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SUMMARY:  31 
Provided here is a protocol that details steps to establish an animal model of chronic post-32 
ischemia pain (CPIP). This is a well-recognized model mimicking human complex regional pain 33 
syndrome type-I. Mechanical and thermal hypersensitivities are further evaluated, as well as 34 
capsaicin-induced nocifensive behaviors observed in the CPIP rat model. 35 
 36 
ABSTRACT:  37 
Complex regional pain syndrome type-I (CRPS-I) is a neurological disease that causes severe 38 
pain among patients and remains an unresolved medical condition. However, the underlying 39 
mechanisms of CRPS-I have yet to be revealed. It is known that ischemia/reperfusion is one of 40 
the leading factors that causes CRPS-I. By means of prolonged ischemia and reperfusion of the 41 
hind limb, the rat chronic post-ischemia pain (CPIP) model has been established to mimic CRPS-42 
I. The CPIP model has become a well-recognized animal model for studying the mechanisms of 43 
CRPS-I. This protocol describes the detailed procedures involved in the establishment of the rat 44 
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model of CPIP, including anesthesia, followed by ischemia/reperfusion of the hind limb. 45 
Characteristics of the rat CPIP model are further evaluated by measuring the mechanical and 46 
thermal hypersensitivities of the hind limb as well as the nocifensive responses to acute 47 
capsaicin injection. The rat CPIP model exhibits several CRPS-I-like manifestations, including 48 
hind limb edema and hyperemia in the early stage after establishment, persistent thermal and 49 
mechanical hypersensitivities, and increased nocifensive responses to acute capsaicin injection. 50 
These characteristics render it a suitable animal model for further investigation of the 51 
mechanisms involved in CRPS-I. 52 
 53 
INTRODUCTION:  54 
Complex regional pain syndrome (CRPS) reprents complex and chronic pain symptoms resulting 55 
from fractures, trauma, surgery, ischemia or nerve injury1-3. CRPS is classified into 2 56 
subcategories: CRPS type-I and type-II (CRPS-I and CRPS-II)4. Epidemiological studies revealed 57 
that the prevalence of CRPS was approximately 1:20005. CRPS-I, which shows no obvious nerve 58 
damage, can result in chronic pain and dramatically affects the life quality of the patients. 59 
Current available treatments show inadequate therapeutic effects. Therefore, CRPS-I still 60 
remains an important and challenging clinical problem that needs to be addressed.  61 

  62 
Establishing a preclinical animal model mimicking CRPS-I is crucial for exploring the mechanisms 63 
underlying CRPS-I. In order to address this issue, Coderre et al. designed a rat model by applying 64 
prolonged ischemia and reperfusion to the hind limb to recapitulate CRPS-I6. It is known that 65 
ischemia/reperfusion injury is among one of the major causes of CRPS-I7. The rat CPIP model 66 
exhibits many CRPS-I-like symptoms, which include hind limb edema and hyperemia in the early 67 
stage after model establishment, followed with persistent thermal and mechanical 68 
hypersensitivities6. With the aid from this model, it is proposed that central pain sensitization, 69 
peripheral TRPA1 channel activation and reactive oxygen species generation, etc. contribute to 70 
CRPS-I8-10. We recently successfully established the CPIP rat model and performed RNA-71 
sequencing of the dorsal root ganglia (DRGs) that innervate the affected hind paw11. We 72 
discovered some potential mechanisms that are possibly involved in mediating the pain 73 
hypersensitivities of CRPS-I11. We further identified transient receptor potential vanilloid 1 74 
(TRPV1) channel in DRG neurons as an important contributor to the mechanical and thermal 75 
hypersensitivities of CRPS-I12.  76 
 77 
In this study, we described the detailed procedures involved in the establishment of the rat 78 
model of CPIP. We further evaluated the rat CPIP model by measuring the mechanical and 79 
thermal hypersensitivities as well as its responsiveness to acute capsaicin challenge. We 80 
propose that the rat CPIP model can be a reliable animal model for further investigation of the 81 
mechanisms involved in CRPS-I. 82 
 83 
PROTOCOL: 84 
 85 
The animal protocols were approved by Zhejiang Chinese Medical University Animal Ethics 86 
Committee. 87 
 88 



   

1. Animals 89 
 90 
1.1. Obtain male Sprague-Dawley (SD) rats (280–320 g, 8-10 weeks of age) from Shanghai 91 
Laboratory Animal Center. Breed the animals in Zhejiang Chinese Medical University Laboratory 92 
Animal Center. Note that the breeding conditions should include 12 h/ 2h light/dark cycles and 93 
keep temperature constant at 24 °C. Provide water and food ad libitum.  Note that a total of 48 94 
rats areused in this study. 95 
 96 
2. CPIP model establishment 97 
 98 
2.1. Anesthetize all rats (including sham and CPIP model groups) with sodium phenobarbital 99 
(50 mg/kg, intraperitoneal injection [i.p.]). Maintain anesthesia with up to 20 mg/kg/h 100 
phenobarbital, if necessary. Check the reflexes of each animal by pinching its hind paw or tail tip 101 
using forceps. Make sure that the rats are not responsive before model establishment. Place vet 102 
ointment on eyes to avoid dryness during the procedure. Place the anesthetized rats on a 103 
heated pad maintained at 37 °C for the following procedure. 104 
 105 
2.2. Ischemia and reperfusion of the hind paw 106 
 107 
2.2.1. Lubricate the right hind paw and ankle with glycerol once the rat is anesthetized.  108 
 109 
2.2.2. Slide a Nitrile 70 Durometer O-ring with a 7/32” internal diameter into the larger side of 110 
a 1.5 mL Eppendorf tube (with the snap-cap cut off before use). Carefully insert the hind paw 111 
into the hollow Eppendorf tube until reaching the bottom. 112 
 113 
2.2.3. Gradually slide the O-ring from the tube to the right hind limb near the ankle joint and 114 
place for 3 h. Apply the same treatment to a sham group of rats, except that a broken O-ring, 115 
which is cut off and should not induce ischemia, should be placed around the ankle.  116 
 117 
2.2.4. Cut off the O-ring 3 h after the ischemia step. Carefully watch the rat until it recovers 118 
enough consciousness to maintain sternal recumbency. Note that the rat that received 119 
anesthesia should not be placed back to the company of other rats until it fully recovered. 120 
 121 
3. Nocifensive behavioral tests  122 
 123 
3.1. Place the rat in a transparent Plexiglas chamber that is sitting on a mesh floor. Habituate 124 
the rat for 0.5 h before any behavioral testing. 125 
 126 
3.2. Mechanical allodynia  127 
 128 
3.2.1. Use von Frey filaments (0.4, 0.6, 1.0, 2.0, 4.0, 6.0, 8.0, 15.0, and 26.0 g filaments) for the 129 
test. Begin the test from the middle filament (4.0 g). Vertically apply the filaments to the middle 130 
plantar surface of the hind paw. Slightly apply suitable force to bend the filament for up to 5 s. A 131 
sudden retraction of the hind paw in response to the stimuli is considered a nocifensive 132 



   

behavior. Conduct the mechanical allodynia test on days -3, -2, -1, and every other day until day 133 
13. 134 
 135 
3.2.2. Apply the up-down testing method to test the threshold. Apply a nonparametric Dixon 136 
test for calculating 50% paw withdrawal threshold (PWT)13-15. 137 
 138 
3.3. Thermal hyperalgesia 139 
 140 
3.3.1. Use Hargreaves’ method to examine thermal hyperalgesia. Directly aim the light beam 141 
emitted from a bulb (50 W) to the hind paw to measure the paw withdrawal latency (PWL). Set 142 
20 s as the cut-off threshold to avoid excessive injury from the heating. 143 
 144 
3.3.2. Repeat each test 3x in 5 min intervals for each hind paw. Take the average of these three 145 
tests as the PWL of each rat16. Conduct the thermal hyperalgesia test on days -3, -2, -1, and 146 
every other day until day 13. 147 
 148 
3.4. Capsaicin-induced acute nocifensive behavior  149 
 150 
3.4.1. Prepare capsaicin stock solution (200 mM) using dimethyl sulfoxide (DMSO) and further 151 
dilute to 1:1000 in phosphate-buffered saline (PBS) for hind paw injection. The final DMSO 152 
concentration in PBS is 0.1% (vehicle contains 0.1% DMSO in PBS only). Inject capsaicin or 153 
vehicle into the hind paw (intraplantar injection) at a volume of 50 μL using a 30 G needle 154 
attached to 1 mL syringe.     155 
 156 
3.4.2. Record the nocifensive behavior (i.e., licking, biting, or flinching of the injected paw) 157 
using a video camera for 10 min right after the injection and quantified thereafter as previously 158 
described17-19. 159 
 160 
3.5. Hind paw edema evaluation: Evaluate the hind paw edema by measuring the increase in 161 
paw diameter. Measure with a digital caliper and calculate the difference between the basal 162 
value and the test value observed at different time points. Assess the changes in paw thickness 163 
at 15 min, 24 h, 48 h, and 72 h after model establishment.  164 
 165 
REPRESENTATIVE RESULTS:  166 
After placing the O-ring on the ankle, the ipsilateral hind paw skin showed cyanosis, an 167 
indication of tissue hypoxia (Figure 1A). After cutting the O-ring, the ipsilateral hind paw began 168 
to fill with blood and showed robust swelling, which demonstrated an intense sign of hyperemia 169 
(Figure 1A). The paw swelling gradually diminished and returned to normal 48 h after the 170 
ischemic/reperfusion procedure (two-way ANOVA with Sidak post-hoc test, Figure 1B). All of 171 
these signs are consistent with previous studies6,12.  172 
 173 
Then, mechanical allodynia was measured using a von Frey hair test. The ipsilateral hind paw of 174 
the CPIP group exhibited obvious mechanical allodynia 1 day after model establishment 175 
compared to the sham group. The mechanical allodynia of the ipsilateral hind paw persisted 176 



   

until 13 days of the observation timeframe (two-way ANOVA with Sidak post-hoc test, Figure 177 
1C). The contralateral hind paw of the CPIP group also displayed mechanical hyperalgesia similar 178 
to the ipsilateral hind paw, lasting for 13 days (two-way ANOVA with Sidak post-hoc test, Figure 179 
1D).  180 
 181 
Thermal hyperalgesia was then measured using a Hargreaves’ test. Bilateral hind paws of CPIP 182 
rats exhibited significantly reduced withdrawal latency in response to noxious thermal stimuli, a 183 
sign of thermal hyperalgesia, compared to the sham group rats (two-way ANOVA with Sidak 184 
post hoc test, Figure 1E,F). This observation is consistent with previous studies11,12. The thermal 185 
hyperalgesia of the ipsilateral hind paw persisted until the end of the observation timeframe, 186 
whereas the thermal hyperalgesia of the contralateral hind paw lasted for 7 days (two-way 187 
ANOVA with Sidak post-hoc test, Figure 1E,F). The above results suggest that CPIP rats develop 188 
robust and persistent mechanical and thermal hypersensitivities, consistent with  previous 189 
observations11,12.    190 
 191 
CRPS patients exhibited an obvious increased response to capsaicin-induced pain in affected 192 
areas20. It was then examined whether the CPIP rat model can recapitulate this phenomenon. 193 
Nocifensive behavior in CPIP rats was observed in response to intraplantar capsaicin (a TRPV1 194 
agonist) injection into the ipsilateral hind paw. First, the nocifensive responses of the rats when 195 
a vehicle was injected were tested. The sham group showed a slight nocifensive response to 196 
vehicle injection, whereas the CPIP group showed a significantly higher response compared to 197 
the sham group (one-way ANOVA with Sidak post-hoc test, Figure 2). Furthermore, capsaicin 198 
injection resulted in robust nocifensive response in the sham group (Figure 2). More 199 
importantly, CPIP rats showed significantly higher responses to capsaicin injection than the 200 
sham group (Figure 2). These data suggest that CPIP rats exhibited enhanced nocifensive 201 
responses to capsaicin, a phenomenon mimicking human patients with CRPS-I. 202 
 203 
FIGURE AND TABLE LEGENDS:  204 
Figure 1: The CPIP rat model showed thermal and mechanical pain hypersensitivities in 205 
bilateral hind limbs. (A) Typical images taken during different timepoints (during ischemia, 10 206 
min after reperfusion, and 7 days later). (B) Ipsilateral hind paw thickness measurements of 207 
both CPIP and sham groups. (C,D) 50% paw withdraw threshold (50% PWT, index of mechanical 208 
hyperalgesia) of ipsilateral (C) and contralateral (D) hind paws of rats. (E,F) Paw withdrawal 209 
latency (PWL, index of thermal hyperalgesia) of ipsilateral (E) and contralateral (F) hind paws of 210 
rats (n = 8 rats per group, **p < 0.01). Results are expressed as mean ± SEM (two-way ANOVA 211 
followed by Sidak post-hoc test). 212 
 213 
Figure 2: CPIP rats exhibited more nocifensive behaviors compared to sham rats in response 214 
to intraplantar capsaicin injection into ipsilateral hind paws. The cumulated time the rats spent 215 
licking, biting, or flinching the hind paws was calculated over 10 min after vehicle (0.1% DMSO 216 
in PBS, intraplantar) or capsaicin (10 nmol in 50 μL volume, intraplantar) injection (n = 8 rats per 217 
group, **p < 0.01). Results are expressed as mean ± SEM (one-way ANOVA followed by Sidak 218 
post-hoc test). 219 
 220 



   

DISCUSSION: 221 
This protocol describes the detailed methods for establishing a rat CPIP model by applying 222 
ischemia/reperfusion to hind limbs of the rats. It involves the evaluation of hind limb 223 
appearance, edema, mechanical/thermal hypersensitivities, and acute nocifensive behaviors in 224 
response to capsaicin injection.  225 
 226 
Limb ischemia/reperfusion is a common factor contributing to CRPS-I in human patients12. This 227 
protocol describes how to establish the rat CPIP model, which is a commonly used animal 228 
model to recapitulate human CRPS-I6. Ischemia was induced in the rat’s hind limb with a tight 229 
O-ring applied to the ankle for 3 h under anesthesia. The O-ring was removed, and reperfusion 230 
occurred. After the model establishment, the CPIP model rat developed early hyperemia and 231 
edema in the hind limb. The model also displays neuropathic pain behaviors, including 232 
persistent mechanical/thermal hypersensitivities. These symptoms all mimic the typical 233 
characteristics of human CRPS-I 21. 234 
 235 
CRPS patients exhibit obvious increased responses to capsaicin-induced pain in the affected 236 
limbs20. However, it remains unclear whether CPIP model animals exhibit similar responses. 237 
Thus, in this study, nocifensive behaviors of CPIP rats were examined in response to intraplantar 238 
capsaicin injection into the ipsilateral hind paw. It was found that CPIP model rats showed 239 
significantly higher nocifensive responses to capsaicin injection compared to sham rats. To our 240 
knowledge, this is the first report of this phenomenon in CPIP model rats.  241 
 242 
In a previous study, TRPV1 channel expression was shown to be upregulated in ipsilateral hind 243 
paw tissues and DRG neurons that innervated the hind paw12. Furthermore, it has been found 244 
that spinal glial cells are activated in CPIP model rats, resulting in central pain sensitization and 245 
facilitation of pain perception and transmission9,12. Therefore, peripheral and central pain 246 
sensitization may both be involved in the increased nocifensive behaviors in response to 247 
capsaicin injection in CPIP model rats.  Future studies are needed to test whether capsaicin 248 
injection results in enhanced responses in contralateral hind paws of CPIP model rats, as well. In 249 
the tests performed here, we did not observe autotomy in the CPIP model rats. This contrasts 250 
with rats that have undergone sciatic sectioning, who usually develop autotomy in addition to 251 
chronic pain hypersensitivities22,23. In addition, no referred pain response has been reported in 252 
CRPS-I patients or CPIP mode animals.  253 
 254 
One of the critical steps in the model is to maintain anesthesia throughout the procedure. In 255 
this study, the anesthesia was initiated by intraperitoneal injection of sodium phenobarbital (50 256 
mg/kg). This dosage is frequently used in many studies involving rat anesthesia, including 257 
studies with CPIP rat model establishment9,12,24. Besides, anesthesia should be maintained via 258 
20 mg/kg/h (i.p.) sodium phenobarbital when necessary to guarantee successful implement of 259 
the procedure12,24.  260 
 261 
In the initial CPIP model established by Coderre et al., the O-ring was actually slid off from the 262 
outside of a 3 cm3 syringe (cut in half) when the hind paw was placed into the barrel of the 263 
syringe as far as possible25. Here, in our study, we made minor modifications to this method. We 264 



   

used a 1.5 mL Eppendorf tube (with the snap-cap cut off beforehand) instead of the syringe, 265 
since this material was more accessible and fit just well with the diameter of the rat’s hind paw. 266 
The O-ring can be easily placed on the ankle part of the rats in this modified method without 267 
injuries to allow for model establishment.    268 
 269 
At present, the CPIP rat model was exclusively established in male rats based upon previous 270 
studies, including our present study25. However, it should be noted that the incidence of CRPS-I 271 
is more frequent in female than in male patients according to epidemiological analysis26,27. This 272 
is further supported by the findings that female animals exhibited more pain responses than 273 
male animals when CPIP was established28. Therefore, it will be necessary to establish the CPIP 274 
model in both male and female animals in the future. This will be important for studying the 275 
translational significance of this model. 276 
 277 
In conclusion, described here are methods for establishing a rat CPIP model. This CPIP rat model 278 
recapitulates many clinical characters of human CRPS-I, and its properties may render it a 279 
suitable animal model to study CRPS-I.  280 
 281 
ACKNOWLEDGMENTS:  282 
This project was sponsored by National Natural Science Foundation of China (81873365 and 283 
81603676), Zhejiang Provincial Natural Science Funds for Distinguished Young Scholars 284 
(LR17H270001) and research funds from Zhejiang Chinese Medical University (Q2019J01, 285 
2018ZY37, 2018ZY19). 286 
 287 
DISCLOSURES:  288 
The authors declare no conflicts of interest in this work.  289 
 290 
REFERENCES:  291 
1 Goh, E. L., Chidambaram, S. & Ma, D. Complex regional pain syndrome: a recent update. 292 
Burns & Trauma. 5 (1), 2, (2017). 293 
2 Birklein, F., Ajit, S. K., Goebel, A., Rsgm, P. & Sommer, C. Complex regional pain syndrome 294 
- phenotypic characteristics and potential biomarkers. Nature Reviews Neurology. 14 (5), (2018). 295 
3 Shim, H., Rose, J., Halle, S. & Shekane, P. Complex regional pain syndrome: a narrative 296 
review for the practising clinician. British Journal of Anaesthesia. 10.1016/j.bja.2019.03.030, 297 
(2019). 298 
4 Urits, I., Shen, A. H., Jones, M. R., Viswanath, O. & Kaye, A. D. Complex Regional Pain 299 
Syndrome, Current Concepts and Treatment Options. Current Pain & Headache Reports. 22 (2), 300 
10, (2018). 301 
5 Helyes, Z. et al. Transfer of complex regional pain syndrome to mice via human 302 
autoantibodies is mediated by interleukin-1-induced mechanisms. Proceedings of National 303 
Academy Sciences of the United States of America. 116 (26), 13067-13076, (2019). 304 
6 Coderre, T. J., Xanthos, D. N., Francis, L. & Bennett, G. J. Chronic post-ischemia pain 305 
(CPIP): a novel animal model of complex regional pain syndrome-Type I (CRPS-I; reflex 306 
sympathetic dystrophy) produced by prolonged hindpaw ischemia and reperfusion in the rat. 307 
Pain. 112 (1), 94-105, (2004). 308 



   

7 Coderre, T. J. & Bennett, G. J. A hypothesis for the cause of complex regional pain 309 
syndrome-type I (reflex sympathetic dystrophy): pain due to deep-tissue microvascular 310 
pathology. Pain Medicine. 11 (8), 1224-1238, (2010). 311 
8 Klafke, J. Z. et al. Acute and chronic nociceptive phases observed in a rat hind paw 312 
ischemia/reperfusion model depend on different mechanisms. Pflugers Archiv European Journal 313 
of Physiology. 468 (2), 229-241, (2015). 314 
9 Tang, Y. et al. Interaction between astrocytic colony stimulating factor and its receptor 315 
on microglia mediates central sensitization and behavioral hypersensitivity in chronic post 316 
ischemic pain model. Brain Behavioral Immunology. 68 248-260, (2018). 317 
10 Kim, J. H., Kim, Y. C., Nahm, F. S. & Lee, P. B. The Therapeutic Effect of Vitamin C in an 318 
Animal Model of Complex Regional Pain Syndrome Produced by Prolonged Hindpaw Ischemia-319 
Reperfusion in Rats. International Journal of Medical Sciences. 14 (1), 97-101, (2017). 320 
11 Yin, C. et al. Transcriptome profiling of dorsal root ganglia in a rat model of complex 321 
regional pain syndrome type-I reveals potential mechanisms involved in pain. Journal of Pain 322 
Research. 12 1201-1216, (2019). 323 
12 Hu, Q. et al. TRPV1 Channel Contributes to the Behavioral Hypersensitivity in a Rat 324 
Model of Complex Regional Pain Syndrome Type 1. Frontiers in Pharmacology. 10 453, (2019). 325 
13 Dixon, W. J. Efficient analysis of experimental observations. Annual Review of 326 
Pharmacology and Toxicology. 20 441-462, (1980). 327 
14 Chai, W. et al. Electroacupuncture Alleviates Pain Responses and Inflammation in a Rat 328 
Model of Acute Gout Arthritis. Evidence-Based Complementary and Alternative Medicine. 2018 329 
2598975, (2018). 330 
15 Chaplan, S. R., Bach, F. W., Pogrel, J. W., Chung, J. M. & Yaksh, T. L. Quantitative 331 
assessment of tactile allodynia in the rat paw. Journal of Neuroscience Methods. 53 (1), 55-63, 332 
(1994). 333 
16 Fang, J. Q. et al. Parameter-specific analgesic effects of electroacupuncture mediated by 334 
degree of regulation TRPV1 and P2X3 in inflammatory pain in rats. Life Sciences. 200 69-80, 335 
(2018). 336 
17 Tai, Y. et al. Involvement of Transient Receptor Potential Cation Channel Member A1 337 
activation in the irritation and pain response elicited by skin-lightening reagent hydroquinone. 338 
Scientific Reports. 7 (1), 7532, (2017). 339 
18 Liu, B. et al. TRPM8 is the principal mediator of menthol-induced analgesia of acute and 340 
inflammatory pain. Pain. 154 (10), 2169-2177, (2013). 341 
19 Liu, B. et al. Oxidized Phospholipid OxPAPC Activates TRPA1 and Contributes to Chronic 342 
Inflammatory Pain in Mice. PLoS One. 11 (11), e0165200, (2016). 343 
20 Terkelsen, A. J., Gierthmuhlen, J., Finnerup, N. B., Hojlund, A. P. & Jensen, T. S. Bilateral 344 
hypersensitivity to capsaicin, thermal, and mechanical stimuli in unilateral complex regional 345 
pain syndrome. Anesthesiology. 120 (5), 1225-1236, (2014). 346 
21 Drummond, P. D., Morellini, N., Finch, P. M., Birklein, F. & Knudsen, L. F. Complex regional 347 
pain syndrome: intradermal injection of phenylephrine evokes pain and hyperalgesia in a 348 
subgroup of patients with upregulated alpha1-adrenoceptors on dermal nerves. Pain. 159 (11), 349 
2296-2305, (2018). 350 
22 Minert, A., Gabay, E., Dominguez, C., Wiesenfeld-Hallin, Z. & Devor, M. Spontaneous 351 
pain following spinal nerve injury in mice. Experimental Neurology. 206 (2), 220-230, (2007). 352 



   

23 Kingery, W. S. et al. Capsaicin sensitive afferents mediate the development of heat 353 
hyperalgesia and hindpaw edema after sciatic section in rats. Neuroscience Letters. 318 (1), 39-354 
43, (2002). 355 
24 Xu, J. et al. Activation of cannabinoid receptor 2 attenuates mechanical allodynia and 356 
neuroinflammatory responses in a chronic post-ischemic pain model of complex regional pain 357 
syndrome type I in rats. European Journal of Neuroscience. 44 (12), 3046-3055, (2016). 358 
25 Coderre, T. J., Xanthos, D. N., Francis, L. & Bennett, G. J. Chronic post-ischemia pain 359 
(CPIP): a novel animal model of complex regional pain syndrome-type I (CRPS-I; reflex 360 
sympathetic dystrophy) produced by prolonged hindpaw ischemia and reperfusion in the rat. 361 
Pain. 112 (1-2), 94-105, (2004). 362 
26 Weissmann, R. & Uziel, Y. Pediatric complex regional pain syndrome: a review. Pediatric 363 
Rheumatology Online Journal. 14 (1), 29, (2016). 364 
27 Kim, H., Lee, C. H., Kim, S. H. & Kim, Y. D. Epidemiology of complex regional pain 365 
syndrome in Korea: An electronic population health data study. PLoS One. 13 (6), e0198147, 366 
(2018). 367 
28 Tang, C. et al. Sex differences in complex regional pain syndrome type I (CRPS-I) in mice. 368 
Journal of Pain Research. 10 1811-1819, (2017). 369 
 370 



A

During ischemia Post 10 min Post 7 day 

Sham
CPIP

Base 1 3 5 7 9 11 13

Base 1 3 5 7 9 11 13 Base 1 3 5 7 9 11 13

50
%

PW
T(

g)

0

10

20

30

PW
L(

s)

D

0

10

  5

15

20

25

PW
L(

s)

E

Time (days)

Time (days) Time (days)

0

10

  5

15

20

25
Sham
CPIP

Sham
CPIP

Ipsilateral

Ipsilateral Contralateral

** ** ** ** ** **
**

**
** **

** ** **
** **

** ** **

Base 1 3 5 7 9 11 13

50
%

PW
T(

g)

0

10

20

30

C

Time (days)

Sham
CPIP

Contralateral

** ** ** ** ** **
**

Before ischemia

**
**

B

F

Sham
CPIP

BL

lp
si

la
te

ra
l p

aw
 th

ic
kn

es
s 

(m
m

)

24
 h

48
 h

72
 h

15
 m

in
0

5

10

15

Fig. 1 Click here to access/download;Figure;JOVE FIG1(1).pdf

https://www.editorialmanager.com/jove/download.aspx?id=1118687&guid=eac88f9b-bf6a-4b10-b736-db698b043596&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1118687&guid=eac88f9b-bf6a-4b10-b736-db698b043596&scheme=1


Sham
Veh

CPIP
Veh

Sham
Cap

CPIP
Cap

0

100

200

300

**

No
cif

en
siv

e 
be

ha
vio

us
(s
)

**

**
**

Fig. 2 Click here to access/download;Figure;JOVE fig2.ai

https://www.editorialmanager.com/jove/download.aspx?id=1118688&guid=20b30e54-d534-48e6-8d93-da43523fc322&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1118688&guid=20b30e54-d534-48e6-8d93-da43523fc322&scheme=1


Name of Material/Equipment Company Catalog Number Comments/Description

1.5 ml Eppendorf tube  Eppendorf 22431021

DMSO Sigma-Aldrich D1435

Capsaicin APEXBIO A3278

Digital caliper         Meinaite NA

 O-ring O-Rings West Nitrile 70 Durometer

7/32 in.

internal diameter

Plantar Test Apparatus UGO Basile, Italy 37370

von  Frey filaments UGO Basile, Italy NC12775
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Editorial comments: 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 

there are no spelling or grammar issues. 

 

Answer: We have further proofread the manuscript and checked the grammar issues. 

 

2. Step 1.1: Please write this step in the imperative tense. 

 

Answer: Done. 

 

3. Please specify the use of vet ointment on eyes to prevent dryness while under 

anesthesia. 

 

Answer: Done. This can be found in Protocol 2.1.  

 

4. Please specify that the animal is not left unattended until it has regained sufficient 

consciousness to maintain sternal recumbency. 

 

Answer: Done. This can be found in 2.2.4. 

 

5. Please specify that the animal that has undergone surgery is not returned to the 

company of other animals until fully recovered. 

 

Answer: Done. This can be found in 2.2.4. 

 

6. Please define all abbreviations before use, e.g., DMSO, PBS, etc. 

 

Answer: Done. 

 

7. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs 

with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

  

Answer: Please check paragraph 4-7 in the discussion part of the above information.  
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