transferred to 30% sucrose afterwards. 
[bookmark: _Hlk29019593]
Note: in our hands, perfusion with 4% formulin is not necessary to see the lesion site, although as a best practice will improve the reconstruction of the lesion site. 

Minor Concerns:
It is unclear why the electrical stimulation section is still highlighted in yellow; is this incomplete?
This section is highlighted yellow as part of JOVE’s instructions for highlighting which sections of the protocol are most important to be video-taped.


There is a spacing error in 1.4; 1.4.2
This has been addressed

At times the bullets end with a sentence; in others they do not.
All bullets now end with a period.

There are other minor grammatical errors that should be checked by the authors.
We have reviewed the manuscript more thoroughly to avoid these grammatical errors.

Reviewer #2:
Manuscript Summary:
The manuscript "Combined infusion and stimulation with fast-scan cyclic voltammetry (CIS-FSCV) to assess ventral tegmental area receptor regulation of phasic dopamine" by Wickham et al. described the method of CIS-FSCV and its application in anesthetized rats. This method provides specific VTA receptors' role in modulating phasic dopamine release in its terminal regions.

Minor Concerns:
1. Line 43 in Abstract and Line 66: Suggest to verify that the stimulation is "electrical" stimulation.
This suggestion has been incorporated, and now reads as:

Abstract: “a phasic DA response can be evoked by electrically stimulating the VTA with a bipolar electrode”

Introduction: “Here, in the anesthetized rat, we electrically stimulate the VTA to evoke a large phasic DA signal (1-2µM) in the NAc core, as measured by fast-scan cyclic voltammetry (FSCV)”

2. Line 89-91: Suggest to clarify that presynaptic receptors are in the dopamine terminal or cell body regions in the VTA.

Thank you for this suggestion—this section has been re-written to incorporate your feedback:

[bookmark: _Hlk26350395][bookmark: _Hlk26793486][bookmark: _Hlk25575668]“Mechanistic examination of phasic DA regulation is also commonly studied using slice preparations alongside with bath application of drugs. These studies often focus on the presynaptic regulation of phasic DA release from dopamine terminals, as the cell bodies are often removed from the slice[12]. These preparations are valuable for studying presynaptic receptor effects on dopamine terminals, whereas CIS-FSCV is better suited to study somatodendritic receptor effects on dopamine neurons as well as presynaptic inputs to the VTA. This distinction is important, as somatodendritic receptor activation in the VTA may have a different effect than NAc presynaptic receptor activation. Indeed, blockade of  dopaminergic presynaptic nAChRs in the NAc can elevate phasic dopamine release during burst-firing[13], whereas the opposite is true at VTA somatodendritc nAChRs[10, 11].”

3. In the Protocol: need to clarify that the protocol is for only anesthetized animal experiments. For examples, 1.0 mm outer diameter of glass capillary and filling the electrode with electrolyte solution is for the anesthetized animal experiments.

This is an important clarification point, since freely-moving and anesthetized preparations require different capillaries. We have added the following line to clarify that this protocol is for use in the anesthetized preparation:

“This protocol is specific to the anesthetized rat preparation of utilizing CIS-FSCV”

4. Line 110: The protocol describes making "electrode solution" as a Tris buffer. This physiological solution is used in post calibration rather than backfill solution. Backfill "electrode" solution consists of 4 M potassium acetate and 150 mM potassium chloride (A. Hermans, R.M. Wightman, Langmuir 2006).

This error has been fixed and reference updated. This section now reads as:
1.1.1. “To make the electrode backfill solution, prepare a solution of 4M potassium acetate with 150mM potassium chloride[3].”


5. Line 132: Suggest to change "electrode fabrication" to "electrode preparation"
This suggestion has been implemented.

6. Line 174 and 187: suggest to add "for reference electrode" and "for carbon-fiber microelectrode". In addition 1.5 mm for reference and 3.0 mm holes are too big for the electrodes. Especially, 3.0 mm hole for carbon fiber microelectrodes will cause misplacement of the carbon microelectrode in the brain. Recommend to change to 1.5 mm hole. Additionally, it may be advisable to not mention "anywhere in the left hemisphere" but rather give an approximate anterior-posterior axis coordinate as to not place items too close to the CIS or working electrode.

Thank you for these suggestions—we have incorporated your feedback below. Drilling the holes for the stimulating electrode now comes prior to lowering the working electrode into the brain, per your suggestion:

2.6 [bookmark: _Hlk25327257][bookmark: _Hlk25327442]Use a stereotaxic or hand drill,  (0.1.00mm, ~20,000 r.p.m),  drill a 1.5mm diameter hole 2.5mm anterior to bregma and 3.5mm lateral to bregma.  Partially (about halfway, until it is firmly in place) implant a screw (1.59mm O.D., 3.2mm long) in this hole.

2.7 [bookmark: _Hlk25576145]For the reference electrode, drill a  1.0mm diameter hole 1.5mm anterior to bregma and 3.5mm lateral from bregma (in the left hemisphere), anterior to bregma and in the left hemisphere.

2.8 By hand, insert ~2mm of reference wire into this hole, while wrapping the reference wire around and under the head of the screw previously implanted.

2.9 Fully implant the screw, pinning down the reference electrode in place.

2.10 [bookmark: _Hlk25576452]In the right hemisphere, drill a 1.5mm diameter hole at 1.2mm anterior and 1.4mm lateral to Bregma. 

2.11 Gently remove the dura, using tweezers.

2.12 [bookmark: _Hlk25576633]For the stimulating electrode, drill a square hole (2 mm anterior-posterior, 5 mm medial-lateral) centered at 5.2 mm posterior and 1.0 mm lateral to Bregma.

2.13 Using the stereotactic arm bars, lower the bipolar stimulating electrode/guide cannula 5 mm below dura. There may be bleeding during the implantation of the electrode. Utilize sterile Q-tips and gauze to minimize bleeding.

Note: The bipolar stimulating electrode used in this method is pre-fitted with a guide cannula (see materials sheet). The internal cannula used with this item should be flush with the prongs on the bipolar stimulating electrode when fully inserted into the guide cannula. This will allow the internal cannula to sit directly in between the two prongs of the stimulator, which sit about 1 mm apart. A similar protocol is described in [16]. 
2.14 Using the stereotactic arm bars, lower the carbon fiber microelectrode 4mm below dura. This location is at the most dorsal portion of the striatum.


7. Line 200: It is unclear why the author's suggest drilling holes while the electrode is implanted in the brain.

The order of drilling has been re-arranged (see previous comment) so that this no longer occurs in the protocol. 

8. Line 213: 300 uA stimulating current is typically used for anesthetized animal experiments. 150 uA is for freely moving animal experiments.

Thank you for the correction—we have modified it accordingly.

9. Line 218: Suggest to clarify that "electrical stimulation" induces twitching in the rat's whiskers.

We have clarified this point below:

3.2 Gently lower the stimulator in increments of 0.2mm from 5mm below dura to 7.8mm. At each increment, stimulate the brain. 

[bookmark: _Hlk26355334][bookmark: _Hlk26354676]Note: At more dorsal depths (5-6mm), stimulation of the brain will typically (~80% of the time) cause the whiskers of the rat to twitch. At further depths, the whiskers will cease twitching, which occurs between 7.5-8.2 mm below dura. When the whiskers cease twitching, the stimulating electrode will be near or at the VTA. This will not occur in every rat, and lack of whisker twitching should not be taken as a sign that the bipolar stimulating electrode/ infusion cannula is misplaced. Whisker twitching may not occur for all anesthetics (e.g., isoflurane).

10. Line 297: Suggest to verify that the drugs were in fact infused into the VTA.

We have incorporated this suggestion by adding in addition to verifying carbon fiber placement, also to verify the location of the stimulator histologically:

5.10 Denote the location of the carbon fiber microelectrode lesion and bipolar stimulator/infusion cannula location using a light microscope.
[bookmark: _Hlk25584764]
11. Line 355: etching the carbon surface decreases the surface area but produces new surface.

We have added this correction accordingly:

Discussion, First Paragraph

 As the carbon fiber is being cycled, the carbon fiber itself oxidized, and becomes etched, decreasing the surface area but producing new surface for dopamine adsorption
[bookmark: _Hlk25584858]
12. In Discussion: Suggest to provide the following additional information.
"If the altered DA released caused by inserting the internal cannula or saline will be gradually recovered to the baseline within 30 min.

We have made this incorporation accordingly. This is very important.

Discussion, Second Paragraph
“Moreover, if there is altered DA released caused by inserting the internal cannula or vehicle infusion, the signal typically recovers to baseline within 30 minutes.”

Reviewer #3:
Manuscript Summary:
This work is about how to perform a drug infusion at the place where the stimulation electrodes are located during a fast-scan cyclic voltammetry procedure. The proposed protocol is for the ventral tegmental area of the rat brain while quantifying the release of dopamine in the nucleus accumbens. The possibility of infusing drugs, agonist or antagonist ligands, allows studying the influence of homologous and heterologous neurochemical systems in controlling the phasic release of dopamine (or another catecholamine) using FSCV. Although the methodology has been previously described and used, the value of generating a visual protocol plus an exhaustive description of the technique can be very significant for people who want to implement it in their laboratories.
This work adequately addresses the challenge and shows a convincing protocol, although there are some aspects that should be improved.

Major Concerns:
1.- The most important part of the protocol is how to reach the VTA with a cannula through which it is infused a solution containing drugs. This is not explained. How do they do it? How do they introduce the cannula? Important details are missing. The authors should explain in a detailed way how they lowered the cannula, how they ensure that the infusion cannula is close to the tip of the stimulation electrode in the VTA. Did they use a needle to infuse the solution?

Thank you for this feedback. We have incorporated additional details to clarify this point. In short—the description of the bipolar stimulating electrode, which is fitted with a guide cannula, is expanded upon. We have added the following to the method sections:

2.14  Using the stereotactic arm bars, lower the bipolar stimulating electrode/guide cannula 5 mm below dura. There may be bleeding during the implantation of the electrode. Utilize sterile Q-tips and gauze to minimize bleeding.

Note: The bipolar stimulating electrode used in this method is pre-fitted with a guide cannula (see materials sheet). The internal cannula used with this item should be flush with the prongs on the bipolar stimulating electrode when fully inserted into the guide cannula. This will allow the internal cannula to sit directly in between the two prongs of the stimulator, which sit about 1 mm apart. A similar protocol is described in [16]. 

4.2 After achieving a stable baseline (<20% variation over 5 stimulations), gently lower the internal cannula by hand into the guide cannula that is pre-fitted into the bipolar stimulator.


2.- Is the drug infusion cannula attached to the stimulant electrode? If it's not how the cannula gets in? I miss a third arm in stereotaxic to do this. The first work to my knowledge describing the infusion of drugs in the VTA during FSCV experiments is the paper of España et al. 2011 (Hypocretin 1 / orexin A in the ventral tegmental area improves dopamine responses to cocaine and promotes cocaine self-administration. Psychopharmacology (Berl). March 2011; 214 (2): 415-26. doi: 10.1007 / s00213-010-2048-8). In this paper the cannula is fused to the stimulant electrode. Authors should cite this paper and compared with their own protocol.

This protocol is similar to the one outlined in Espana et al.,. This reference has been added accordingly, in addition to clarifying this component of the methodology (see previous response)


3.- Important details regarding the protocol description are missing. How long it is necessary to wait after the infusion to perform the first registration?

Thank you for this helpful suggestion. Additional details regarding how long one should wait post-infusion has been added below.

4.4 Post-infusion, leave the internal cannula for at least 1 minute prior to removal. Some drugs may require leaving the internal cannula for longer based on the drug kinetics, and removal of the internal may cause the drug to travel back up through the internal. If there is concern, one could leave the internal cannula in the guide cannula during the entirety of the recording. Otherwise, recording can begin after this 1-minute interval.


Minor Concerns:
1.- The last sentence of the summary (Additionally, CIS-FSCV produces very robust effects since the levels of phasic DA produced through VTA stimulation higher than spontaneous or stimulus-evoked events observed in freely-moving studies), should be modified, since it is a conjecture and does not correspond to a conclusion that emerges from the data provided by work.

This sentence has been removed from both the abstract and discussion—we agree that this statement is too strong and there is not sufficient evidence to support this.


2.- Line 55 should say VTA DA neurons switch…..

This has been corrected accordingly. 


3.- lines 87-88, and 92-93, sentences are confusing. What the authors try to say with somatodendritic versus presynaptic control should be better explained. It cannot be ruled out that drugs infused directly into the VTA may have an effect on presynaptic terminals and not on the somatodendritic tree of the dopaminergic neurons.

We agree that this section could be further clarified, and have made edits to this section accordingly, outlined below.

Introduction Paragraph Four
“Mechanistic examination of phasic DA regulation is also commonly studied using slice preparations alongside with bath application of drugs. These studies often focus on the presynaptic regulation of phasic DA release from dopamine terminals, as the cell bodies are often removed from the slice[12]. These preparations are valuable for studying presynaptic receptor effects on dopamine terminals, whereas CIS-FSCV is better suited to study somatodendritic receptor effects on dopamine neurons as well as presynaptic inputs to the VTA. This distinction is important, as somatodendritic receptor activation in the VTA may have a different effect than NAc presynaptic receptor activation. Indeed, blockade of  dopaminergic presynaptic nAChRs in the NAc can elevate phasic dopamine release during burst-firing[13], whereas the opposite is true at VTA somatodendritc nAChRs[10, 11].”


4.- Indicate the model of potentiostat (line 195) and stimulator (line 212)

These models have been added to the text accordingly

[bookmark: _Hlk26350617]2.16 Connect the reference wire and carbon fiber to a potentiostat (University Electrochemistry Instrument, University of North Carolina Chapel Hill Electronics Facility).

3.1 [bookmark: _Hlk26350699]Set the stimulator (Neurolog 800A, Digitimer) to produce a bipolar electrical waveform, with a frequency of 60Hz, 24 pulses, 300 μA current, and pulse width of 2ms/phase.

5.- Give an explanation for step 2.15 (Why is it important?)

We have added additional details to this step to provide some additional background as to why this step is taken.

2.17 Apply a triangular wave form (-0.4 to 1.3V, 400V/s) for 15 minutes at 60 Hz, and again for 10 minutes for 10 Hz. Typically, when applying waveforms to carbon fiber microelectrodes in the brain, oxide groups are added to the surface of the carbon fiber. Equilibrium of this reaction must be reached prior to recording, otherwise significant drift will occur[21]. Cycling the electrode at higher frequencies (60Hz) allows the carbon fiber to achieve equilibrium faster.

6.- Figure 4 define MEC

These have been done so in the figure legend, as well as indication of the dose used. The figures have also been re configured; this figure is now Figure 4A.

7.- Figure 5 define SCOP

These have been done so in the figure legend, as well as indication of the dose used. The figures have also been re configured; this figure is now Figure 4B.

Reviewer #4:
Manuscript Summary:
The manuscript by Wickman et al. describes the use of fast-scan cyclic voltammetry at a carbon-fiber microelectrode coupled with a combined stimulating electrode and injection cannula to assess afferent control of mesolimbic dopamine neurons at the receptor level. The manuscript is well written and organized. The technique is clearly and comprehensively described. Presented data support the utility of the approach. Overall, the manuscript provides a valuable description of a useful technique for studying afferent control of mesolimbic dopamine neurons.

Major Concerns:
1. While the Introduction provides a good description comparing technical approaches for studying mesolimbic dopamine neurons, it needs to be cast broader by inclusion of more recent optogenetic and fluorescent approaches. In particular, how does the voltammetric approach with infusion of receptor targeting drugs compare with optogenetically activating or inhibiting afferent input and monitoring dopamine in striatal regions fluorescently with, e.g., GCaMP3, GRABDA or dLight?

Thank you for this very helpful suggestion in broadening the scope of this work. We have added a discussion in the introduction section comparing the pros and cons of CIS-FSCV with combined optogenetic and fluorescent approaches, as described below. We recognize your suggestion is for the introduction section, and we feel that it is more appropriate for the discussion section given the editorial comments and guidelines placing comparisons of approaches in the discussion section.

Discussion Paragraph 4
Some recent approaches have employed optogenetic and fluorescent methods to investigate the circuitry underlying rapid dopamine dynamics in vivo[14]. For example, recent work by Sun and colleagues showed that optogenetic stimulation of dopamine neurons in the substantia nigra produces rapid elevations of DA in the striatum, as measured via expression G-protein coupled receptor-activation-based DA (GRABDA) sensors[14], Combined optogenetic and fluorescence approaches could be used to stimulate or inhibit specific afferent inputs to the VTA, while measuring DA release in the NAc. CIS-FSCV, on the other hand, cannot stimulate the afferents as specifically as optogenetic stimulation, but has the advantage in that it can address questions about presynaptic and postsynaptic receptors within the VTA.  While flourescent and FSCV approaches both have sufficient temporal resolution (subsecond) and sensitivity to DA (1-10nM) to comparable measure changes in phasic DA release[14, 15], one advantage FSCV may have over fluorescent monitoring of phasic DA in vivo is that no genetic manipulations are required for recording. Indeed, a CIS-FSCV experiment can be completed within hours, whereas combined optogenetic and fluorescence approaches require sufficient time (weeks) for sufficient expression using viral constructs.



2. The discussion of altering the levels of electrically evoked dopamine by changing stimulating parameters is confusing. Yes, increasing stimulus intensity will yield larger-amplitude dopamine signals that are easier to measure, but these same signals may not be physiologically relevant. Thus, receptor drug effects on this dopamine signals may be challenging to interpret faithfully.

We have omitted this section for clarity.

Minor Concerns:
1. Whisker twitching elicited by electrical stimulation may not occur with all anesthetic (e.g., isoflurane).

We have added a line accordingly incorporating this suggestion:
 
“Whisker twitching may not occur for all anesthetics (e.g., isoflurane”.

Reviewer #5:
Manuscript Summary:
In this paper, the authors are proposing a methodology that combines infusion and stimulation with fast-scan cyclic voltammetry (CIS-FSCV), to assess the functionality of VTA receptors in driving phasic DA release. For that, they included:

1) A general description, step-by-step, about how the experiment should be carried out.
2) Data and figures for voltammetric recordings using the proposed CIS-FSCV system after infusion of different drugs

The authors conclude that "Using CIS-FSCV, pharmacological agonists or antagonists can be infused directly at the stimulation site to investigate specific VTA receptors' role in driving phasic DA release in the NAc". They also claim that using CIS-FSCV, the" VTA receptor the function can be studied in vivo, building on in vitro studies".

In general terms, the protocol is including most of the critical details in an organized fashion. However, several aspects need to be completed, added and/or explained to give the reader a more complete and accurate idea about the procedure.

Comments:
1. Electrode preparation (1.2.) steps are in general complete. However, the reference provided for more detailed info is not informative at all since it is not even including any detail about electrode preparation. Considering that this is a very important step for the outcome (good quality recordings), it requires better sources regarding electrode preparation. I suggest checking on the references below that, together, can offer a better perspective about this critical step.

https://www.ncbi.nlm.nih.gov/books/NBK1847/
https://www.ncbi.nlm.nih.gov/pubmed/18428562
https://www.ncbi.nlm.nih.gov/pubmed/28127962

Thank you for these references—we have incorporated them into the manuscript to aid the would-be experimenter to craft electrodes. Specifically, at the end of the electrode fabrication, we conclude by saying 


[bookmark: _Hlk26354990][bookmark: _Hlk26354998]1.2.5 Using a light microscope, ensure that the electrode is free of cracks along the capillary. Additionally, the seal, where the carbon fiber exits the capillary should be difficult to notice and should also be free from cracks. A good seal will help reduce noise during recordings. For a more detailed protocol, see. [19-21].



2. There are some critical concerns about electrode implantation (2) related to the order of those steps.

*Since there is not too much space between electrodes and the carbon fiber electrode is very delicate, implanting this electrode (step 2.13.) before making all the holes (step 2.16.) increases the risk very much for broking it with all the complications it implies. Maybe, this is not a problem for more experimented researchers but, it could be for beginners. I will not recommend to implanting the carbon fiber electrode until all the other electrodes (reference and stimulation) were already implanted.

We have amended the method section accordingly. Now, the implantation of the electrode occurs at the very end. These steps have been re configured as follows: 


2.15 Use a stereotaxic or hand drill,  (1.00 mm, ~20,000 r.p.m),  drill a 1.5 mm diameter hole 2.5 mm anterior to bregma and 3.5mm lateral to bregma.  Partially (about halfway, until it is firmly in place) implant a screw (1.59 mm O.D., 3.2 mm long) in this hole.

2.16 For the reference electrode, drill a  1.0 mm diameter hole 1.5 mm anterior to bregma and 3.5 mm lateral from bregma (in the left hemisphere), anterior to bregma and in the left hemisphere.

2.17 By hand, insert ~2mm of reference wire into this hole, while wrapping the reference wire around and under the head of the screw previously implanted.

2.18 Fully implant the screw, pinning down the reference electrode in place.

2.19 In the right hemisphere, drill a 1.5 mm diameter hole at 1.2 mm anterior and 1.4 mm lateral to Bregma. 

2.20 Gently remove the dura, using tweezers.

2.21 For the stimulating electrode, drill a square hole (2 mm anterior-posterior, 5 mm medial-lateral) centered at 5.2 mm posterior and 1.0 mm lateral to Bregma.

2.22 Using the stereotactic arm bars, lower the bipolar stimulating electrode/guide cannula 5 mm below dura. There may be bleeding during the implantation of the electrode. Utilize sterile Q-tips and gauze to minimize bleeding.

*Please check on the cycling parameters you are using/proposing in the protocol. I suggest take a look at (Rodeberg et al. 2017 https://www.ncbi.nlm.nih.gov/pubmed/28127962). It is well known that "the required time to reach equilibrium differs across electrodes and implantations" However, most of the protocols about cycling suggest a minimum of ~15 min at 60 Hz followed for ~10 min at 10 Hz before starting recording.

We have amended the method section accordingly, and included the reference you suggested:

2.17 Apply a triangular wave form (-0.4 to 1.3V, 400V/s) for 15 minutes at 60 Hz, and again for 10 minutes for 10 Hz. Typically, when applying waveforms to carbon fiber microelectrodes in the brain, oxide groups are added to the surface of the carbon fiber. Equilibrium of this reaction must be reached prior to recording, otherwise significant drift will occur[21]. Cycling the electrode at higher frequencies (60Hz) allows the carbon fiber to achieve equilibrium faster.
.

*I appreciate the note in 2.17. about bleeding since that is something very frequent.

3. The note in 3.2. must be clarified. Is it something always expected? If so, you must add a reference. If not but, that is something you observed very frequently, please make it clear. During surgery, there are some "signs" that are not common for every animal. Because that note is part of the protocol, beginners can expect that "sign" as an indicator of a "good placement" and decide based on that which is not necessarily right.

Thank you for this suggestion—we have clarified this section according to your recommendation. 

3.2 Gently lower the stimulator in increments of 0.2mm from 5mm below dura to 7.8mm. At each increment, stimulate the brain. 

Note: At more dorsal depths (5-6mm), stimulation of the brain will typically (~80% of the time) cause the whiskers of the rat to twitch. At further depths, the whiskers will cease twitching, which occurs between 7.5-8.2 mm below dura. When the whiskers cease twitching, the stimulating electrode will be near or at the VTA. This will not occur in every rat, and lack of whisker twitching should not be taken as a sign that the bipolar stimulating electrode/ infusion cannula is misplaced. Whisker twitching may not occur for all anesthetics (e.g., isoflurane).

4. Infusion after stable baseline (4.2.) requires some additional steps. When lowering infusion cannula, even gently, some damage can be produced in local VTA neurons that have been stimulated, leading to some variation in the evoked DA release signal. As mentioned before, those changes can be observed in some animals and not in others. However, it implies to make, at least, two or more additional stimulations to check if the signal was affected for the cannula. If no changes are observed, infusion (4.3.) can be started. However, when DA signal changes, a new baseline (same parameters: no more than 20% variation in at least the 3 last stimulations) should be established. Otherwise, any apparent change after infusion will not be reliable.

*Also, before starting an experiment, it is necessary to infuse one animal with an innocuous solution. This is because, similarly that cannula entrance, infusion itself can produce changes in DA signal, changes that are not expected after the innocuous solution. If changes are observed, maybe the rate of infusion (speed/time) needs to be modified accordingly.

*Post-infusion (4.4) step suggests leaving the internal cannula for 1 minute. Depending on the drug kinetics, adsorption must require more than just 1 minute, and removal can produce the drug to traveling up through the needle track. If not additional infusions are planned, I suggest just leave at place the cannula for the rest of the experiment to avoid any change in the local environment around the infusion spot that could lead to changes in DA signal.

We thank you for this technical suggestion, and have incorporated your feedback into the manuscript accordingly. As a side note, we do not typically record after cannula insertion, mainly because we see little change in evoked release after infusion of vehicle. However, you are raising the point that if it is a problem for some, so it should be part of this manuscript as best practices. Please find the amended sections below:

[bookmark: _Hlk26349531]
4.2 [bookmark: _Hlk29021157][bookmark: _Hlk26795015]After achieving a stable baseline (<20% variation over 5 stimulations), gently lower the internal cannula by hand into the guide cannula that is pre-fitted into the bipolar stimulator.
 
4.3 Take an additional 2-3 baseline recordings to ensure that the cannula insertion itself did not cause a change in the evoked signal. In some cases, insertion and removal of the internal cannula can cause damage to the VTA. If the signal drastically changes over this baseline period (>20%), then take an additional 3-4 recordings until the baseline re-stabilizes

4.5 [bookmark: _Hlk26795067][bookmark: _Hlk26793989]Post-infusion, leave the internal cannula for at least 1 minute prior to removal. Some drugs may require leaving the internal cannula for longer based on the drug kinetics, and removal of the internal may cause the drug to travel back up through the internal. If there is concern, one could leave the internal cannula in the guide cannula during the entirety of the recording. Otherwise, recording can begin after this 1-minute interval. 



5. For historical verification (5), please also include the VTA.

This suggestion has been incorporated accordingly.

Other comments



RESULTS
1. The section would benefit from an experimental outline explaining the order and time for each step after carbon fiber/stimulation electrode optimization.

Thank you for this suggestion. We have now added a new figure to explain this timeline. This will be the new Figure 1. 

2. Please think about the option to combine figures according to its pharmacological targets (saline, NMDA and ACh drugs). Also, when possible use the same Y-axis scale for IvT and color plots, at least for each pharmacological target.

Thank you for this suggestion. We have combined figures per your suggestion. Figure 3 combined NMDA and AP-5 infusion while Figure 4 combines MEC and SCOP infusion.


3. Figure legends require more work. Please include the number of animals (N) for each drug, the nature of the drug (agonist/antagonist) and the time (in minutes) when the baseline was recorded before the drug infusion. Also, because your results are showing changes in DA signal after drug infusion, including the percentage of change, compared with baseline.

Thank you for these suggestions to clarify the figure legends. We are only reporting 1 animal per condition, and this information has been clarified in each figure legend. We also included in the figure legends the nature of the drug, as well as identifying at which time points for baseline and post-infusion illustrated by the figure images.


4. Please include the rationale for using agonist/antagonist for NMDA receptors and just antagonist for Ach receptors

We have included this rationale in the following section:

Representative Results Paragraph 2
To demonstrate that CIS-FSCV can produce bidirectional effects when using agonists and antagonists, we compared the effects of infusion of the NMDAR agonist, NMDA (500ng; Figure 3A) to the NMDAR antagonist, AP5 (1µg; Figure 3B). Infusion of NMDAproduced a robust increase in stimulated phasic DA release (Figure 3A, 9 minutes after infusion) while the NMDAR competitive antagonist, AP5 (1 µg), produced a robust decrease (Figure 3B, 9 minutes after infusion). To demonstrate the utility of CIS-FSCV using antagonists that target different classes of acetylcholine receptors, we compared the effects of infusion of the nonselective, noncompetitive nAChR antagonist mecamylamine (3 µg; Figure 4A) and the nonselective, competitive mAChR antagonist scopolamine (67 µg; Figure 4B). Both drugs produced robust decreases in stimulated phasic DA release (Figure 4, 9 minutes post-infusion).

5. If you did do recordings after introducing the canula and before the infusion, please include a color plot and IvT as an additional figure showing any change (or no changes) in the DA signal and, what must be done in both cases. It will complement the suggestions mentioned in the protocol (4).

Unfortunately, we did not do this recording. We do not typically see changes as a result of internal implantation, but we have incorporated your suggestions regarding ensuring that the internal does not cause changes to evoked signals as well as the steps needed to address this issue should it occur (see discussion responses below)


DISCUSSION
1. In line 366 is mentioned that, as a result of pressure while inserting the internal cannula (protocol 4 and comment 4) the dopamine signal might artificially increase or decrease, as the stimulation site may be different. While this critical step is mentioned in the discussion, no suggestions are included to fix or handle this situation. Please add the potential options mentioned before in the comments.

Thank you for this suggestion—we have incorporated these troubleshooting tips accordingly:

Discussion Paragraph 2
[bookmark: _Hlk29021057]Should there be a significant change in evoked signal after cannula insertion, a new baseline period should be established. Moreover, if there is altered DA released caused by inserting the internal cannula or vehicle infusion, the signal typically recovers to baseline within 30 minutes. Should there be extensive alterations in DA release to vehicle infusion, the infusion rate or volume could be reduced. Investigators may also perform an additional recording after inserting the internal cannula, but before the infusion to assess whether insertion of the cannula itself can alter release

2. Because FSCV is also used for measuring different analytes like 5-HT or Norepinephrine, CIS-FSCV could potentially be used for the same purposes as presented in this paper/protocol. Please add these additional possibilities to the discussion.
 
 
 This suggestion has been incorporated below.
[bookmark: _GoBack]
Discussion Paragraph 3
CIS-FSCV can also be modified to measure 5-HT and norepinephrine[8, 9].
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