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SUMMARY:

We have developed an evoked measure of arthritis pain and coupled it with a standardized
method for measuring spontaneous pain in different murine models of chemically induced
arthritis. These measures are sensitive and reproducible for different types of joint pain.

ABSTRACT:

Pain is the main cause of disability from arthritis. There is currently an unmet need for adequate
treatments for arthritis pain. Pre-clinical models are necessary and useful for studying the
mechanisms of pain and for evaluating efficacy of arthritis therapies. Measuring pain in animal
models of arthritis is challenging. We have developed methods for measuring evoked and
spontaneous pain in three models of murine arthritis. We quantitate the evoked pain responses
of mice subjected to firm palpation of a painful knee. We also evaluate spontaneous pain by the
proportion of weight and the amount of time placed on each of their 4 limbs after induction of
arthritis pain in one knee. Joint pain in these mouse models produces a significant increase in
evoked pain responses and an alteration in weight bearing. Since mice are quadrupeds, they
offload the painful limb to the contralateral limb, to the forelimbs, or some combination. These
methods are simple, require minimal equipment, and are reproducible and sensitive for
detecting pain. They are useful for studying both disease-modifying arthritis treatments and
analgesics in mice.

INTRODUCTION:
Pain is the main cause of disability from arthritis®2. Currently available analgesics are often
ineffective, toxic, and potentially contribute to the nation-wide narcotic problem3. Surgery is not
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always an option for end-stage arthritis, particularly in the elderly, who may have multiple co-
morbidities. Intra-articular steroids and viscosupplementation may be effective in early disease
but typically lose their effectiveness in late stage disease®. There is a great unmet need for
effective analgesics for arthritis pain that cannot be addressed with currently available
treatments.

Pre-clinical models are useful for understanding the mechanism of action of pain therapies and
for predicting limiting toxicities, but pain measurement in animals is challenging®. Pain measures
can be direct and spontaneous (static or dynamic weight bearing, foot posture, gait analysis,
spontaneous movement and mechanical or thermal sensitivity) or indirect/evoked (hind limb
withdrawal test, knee compression force, or brain imaging)®. For mild forms of monoarthritis, gait
analysis is insensitive and lacks consistency’. Static weight bearing is useful for measuring pain in
rat hindlimbs but can be difficult in mice. Mechanical sensitivity measures such as the von Frey
test indirectly detect sensitization of the foot pad in the setting of knee arthritis, but do not
directly measure knee pain and are cumbersome to perform. Knee compression force as
measured with the P.A.M. (Pressure Application Measurement) device can be used in rats, but
the large device is difficult to use in mice without producing negative behaviors that do not
necessarily reflect pain®.

We have developed methods for measuring spontaneous and evoked pain in three different
models of murine arthritis that are sensitive and reproducible for measuring pain severity and
the analgesic effects of intra-articular therapies®'°. We can also correlate pain relief with other
histologic markers of pain and screen investigational drugs that would not be possible in humans.
We can evaluate synergism of modestly effective analgesics to identify more effective
combination therapies. By utilizing proven methods for both evoked and spontaneous pain, we
avoid the pitfall of failing to identify pain that is reflected in one type of pain behavior but not
the other and more closely mirror pain measurement in humans!!. By limiting pain evaluation to
two methodologies, we minimize stress on the animals, which can affect pain behavior, and
maximize productivity of the laboratory.

PROTOCOL:

All animal procedures and protocols were approved by the Minneapolis Veterans Affairs Health
Care System (VAHCS) Institutional Animal Care and Use Committee and conformed to the “Guide
for the Care and use of Laboratory Animals” (The National Academic Press, USA)*2.

1. Choice of animals
NOTE: C57BI6 mice are used for all three arthritis models.

1.1. Use either male or female mice, but note that the response to arthritis pain may vary
depending on gender and the pathogenesis of the model being tested.

1.2. Select mice that have reached sexual maturity, are no longer rapidly growing and are not old
enough to have developed spontaneous arthritis that could confound pain measurements.
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NOTE: Twelve weeks is an ideal age for pain measurement in the models described but this
depends on the study design. Age at initiation of arthritis depends on the duration of time the
model takes to develop. Acute inflammatory arthritis (carrageenan model) requires 3 h to
develop, therefore animals are 12 weeks of age at the time of induction. Chronic inflammatory
arthritis (CFA model) requires 3 weeks to develop, therefore animals are 9 weeks old at the time
of induction. Chronic degenerative arthritis (collagenase model) requires 4 weeks to develop,
therefore animals are 8 weeks at the time of induction. A more chronic model of degenerative
arthritis can be used by inducing arthritis at 6 weeks of age. This allows 6 weeks of development
of joint damage. However, chronic degenerative arthritis in mice does not produce significant
evoked pain.

1.3. Obtain animals from a national commercial breeder source.

1.4. House animals in groups of up to 8 animals in standard polycarbonate cages with ad libitum
rodent diet and water.

1.5. Maintain environmental conditions at 72 °C £+ 1 °C and 33% * 1% humidity with 12 h
light/dark cycles.

2. Intra-articular injections into the knee

2.1. Create a 30 G 2.5 mm needle by covering the length of a 0.5 inch needle with a sheath made
of polyethylene tubing with an inside diameter of 0.38 mm and outside diameter of 1.09 mm,
leaving only 2.5 mm of the needle protruding. This prevents inserting the needle too deeply and
exiting the joint posteriorly.

2.2. Choose a single knee to inject, shave it using any commercially available electric facial hair
trimmer, and sterilize with providone-iodine scrub.

2.3. Anesthetize the mouse with 3% isoflurane in 100% 02 at 1 L/min for 3 min + 1 min. Maintain
anesthesia using a nosecone during the procedure. Confirm anesthesia depth by toe pinch. Take
care to monitor respiratory status and minimize anesthesia exposure to maintain adequate
respirations.

2.4. Enter the joint at the midline through the patellar tendon just inferior to the lower edge of
the patella using the sheathed needle once the mouse is fully anesthetized. This anterior midline
approach maximizes accuracy for entering the joint and injecting the substance of interest.

2.5. Use the same approach for injecting both arthritis-inducing substances and analgesic
substances. Sham controls are produced by inserting the needle as above but without injecting

any substance.

3. Production of arthritis
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3.1. Anesthetize animal as in step 2.3 above.

3.2. Weigh the appropriate amounts (see below) of carrageenan, Complete Freund’s Adjuvant
and Type IV Collagenase and dilute to the appropriate concentration with normal saline in a
laminar flow hood for safety and sterility.

3.3. Inject 10 pl of 2.5% carrageenan diluted in 0.9% sterile saline into the knee as above using a
Hamilton syringe to produce acute inflammatory arthritis. Arthritis peaks 3 h after injection.

3.4. Inject, 30 uL (30 pg) of Complete Freund’s Adjuvant (CFA) into the knee to produce chronic
inflammatory arthritis. There is an initial acute inflammatory phase that peaks at 1 week then a
chronic phase that peaks at 3 weeks following injection.

3.5. Inject 10 pL containing 10 IU Type IV Collagenase to produce chronic degenerative arthritis.
Arthritis pain peaks 4 weeks after injection.

4. Measurement of evoked joint pain

4.1. Always examine the normal comparator knee first to minimize the cross-over pain response
(windup) from the painful knee®3.

4.2. Train the examiner to apply consistent and firm pressure of 1100 gf/cm? = 15.6 psi using a
Palpometer level 4; the device will emit 4 beeps when this level of pressure is applied. This
amount of pressure will consistently elicit a greater pain response from an arthritic joint than
from a normal joint.

NOTE: The device is calibrated at the factory to elicit 4 beeps when the appropriate level of
pressure is applied. Use the device for training only; do not use on the animals but when
examining the animals, apply the amount of pressure learned through the training.

4.3. Restrain the mouse tightly enough to prevent casual movement by holding the scruff of the
neck with the index finger and thumb and using the 4™ and 5% fingers to restrain the tail. The
mouse should be able to make discrete, brief movements with effort and when stimulated, but
should not be able to move freely or continuously.

4.4. Administer repeated firm (Palpometer level 4) palpations concurrently to the lateral and
medial sides of each knee at approximately the joint line with the thumb and index finger of the
free hand once per second for one minute while restraining the mouse. Do not use the
Palpometer for the mouse examination; it is used only for training.

4.5. Have a second observer count the number of times the animal vocalizes and fights to escape
the restraint during this one-minute time-period. The sum of fights and vocalizations is the
Evoked Pain Score.
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4.6. Always us the same examiner throughout the study and confirm the examiner and observer
are blinded as to experimental condition.

5. Measurement of spontaneous joint pain.

NOTE: The Advanced Dynamic Weight Bearing (ADWB) device calculates the percent of total time
the animal spends on each limb and the percent of total weight borne on each limb.

5.1. Fill a plastic beaker with 2 L of water. Place the foam pad and medium density fiberboard
that are included with the equipment along with the filled beaker on a laboratory scale and
record the combined weight.

5.2. Open the ADWB program and select Mice sensor type.
5.3. Calibrate the system prior to each experiment:

5.3.1. Select Full calibration under the Calibration menus. Enter 0.00 as a Tare value and the
weight of the foam pad, medium density fiberboard, plastic beaker, and water as the Calibration
weight, then select Next.

5.3.2. Select Tare before placing anything on the sensor. Before selecting Gain preview, cover
the sensor pad with the provided foam pad, medium density fiberboard, and plastic beaker filled
with 2 liters of water, in that order. Select Gain preview once the calibration weight is on the
sensor.

5.3.3. Adjust the calibration weight so it is evenly distributed across the individual sensors and
when the value of the Calibration indicator is above 95, select Gain definition. This process
produces a normalized mean for the individual sensors and confirms the integrity of the
individual sensors. Finally, select Next.

5.3.4. Save the calibration file into the calibration folder.

5.4. Select New and where provided enter the Project name and the Animal name for the first
mouse to be tested.

5.5. Select Browse and open the calibration file that was created for the project. Select Next,
ensure Enable video capture is selected, and select OK.

5.6. Weigh the animal, select Capture, and record the weight in the software. Select OK.

5.7. Do not acclimate mice to the chamber before the collection of data because this device
measures spontaneous behavior.
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5.8. Place mouse in the chamber for a period of 5 min of testing. When the animal is in the
chamber select Launch. The software will record the animal’s activity during this time, capture a
video and synchronize with the sensor data, and automatically partition this video into analyzable
and non-analyzable segments.

NOTE: The software considers segments analyzable when at least one stable zone is detected. A
stable zone is created when sensors detect 22 g on one sensor with a minimum of one adjacent
sensor detecting 21 g and when the weight distribution of a zone is stable for more than 0.38 s.

5.9. Before the first analysis in a series select Easy scoring and Independent paws setting.

NOTE: Easy scoring allows iteration validation of segments where the stable zone does not
change based on the validation of the first stable zone of that segment. Independent paws setting
provides the observer with access to the keyboard shortcuts that allow individual identification
of each paw. The observer assigns zones that meet minimal criteria as right hind, left hind, right
fore, left fore, both forepaws, other body part, or ignore zone by using the keyboard shortcuts
while holding the cursor over the segment per the video and scaled map of activated sensors.

5.10. Select >> to move to the first analyzable segment. If a stable zone does not have the correct
paw identified then hold the cursor over that zone and press the shortcut (right hind, s; left hind,
a; right fore, w; left fore, q; both forepaws, e; other section of the body, z, ignore zone, x) that
corresponds with the correct body part.

NOTE: A minimum of 1.5 min of analyzable time is required to meet analysis thresholds. Analyzed
segments are added and averaged automatically for output per paw(s) by the software.

5.11. The ADWB software then automatically calculates the percentage of analyzed time spent
and percentage of body weight (g) placed on each of the four limb options. Export these values
into a new spreadsheet by selecting Results, Export, selecting Yes to the prompt question asking
if only the first five summary lines should be exported, and selecting the location of the output.

5.12. Euthanize animals by CO2 inhalation followed by thoracotomy at the end of the study
period.

5.13. For each additional animal in the same group, select New and enter a unique animal name
but do not change the project name. Select Next, ensure Enable video capture is selected, and
select OK. Follow steps 5.5 to 5.12 as for the first animal.

REPRESENTATIVE RESULTS:

Acute and chronic inflammatory and chronic degenerative joint pain was produced by IA injection
into the left knee of C57BL/6J male and female mice prior to pain assessment using the protocol
outlined above. Joint pain was measured as evoked pain scores (EPS) and spontaneous pain
behaviors measured with an advanced dynamic weight bearing (ADWB) device. For the purposes
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of this report, individual comparisons were made using Student’s t tests. For experiments where
analgesic doses are being compared, ANOVA may be a more appropriate statistical comparison.

EPS (the sum of tallied fights plus vocalizations) increased with all three types of joint pain (Figure
1). ADWB measures of percent weight bearing on the left hind limb compared to naive mice were
reduced in acute and chronic inflammatory joint pain. Females but not males with chronic
degenerative joint pain (COL) showed similar reductions in ADWB measures (Figure 2A). Males
with acute inflammatory joint pain transferred more weight to the forelimbs than naive animals.
Weight bearing on forelimbs increased in female mice compared to naive but not in males with
chronic degenerative joint pain (COL) (Figure 2B). ADWB measures of percent time on the
affected left hind limb decreased compared to naive in mice with acute and chronic inflammatory
joint pain, but this was not statistically significant. These animals did spend significantly less time
on the left hind limb than on the right hind limb. In both males and females with chronic
degenerative joint pain, there was no difference in time spent on the left hind limbs compared
to naive. Females with chronic degenerative joint pain spent more time on the nonarthritic right
hind limb compared to naive (Figure 3A). Mice with acute inflammatory joint pain and females
with chronic degenerative joint pain spent significantly more time on the forelimbs than naive
animals (Figure 3B).

FIGURE LEGENDS:

Figure 1. Evoked pain scores for left (blue column) and right (red column) hind limbs. Right hind
limbs served as internal controls and did not undergo any IA injections. Measurements were
taken in the following conditions: uninjected naive (male and female), acute inflammatory
carrageenan-induced arthritis (CAR), chronic inflammatory Complete Freund’s Adjuvant-induced
arthritis (CFA) and chronic noninflammatory Collagenase-induced arthritis (COL — male and
female). In naive animals the EPS of the left hind knee was not statistically different from the
right in males and only minimally different in females (**P = 0.038) likely due to some increased
pain response in the knee examined second (the left) due to crossover pain response. In all
arthritic groups the arthritic left knee EPS was significantly greater than the nonarthritic
contralateral right knee. When comparing the EPS of the left knee of arthritis groups to naive
animals, all arthritis groups had significantly greater EPS scores in the arthritic left knee compared
to naive left knees. This was true in both males and females. *P < 0.05 compared to male naive,
#P < 0.05 compared to female naive. All error bars are SEM in all figures.

Figure 2: Spontaneous pain behavior measured by percent body weight borne on limbs. (A)
Spontaneous pain behavior measured by total percent body weight on the left (blue column) and
right (red column) hind limbs. In both male and female naive animals, there was no significant
difference between percent weight borne on the left and right hind limbs. Male mice with CAR
and CFA induced joint pain and females with COL induced joint pain bore significantly less weight
on the left hind limb compared to the naive. *P < 0.05 compared to male naive, #P < 0.05
compared to female naive. (B) Spontaneous pain behavior measured by total percent body
weight placed on the forelimbs. In males with CAR induced acute joint pain and females with COL
induced chronic joint pain, there was a significant increase in the amount of weight borne on the
forelimbs. This was not seen in males with CFA or COL induced joint pain. Naive females tended
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to bear more weight on the forelimbs than naive males (P = 0.02). Additional weight may be
borne by other body parts such as the tail or rump. These were usually minimal and did not
contribute significantly to the understanding of the pain response and are therefore not shown.
*P < 0.05 compared to male naive, #P < 0.05 compared to female naive and to male 4 week COL
in forelimb weightbearing.

Figure 3: Spontaneous pain behavior measured by percent time spent on limbs. (A)
Spontaneous pain behavior measured by total percent time spent on the left (blue column) and
right (red column) hind limbs. There was no significant difference between right and left hind
limbs in male and female naive mice with respect to time spent on the limb. Male mice with CAR
and CFA induced arthritis appeared to spend less time weightbearing with the arthritic left hind
limb compared to naive, but this was not statistically significant and likely due to increased
variability in this measure in these mice. There was a significant difference in these animals
comparing right to left as the right hind limb spent more total time weightbearing than the left.
In females with COL induced arthritis, the right hind limb was weightbearing a greater proportion
of time than in naive females. *P < 0.05 comparing right to left, #P < 0.05 compared to female
naive and to male 4 week COL in time spent on forelimbs. (B) Spontaneous pain behavior
measured by total amount of time spent on the forelimbs. In males with CAR induced arthritis
and females with COL induced arthritis the mice spent significantly more time weightbearing on
the fore limbs than did the naive animals. Female naive mice spent more time on the forelimbs
than male naive animals. *P < 0.05 compared to male naive, #P < 0.05 compared to female naive.

DISCUSSION:

Measurement of joint pain in preclinical models of inflammatory arthritis and degenerative joint
disease is an increasingly valuable tool to evaluate new treatments for arthritis pain and for
restoring joint function®!°. Measuring pain behaviors in mice with chronic degenerative joint
disease is challenging. As quadrupeds, they can offload a painful limb to any combination of the
other three limbs or the tail. Decreased function in one limb may not be displayed as obviously
as it is in bipedal humans. As prey animals, mice have a survival benefit to minimize pain
behaviors.

This report demonstrates that joint pain from different pathologic mechanisms can be measured
in mice with simple and relatively inexpensive methods. Inflammatory joint pain causes bigger
changes in weight bearing time and distribution and therefore may be a more sensitive model
for the detection of analgesia. However, other models of joint pain will be important when
evaluating new potential analgesics since mechanisms of pain initiation and maintenance are
likely different with different pathology. We found differences in offloading patterns between
males and females and among different models of arthritis pain.

Itis important to recognize that there can be strain as well as gender differences in pain behavior
in mice'*1®, Itis also known that there are distinct strain differences in pain thresholds. We found
that in C57/Bl6 mice, females demonstrated significantly more spontaneous pain behaviors
(increased weight and time on forelimbs) than male mice with chronic degenerative joint pain
(Figure 2 and Figure 33). We did not determine the estrus phase for these female mice, so we
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cannot say whether this had any effect on our results, but others have determined that estrus
phase did not explain observed sex differences in C57/BI6 mice?’.

Evoked pain behavior is sensitive to all types of joint pain tested and has good reproducibility. It
is crucial that the examiner is trained to deliver consistent, standardized palpation pressure and
use consistent restraint methods that allows the range of pain behavior to detect both pain and
analgesia. It is important to always examine the normal knee first to minimize the pain response
in the normal knee due to a crossover effect and maximize the difference in pain response
between the normal and painful knee. Using a second observer to tally the pain responses that
make up the EPS is necessary so that the examiner focuses on consistent palpation and so that
vocalizations and fights are consistently tallied. It may be necessary to practice the restraint
method in particular to ensure the animal can react to pain adequately but does not react too
easily so as to dilute the pain response. An advantage of the EPS measurement is that it is
analogous to measuring joint tenderness in human patients.

We feel these methods are superior to existing methods in that they directly measure pain
coming from the knee joints of mice, they can be used in different models of monoarthritis pain,
they include both spontaneous and evoked pain responses, and are relatively inexpensive but
reliable and reproducible. As therapies are developed to more effectively treat arthritis, these
methods will be useful for confirming whether treatments are actually effective for the most
disabling outcome of arthritis, pain.

Our methods have some limitations. Primarily, the EPS measure is limited by the requirement for
a single examiner and observer and the need for very consistent technique. The evoked pain
measures are more automated and are not as subject to inter-observer differences. Further
refinement of the EPS measure might include automated methods for counting vocalizations in
response to palpation, such as using an ultrasonic bat detector to count vocalizations. This
method would need to be compared to our current method to confirm sensitivity and specificity
before it could be widely implemented.

In summary, we describe two different pain behavior measures for quantifying joint pain in mice.
Gender and strain differences must be considered before choosing an experimental model.
Measures of evoked pain require careful training and consistent implementation by the
examiner. Both spontaneous and evoked pain behaviors are recommended to evaluate pain
severity and functional limitation and should be utilized to fully evaluate the effects of new
potential analgesics.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Spontaneous and Evoked Measures of Pain in Murine Models of Arthritis Knee Pain

Author(s):

Hollis E. Krug, Christopher Dorman, Nicole Blanshan , Sandra Frizelle, Maren Mahowald

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

Open Access

DThe Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Hollis Krug
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Minneapolis VA Health Care System/ University of Minnesota
Title:
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site
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Response to reviewers 11-10-18 Responses are in bold following the editorial comments.

Editorial comments:

1. We are concerned about filming section 4 of the protocol, as it apparently involves showing animals in
distress/pain (the rest of the protocol is fine). If you think this is essential to show, we may have
alternative ways to visualize it, though—e.g., we could use still images (either provided by you or stills
from footage captured by the videographer) and overlays of text, arrows, or highlighting to show things
like where to palpate and how to locate the important structures; alternatively, we may be able to
construct a simple animation using our stock graphics of rodents and anatomy. Please let us know your
thoughts on this. We believe this is essentially the most crucial part of this paper to share with
readers as it is technically highly reliant on technique. Please understand that the reason this is
difficult is that the pain is very mild so that it is hard to discern when the animals are actually in pain
and when they are just uncomfortable being restrained. | think once you see what we are doing, it will
not be disturbing to film. But alternatively, demonstrating placement and restraint technique would
be helpful. Video graphics depicting the types of pain responses we grade might be an acceptable
substitute.

2. The Figures are currently fairly low resolution (even in the original files). If you are having technical
difficulties converting them to tif format, pdf format is acceptable (although, again, all panels for each
figure should be combined into one file per figure). We did have difficulty creating TIFF files without
losing resolution. We have combined the figures into pdf files for better resolution.

3. Figures: Please explicitly define CAR and COL in the legends. This has been done.

4. Figures: It’s “COL” in the legends/text but “Col” (not capitalized) in the Figures themselves; please
make consistent. This has been done

5. Figures 2 and 3: Please label panels only as ‘A’ and ‘B’ (e.g., not as ‘2A’). Done
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