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SUMMARY: 22 

Presented here is a protocol for establishing acute pontine infarction in a rat model via 23 

electrical stimulation with a single pulse. 24 

 25 

ABSTRACT: 26 

Pontine infarction is the most common stroke subtype in the posterior circulation, while 27 

there lacks a rodent model mimicking pontine infarction. Provided here is a protocol for 28 

successfully establishing a rat model of acute pontine infarction. Rats weighing about 250 g 29 

are used, and a probe with an insulated sheath is injected into the pons using a stereotaxic 30 

apparatus. A lesion is produced by the electrical stimulation with a single pulse. The Longa 31 

score, Berderson score, and beam balance test are used to assess neurological deficits. 32 

Additionally, the adhesive-removal somatosensory test is used to determine sensorimotor 33 

function, and the limb placement test is used to evaluate proprioception. MRI scans are then 34 

used to assess the infarction in vivo, and TTC staining is used to confirm the infarction in 35 

vitro. Here, a successful infarction is identified that is located in the anterolateral basis of the 36 

rostral pons. In conclusion, a new method is described to establish an acute pontine 37 

infarction rat model.  38 

 39 

INTRODUCTION: 40 

Since the 1980s, the middle cerebral artery occlusion (MCAO) model induced by silicone 41 

filaments has been widely used in basic stroke research1. Other methods (i.e., suturing of 42 

one branch of the MCA2 and photochemically induced focal infarction) have also been used. 43 

These models have been termed MCA-based stroke models and have greatly contributed to 44 
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investigations of the pathophysiological mechanisms underlying stroke and potential 45 

therapeutics. Although there are limitations of these experimental models3,4, these methods 46 

have been used many labs5,6. MCA-based stroke models represent a stroke in the anterior 47 

circulation; however, few reports have investigated models mimicking stroke in the posterior 48 

circulation7. 49 

 50 

There are significant differences among the etiology, mechanisms, clinical manifestation, 51 

and prognosis between anterior and posterior circulation strokes8. Therefore, the results 52 

derived from anterior circulation stroke models cannot be applied to posterior circulation 53 

stroke. For example, the reperfusion time window for anterior circulation has been extended 54 

to 6 h, with a small portion of studies extending to 24 h based on imaging findings9. 55 

However, the time window for posterior circulation may be longer than 24 h, according to 56 

previous reports10 and our own clinical experiences. This elongated reperfusion time 57 

window must be further studied and confirmed in experimental models. 58 

 59 

Regarding posterior circulation strokes, pontine infarction is the most common subtype, 60 

accounting for 7% of all ischemic stroke cases11,12. According to infarction topography, 61 

pontine infarctions are divided into isolated and non-isolated pontine infarctions13. Isolated 62 

pontine infarctions are categorized into three types based on the underlying mechanisms: 63 

large artery disease (LAD), basilar artery branch disease (BABD), and small artery disease 64 

(SAD). Knowledge of the mechanisms, manifestation, and prognosis of pontine infarction has 65 

been derived from clinical investigations of cases14. However, a rodent model mimicking 66 

pontine infarction has been less investigated. 67 

 68 

In previous studies, diffuse brainstem tegmentum injury involving the pons has been 69 

explored7. One group attempted to create a pontine infarction model via ligation of the 70 

basilar artery (BA)15. Another group used a 10-0 nylon monofilament suture to selectively 71 

ligate four points of the proximal BA selectively16. This model mimics LAD, but most pontine 72 

infarctions result from BABD and SAD. In addition, selective ligation of the BA is a 73 

complicated surgery and has a high death rate.  74 

 75 

Provided here is a detailed protocol for an easy-to-perform, easily reproduced, and 76 

successful rat model of acute pontine infarction by electrical stimulation. 77 

 78 

PROTOCOL: 79 

The protocol was reviewed and approved by the Institution Animal Care and Use Committee 80 

of The Second Affiliated Hospital of Guangzhou Medical University. The rats were provided 81 

by the Animal Center of Southern Medical University. 82 

 83 

1. Animal  84 

 85 

1.1. Use adult male Sprague-Dawley rats weighing 250 ± 10 g.  86 

 87 

1.2. Upon transport, house the rats for at least 1 week before surgery under controlled 88 



environmental conditions with an ambient temperature of 25 °C, relative humidity of 65%, 89 

and 12 h/12 h light/dark cycle.  90 

 91 

1.3. Provide food and water ad libitum.   92 

 93 

2. Establishment of infarction in the pons 94 

 95 

2.1. Weigh the rats prior to surgery and assess neurological performance according to the 96 

behavioral tests described below (section 3). 97 

 98 

2.2. Preheat the heating pad immediately before anesthesia. 99 

 100 

2.3. Attach the skull drill to the holder on the stereotaxic frame. 101 

 102 

2.4. Intraperitoneally inject the rats with 100 mg/kg ketamine and 10 mg/kg xylazine. Check 103 

for the lack of toe-pinch response.  104 

 105 

2.5. Mount the rat onto the stereotaxic frame in prone position. Position the ear bars above 106 

the ear canal to secure the head. Ensure that the skull is kept horizontal to avoid any 107 

skewing of the injection.  108 

 109 

2.6. Maintain anesthesia by isoflurane (95% oxygen, 5% isoflurane) via a stereotaxic nose 110 

cone attachment for rats with inlet and outlet ports. Maintain the temperature at 37 °C 111 

using a heating pad and monitor the temperature throughout the procedure. 112 

 113 

2.7. Use eye ointment to prevent corneal drying. Use forceps to slightly pinch the paws to 114 

ensure that there is no pain response. 115 

 116 

2.8. Shave the hair of the skull with a micro-shaver. 117 

 118 

2.9. Make a 3 cm midline incision with a scalpel from the line of the bilateral lateral canthus 119 

to 0.5 cm behind the posterior fontanelle, which should be marked by a marker pen.  120 

 121 

2.10. Use a cotton swab to remove an blood. 122 

 123 

2.11. Place a piece of surgical tape placed on each side of the skin flap to expose the scalp 124 

(Figure 1). 125 

 126 

2.12. Gently remove the connective tissues from the skull bone with a cotton swab dipped in 127 

0.9% NaCl. If not removed, the connective tissues will get caught in the drill. 128 

 129 

2.13. Identify the bregma. Chose the central point of the bregma as the origin point and 130 

mark it using a fine-tip black marker pen.  131 

 132 



2.14. Place a drill at 6.0 mm AP, 2.0 mm ML (range from 0.5–3.0 mm, Figure 2A).  133 

 134 

2.15. Perform craniotomy (1 mm diameter) using an automatic drill. Proceed carefully, 135 

because this point is close to the venous sinus.  136 

 137 

2.16. Remove the drill from the stereotaxic frame.  138 

 139 

2.17. Place a 22 G probe with an insulated sheath in the stereotaxic frame (Figure 3A). The 140 

tip of the probe should be placed 2 mm above the proximal end of the sheath (Figure 3A,B; 141 

Figure 2B). 142 

 143 

2.18. Ensure that the sheath enters the brain 7 mm (7 mm DV, Figure 2B; Figure 1C). 144 

 145 

2.19. Advance the probe along the sheath (Figure 1D) until the tip of the probe is 9 mm 146 

below the surface of the brain (Figure 2D). 147 

 148 

2.20. Connect the electrodes to an electrical stimulator (Figure 3C). Connect the anode to 149 

the probe as shown in Figure 1D. Connect the cathode to the rats (usually to the ear of the 150 

rats).  151 

 152 

2.21. Turn the electrical stimulator on and set up the following parameters: single pulse 153 

width = 4,050 ms; voltage = 50 V; and current = 4 mA (Figure 3C). During electrical 154 

stimulation, the rat will exhibit trembling. In this study, the device was not turned on for 155 

control group rats used for the behavioral tests, MRI, and TTC.  156 

 157 

2.22. Leave the probe in position for 5 min after stimulation.  158 

 159 

2.23. Remove the probe from the brain (Figure 1F).  160 

 161 

2.24. Use bone cement to cover the craniotomy. Allow the cement to dry before wound 162 

suturing.  163 

 164 

2.25. Suture the wound with 4-0 polyamide suture filaments. After three or four stiches, tie 165 

2-1-1 standard surgical knots.  166 

 167 

2.26. Inject the rats with penicillin (0.25 mL, 80 IU diluted in 4 mL of saline) intraperitoneally 168 

to prevent infection. 169 

 170 

2.27. Monitor the rats every 15 min until fully awake and return them to the cage. Provide 171 

free access to food and water until sacrifice.  172 

 173 

3. Behavioral tests  174 

 175 

3.1. Longa score17 176 



 177 

3.1.1. Place the rats on the surface of the table.  178 

 179 

3.1.2. Record scores as follows: 0 = no neurologic deficit; 1 = failure to fully extend 180 

contralateral forepaw, a mild focal neurologic deficit; 2 = circling to the left, a moderate focal 181 

neurologic deficit; 3 = falling to the left, a severe focal deficit; 4 = no spontaneous walking 182 

and a depressed level of consciousness.  183 

 184 

3.2. Berderson score18 185 

 186 

3.2.1. Hold the rat by the tail and let the forelimbs reach out for a table. Record the scores 187 

as follows: 0 = both limbs reached the table; 1 = only one limb reaches the table. 188 

 189 

3.2.2. Place the animal on a rough surface. Record the scores as follows: 0 = a strong grasp 190 

on the rough surface with good resistance when pushed; 1 = a slight resistance only seen in 191 

one paw; 2 = no resistance when pushed in one direction. 192 

 193 

3.2.3. Place the rat in an enclosed area (18 in × 36 in) and allow it to roam freely. Record 194 

the scores as follows: 0 = walk the entire length of the enclosure without circling; 1 = walk 195 

the entire length of the enclosure with circling; 2 = cannot walk the length of enclosure but 196 

can circle; 3 = cannot move much. Use the sum of the assessment scores from each task as 197 

the final assessment score. 198 

 199 

3.3. Balance beam test19 200 

 201 

3.3.1. Ensure that the apparatus consists of a 3 cm wide and 70 cm long beam and is 20 202 

cm above the floor. Place a darkened box at the far end of the beam with a narrow 203 

entryway.  204 

 205 

3.3.2. Place a white noise generator and bright light source at the start of the beam. The 206 

noise and light were used to motivate the rat to traverse the beam and enter the goal box. 207 

 208 

3.3.3. Terminate the stimuli when the animals enter the darkened box. Record the latency 209 

to reach the goal box (in seconds) and hindlimb performance of the rat when traversing the 210 

beam. 211 

 212 

3.3.4. Record the scores for each performance as follows: 0 = balances with steady 213 

posture; 1 = grasps side of beam; 2 = hugs beam and 1 limb falls off of beam; 3 = hugs beam 214 

and two limbs fall off of beam, or spins on beam after >60 s; 4 = attempts to balance on 215 

beam but falls off after >40 s; 5 = attempts to balance on beam but falls off after >20 s; and 216 

6 = falls off, no attempt to balance or hang onto beam after <20 s. 217 

 218 

3.4. Adhesive removal somatosensory test20 219 

 220 



3.4.1. Place the rats in a clear plexiglass box and allow them to explore the new 221 

environment for 2 or 3 min. 222 

 223 

3.4.2. Place a 10 mm diameter green color adhesive label on the inside surface of each 224 

forelimb above the thumb and on the wrist. 225 

 226 

3.4.3. Return the rats to the plexiglass box.  227 

 228 

3.4.4. Record the time for the rat to remove the first label and all other labels, 229 

respectively. Allow a maximum of 3 min. The test should be conducted 2x in training. 230 

 231 

3.5. Limb placement test 232 

 233 

3.5.1. Hold the rats in a horizontal position and prevent movement.  234 

 235 

3.5.2. Once the rat loses contact with table surface (passive limb movement), apply tactile 236 

and proprioceptive stimuli to the paw with the table edge.  237 

 238 

3.5.3. Assess the placement of the paw (success or failing) onto the table edge.  239 

 240 

3.5.4. Record the scores as follows: 0 = no placement; 0.5 = unfinished and/or delayed 241 

placement; 1 = immediate and complete placement. 242 

 243 

4. Infarct confirmation by MRI  244 

 245 

4.1. Perform the MRI scan 24 h after surgery. 246 

 247 

4.2. Anesthetize the rat by isoflurane (5% for induction, 1%–1.5% for maintenance).  248 

 249 

4.3. Secure the rat head in a rat brain array coil and combined with a transmit-only volume 250 

coil. 251 

 252 

4.4. Place the coil and the rat in the MRI scanner. Secure the rat within the cradle using the 253 

tooth and ear bars.  254 

 255 

4.5. Maintain body temperature at 37 °C ± 0.5 °C during the MRI scanning procedure using a 256 

closed-circuit thermal jacket. 257 

 258 

4.6. Use a pilot sequence to ensure correct geometry. 259 

 260 

4.7. Collect T2-weighted scans using a fast-spin echo sequence: echo time (TE) = 33 ms; 261 

repetition time (TR) = 8,000 ms; field of view = 30 mm x 30 mm; acquisition matrix = 512 × 262 

512; 50 slices; 0.4 mm thick.  263 

 264 



4.8. Collect a four-shot spin-echo planar imaging DWI scans: echo time = 30.5 ms; repetition 265 

time = 8000 ms; matrix = 96 × 96; field of view = 25 mm x 25 mm; three directions = x, y, z; B 266 

values = 0 1,000 s/mm2 and 1,000 s/mm2; 50 contiguous axial slices; 0.4 mm thick.  267 

 268 

4.9. Return the rats to the cage.  269 

 270 

5. Infarct confirmation by TTC staining  271 

 272 

5.1. Sacrifice the rats at the timepoint according to the experimental design. In this 273 

experiment, we sacrificed the rats 24 h after surgery. 274 

 275 

5.2. Prepare a 2% TTC solution before the sacrifice. Add 0.2 g TTC powder to the 10 mL 0.01 276 

M PBS (pH 7.4). Transfer the dilution to a 10 cm dish covered with silver paper and 277 

prewarmed to 37 °C in a water bath.   278 

 279 

5.3. Expose the rat to 5% isoflurane until loss of consciousness. Then, expose the rat to CO2 280 

(20%–30% of the volume of the cage per min) until breathing has stopped, then maintain 2 281 

min of CO2 exposure.  282 

 283 

5.4. Use the following signs to confirm death: no rising and falling of chest, no palpable 284 

heartbeat, poor mucous membrane color, no response to toe pinch, color change or opacity 285 

in eyes.  286 

 287 

5.5. Perform cervical dislocation. 288 

 289 

5.6. Secure the animals by taping the paws on a sterile platform. Create a midline incision 290 

from the clavicle to the hypogastrium and a lateral incision from the xiphoid to the left along 291 

the ribcage. Make a cut in the diaphragm also along the ribcage and a thorax midline 292 

incision to expose the heart. 293 

 294 

5.7. Connect the tip of a needle (27 G) to a perfusion pump containing 0.01 M PBS at 4 °C in 295 

the left ventricle.  296 

 297 

NOTE: Advance the tip along the left edge of the ventricle to avoid entering the atrium. Turn 298 

on the perfusion pump to ensure the tip is in the left ventricle and cut the right atrium. If 299 

fluid drains out of the nostril, the tip is in the atrium and needs to be adjusted or reinserted. 300 

 301 

5.8. Use approximately 100 mL of 0.01 M PBS, maintained at 4 °C for perfusion. Turn off the 302 

perfusion pump until the liver turns white.  303 

 304 

5.9. Decapitate the rats and dissect the whole brains using the scissors and forceps. Remove 305 

any water from the brain surface with blotting paper.  306 

 307 

5.10. Store the whole brain at -80 °C for 1 min (cutting brain sections is easier after freezing).  308 



 309 

NOTE: This step can be skipped if the brain sections can be cut well without freezing. 310 

 311 

5.11. Place the brain into the matrix with the dorsal side up.  312 

 313 

5.12. Identify the hole in the surface of the brain as shown in Figure 1G and insert a stainless 314 

steel 0.21 mm thick blade. Usually, the largest area of infarction is in the plane of the probe; 315 

thus, one blade should be inserted in this region. 316 

 317 

5.13. Insert the other blades at an interval of 2 mm. 318 

 319 

5.14. Simultaneously remove the blades, all at once, from the matrix and place the whole 320 

brain with the blades in the TTC solution in the dish. Remove the blades carefully.  321 

 322 

NOTE: Here, the brain sections were not easily removed from the liquid because some 323 

residual pia mater in the basis cranii interfered with sectioning. If any sections remain in the 324 

matrix, use a small spatula to transfer them to the dish. 325 

 326 

5.15. Place the dish with TTC solution and brain sections in a water bath at 37 °C.  327 

 328 

5.16. Check the dish every 5 min and ensure no overlap of sections. 329 

 330 

5.17. Add 10 mL of 4% paraformaldehyde solution to the dish to terminate the TTC reaction. 331 

 332 

5.18. Orient the sections from the rostral to caudal and take pictures.  333 

 334 

6. Statistics  335 

 336 

6.1. Use statistical analysis software (e.g., GraphPad Prism) to perform a Student’s t-test.  337 

 338 

NOTE: All data are expressed as mean ± SE. Differences between groups are determined 339 

with two-tailed Student’s t-tests (p < 0.05 defined as statistical significance). 340 

 341 

REPRESENTATIVE RESULTS: 342 

 343 

Six animals were subjected to the surgery protocol described above. The control group as 344 

shown in the Figure 4 consisted of six rats. The brain slices shown in the Figure 4 were 345 

derived from one rat per group. 346 

 347 

The MRI scanning showed that the infarction was located in the basis of the pons (Figure 348 

4A). Since the probe was injected 2 mm to the left of the midline, the infarction was located 349 

laterally. This infarction mimics anterolateral pontine infarctions in patients (Figure 4A). 350 

Because an insulated sheath was used, there was no infarction beyond the tip of the probe 351 



including the cortex, cerebellum, and midbrain (Figure 4A). DWI images also revealed the 352 

acute pontine infarction (Figure 4A).  353 

 354 

TTC staining was used to confirm the infarction 24 h post-surgery (Figure 4A). Compared to 355 

the control group, the infarction volume was significantly higher (Figure 4B).  356 

 357 

Behavioral scores were measured before and after surgery. The scores for the control and 358 

infract model groups before and after surgery are presented in Table 1. Due to the lack of a 359 

specific behavioral test designed for pontine infarction, the Longa score, Berderson score, 360 

and balance beam test were used to assess the neurological deficits. Additionally, the 361 

adhesive removal somatosensory test to assess the sensorimotor function as well as limb-362 

placement test to assess the proprioception.  363 

 364 

Compared to the control group, the rats with pontine infarction circled to the left (Figure 365 

4A). There were significant differences in Longa score (2.67 ± 0.52 vs. 0, p < 0.05, Figure 4C), 366 

Berderson score (2.67 ± 0.52 vs. 0, p < 0.05, Figure 4D), limb placement test (4.67 ± 0.52 vs. 367 

0, p < 0.05, Figure 4E), beam balance test score (118.33 ± 2.66 vs. 10.17 ± 1.47, p < 0.05, 368 

Figure 4F), and adhesive removal somatosensory test score (2.33 ± 0.52 vs. 12.0 ± 0, p < 369 

0.05, Figure 4G) between rats with pontine infarction and control group rats.                                                                                                                                                                                                                                                                                                                                                                      370 

 371 

FIGURE AND TABLE LEGENDS: 372 

 373 

Figure 1: Infarction establishment. (A) A hole made in the skull. (B) The sheath is moved to 374 

the hole. (C) Injection of the sheath. (D) Injection of the probe. (E) The anode (red arrow) is 375 

connected. (F) The probe is removed. (G) Hole (red arrow) left in the brain surface. 376 

 377 

Figure 2: Location of probe. (A) Schematic diagram of stereotaxic locations: arrows point to 378 

retraction of skin flaps, site of Bregma, and positioning of drill. (B) Schematic diagram of the 379 

sheath and probe. (C) Location of tip of sheath placed in the pons. (D) Location of tip of the 380 

probe placed in the pons. (E) Experimental design.  381 

 382 

Figure 3: Lesion-producing device. (A) Separate of sheath and probe. (B) The probe in the 383 

sheath. (C) The blue electrode was anode which was connected to the caudal probe; the red 384 

electrode was cathode. (D) Electrical stimulator. (E) Surgical instruments. 385 

 386 

Figure 4: Representative results. (A) The infarction was assessed by MRI scanning with T2 387 

and DWI sequence in vivo and was confirmed by TTC staining in vitro 24 h after surgery. 388 

Acute pontine infarction located in the right anterolateral pons (dotted line). Behavioral test 389 

showed that the rat circled to the contralateral side of lesion. (B) The volume of infarction. 390 

(C) Long score. (D) Bederson score. (E) Limb placing test. (F) Balance beam walking test. (G) 391 

Adhesive removal somatosensory test. Bars represent mean ± SD (p < 0.05 vs. control 392 

group).  393 

 394 



Figure S1: Lacunar infarction in the pons. The length of the probe tip is shortening. MRI 395 

scanning shows a lacunar infarction in the right pons. (A) T2 image. (B) DWI image. 396 

 397 

Table 1: Behavioral scores.   398 

 399 

DISCUSSION: 400 

 401 

The present study provides a protocol for generating an acute pontine infarction rat model. 402 

This model can be used for research on prognosis and rehabilitation (including post-stroke 403 

chronic pain) in pontine stroke patients.  404 

 405 

There are several strengths of this method. First, it provides a rat model of acute pontine 406 

infarction for future studies. As mentioned above, pontine infarction is a common stroke 407 

subtype that has received less attention. A major shortcoming of stroke research has been 408 

the lack of a specific pontine infarction model. Second, in comparison to the existing pontine 409 

infarction rat model by ligation of the BA15,16, this model can be adjusted to alter the 410 

location and volume of the infarction according to the experimental design. For example, the 411 

length of the tip can be changed so that the infarction extends from the surface of the pons, 412 

as done here.  413 

 414 

Alternatively, a lacunar infarction in the pons may be established by shortening the length of 415 

the probe tip (Supplemental Figure 1). Infarctions in different locations of the pons (i.e., 416 

anteromedial pontine infarction) and in different planes of the pons (i.e., upper, middle and 417 

lower planes) may also be created according to the topographic design. In this model, the 418 

upper pontine plane was chosen. Third, this model is easy to establish and possesses a high 419 

success rate. Ligation of the BA may not produce infarction due to the potential collateral 420 

circulation15, but this model establishes the infarction at a high success rate, which is 421 

essential for reliable research models.  422 

 423 

There are some limitations of this method. First, the infarction in this model is not a real 424 

stroke. Stroke is a result of vascular vessel lesions, disturbance of blood contents, or 425 

dysfunction of regulation of cerebral blood flow. The infarction is created by a lesion in the 426 

pons that does not spontaneously occur. In other words, this model cannot be used to 427 

address why the stroke occurs in the pons. Second, this model requires special equipment, 428 

such as the lesion-producing device and stereotaxic apparatus.  429 

  430 

In conclusion, the findings prove this model’s success in establishing an experimental acute 431 

pons stroke model. Based on this novel model, the resulting cell loss and prognosis of acute 432 

pontine infarction can be further investigated and allow for future therapeutic 433 

developments.  434 
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Table 1 Behavioral test

Pre
Post-

surgery
Pre

Post-

surgery
Pre

Pontine infarction 1 0 3 0 2 0

Pontine infarction 2 0 2 0 3 0

Pontine infarction 3 0 3 0 3 0

Pontine infarction 4 0 3 0 3 0

Pontine infarction 5 0 3 0 2 0

Pontine infarction 6 0 2 0 3 0

Control 1 0 0 0 0 0

Control 2 0 0 0 0 0

Control 3 0 0 0 0 0

Control 4 0 0 0 0 0

Control 5 0 0 0 0 0

Control 6 0 0 0 0 0

Rat NO

Longa score Berderson score Balance beam test
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Post-

surgery
Pre

Post-

surgery
Pre

Post-

surgery

5 6 120 12 2

4 8 120 12 3

5 8 116 12 2

4 6 120 12 2

5 7 114 12 2

5 7 120 12 3

0 9 11 12 12

0 8 10 12 12

0 10 8 12 12

0 7 11 12 12

0 8 9 12 12

0 9 12 12 12

Limb-placement testBalance beam test
Adhesive-removal 

somatosensory test



Name of Material/Equipment Company Catalog Number Comments/Description

4-0 sucture Shanghai Jinzhong Surgical instruments

Adhesive tape Shanghai Jinzhong Surgical instruments

Animal anesthesia system RWD Wear mask when using the system

Bone cement Shanghai Jinzhong Surgical instrument

Cured clamp Shanghai Jinzhong Surgical instrument

General tissue scissors Shanghai Jinzhong Surgical instrument

IndoPhors Guoyao of China Sterilization

Isoflurane RWD 217181101

Lesion Making Device Shanghai Yuyan Making a lesion

MRI system Bruker Biospin Confirmation of infarction in vivo

Needle holder Shanghai Jinzhong Surgical instrument

Penicilin Guoyao of China Infection Prevention

Probe Anke Need some modification

Q-tips Shanghai Jinzhong Surgical instrument

Shearing scissors Shanghai Jinzhong Surgical instrument

Stereotaxic apparatus RWD

Suture needle Shanghai Jinzhong Surgical instrument

Tissue holding forcepts Shanghai Jinzhong Surgical instrument

TTC Sigma-Aldrich BCBW5177 For infarction confirmation in vitro
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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 MyJove 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 

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 JoVE 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 

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 of 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.
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