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Short Abstract
Illustration of a standardized protocol for quantitative sensory assay of hypersensitivity behavior in experimental models which may facilitate training, and enable comparison of individual studies. 
Abstract
Pain is a multidimensional and subjective experience that can be extremely difficult to measure, since no pain marker exists. Measuring pain quality and quantity in experimental preclinical models can be even more difficult since verbal ratings cannot be obtained. Current methods rely on either electrophysiological measurements of increased activity in the neural pain pathways or behavioral testing of conscious animals, both in response to painful stimulation. Both types of methods are unspecific pain measures (signals may be produced by other injury related cause than pain) and at best represent an indication of the actual level of perceived pain. 
An infinite number of different behavioral methods have been described. In general, these methods either consist of thermal (cold spray, ice bath, ice probe, heat plate, infrared light beam, diode light) or mechanical stimulation (brush, pin prick, von Frey filaments) followed by an observer’s evaluation of the response, but the individual variations in the protocols may vary extensively, or may not even be described, thus rendering replication and comparison difficult or impossible. 
As inspiration, we present a video demonstration of our protocol for quantitative sensory assay (QSA) comprising a cold test (acetone drop), a dynamic mechanical test (brush), and a static mechanical test (von Frey filaments), covering the most common clinical pain qualities of central spinal cord injury pain. The von Frey test is widely used to test for pain-like behavior, but the two other tests are also frequently used. In the video we illustrate different sites for stimulus application (trunk/thorax and hind-paws) and, furthermore, present different responses to stimulation (spinal reflex or spinal-brainstem-spinal responses). A model of spinal cord injury, the spinal cord contusion, is used as an example. We hope the visualization of a protocol will promote better understanding of the experimental procedure, thus allowing standardization, and enabling generalization of experimental results. 


Protocol
The following protocol demonstrates how we evaluate evoked pain-like behavior in our laboratory. The described tests all comprise observation and identification of predefined behavior in response to different types of stimulation in defined areas of the body. The spinal cord contusion (T10) injury model is used as example in the video. We hope it will assist new scientists in experimental pain research, and form the basis for a discussion with more experienced scientists. All parameters can of course be adapted to fit other needs and facilities.
Important consideration in the design of a protocol:
· Choice of control
· Site of stimulation
· Type of stimulation
· Definition of positive response
Preparation
Animals: Animals are housed according to current Danish legislation and the guidelines of the Danish Animal Inspectorate (DAI), and all experiments are performed according to the DAI and the international guidelines of the IASP 12. Rats (~300g female Sprague-Dawley) are housed in pairs with a 12-h light/dark cycle (lights on at 7:00 AM). 
Injury model: The protocol has been developed to fit a model of spinal cord contusion. A contusion is performed using the MASCIS impactor at bone segment T10 at a height of 12.5 mm. 
Control:  A proper control must always be included in the design. In our laboratory a group of sham operated animals are used (and sometimes an additional group of naïve animals). In other models like unilateral peripheral nerve injuries the contralateral paw can also be used as control, or in case of pharmacological intervention before treatment values. 
Test facility: An isolated room with low levels of noise and evenly distributed light.
The test box: An elevated test box with a grid floor allowing the paws to be stimulated. Test boxes are thoroughly cleaned between trials to prevent bias based on olfactory cues.
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 scale 2,9, the CBS scale 6, and the BBB-scale 3. In addition levels of anxiety-like behavior (e.g. using elevated plus maze or open field activity) could be measured in parallel.    
Test conditions: Behavioral testing is performed during the inactive period between 9:00 AM and 6:00 PM. Animals should be habituated to the test (box and procedure) before study start. The test can be repeated daily without habituation bias. The animals are tested in randomized sequence on each test day. Each animal is habituated to ambient temperature, noise and odour in the test box and the test facility for 30-60 min. prior to test start. Four rats are tested concurrently, though without visual contact with each other 7. Animals must be awake, non-grooming, and in upright position (weight-bearing) when stimulation is applied 4. Investigators must be trained in the procedure.  
Test procedure 
Site of stimulation: There are no limitations to which part of the body surface stimulation may be applied, as long as reasonable repeatability can be obtained.  Often, the lateral part of the paws are used for diffuse pain estimation or in case of expected localized pain, but other areas as the cheeks, tail base, thorax ect. have been used depending on the specific aims of the individual studies. In our laboratory, animals were tested on the hindpaws to indicate pain below the level of the spinal cord injury, and on the thorax to indicate pain at the level of the injury (T10).  In both sites all 3 stimulation types were performed in the indicated sequence.   

Test sequence: The test sequence can be randomized, but it is recommended that the most aversive stimulus is applied as the last one, in each location, to avoid sensitization. Furthermore, all repetitive stimulation of an area should be separated by ample time (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 application).  
Test stimulation:
1. Von Frey (static mechanical stimulation): Performed according to up-down method described by Chaplan et al.5 using von Frey monofilaments. Filaments are applied perpendicular to the skin surface until bending and sustained for 1 s. The suggested delay between each stimulation 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. Brush (dynamic mechanical stimulation): 5 single applications with a soft brush to the test site, which simulates the stimulus evoking dynamic mechanical allodynia in humans. Responses (see ‘Response definition’) are observed between each application. Allow for a 5s delay after any response before the next application. Length, direction and speed of the application should be predefined, e.g., heal- toe on the hindpaws , lateral–medial direction on thorax and with a velocity of 5 cm/s are used in our facility. 
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. 
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 especially applies to paw stimulation, since it is less readily recognized e.g. on the thorax.  
Responses termed ‘spinal-brainstem-spinal responses’ are preserved after decerebration and involve processing at least at the level of the brainstem10, 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 paradigm1 or operant escape11. 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.
Data processing
Data registration: All results of the QSA are entered into an Excel spreadsheet, which is appended to the article. Completion of an extended animal sheet 8 for each investigation is recommended.
Data analysis: A von Frey threshold (VFT) for each animal/stimulation site is calculated, e.g., according to the authors of Chapland et al.5 A decreased in thresholds indicates hypersensitivity to static mechanical stimulation. Positive responses to brush and cold stimulation are evaluated separately as either present or not (according to the chosen definition). The percentage of responding animals is calculated either as group average (response rate) or change in the individual animals (responder rate). Increased percentages of responding animals indicate hypersensitivity to innocuous dynamic mechanical stimulation and to cold.  Results are compared to a proper reference, e.g., the same site on the same animal before treatment or a sham group, depending on study design and experimental model. 
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.  
Discussion
The above-described protocol can be applied to most strains of rats and most disease models. The range of von Frey filaments should however, be modified as described to each experiment. The method is easy to set up, requires little equipment, and can produce relatively reproducible results (low inter investigator and animal variability). Many factors may influence the obtained results, primarily variations in stress and anxiety levels of the animals and the subjective evaluation of responses made by the investigator. Thus, an appropriate testing facility, strict adherence to a standardized study protocol, and a limited number of investigators who are properly trained are essential in minimizing confounding factors.
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. 
The described QSA is a surrogate measurement of hypersensitivity and cannot be extrapolated directly to the complex experience of pain. The method described is a useful research tool, but caution should always be taken in the conclusion made based on the results. 
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Materials
· Elevated test box with a grid floor, e.g., Mesh stand for mice and rats, IITC Life Science, CA, USA.
· Set of 20 von Frey monofilaments, e.g., Semmes Weinstein nylon monofilaments, Stoelting, IL, USA or an Electronic von Frey Anesthesiometer, e.g., IITC Life Science, CA, USA. 
· Soft brush, e.g., SENSELabTM Brush 05, Somedic 
· Acetone (100%w/v) and 0.1 ml syringes
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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)














