Response to reviewers
Dear Editors of Journal of visualized experiments,

Thank you very much for your communication concerning our submission. We appreciate the constructive and helpful suggestions and comments from the reviewers. Our point-by-point responses to their specific comments are set forth below and all revisions are indicated in red in the manuscript.
We now hope that the video and protocol is acceptable for publication in JoVE. 

Sincerely yours,
Cathrine Baastrup
Danish Pain Research Center
Aarhus University Hospital, Aarhus, Denmark





Title: Measuring Pain Behavior in Animals
URL: http://www.jove.com/index/Details.stp?ID=2372

Reviewer 1:
General Comments:
Pain measurement is extremely important in neuroscience research, but it is very tricky to perform for beginners. This is a clear video demonstration of how three of current most prevalent methods are used in rodents. It definitely will improve reproduction of the experiment by other scientists. I recommend publication in JoVE.

Changes in the video
Time: 5:32-5:40
The screen text blocks the view of von Frey stimulus, a different position might be better.
Answer: Excellent point. The appearance of the text has been delayed.   
	
Comments on text
Time: 
4:30-4:34
4:58-5:01
5:56-5:58
6:20-6:23
Are these video images showing a syringe needle poke or acetone application? 
Answer: As described in the protocol, acetone is applied from a syringe without contact between needle and skin. Thus the video, in the described time points, show acetone application. The description of acetone application has been expanded, and we hope this will aide clarity.   
“3. Acetone (cold stimulation): Application of 10 µL of acetone from 0.1 ml syringe to the test site without contact between the skin and the needle (approx. 2 cm distance).  This simulates the stimulus evoking cold allodynia. Responses (see ‘Response definition’) are observed for e.g. 30 s- 1 min. after application. A single application is generally adequate, but if repetition is necessary allow for a 5 min. delay between applications.” 

There are several issues deserve attention.
1. People reading this method article obviously won’t want to look the reference within for method description. Therefore, a brief description of how von Frey test is performed and measured would be helpful even a thorough description is described in reference 2. Information such as how many times that each filaments stimulus is applied, how long the interval between stimuli is, and how the threshold is calculated should be described for reproduction of the experiments.
Answer: We appreciate the suggestion and have added a much more detailed description. 
“1. Von Frey (static mechanical stimulation): Performed according to up-down method described by Chaplan et al. using von Frey monofilaments. Filaments are applied perpendicular to the skin surface until bending and sustained for 1 s. The suggested delay between each stimulations is 5 s. Our sequence of filaments is: 3.61, 3.84, 4.08, 4.31, 4.56, 4.74, 4.93, 5.18 (0.69-15.14 g) for paw stimulation and 2.83, 3.22, 3.61, 3.84, 4.08, 4.31, 4.56, 4.74 (0.07-5.50 g) for thorax stimulation, starting with the middle size filament (3.84 or 4.31). In the absence of the defined positive response to a stimulation (see ‘Response definition’), filaments of continuously increasing size is applied until a positive response is observed.  When a positive response is observed, filaments of decreasing size are applied until no positive response is observed. The consecutive up-down application is continued until no response is made with the filament of the highest force or until four stimuli are administered following the initial response. The resulting sequence of positive and negative responses is used to interpolate the 50% withdrawal threshold using the following formula: 

where Xf = value (in log units) of the final von Frey filaments used; k = tabular value for the pattern of positive/negative responses; and  = mean difference (in log units) between the individual filaments in the series (here, 0.224 or 0.253). The computed thresholds do not yield a mathematical continuum (not all possible values can be generated) and is thus considered to be non-parametrically distributed. 
The sequence of filaments must be chosen based on the sensitivity of the individual models determined in a pilot study. The filament that elicits the first response in a test animal should be the second or third applied stimulation in the series. Filaments for paw stimulation should preferably not exceed 5.46 (28.84 g) since, based on our experience, this will only lift the normal paw (in a 200-400g rat) before bending. All test animals should be of similar size to minimize size bias.”

2. What are the specific responses used for threshold calculation in von Frey thorax stimulation?
Answer: We agree that the description of responses should be more operative. The responses accepted as positive for all 3 types of stimulations (von frey, brush and acetone) are described in the section ‘Response definition’, and thus a reference to this section is added.   Furthermore the section “response definition” has been expanded to clarify.
“Response definition: 
Multiple definitions of responses (e.g., single response or a combination of responses) are frequently reported in the scientific literature. Hence, definition of a positive response must always be considered and clearly defined and included in the protocol/design/publication. In our laboratory, a positive response is defined as presence of any (one or more) behavior mentioned below in the ‘spinal-brainstem-spinal responses’ box in response to a stimulation (von Frey, brush and acetone). Thus the criteria for a positive response are the same no matter which type of stimulation is applied. 

Common responses, including the ones shown in the video, can be divided into spinal reflexes and spinal-brainstem-spinal responses according to the level of the neuroaxis which is required in eliciting the response (see fig above).  The appropriate choice of response is dependent of the experimental hypothesis.  
While spinal reflexes are appropriate for studying changes in the spinal reflex pathways and spinal cord, It does not necessarily correlated to pain perception. This type of behaviour primarily applies to paw stimulation, since it is not readily recognized e.g. on the thorax.  
Responses termed ‘spinal-brainstem-spinal responses’ are preserved after spinal transection and involve processing at least at the level of the brainstem, and is as such probably of better construct validity as a surrogate measurement of pain processing than measurements of spinal reflexes. 
Both types of responses presented in the boxes above are only surrogate measurements of pain and cannot be extrapolated directly to the complex experience of pain in humans. Since pain requires cortical involvement, the optimal endpoint in experimental animal pain research activates this substrate, e.g., conditioned paradigms as the place escape avoidance paradigm or operant escape. Description of these methods is beyond the scope of this protocol.   

Other frequently observed behavior: Flinching (repeated shaking/twitching of the stimulated area), transient scratching of the stimulated skin area, attacking of the filament or brush, avoidance (moving repeatedly away from the approaching stimulation), escaping attempts immediately after stimulation, persistent grooming frequently initiated in the stimulated area and propagating to normal grooming pattern, freezing (lack of response to stimulation or manipulation) can also be observed. Furthermore, attention and vigilance to stimulation are frequently observed and also seen in normal alert control and sham animals.”

3. In the video, there are at least 4 times a syringe needle was used (see the video comments above), I’m not clear whether these are acetone application or poke. It seems very aversive to animals and should be clarified.
Answer: We appreciate this important comment. In the video it is illustrated (3:30) how acetone is applied using a syringe. All other appearances of the needle are also acetone application. The animal is never in contact with the needle. We agree that this fact is not immediately clear and thus have expanded the section describing acetone application in order to clarify.  
“Acetone (cold stimulation): Application of 10 µL of acetone from 0.1 ml syringe to the test site without contact between the skin and the needle (approx. 2 cm distance).”  



Reviewer 2:
General Comments:
Pain is a sensory and emotional experience. As such it is a private and subjective phenomenon, and therefore cannot be measured directly in experimental animal models. However preclinical pain research is crucial to understand and treat neuropathic pain, and as such pain-testing protocols in the basic laboratory are necessary. Behavioural testing of awake animals, where the confounding issue of anesthetics is not present, is one of the most useful methodologies. In these tests the animal´s private sensation of pain is measured in a practical way by measuring stimulus-evoked behaviours as the response variable. 

Measuring behaviour can introduce methodological error because the response measures are observed and interpreted by the researcher. To control this error it is crucial to standardize the behavioural testing procedures. Protocol standardization increases the reproducibility of experimental results, allowing the possibility results among experiments and between different laboratories. At an ethical level, standardization also reduces the required number of animals per group. A complete description of the experimental conditions should be performed including the state of the animals, their environment, the experimental protocol and the behavioural end-point should be described in great detail. This video provides a well described standardized protocol for studying behavioural responses to mechanical (von Frey and brush) and thermal (cold) stimuli after experimental spinal cord injury, which provides information regarding changes in nociception. The protocol should help new researchers in the field to test therapies and novel drug candidates for the different evoked pain qualities following of spinal cord injury. 

Comments on video
No changes required

Comments on text

Major comments:

1) A better operative description of each behavioural end-point should be provided (perhaps a one sentence description). From the video for example (02:55) there is no evident reflex response to brush, which may confuse the measurement of this end-point.
Answer: We agree that the description of responses should be more operative. The responses accepted as positive for all 3 types of stimulations (von frey, brush and acetone) are described in the section ‘Response definition’, and thus a reference to this section is added under each test. Furthermore the section “response definition” has been expanded to clarify. The model used to exemplify the responses is also sensitive to brush stimulation, but, by coincidence, the most representative and illustrative recordings were made after cold and von frey stimulation. Since the behavioral endpoints/requirements of a positive response are the same for all 3 stimulations (and the video does present reflex response to von frey), we hope the extended description will make up for this coincidence.  


“Response definition: 
Multiple definitions of responses (e.g., single response or a combination of responses) are frequently reported in the scientific literature. Hence, definition of a positive response must always be considered and clearly defined and included in the protocol/design/publication. In our laboratory, a positive response is defined as presence of any (one or more) behavior mentioned below in the ‘spinal-brainstem-spinal responses’ box in response to a stimulation (von Frey, brush and acetone). Thus the criteria for a positive response are the same no matter which type of stimulation is applied. 

Common responses, including the ones shown in the video, can be divided into spinal reflexes and spinal-brainstem-spinal responses according to the level of the neuroaxis which is required in eliciting the response (see fig above).  The appropriate choice of response is dependent of the experimental hypothesis.  
While spinal reflexes are appropriate for studying changes in the spinal reflex pathways and spinal cord, It does not necessarily correlated to pain perception. This type of behaviour primarily applies to paw stimulation, since it is not readily recognized e.g. on the thorax.  
Responses termed ‘spinal-brainstem-spinal responses’ are preserved after spinal transection and involve processing at least at the level of the brainstem, and is as such probably of better construct validity as a surrogate measurement of pain processing than measurements of spinal reflexes. 
Both types of responses presented in the boxes above are only surrogate measurements of pain and cannot be extrapolated directly to the complex experience of pain in humans. Since pain requires cortical involvement, the optimal endpoint in experimental animal pain research activates this substrate, e.g., conditioned paradigms as the place escape avoidance paradigm or operant escape. Description of these methods is beyond the scope of this protocol.   

Other frequently observed behavior: Flinching (repeated shaking/twitching of the stimulated area), transient scratching of the stimulated skin area, attacking of the filament or brush, avoidance (moving repeatedly away from the approaching stimulation), escaping attempts immediately after stimulation, persistent grooming frequently initiated in the stimulated area and propagating to normal grooming pattern, freezing (lack of response to stimulation or manipulation) can also be observed. Furthermore, attention and vigilance to stimulation are frequently observed and also seen in normal alert control and sham animals.“ 

2) Other measures such as response-latency, duration, number of events could be very interesting to introduce to the learner. For instance response to acetone application is sometimes measured in terms of duration in seconds. Levels of anxiety could be measured in parallel. A reference should be made to testing of motor activity (to exclude the possibility of reduced end-point measures due to paralysis etc.). Also, as alluded to by the authors, the responder rate could also be measured, something which has never been fully explored in preclinical SCI pain research, but which maybe clinically relevant. 
Answer: We definitely agree that other measures are available and should be introduced to the reader, and thus a single sentence regarding this has been added. However, since the document is already lengthy, we feel that an actual description of these measures is outside the scope of this protocol. 
A paragraph regarding motor performance and a sentence about anxiety has been added.
We have furthermore added a short underlining of response and responder rate.   
“Other endpoints such as duration of response, number of events and response latency have also been utilized and may be explored, but so far evidence is lacking to suggest if using these endpoints improve the validity.

Motor function: Most disease and injury models of pain include the possibility of disturbed motor activity. In order to avoid confounding effects of e.g. paralysis, evaluation of motor function before testing is often justified.  Every animal is allowed to move and explore an arena, e.g. , an open field and is observed for 2-5 minutes depending on the chosen test paradigm. Available scales, mentioned with increasing level of detail, include the modified BBB scal, the CBS scale, and the BBB-scale. In addition levels of anxiety-like behavior (e.g. using elevated plus maze or open field activity) could be measured in parallel.”

3) The video and text titles are different. The video title is more specific for spinal cord injury, and could be used as the main title of the paper. 
Answer: We appreciate the suggestion. Unfortunately, the format of the journal, does not allow the longer title used in the video. We would be happy to add the subordinate title of the paper: Quantitative sensory assay of hypersensitivity behaviour in a rat model of spinal cord injury, if possible.   

4) Although not applicable in this video report, it would be useful to mention that operant response tests are available. This could be presented as another box in the text, alongside the spinal reflex and spinal-brainstem-spinal reflex boxes.
Answer: Although we are very keen to promote the use of conditioned and cerebrally mediated responses, the main objective of the protocol was to demonstrate how to perform a simple assay to measure hypersensitivity. Instead of presenting an extra box in the section ‘response definition’, we have mentioned such tests and their benefit in text of this section.     
“Since pain requires cortical involvement, the optimal endpoint in experimental animal pain research activates this substrate, e.g., conditioned paradigms as the place escape avoidance paradigm or operant escape. Description of these methods is beyond the scope of this protocol.”

5) Again, although not applicable to this report, new indirect testing methods of tonic-aversive non-evoked pain should be mentioned at some point in the text. 
Answer: We agree that this important emerging area is very important and had added a short section in the discussion.  
“While spontaneous ongoing pain is a frequent and disabling symptom in chronic pain patients, only evoked hypersensitivity is measured in this protocol like in most other preclinical pain research. Indirect measurements as anxiety-like behavior, sleep disturbances, general activity and burrowing is being investigated, but at present no assay with sufficient validity to measure spontaneous pain exists.” 

Minor comments:

Text comments:

Abstract:

1) “Both types of methods are unspecific” – unspecific to what?? Sentence has been changed to clarify. 
2) “perceived pain” could be changed to “evoked response to a potentially painful or damaging stimulus”. The aim of the sentence is to underline that these measurements are not equivalent to level of pain perception, but only at best an indication. We have in other sections defined what the specific test can be concluded to indicate, so we prefer to keep the initial wording.   
3) “(brush, pin prick)” include von Frey filaments. Von Frey filaments have been added. 
4) “minimizing of common biases” – remove or specify. The phrase has been removed.

Preparation: 
1) Test conditions: “visual contact to” should be “visual contact with”. It has been changed to “with”.

Test procedure:
1) “wind up like …. after sensation” replace with “sensitization”. The phrase has been changed as suggested.
2) “ample time” add “such as 2 minutes. We agree that a suggested time would be of benefit to the reader, but since application of each individual von Frey filament does not necessarily need to be delayed 2 min., whereas ample time between each set of stimulations may be 2 min., the suggestion of specific time may be misleading. We have thus added the following sentence instead: “(e.g., 5 s. between each application with von Frey filaments and each brush stroke; and 2 min between each stimulation type as brush and acetone).”

Von Frey:
1) “determined in a pilot study” add “of spinal cord injury pain”. Add level and grade of injury here. Also add frequency of filament application here. The aim of the sentence is to indicate how the test can be modified to other injury models. The paragraph has been changed to clarify and an additional paragraph regarding the injury specification has been added. The suggested frequency has been added. 

Brush test:
1) “with a  soft brush.” Add frequency of brushing and area contacted. The paragraph has been expanded and frequency and area has been added.

Response definition:
1) Clearly define the positive response with a one sentence operative definition, if possible (eg. Flinching - An act or instance of starting, wincing, or recoiling from the applied stimulus). This would be a great help, although rather obvious in some cases, as it defines behavioural endpoints. We agree and have added such description and expanded the paragraph for clarity. 

Spinal reflex box:
1) Remove lower bullet from explanation text. “can be applied to monitor the reflex circuitry and is thus mediated” and replace with “should be interpreted as the net result of sensory activation”. The lower bullet has been removed. 

2) Delete “this type of behaviour only applies to paw stimulation.” Trunk reflexes are also spinal reflexes. We agree that reflex responses can also be evoked on the trunk, but in our opinion these responses are less distinctive and thus fairly difficult to identify. We have specified this in the protocol: “While spinal reflexes are appropriate for studying changes in the spinal reflex pathways and spinal cord, It does not necessarily correlated to pain perception. This type of behaviour especially applies to paw stimulation, since it is less readily recognized e.g. on the thorax.”   

Spinal-brainstem-spinal reflex
1) Remove lower bullet from explanation text. “These responses are ….”. This reviewer is unsure what the message is here??
a. That these non-learned supraspinal reflex responses are mediated at the level of the brainstem (maintained after decerebration, Woolf et al., 1984 Pain 18: 325 etc.). 
b. That these non-learned supraspinal reflex responses can be evoked by application of stimuli at or above a spinal cord transaction?
The aim of the sentence was as suggested by the reviewer in bullet a. We have moved the bullet from the box and inserted a sentence regarding this point in the text: “Responses termed ‘spinal-brainstem-spinal responses’ are preserved after decerebration and involve processing at least at the level of the brainstem, and is as such probably of better construct validity as a surrogate measurement of pain processing than measurements of spinal reflexes.“ 

2) “transaction” should be “transaction”. We have corrected the word to ‘transection’. 
3) delete “least” from “least brainstem”. We have deleted ‘least’.

Data analysis 
1) Replace “eg., according to” with “according to the authors of”. The suggestion has been implemented.

Materials
1) State concentration of acetone (100%w/v). The concentration (100%w/v) has been added.  

Indirect Video comments: 

1) 00:56-Would the authors like to expand on the motor function testing performed in the text?? The paragraph on motor function testing has been expanded in the text. 
2) 02:04-Could the relevance of testing different areas relative to the SCI be elaborated in the text. A section regarding test site has been added in which the purpose of stimulating different areas in SCI models has been included.  




Animal review Board Comments

General Comments:

It looks humane in most video except after acetone is applied.  It is unclear if the acetone residue is cleaned from the animal body before returning to the home cages.  It is not known if the animals are observed for chemical burn. Frequency of the test per day or the resting time before reapplying of acetone is not mentioned.  See also Item 4 (below).

Answer: When the small amount of acetone comes in contact with the skin, it immediately and completely evaporates in an endothermic process which produces a cold sensation. There is little or no residual acetone on the skin to cause irritations. Furthermore since the test animals are hypersensitive to a soft brush and cold, it would evoke excessive and unnecessary discomfort to wipe/rinse the skin after a single application. The primary risk of acetone application is degreasing of the exposed skin. All animals are inspected regularly in compliance with European and Danish legislation and also immediately before testing, as demonstrated in the video. Furthermore the animals are checked after the test before returning to the home cage. This inspection includes monitoration for chemical burns or signs of degreasing. In the past 5 years, we have had no observations of either in our facility. We agree that the frequency and repetition of this test should be minimized, and thus we have stated this in the description of the test, but it is not possible to give a specific number of applications acceptable. The delay between two acetone applications (in case repetition is necessary) is suggested to be 5 min. and have been added to the text. 

Changes in Video:
None  required.

Changes in Text:

Text Title in the web page, “Measuring Pain Behavior in Animals” is incomplete. The video concentrates on the hypersensitivity tests.
Adding the video Title, “Quantitative Sensory Assay of Hypersensitivity Behavior in a Rat Model of Spinal Injury”

Answer: We agree, and will be happy to add the subtitle if accepted by the journal. 

Time: 1:12
Video script said, “30-60 min” but this is not consistent with the text described under the Item: Protocol. Test Preparation:
The text mentioned, “Each animal is habituated to ambient temperature, noise and odour in the test box and the test facility for “at least 30 min”. Change the text (30 -60 min) to match the video. 

Answer: We agree and have thus changed the text to ’30-60 min.’

Time: 3:40
Acetone is applied as “cold stimulant”.
Amount of acetone is not mentioned. The amount and concentration of acetone drop may be mention in the text.
Answer: The amount of acetone applied is 10 µl which is stated in the protocol. The concentration of Acetone is 100% w/v, which is necessary in order for it to evaporate immediately, resulting in the cold sensation. The concentration of Acetone has been added to the text. 

Time: 4:00-6:00
The rat responds to acetone contact vigorously at most locations.
Acetone is a solvent chemical that can also be an irritant at high concentration when contact to animal skin. It is not mentioned why this chemical irritant contact is called “COLD Test” and whether the COLD Test using acetone is valid.

Answer: Application of acetone to evoke a cold sensation is a valid and extensively used method in both clinical and preclinical pain research 1-4. When the small amount of acetone comes in contact with the warm skin, it immediately and completely evaporates in an endothermic process which produces a cold sensation. 

Acetone is very volatile with a vapor pressure of approx. 24 kPa and boiling point of 55 oC (compared to 2.3 kPa and 100 oC for water), thus considering the minute applied volume there is no residual acetone on the skin to cause irritations. Furthermore since the test animals are hypersensitive to a soft brush and cold, it would evoke excessive and unnecessary discomfort to wipe/rinse the skin after a single application. 
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Spinal reflex


Immediate brisk withdrawal in response to stimuli


Spinal-brainstem-spinal responses


Licking (directed at the stimulated area)


Jumping  (away from the stimulus)


Guarding (contineous or prolonged lifting of the stimulated paw)


Struggling (vigourous movement and attention to the stimulation site)


Vocalization (squeaking, crying, bruxing )


Biting (directed at the stimulated area)
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