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SUMMARY:  33 
We describe an extended fear-conditioning protocol that produces overtraining and fear 34 
incubation in rats. This protocol entails a single training session with 25 tone-shock pairings (i.e., 35 
overtraining) and a comparison of conditioned freezing responses during context and cue tests 36 
48 h (short-term) and 6 weeks (long-term) after training took place. 37 
 38 
ABSTRACT:  39 
Emotional memory has been primarily studied with fear-conditioning paradigms. Fear 40 
conditioning is a form of learning through which individuals learn the relationships between 41 
aversive events and otherwise neutral stimuli. The most-widely utilized procedures for studying 42 
emotional memories entail fear conditioning in rats. In these tasks, the unconditioned stimulus 43 
(US) is a footshock presented once or several times across single or several sessions, and the 44 
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conditioned response (CR) is freezing. In a version of these procedures, called cued fear 45 
conditioning, a tone (conditioned stimulus, CS) is paired with footshocks (US) during the training 46 
phase. During the first test, animals are exposed to the same context in which training took place, 47 
and freezing responses are tested in the absence of shocks and tones (i.e., a context test). During 48 
the second test, freezing is measured when the context is changed (e.g., by manipulating the 49 
smell and walls of the experimental chamber) and the tone is presented in the absence of shocks 50 
(i.e., a cue test). Most cued fear conditioning procedures entail few tone-shock pairings (e.g., 1-51 
3 trials in a single session). There is a growing interest in less common versions involving an 52 
extensive number of pairings (i.e., overtraining) related to the long-lasting effect called fear 53 
incubation (i.e., fear responses increase over time without further exposure to aversive events 54 
or conditioned stimuli). Extended fear-conditioning tasks have been key to the understanding of 55 
fear incubation’s behavioral and neurobiological aspects, including its relationship with other 56 
psychological phenomena (e.g., post-traumatic stress disorder). Here, we describe an extended 57 
fear-conditioning protocol that produces overtraining and fear incubation in rats. This protocol 58 
entails a single training session with 25 tone-shock pairings (i.e., overtraining) and a comparison 59 
of conditioned freezing responses during context and cue tests 48 h (short-term) and 6 weeks 60 
(long-term) after training took place.  61 
 62 
INTRODUCTION: 63 
Memory is a psychological process encompassing different phases: information acquisition, 64 
consolidation (allows for the stability of acquired information), and retrieval (evidence for the 65 
consolidation process)1. During the consolidation phase, the establishment of new synaptic 66 
connections and modification of pre-existing connections occur. This suggests the necessity for a 67 
period of time during which molecular and physiological events responsible for these changes 68 
occur1,2. These physiological or molecular changes vary if the retrieved events are emotionally 69 
charged or not (i.e., emotional memory). For instance, research has shown that the lateral 70 
nucleus and basolateral amygdala complex are particularly relevant to emotional memory3–5.  71 
 72 
Emotional memory phenomena have been primarily studied with fear conditioning paradigms5,6. 73 
Fear conditioning is a form of learning through which individuals learn the relationships between 74 
aversive events and otherwise neutral stimuli7. Fear conditioning paradigms produce molecular, 75 
cellular, and structural changes in the amygdala. In addition, fear conditioning modifies the 76 
connectivity of the hippocampus during the consolidation and retrieval processes of emotional 77 
memory.  78 
 79 
One of the most commonly used procedures for studying fear memories is classical (Pavlovian) 80 
conditioning in rats. This procedure typically uses footshock (US) as the aversive stimulus, which 81 
is delivered once or several times across one or several sessions. The conditioned response (CR) 82 
of rats exposed to this procedure is freezing behavior (i.e., “generalized immobility caused by a 83 
generalized tonic response of the animals’ skeletal musculature except those muscles used in 84 
breathing”7 ). This response could be assessed on two types of tests: context and cue tests. For 85 
the context test, the subject undergoes a given number of footshocks during the training session, 86 
and then is removed from the experimental chamber for a defined time. During the test, the 87 
subject is returned to the same context in which the training took place and different measures 88 



  

 

of freezing are collected in the absence of footshocks (e.g., duration, percentage or frequency of 89 
freezing episodes), and compared to baseline levels established during the training phase. For 90 
the second type of test, cue test, a stimulus (typically a tone) is paired with the footshocks during 91 
the training phase (i.e., conditional stimulus, CS). After training is completed, the animal is 92 
removed from the training context for a defined time and is subsequently placed in a modified 93 
context (e.g., a different experimental chamber that has different shapes of walls and different 94 
smell). The cue is then presented a given number of times, and freezing responses to the cue are 95 
measured and compared to baseline levels collected during training. The most common version 96 
of this paradigm uses 1 to 3 tone-shock pairings during a single training session, followed by 97 
context and cue tests conducted a number of hours or a few days later.  98 
 99 
Other less frequently implemented fear conditioning procedures involve an extensive number of 100 
shock-cue pairings (i.e., trials), which have often been called overtraining procedures8. A growing 101 
interest in these tasks is related to their long-lasting and increased memory effects called fear 102 
incubation (i.e., conditioned fear responses increase over time in the absence of further exposure 103 
to aversive events or conditioned stimuli9-11. An example of such overtraining procedures entails 104 
a training phase of 100 tone-shock pairings distributed across 10 sessions, followed by context 105 
and cue tests conducted 48 h and 30 days later11-12. To avoid extensive training spread across 106 
several days, Maren (1998) reported that overtraining could be established and optimized in a 107 
single session with 25 pairings8. The incubation effect is evidenced in significantly higher levels of 108 
conditioned fear in rats tested 31 days after training, as compared to rats tested 48 h after. 109 
Extended fear-conditioning tasks have been key for the understanding of behavioral and 110 
neurobiological aspects underlying fear incubation, including its relationship with other 111 
psychological phenomena (e.g., delayed-onset post-traumatic stress disorder)11–13. 112 
 113 
Here, we describe an extended fear-conditioning protocol that induces overtraining and fear 114 
incubation in rats. Different to other paradigms that require several days of training11, the current 115 
protocol is focused on a single training session8, using 25 tone-shock pairings to produce higher 116 
conditioned freezing responses during context and cue tests conducted 6 weeks after training, 117 
as compared to tests conducted 48 h after. 118 
 119 
PROTOCOL: 120 
 121 
The following protocols and procedures were approved by the Institutional Animal Care and Use 122 
Committee of Konrad Lorenz University (IACUC-KL). The universal declaration of animal rights 123 
issued by International League of Animal Rights, Geneva, Switzerland (1989), and ethical 124 
principles of experimentation with animals issued by ICLAS were respected. 125 
 126 
1. Subject preparation 127 
 128 
1.1. Select male adult Wistar rats (n = 12). House them in groups of four per cage for three days 129 
of acclimatization, prior to the beginning of the training and testing protocol. Provide rats with 130 
free access to water throughout the experiment. Control the room temperature between 20 ° to 131 
25 °C, under a 12 h light-dark cycle (lights on at 07:00 h).  132 



  

 

 133 
NOTE: Rat strains had shown differential performance during fear conditioning. For instance, 134 
Schaap et al. (2013) reported that Wistar and Lewis strains showed longer durations of freezing 135 
behavior compared with Fawn Hooded and Brown Norway rats12. Thus, differences in pain and 136 
thermal threshold should be assessed to adjust the intensity and duration of shocks. 137 
 138 
1.2. Maintain rats at 85% of their free-feeding weights (normal weight between 350-400 g) by 139 
giving restricted food access at the same hour every day. Weigh rats every day at the same hour 140 
during the light cycle. Calculate the ad lib weight (100% weight) for three days before the start 141 
of fear extended training.  142 
 143 
NOTE: Animals used in the present experiment were tested on additional instrumental tests that 144 
are not reported. Food deprivation is based on those additional tests. This procedural variation 145 
is assumed as likely to expand the scope of the present procedure to fear conditioning 146 
procedures, as it suggests the potential for instrumental-fear combined tests. However, studies 147 
using only fear conditioning common tests will not require food deprivation as the previous 148 
condition. 149 
 150 
1.3. Randomly assign subjects to one of the following groups: emotional testing 6 weeks after 151 
training (n = 6); emotional testing 48 h after training (n = 6).  152 
 153 
1.4. Perform training and tests at similar hours, during the light phase of dark-light cycle. Assign 154 
the animals to the same experimental chamber and maintain the same order of animals during 155 
training and testing.  156 
 157 
NOTE: At this point, a control step that could be implemented is counterbalancing the order of 158 
animals during training and testing phases. We recommend using this technique when multiples 159 
groups are assessed or different tasks are applied across experiments, to reduce a possible effect 160 
of task-order on behavior.  161 
 162 
2. Apparatus setting and shock calibration 163 
 164 
2.1. Clean all the internal surfaces of the experimental chamber and stainless-steel grid floor with 165 
10% ethanol. Repeat before testing each animal. 166 
 167 
2.2. Connect the equipment to a computer using a USB cable and start the freezing detection 168 
system equipment: the CPU, the controlling cabinet, the infrared light, the aversive 169 
stimulator/scrambler, and the shock-intensity calibrator. 170 
 171 
NOTE: Although this protocol was executed using commercially available instruments (Table of 172 
Materials), equipment and software of different brands can be used. The apparatus consists of 173 
an internal acrylic square chamber (29.53 cm x 23.5 cm x 20.96 cm, called the experimental 174 
chamber) embedded in a box of wood and covered with plastic formic. The external doors allow 175 
the isolation of sound, noise or light (attenuating box doors). The camera is located laterally in 176 



  

 

the internal part of the external door. The internal acrylic box with floor metal grids (36 stainless-177 
steel rods, each one of 3 mm diameter and spaced 8 mm, center to center) allows footshock 178 
delivering. In one of the internal-lateral walls, a speaker is located to 6 cm from the floor to 179 
present an auditory cue. 180 
 181 
2.3. Connect the red and black clips of the shock intensity calibrator (i.e., positive and negative 182 
connectors) to two any different rods on the grid floor. Connect the USB cable to the 183 
corresponding port of the computer. Make sure to connect the red and black clips to bars 184 
separated by another bar. 185 
 186 
NOTE: This section describes the shock intensity calibration process using a specific brand 187 
equipment mentioned in the Table of Materials. However, the calibration process can be 188 
performed using different brands of equipment. It is recommended to calibrate the intensity of 189 
the shock in three sectors of the grid floor to verify that it is consistent. In addition, always 190 
remove fecal and urine residues from the grid floor to avoid interference with a shock dispenser.  191 
 192 
2.4. Start the shock-intensity calibrator software (Table of Materials). Choose an intensity of 1.0 193 
mA in the application by clicking on the range arrow. Then, change the Run/Stop switch to Run. 194 
 195 
NOTE: We propose 1.0 mA based on internal studies with rodent models and literature studies 196 
that report a range from 0.75 mA as adequate to 1.5 mA as a high intensity for studies of fear 197 
conditioning33-35. 198 
 199 
2.5. Switch on the aversive stimulator or the equipment used to deliver the footshocks and look 200 
at the shock intensity displayed on the panel of the application. If needed, adjust the intensity to 201 
1.0 mA using the knob on the aversive stimulator. 202 
 203 
NOTE: Aversive stimulator should be set to “OUT” to appropriately test, calibrate, and run the 204 
experiment. 205 
 206 
3. Freezing detection system calibration 207 
 208 
3.1. Close the experimental chamber and sound-attenuating box doors. Do not introduce the 209 
animal at this point, as it will be placed into the chamber after the freezing detection system 210 
calibration has been completed. Check that the light intensity inside the box is between 20 and 211 
30 lux. 212 
 213 
3.2. Start the freezing detection system software and open the Experiment setup dialogue 214 
window. Enter the details of each subject (such as subject identification number, date and group) 215 
and load the file titled “Training protocol VFC.pro” (available at 216 
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b).  217 
 218 
NOTE: Context and cue tests use a different program configuration; thus, make sure to use the 219 
correct file on each test. At this point the correct file corresponds to “Training protocol VFC.pro”. 220 
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Remember that during test phases the file corresponding will be different to training session.  221 
 222 
3.3. Choose the corresponding camera(s) and check the Save Video option (if needed). Set the 223 
Motion Threshold to 100, and Min Freeze Duration to 30 frames.  224 
 225 
NOTE: This Motion Threshold value is based on the size of the species used (based on number of 226 
pixels). Minimum Freeze Duration value is recommended by the manufacturer. These values are 227 
used to ensure proper recognition of the animals in the chamber. 228 
 229 
3.4. Verify that the live feed from the chosen camera(s) appears on the screen, together with the 230 
motion threshold graph and the timeline of the different stimuli that are presented during the 231 
training (e.g., sound and shock). 232 
 233 
NOTE: Using a different brand, the equipment setup should offer the possibility to measurement 234 
the movements of animal to detect an “index” of motion that should allow for comparisons on 235 
the amount of time the animal is moving or freezing. Another possibility is using a software that 236 
with only the video source (during or after the experiment) can detect the amount of time in 237 
motion or freezing, such as free software ImageFZ13, open-source toolbox in Matlab14 , or a free 238 
classifier of animal behavior as JAABA15. 239 
 240 
3.5. Click the Calibrate option three times, while checking that the Motion Index remains below 241 
100 (threshold). Then, set the equipment to lock by clicking on the corresponding button on the 242 
screen.  243 
 244 
NOTE: This section describes a freezing detection system calibration process using a specific 245 
brand equipment mentioned in the Table of Materials. As was mentioned before, the calibration 246 
process can be done using different brands of equipment (for a review of different options in 247 
equipment and software see Anagnostaras et al. 2010)16. 248 
 249 
4. Extended fear conditioning training 250 
 251 
4.1. Transport the rats in their home cages, covered with a cloth, from the animal care facility to 252 
the behavioral training room in the laboratory. Avoid exposure to noise or stress-generating 253 
conditions during the transport of animals to the behavioral training room. If several animals are 254 
transported at the same time, only bring the animals to be tested and maintain other rats in a 255 
holding room to enhance experimental control. Gently handle the animals for 2 min before 256 
starting the training.  257 
 258 
NOTE: In the protocol, the animals were handled each day for 2 minutes before behavioral 259 
training. Following handling, animals were introduced in the experimental chamber. We 260 
recommended to manipulate animals to make rats habituate to the researcher. 261 
 262 
4.2. Introduce the rat to the experimental chamber. Handle it gently by the base of its tail and 263 
place it on the middle of the chamber. Close the experimental chamber and sound-attenuating 264 



  

 

box doors.  265 
 266 
4.3. Start the session by clicking on the Record button. Let the rat acclimate to the chamber for 267 
3 min. This 3 min period is the standard recommended by the equipment manufacturer and 268 
serves as a baseline and habituation time to the chamber. 269 
 270 
4.4. Deliver twenty-five tone-shock pairings (trials) with a 60 s Inter-Trial Interval (ITI), starting on 271 
minute 3 of the session. Present the tone (conditioned stimulus – CS; 90 dB SPL, 2000 Hz, 50-ms 272 
Rise Time) during the last 10 s of each ITI, and the shock (unconditioned stimulus – US) during 273 
the last 2 s of each ITI. 274 
 275 
NOTE: Activation of the Record button is conditional on cameras being properly calibrated and 276 
locked. 277 
 278 
4.5. Remove the rat from the experimental chamber when the 28 min session is over. Return 279 
animals to the respective home cage. Transport the rats in their home cages covered with a cloth 280 
from the behavioral training room to the animal care facility. 281 
 282 
4.6. Repeat freezing detection system calibration (steps 3.1-3.5) and fear conditioning (steps 4.1 283 
and 4.3) to train all the subjects. 284 
 285 
NOTE: We strongly recommend recalibrating the detection system for each animal to ensure that 286 
the software maintains the same parameters when it processes information on freezing 287 
detection.  288 
 289 
4.7. Resting period: During this period, have the animals rest in their home cages and house 290 
individually. Monitor the weight of the animals twice per week during the 6 weeks of the 291 
incubation period. Gently manipulate each animal for two min while they are weighted.  292 
 293 
5. Context test – single 10 min session  294 
 295 
5.1. After the training phase, expose the animals to the first memory test called the context test. 296 
During this 10 min phase, expose the rats to the same context in which training took place but 297 
no cues or shocks occur. Transport the rats in their covered home cages (e.g., with a cloth) from 298 
the animal care facility to the behavioral training room. Keep in mind that animals were divided 299 
into groups, thus one of them is tested 48 h after the training phase and another group is tested 300 
6 weeks after training (see Figure 1).  301 
 302 
5.2. Clean all the internal surfaces of the experimental chamber and stainless-steel grid floor with 303 
10% ethanol. Repeat before testing each animal. 304 
 305 
5.3. Repeat freezing detection system calibration (steps 3.1 to 3.5). Open the Experiment setup 306 
dialogue window and load the file named “Context test protocol.pro”, which is available from 307 
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b 308 
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 309 
NOTE: This file contains the setup for this experimental phase that consists of no shocks or tones. 310 
 311 
5.4. Introduce the animal to the experimental chamber. Handle it gently by the base of its tail 312 
and place it on the middle of the chamber. Close the experimental chamber and sound-313 
attenuating box doors. 314 
 315 
5.5. Start the session by clicking on the Record button. During this single 10 min context-test 316 
session, no stimuli are presented (shock neither sound). 317 
 318 
5.6. Remove the subject from the experimental chamber when the 10 min session is over. Return 319 
the animals to their respective cages and transport the rats in their home cages covered with a 320 
cover from the behavioral training room to the animal care facility. Repeat steps 5.2-5.5 to test 321 
all the subjects. 322 
 323 
6. Cue test single – 13 min session  324 
 325 
6.1. One day after the context test, have animals undergo the second test of memory called the 326 
cue test single. During this phase, the rats will be in a different context of training and without 327 
cue or shock during 13 min. Transport the rats in their home cages covered with a cover from the 328 
animal care facility to the behavioral training room. Test a group 72 h after training, and test 329 
another group 6 weeks and one day after training (Figure 1). 330 
 331 
NOTE: A different system of transportation (from the animal care facility to the experimental 332 
room) could be implemented to differentiate more the context and cue tests. Since the animals 333 
were transported to the training session and context test in their home cages, a different 334 
transport cage, bedding and/or cover could be used during transportation to the cue test. 335 
 336 
6.2. Clean all the internal surfaces of the experimental chamber and stainless-steel grid floor with 337 
10% ethanol. Repeat before testing each animal. 338 
 339 
6.3. To change the visual context, insert the plastic surrounding wall of the experimental 340 
chamber. 341 
 342 
6.4. To change olfactory context, apply 1% acetic acid to a cotton-tipped swab, and place it in the 343 
metal tray below the grid floor17–19.  344 
 345 
6.5. Repeat the freezing detection system calibration (steps 3.1-3.5). Load the file named file 346 
“Cue test protocol.pro” file, which is available from 347 
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b 348 
 349 
NOTE: This file contains the setup for this experimental phase, which consists of delivery of the 350 
same tones presented during the training phase (CS), but in the absence of shocks (US). 351 
 352 
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6.6. Introduce the animal to the experimental chamber. Handle it gently by the base of its tail 353 
and place it on the middle of the chamber. Close the experimental chamber and sound-354 
attenuating box doors. 355 
 356 
6.7. Start the session by clicking on the Record button. During the single 13 min cue test session, 357 
the CS stimulus (tone) is presented 10 times, starting on minute 3 of the session. 358 
 359 
NOTE: The first 3 min correspond to the baseline of this session, followed by 10 cue test trials 360 
(that is 10 s each) delivered with 50 s ITIs in the absence of shocks. The delivery of tones is 361 
automatic, via using the previously loaded file.  362 
 363 
6.8. Remove the animal from the experimental chamber when the 13 min session is over. Return 364 
animals to the respective cage and transport them covered to the animal care facility. Repeat 365 
steps 6.2 through 6.5 to test all the subjects. 366 
 367 
7. Data analysis 368 
 369 
7.1. Obtain the general activity index (i.e., motion index) that is derived from the video stream 370 
using the freezing detection system software. This software automatically transforms the motion 371 
index to provide the percentage of freezing time per session and the number of freezing 372 
episodes. Set the freezing threshold to the default Minimum Freeze Duration setting of the 373 
system (1 s = 30 frames).  374 
 375 
7.2. Use the additional custom-made program (file available from 376 
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b) to obtain:  377 
 378 
7.2.1. Use the program to determine the percentage of freezing during the first three minutes 379 
of the training session (i.e., baseline freezing, since no shocks or tones were presented before or 380 
during that 3 min period) and during the first three minutes of the cue test session. 381 
 382 
7.2.2. Use the program to determine the percentage of freezing for each of eight 3 min bins of 383 
the training session. 384 
 385 
7.2.3. Use the program to determine the percentage of freezing during the cue presentations 386 
(i.e., freezing during the tones) and no-cue periods (intertrial intervals; ITIs), for both training and 387 
cue-test sessions.  388 
 389 
7.3. To obtain these data, open the freezing detection system software. 390 
 391 
7.3.1. Select File | Reports | Batch Component summary. 392 
 393 
7.3.2. Select the file with extension .CMP available from 394 
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b) . 395 
 396 

https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b
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7.3.3. Name the output file and change Motion Threshold to a 100. Then, click OK. 397 
 398 
7.3.4. Select the files to be analyzed (extension.RAW). These files are automatically generated 399 
from the freezing detection system software when the session is over and correspond to the raw 400 
data of each session. Initially, the files are saved in the desktop of the computer, but they can be 401 
stored in a custom folder (e.g., named Fear conditioning) to facilitate their subsequent 402 
identification and opening when they need to be analyzed. 403 
 404 
7.3.5. Open the output files (extension .CSV). They can be edited in a spreadsheet software for 405 
further analysis. This file contains the results of freezing during the experimental session.  406 
 407 
NOTE: To obtain the total percentage of freezing, divide the time that the subject spent immobile 408 
over the total session time. The number of freezing episodes can be calculated counting the 409 
number of freezing events through the session. In both cases, it is necessary to define a motion 410 
threshold based on a minimum freeze duration. This is the temporal criterium that defines 411 
whether a Freeze Episode is recorded. Automated systems of recording can use certain amount 412 
of fps as a measure of minimum freeze duration. For instance, with a sample rate of 30 fps, a 413 
minimum freeze duration of 15 frames will record as freezing an instance of immobility that last 414 
for 30 s.  415 
 416 
7.4. Calculate the average duration of each freezing episode for each session (training and both 417 
tests) by dividing the total freezing duration (in seconds) over the total number of freezing 418 
episodes.  419 
  420 
REPRESENTATIVE RESULTS 421 
Variations in percentage of freezing time during different stages of the training session were 422 
analyzed for all subjects (n = 12) using a dependent t test (Table 1). Animals were active and 423 
explored the experimental chamber during the first three minutes of the training session (first 424 
day of the protocol), time during which no tones or shocks were delivered (i.e., baseline (BL). As 425 
shown in Figure 2A, percentage of freezing time during the subsequent 25 tone-shock pairings 426 
(M = 48.88; SE = 4.37) was significantly higher than during BL (M = 14.65; SE = 4.05), which is 427 
assumed as an indication of fear acquisition. 428 
 429 
[Place Figure 2 here] 430 
 431 
An analysis of the freezing response throughout acquisition was conducted by segmenting the 432 
training session in eight 3 min bins (Figure 2B). These data show that the mean time allocated to 433 
this response reaches asymptote near or at 180 s during the first three tone-shock trials (i.e., Bin 434 
1). This finding has been considered in previous research an indication of overtraining11. 435 
Repeated-measures ANOVA revealed consistent significant differences between baseline and all 436 
subsequent bins, with large effect sizes (Table 1 and Table 2). 437 
 438 
A mixed ANOVA was conducted to test differences in percentage of freezing during the task, 439 
having phases (BL, training, context test, and cue test) as the within-subject factor and group (48 440 



  

 

h and 6 weeks) as the between-subjects factor (Table 1). Percentage of freezing of all animals 441 
during the training period was significantly higher than during the baseline period (see Figure 442 
2C). No significant differences were observed between percentage of freezing during the 443 
memory tests and the training period (ps > .05). 444 
 445 
No significant differences between the two groups (48 h and 6 weeks) were observed in the 446 
percentage of freezing during BL, training, and cue test (ps > .115; see Figure 2C). Conversely, 447 
animals tested 6 weeks after training showed significantly higher percentages of freezing during 448 
the context test than animals tested at 48 h, with a large effect size (see Figure 2C). Overall, 449 
Figure 2C shows that freezing during long-term delayed context and cue tests (i.e., 6 weeks after 450 
training) was overall significantly higher than during the training session. The opposite declining 451 
trend was observed in the group of animals that were tested 48 h after training. However, these 452 
differences in the group of 48 h were not statistically significant (ps > .05). Finally, although the 453 
freezing level showed differences across different phases, they could be considered low 454 
compared to other protocols. One explanation could be due to methodological differences 455 
inherent between laboratories or the threshold used as motion index during calibration process, 456 
making comparison of data among laboratories difficult. 457 
 458 
The conditioned freezing response of the two groups of subjects during the context test was 459 
further explored via analysis of other measures, namely average activity (i.e., motion index), total 460 
freezing time and freezing time per episode. A one-way ANOVA was used to test differences 461 
across these variables (Table 1). Activity of subjects that were tested 6 weeks after training was 462 
significantly lower than that of animals tested 48 h after conditioning session (Figure 3A). 463 
Accordingly, total freezing time of animals tested shortly after training was significantly lower 464 
than that of animals tested 6 weeks after (Figure 3B). Lastly, an analysis of the average duration 465 
of each freezing episode indicated that animals tested 6 weeks after training displayed longer 466 
freezing episodes than animals tested 48 h after training (Figure 3C). Altogether, these findings 467 
indicate a fear incubation effect. 468 
 469 
[Place Figure 3 here] 470 
 471 
A further examination of performance during the cue test session was conducted via analyses of 472 
(a) percentages of freezing during baseline periods (BL Training and BL Cue Test) and during the 473 
entire 10 min cue test (ten 10 s tone presentations and ten ITIs of 50 s - Figure 4A), (b) average 474 
freezing time specifically during the 10 s presentations of the cue (tone), for both Training and 475 
Cue Test sessions (Figure 4B), and (c) average freezing time (in seconds) during the 50 s intertrial 476 
intervals (ITIs; i.e., no-tone periods only – Figure 4C). A mixed ANOVA was used to analyze each 477 
of these dependent measures, assuming phases (BL Training, BL Cue Test, and Cue Test) as the 478 
within-subjects factor and groups (48 h and 6 weeks) as the between-subjects factor (Table 1). 479 
As shown on Figure 4A, the group of rats tested 6 weeks after training significantly increased 480 
their percentage of freezing during the baseline of the Cue Test session (BL Cue Test; first 3 min 481 
of the session) and during the 10 min Cue Test, as compared to BL training (i.e., prior to any 482 
exposure to tone and shocks). No analogous difference between BL training and BL Cue was 483 
observed for the group of rats tested after 48 h (p > .05). For both groups of rats, the percentage 484 



  

 

of freezing during the 10 min Cue Test was higher than during the corresponding baseline period 485 
of that same session (BL Cue), which suggests a retrieval effect. No differences were observed 486 
between the groups of rats on percentage of freezing across the different periods (ps > .05).  487 
 488 
Figure 4B shows a comparison of mean freezing time (in seconds) specifically during the 10 s tone 489 
presentations across Training (tone-shock pairings) and Cue Test (only tone presentations). Only 490 
rats tested 6 weeks after training significantly increased the amount of time freezing during the 491 
cue.  492 
 493 
Lastly, as shown on Figure 4C, only the group of rats tested 48 h after training significantly 494 
decreased the freezing time during the ITIs from the Training session to the Cue Test. No 495 
differences in freezing time during the ITIs were observed across the two groups of rats (ps >.05).  496 
 497 
[Place Figure 4 here] 498 
 499 
[Place Table 1 here] 500 
 501 
[Place Table 2 here] 502 

 503 
 504 
FIGURE LEGENDS: 505 
 506 
Figure 1: Timeline of the experiment. 507 
 508 
Figure 2: Training phase of an extended cued fear conditioning protocol. Data is shown as the 509 
mean (bars) and the SEM (error bars) of the freezing response. (A) shows mean percentage of 510 
freezing of all subjects (n = 12) during the first 3 min of the training session, during which no 511 
shocks or tone were presented (baseline, BL), and the remaining 25 min of the session (25 tone-512 
shock trials, with intertrial interval, ITI, of 60 s); *** = different from BL (p < .001). (B) shows 513 
average freezing time of all the animals (n = 12) during the 3 min baseline period (BL, no shocks 514 
or tones delivered) and subsequent 3 min bins of the training session; *** = different from all the 515 
remaining bins (p < .001). (C) shows mean percentage of freezing of each group of rats (testing 516 
48 h after training; testing 6 weeks after training) during the baseline (BL, first 3 min of the 517 
training session), training period (25 tone-shock pairings), context test session, and cue test 518 
session; * = different from testing after 48 h (mean diffContext = -34.95, SE = 14.99, p = < .05, 519 
Cohen´s d = 1.34); a = different from training period (mean diffTraining48h = 42.51; SE = 7.28; p <.05; 520 
Cohen´s d = 3.03); b = different from training period (mean diffTraining6Weeks = 25.94; SE = 7.28; p 521 
<.05; Cohen´s d = 1.77), context test (mean diffContext6Weeks = 50.36; SE = 10.58; p < .01; Cohen´s d 522 
= 3.13), and cue test (mean diffCue6Weeks = 55.86; SE = 10.25; p < .01; Cohen´s d = 2.47).  523 
 524 
Figure 3. Effects of an extended cued fear conditioning protocol on freezing response of rats. 525 
Data are showed as the mean (bars) and the SEM (error bars) of the freezing response. (A) shows 526 
activity (i.e., motion index) of each group of subjects (testing 48 h after training; testing 6 weeks 527 
after training) during the context test; * = different from 6 weeks. (B) shows the average total 528 



  

 

freezing time (in seconds) of each group of subjects during the context test; * = different from 6 529 
weeks. (C) shows the average duration of each freezing episode (in seconds) for each group of 530 
subjects during the context test; * = only different from 6 weeks. 531 
 532 
Figure 4. Effects of an extended cued fear conditioning protocol on freezing response during 533 
the cue test. Data are showed as the mean (bars) and the SEM (error bars) of the freezing 534 
response. (A) shows percentage of freezing of each group of subjects (testing 48 h after training; 535 
testing 6 weeks after training) during the first 3 min of the training session (BL, baseline), during 536 
the first 3 min of the cue test session (BL Cue) and during the 10 min of the cue test (Cue Test); a 537 
= different from Cue test after 48 h (mean diffBLTraining-Cue48h = 32.84; SE = 10.25; p <.05; Cohen´s d 538 
= 1.52); b = different from BL Cue Test (mean diffBLCue-BL6Weeks = 33.98; SE = 8.36; p <.05; Cohen´s d 539 
= 1.59) and Cue Test (mean diffCue-BL6Weeks = 55.86; SE = 10.25; p <.05; Cohen´s d = 2.47); c = 540 
different from Cue Test after 48 h (mean diffBLCue-Cue48h = 18.99; SE = 5.17; p <.05; Cohen´s d = .67); 541 
d = different from Cue Test after 6 weeks (mean diffBLCue-Cue6Weeks = 21.87; SE = 5.17; p <.05; 542 
Cohen´s d = .88). (B) shows the average freezing time (in seconds) during cue (tone) of each group 543 
of subjects during Training and the Cue Test; * = different from 6 weeks during test period of Cue 544 
Test (mean diffTraining-Cue6Weeks = -3.14; SE = 1.37; p <.05; Cohen´s d = 1.64). (C) shows the average 545 
freezing time (in seconds) during the intertrial intervals (ITI) of the Training session (10 tone-546 
shock pairings) and the Cue Test (10 tone-only presentations) across the two groups of rats (48 547 
h and 6 weeks); *** = different from Training for group of rats tested 48 h after training (mean 548 
diffTraining-Cue48h = 506.16; SE = 95.08; p <.001; Cohen´s d = 2.48). 549 
 550 
Table 1. Statistics used in the data analysis. For Figure 2A, mean percentage of freezing of all 551 
subjects (n = 12) during the first 3 min of the training session (corresponding to baseline, BL) was 552 
compared to the percentage of freezing during the remaining 25 min of the session (25 tone-553 
shock trials) showing a significant difference and a high effect size (Cohen’s d = 2.34). For Figure 554 
2B, a comparison was performed across bins of 3 minutes showing a significant difference in a 555 
Repeated Measures (BL and 8 bins) ANOVA test. For Figure 2C, comparisons between the mean 556 
percentage of freezing of each group of rats during the baseline (BL, first 3 min of the training 557 
session), training period (25 tone-shock pairings), context test session, and cue test session were 558 
conducted via a Mixed ANOVA with between-subjects factor the group (48 h or 6 weeks) and as 559 
within-subjects factor the phases (BL, Training, Context and Cue). Differences in phases and 560 
group, but not in the interaction Phases*Group were found. Figure 3A – 3B shows data on activity 561 
(panel 3A, motion index), freezing (panel 3B, mean freezing in seconds) and duration of episodes 562 
(panel 3C, mean freezing episodes in seconds). These data were analyzed using a One-way 563 
ANOVA, which indicated differences between groups in all measurements. Finally, for Figure 4A 564 
– 4C a Mixed ANOVA was performed for each panel (A, B and C), having as between-subjects 565 
factor the group (48 h or 6 weeks) and within-subjects factor the phases (BL, Training, Context 566 
and Cue). 567 
 568 
Table 2. Mean difference, standard error and effect size for 3 min bins in Figure 2B. This table 569 
shows the comparisons between the baseline Bin and each of the subsequent bins (Figure 2B). 570 
Mean difference, standard error, and p-value and Cohen’s d are reported as an index of the size 571 
of these differences (effect size). 572 



  

 

 573 
DISCUSSION: 574 
The present extended fear-conditioning protocol is an efficient and valid approach to assess 575 
emotional memory across short (48 h) and long-term periods (6 weeks). Thus, the protocol allows 576 
to study overtraining and fear incubation phenomena in rats. Among the different advantages of 577 
this protocol are the following. It offers two types of memory tests, namely context and cue, that 578 
allow to identify the differential effect of two delays (48 h and 6 weeks) across context and cue 579 
manipulations. Second, the task entails a single 28 min training session, which in turn produces 580 
long-term effects that extend by several weeks. This advantage is remarkable, considering that 581 
some versions of extended fear conditioning need at least 100 shocks across 10 sessions of 582 
training11. Third, the protocol offers several measurement alternatives, which are calculated 583 
automatically. In addition, there is mounting pharmacological, physiological, and anatomical 584 
evidence that supports the validity of this paradigm for assessing emotional memory 585 
phenomena15,16.  586 
 587 
Compared to other fear-conditioning paradigms with brief training sessions (i.e., few trials), 588 
extended protocols that result in overtraining effects have received less attention. However, 589 
extended fear-conditioning tasks have been key to the understanding of fear incubation’s 590 
underlying behavioral and neurobiological processes, including its relationship with other 591 
psychological phenomena (e.g., delayed-onset post-traumatic stress disorder)11–13. The present 592 
fear-conditioning protocol reliably produces fear incubation. This is demonstrated with higher 593 
freezing times and lower motion indexes in animals assessed 6 weeks after training, as compared 594 
to animals tested 48 h after training. In addition, this effect could be observed differentially in 595 
each of the types of test; specifically, longer freezing episodes during the context test 6 weeks 596 
after training and increments in freezing during cue presentations 6 weeks after training. Related 597 
to this latter effect (i.e., increments in freezing during cue presentations 6 weeks after training), 598 
it is possible to discard the possibility of novelty of the experimental situation (i.e., new context), 599 
considering that baseline freezing levels during that same session were significantly lower than 600 
during the subsequent cue presentations. 601 
 602 
Although a trend towards fear learning was evident in both groups (i.e., differences between 3 603 
min baseline and training), animals that were tested after 48 h (context) and 72 h (cue) did not 604 
exhibit significant differences in freezing level during both tests. This absence of effect can be 605 
considered a limitation of the protocol, which is associated with a high behavioral variability for 606 
the 48 h group (see Figure 2C). A methodological change that can be implemented in order to 607 
reduce the variability and improve the procedure is to carry out the context and cue test 24 h 608 
after training, something that is common in some fear conditioning procedures. 609 
 610 
The present protocol could be applied in clinical research23. The strong memory trace and 611 
incubation effect that result from its implementation may allow to test the effects of medications 612 
regularly used for treatment of psychological and psychiatric pathologies (e.g., anxiolytic or mood 613 
regulators treatments24) on emotional memory phenomena (e.g., fear extinction)25–27. The 614 
protocol thus could allow to measure the influence of medications on the memory trace across 615 
different time frames, including biological correlates such as neurotransmitters and molecules 616 



  

 

related to memory maintenance28,29. The protocol could also be of relevance for research with a 617 
translational perspective, which has proposed that fear paradigms could be useful to test 618 
preclinical models of behavioral therapies30 and comparative studies on fear across species21,22. 619 
Lastly, from a neurobiological view, the present protocol is a robust model to study brain 620 
mechanisms, communications between structures, networks or neuronal ensembles involved in 621 
long-term acquisition, consolidation and storage of emotional memory, or effects of incubation 622 
during development32. 623 
 624 
Some other aspects of the protocol are worth discussing. Food deprivation was used throughout 625 
the experiment. This decision was adopted because other behavioral tests based on food rewards 626 
(e.g., operant or instrumental techniques)33–35 can be integrated with minimum changes, making 627 
the present protocol a more versatile technique. For instance, we have successfully integrated 628 
this protocol with wheel-based exercise protocols and T-maze memory tasks. Another aspect is 629 
related to the group size (n=6) implemented in this protocol. Though it was a relatively small 630 
sample, and larger samples are certainly recommended, the size of the incubation effect 631 
compensates for this limitation (see Table 1). This could be considered an advantage of this 632 
protocol, especially regarding animal committees’ recommendations based on the reduction 633 
principle. A limitation of the protocol was that minimal or no exposure to footshocks and time-634 
course of fear incubation were not evaluated. An additional control group with the before 635 
conditions could increase the rigor of the experimental design.  636 
 637 
Final recommendations for the best implementation and results of this protocol include correct 638 
cleaning of the experimental chamber, especially the grid floor, calibration of the shock 639 
intensities prior to training each subject (e.g., feces and urine often reduce the reliability of the 640 
shock intensity across different areas of the chamber) and freezing detection system calibration 641 
(reliability of the freezing measures depends on proper setting of motion threshold and minimal 642 
freezing duration). 643 
 644 
This protocol could be tested with other strains of rats or other rodents (e.g., mice or Mongolian 645 
gerbils), broadening the scope of applications. In those cases, it is important to adjust shock 646 
intensity and motion and duration thresholds. The shock intensity used in fear conditioning 647 
protocols with mice typically ranges 0.4 mA to 1.5 mA, 0.75 mA being an often reported effective 648 
intensity16,36–38 and 1.5 mA a high intensity39. The Mongolian gerbil is a rodent model less 649 
frequently chosen for fear conditioning research; however, Mongolian gerbils have been 650 
successfully used to model circadian rhythms in mammals40. Accordingly, the current protocol 651 
could be implemented to study potential relations between circadian rhythms and emotional 652 
memory, both of them relevant in pathologies such as depression, anxiety or alteration of 653 
mood41,42. In the case of gerbils, an effective shock intensity range for this and analogous aversive 654 
conditioning protocols is between 1.0 and 4.0 mA43–46. Lastly, it is important to note that motion 655 
and duration thresholds should be adjusted depending on the species chosen47. These thresholds 656 
are within the limits established on the movement tracking software above which the animal 657 
behavior is registered as movement and below which the software registers freezing. In aversive 658 
conditioning studies with mice and gerbils, effective motion and duration thresholds reported 659 
have been 25 and 30 fps (i.e., minimum 1 s immobility), respectively30,35. 660 



  

 

 661 
To ensure adequate control of aversive stimulation (footshocks), all sectors of the grid floor must 662 
deliver the same intensity. It is recommended to calibrate the intensity of the shock in three 663 
sectors of the grid floor to verify that it is consistent. This prevents animals from learning to 664 
reduce exposure to the shocks by moving to a place in the box that emits a lower intensity. In 665 
case the calibration shows that the metal grid is not delivering the same intensity in all sectors, 666 
remove the grid from the floor, clean the rods, and replace in the chamber. The grid floor must 667 
be properly inserted into the chamber to ensure the best electric transmission from the aversive 668 
stimulation device to the grid floor. 669 
 670 
The focus and aperture of the freezing detection system camera is calibrated by the 671 
manufacturer. However, if additional calibration is required, loosen the setscrew on the focus 672 
ring, adjust until achieve a clear image and then tighten the setscrew on the focus ring. The 673 
manufacturer recommends locking the lens opening in the maximum open position. To achieve 674 
this setting, make sure that the white point of the opening ring is aligned with the number 1.4 on 675 
the lens barrel. It is recommended to consult the manufacturer's manual. Note that if adjusting 676 
the focus of the camera, calibrate of the camera using the corresponding software must occur. 677 
Camera calibration requires adjustment of the brightness, gain, and shutter. It is recommended 678 
to consult the manufacturer's manual for precise instructions on the camera calibration process. 679 
 680 
In conclusion, the protocol allows to test emotional memory across short and long-term periods 681 
and generates long-term fear incubation. This fear-incubation effect is generated via a single-682 
session overtraining, which shows effects 6 weeks later in context and cue tests, which suggests 683 
a strong emotional memory trace. This protocol is an efficient and valid approach to explore the 684 
components of the emotional memory in rats.  685 
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Statistic Test Figure Phases

Dependent t  Test 2A t (11) = -6.21, p < .001, d  = 2.34 

3-min bins

Repeated Measures ANOVA 2B F  (3.75, 41.32) = 11.19, p  < .001, η p
2

 = .50.

Phases

Mixed ANOVA 2C F (3, 30) = 14.21, p  <.001, ηp
2

 =.58

One-Way ANOVA 3A F (1, 10) = 6.91, p  <.05, ηp 2  =.40

One-Way ANOVA 3B F (1, 10) = 10.30, p  <.05, ηp 2  =.50

One-Way ANOVA 3C F (1, 10) = 5.83, p  <.05, ηp 2  =.36

Mixed ANOVA 4A F (2, 20) = 29.28, p  <.001, ηp
2

 =.74

Mixed ANOVA 4B F (1, 10) = 1.53, p  >.05, ηp 2  =.13

Mixed ANOVA 4C F (1, 10) = 25.43, p  <.001, ηp 2  =.71
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Group Phases X Group

F (3, 30) = 4.63, p <.05, ηp
2

 =.31 F (1, 10) = 2.06, p  >.05, ηp
2

 =.17

F (2, 20) = 2.33, p  >.05, ηp
2

 =.18 F (1, 10) = 2.14, p  >.05, ηp
2  

=.17

F (1, 10) = 3.98, p  <.05, ηp 2  =.28 F (1, 10) = .23, p  >.05, ηp 2  =.02

F (1, 10) = 6.17, p  <.05, ηp 2  =.38 F (1, 10) = .22, p  >.05, ηp 2  =.02



Comparison Mean difference Standard error p value Cohen´s d

Bin baseline vs bin 1 -60.075* 12,243 < .05 1.95

Bin baseline vs bin 2 -69.053* 16,220 < .05 1.89

Bin baseline vs bin 3 -66.197* 13,706 < .05 1.91

Bin baseline vs bin 4 -68.595* 11,969 < .05 2.08

Bin baseline vs bin 5 -65.475* 10,991 < .05 2.15

Bin baseline vs bin 6 -65.795* 13,509 < .05 2.06

Bin baseline vs bin 7 -72.900* 12,231 < .05 2.53

Bin baseline vs bin 8 -78.633* 8,692 < .001 3.37
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Name of Material/ Equipment Company Reference

Acetic acid (ethanoic acid)

Aversive Stimulation Current Package
MED 

Associates Inc
ENV-420

Contextual test protocol.pro

Cue test protocol.pro

Curved Wall Insert
MED 

Associates Inc
VFC-008-CWI

Data processing.zip

NIR/White Light Control Box 
MED 

Associates Inc
NIR-100

Pellets BioServ F0165

Quick Change Floor/Pan Unit for Mouse

MED 

Associates Inc
ENV-005FPU-M

Small Tabletop Cabinet and Power Supply
MED 

Associates Inc
SG-6080D

Standalone Aversive Stimulator/Scrambler (115 V / 

60 Hz)

MED 

Associates Inc
ENV-414S

Standard Fear Conditioning Chamber
MED 

Associates Inc
VFC-008

Training protocol VFC.pro

Video Fear Conditioning Package for Rat
MED 

Associates Inc
MED-VFC-SCT-R
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Comments/Description
https://pubchem.ncbi.nlm.nih.gov/compound/acetic_acid

https://www.med-associates.com/product/aversive-stimulation-current-test-

package/

https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b.

https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b. 

https://www.med-associates.com/product/curved-wall-insert/

https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b. 

http://www.bio-serv.com/pdf/F0165.pdf 

https://www.med-associates.com/product/quick-change-floorpan-unit-for-

mouse/

https://www.med-associates.com/product/small-tabletop-cabinet-and-power-

supply-120v-60-hz/

https://www.med-associates.com/product/standalone-aversive-

stimulatorscrambler-115-v-ac-60-hz/

https://www.med-associates.com/product/standard-fear-conditioning-

chamber/

https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b.

https://www.med-associates.com/product/nir-video-fear-conditioning-system-

for-rat/ 

https://pubchem.ncbi.nlm.nih.gov/compound/acetic_acid
https://www.med-associates.com/product/aversive-stimulation-current-test-package/
https://www.med-associates.com/product/aversive-stimulation-current-test-package/
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b
https://www.med-associates.com/product/curved-wall-insert/
https://osf.io/4nkfq/?view_only=0640852a88544b239549462f9c21175b
http://www.bio-serv.com/pdf/F0165.pdf
https://www.med-associates.com/product/quick-change-floorpan-unit-for-mouse/
https://www.med-associates.com/product/quick-change-floorpan-unit-for-mouse/
https://www.med-associates.com/product/small-tabletop-cabinet-and-power-supply-120v-60-hz/
https://www.med-associates.com/product/small-tabletop-cabinet-and-power-supply-120v-60-hz/
https://www.med-associates.com/product/standalone-aversive-stimulatorscrambler-115-v-ac-60-hz/
https://www.med-associates.com/product/standalone-aversive-stimulatorscrambler-115-v-ac-60-hz/
https://www.med-associates.com/product/standard-fear-conditioning-chamber/
https://www.med-associates.com/product/standard-fear-conditioning-chamber/
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Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The 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. 

 The 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 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 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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Re: Manuscript   
Fear incubation using an extended fear-conditioning protocol for rats  
  
Dr. Vineeta Bajaj  
Senior Review Editor  
Journal of Visualized Experiments (JoVE)  
  
Dear Dr. Bajaj:  
  
 

We would like to thank you and the reviewers for the feedback we have received. We are convinced 

that it has importantly improved the clarity and scope of our paper. 

In the attached file we address each of the comments and describe the corresponding changes to 

the manuscript. We have highlighted the sections that were edited/added in the revised version. 
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Associate Professor, Department of Psychology 
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353 Hawkins Hall 
Troy, AL 
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------------------------------ 
Editor´s comments 
------------------------------ 
 
1. The editor has formatted the manuscript to match the journal's style. Please retain and use the 
attached version for revision. 
 
We made all modifications on the format, as requested. 
 
 
2. Please address all the specific comments marked in the text both for the video and the text 
manuscript. 
 
We worked on all comments from the reviewers, for both video and text.  
 
 
3. Please proofread the manuscript before submission. 
 
We edited and proofread the manuscript, as requested. 
 
------------------------------ 
Editor´s comments on video 
------------------------------ 
1. Please shorten the interview section both in the introduction and conclusion. 
 
We reduced the duration of the introduction and conclusion sections, as requested. 
 
 
2. 0:41-1:01: Please remove the background noise from the interview section both in the 
introduction and in the conclusion section. 
 
We made the modification, as requested. 
 
 
3. 2:53: Please format the degree unit as 20 ˚C. Please include a single space between the number 
the units as shown here. 
 
Done, as requested. 
 
 
4. Please use h for hour throughout the video and the figures. Please include a single space 
between the number and the unit e.g., 2 h. 
 
We made the modification, as requested. 
 
 
 
 



5. Please do not show the commercial term Med associates in the video. 
 
We made the modification, as requested. 
 
 
6. 11:08: Please reword the discussion subheading to Conclusion instead. Please shorten this 
section to half. Presently this is more than 4:00 min. 
 
We made the modification, as requested.  
 
 
7. 10:08-10:51 - The narration audio here is much louder in the right stereo channel, compared to 
the left stereo channel. The voice should be balanced equally between the left and right channels. 
 
We made the modification, as requested. 
 
 
------------------------------ 
Reviewer 1 
------------------------------ 
The authors have responded to reviewer comments, and the manuscript now includes some more 
information that will be useful for replication. 
 
We appreciate the comments made by the reviewer. 
------------------------------ 
Reviewer 2 
------------------------------ 
The authors significantly improved the manuscript and followed the suggestions of the reviewer. I 
recommend the paper for publication. 
 
We appreciate the comment made by the reviewer. 
 
 
typo line 426: Fig. 7A 
 
Typographic error amended. 
 
 
typo line 507 (spanish question mark) 
 
This fragment was excluded from the text. 
 
------------------------------ 
Reviewer 3 
------------------------------ 
This is a re-submission by Acevedo-Triana and colleagues described the methodology for 
expression of fear incubation using an extended fear conditioning protocol. The authors have now 
mostly described the methods and statistics in adequate detail to allow for replication of this work. 



 
We appreciate the comment made by the reviewer 
 
 
My main concern that was expressed in the original review, with respect to the lack of rigor in the 
experimental design, specifically in control conditions still stands. At the very least, please 
acknowledge in the discussion section that rats with minimal or no exposure to footshock, the 
time-course of fear incubation etc have not been assessed here. 
 
We added the suggestion of reviewer. Please see lines 636-638. 
 
 
-Please specify the weights of the Wistar rats used for this experiment. 
 
We specified the range of weights of rats. Please see line 138. 
 
 
-Please state specifically that the rats were trained during the light cycle. 
 
We added the clarification. Please see line 153. 
 
 
-Please specify details of how often and how the rats were handled during the incubation period. 
 
We added the clarification. Please see lines 259-261. 
 
------------------------------ 
Reviewer 4 
------------------------------ 
My concerns with the earlier version have been satisfied. 
 
We appreciate the comments made by the reviewers. 
 
------------------------------ 
Reviewer 5 
------------------------------ 
The authors described an extended fear conditioning protocol that produces fear incubation. Since 
fear incubation may be related to delayed post-traumatic stress disorder, this protocol will be 
useful in neuroscience and psychiatry fields. Overall, this protocol is well written. I have a few 
minor concerns. 
 
1. The authors should describe brightness level in the experimental chamber.  
 
We added the required information. Please see lines 211-213. 
 
 
 
 



2. The authors should describe size of the experimental chamber. 
 
We added the required information. Please see lines 172-179. 
 
 
3. Although the authors used extended fear conditioning (25 tone-shock pairings), the freezing level 
in the context and cue tests looks low or similar compared to the standard protocol. Why? 
 
We agree with the reviewer, and added a possible explanation. Please see lines 553-568 and lines 
453-457. 
 
------------------------------ 
Reviewer 6 
------------------------------ 
The protocol describes a new paradigm using an overtraining method of fear conditioning to assess 
fear incubation in rats. The authors showed that after 1 session of overtraining rats with 25 tone-
shock pairings, rats freeze more to the conditioned context at 6 weeks compared to 48 hours after 
training. 
 
1) The paradigm described is interesting and useful because there is a growing interest in research 
investigating fear incubation. However, there is a novelty to this protocol, as a PubMed search for 
articles using this type of protocol could not be found nor publications from the authors utilizing 
this protocol. Because of this novelty, the authors need to give more background information for 
the development of this protocol and describe the pros/cons of this protocol compared to other 
existing overtraining fear conditioning protocols used to assess fear incubation. In addition, 
authors should address whether publications are pending or reference any publications using this 
protocol that may not have found on PubMed to support the validity of the protocol. 
 
We used several references to build our protocol. Effectively, we reviewed some references and 
found lengthy protocols, such as Pickens (2013) with 100 pairings and Maren (1998) with 
considerably shorter versions. We decided to use the protocol used by Maren (1998) with 25 
pairing. Unfortunately, in the previous version of our manuscript, we missed including the 
reference, and appreciate the reviewer’s comment that pointed it out. Please see lines 106-109. 
 
 
2) The overall protocol is difficult to follow. It is more written for an investigator that has the same 
exact system in their lab and if not, following the protocol becomes difficult. Each step is too 
detailed and does not give enough information to researchers that may have an alternate setup. 
This should be kept in mind when writing this protocol. 
 
We have added some NOTES in each step to help generalize the protocol to different users and 
equipment, we have added information about measurements and information to that same aim.  
 
 
 
 
 



3) A representative schematic of the protocol (conditioning, context test, and cued test) and photos 
would be beneficial. 
 
We agree with the reviewer, and added a graphical representation of the study's design. Please 
see Figure 1. 
 
 
4) The incubation effects in the cued test were not as robust as the context test. Could it be possible 
that the context of the cued test may have been too similar to the conditioning and it blunted some 
of the effects that could have been seen between 48 hours and 6 week groups? In addition, results 
in figure 3 shows baseline freezing levels in the cued test looks higher than baseline freezing during 
training. Could the animals be responding to the context before the cues are even tested? Is it 
possible to change the floor in addition to smell and walls for the cued test? 
 
We consider this lack of effect in the cue test a limitation of the protocol, which we acknowledge 
and explain as resulting from variability in the 48 h group.  
 
 
5) The data analysis section is too dependent on the authors' exact methods. This section should 
include alternate methods for people without Med Associates. For example, describe what 
parameters should be analyzed if using an alternate setup, what should be scored for freezing, 
what are the behavioral endpoints people should examine in their results. 
 
We added descriptions aimed at improving generalization to other settings and equipment, 
including clarifying the measurements and the contents/functions of the processing files. Please 
see lines 408-415. 
 
 
6) The authors state on lines 349-350 that there was declining trend of freezing % in the 48 hour 
group in the context and cued test compared to training freezing. This statement is slightly 
deceiving, as it sounds more as if the training did not work. If the baseline freezing levels measured 
during the first 3min of training is being used as the control, then context and cued test freezing 
should be compared to this control. Therefore, both 48 h and 6 wk groups showed high levels of 
freezing compared to control baselines, demonstrating learning and memory of the tone-shock 
pairings. However, the 48 h group did not show statistically significant increases in freezing in the 
context and cued tests compared to control freezing levels. This should be addressed by the 
authors. Did the paradigm not work for the 48 hour group, was there too much variability, what 
was the issue that rats in the 48 h group did not show elevated freezing after conditioning to the 
context or cue, but the 6 wk group did? 
 
We addressed this absence of statistical significance in the discussion section. We consider it a 
limitation of our protocol, which is associated with a high behavioral variability in the 48-h group. 
We made some suggestions to improve the procedure regarding this issue. Please see lines 605-
611. 
 
 



7) In line with comment 6, for context and cued test results, 48 hr and 6 wk freezing levels should 
be compared to the control, which is described as the first 3 min of the training session. Therefore, 
figure 2 and 3 should include those levels and statistics compared to those controls as well. 
 
As shown in Figure 4a, baseline measures can be included in the analyses when percentages are 
used for the comparison. With Figure 3a,b,c and 4,b,c it is not appropriate to include baseline 
measures because the variables are not proportional (seconds and motion index). 
 
 
8) Statistics on the figures are confusing to follow. Generally, asterisks and letters are placed above 
the treated groups to compare to control, not above the control. 
 
We agree with the reviewer, and we have amended the significance information in the figures to 
avoid confusion. Please see Figures 2-4. 
 
 
9) Table 1 and 2 are very confusing and difficult to follow. More descriptions of the factors are 
needed. 
 
We added additional information to improve clarity. Please see lines 553-574. 
 
 
10) Discussion should address why fear incubation was seen in the context test but not necessarily 
in the cued test. 
 
We discuss this topic in the discussion. Please see lines 605-611. 
 
 
11) Are there any publications available that may not have been found on PubMed using this 
protocol to support the validity of this paradigm? 
 
As was mentioned before, we used information from other protocols and we conducted a study 
with exercise to stimulate neurogenesis and evaluated its relationship with fear incubation. This 
study is under review.  
 
 
12) Have the authors looked at a time point between 48h and 6 weeks? If so, does the incubation 
effect increase as time increases from conditioning day as seen in the Pickens model? 
 
Unfortunately, we didn't conduct measurements at any point between 48 h and 6 weeks, mainly 
to avoid effects of reconsolidation.  
 
Introduction - The introduction adequately addresses fear conditioning and fear incubation. 
However, background of overtraining is unsatisfactory. For fear incubation, they discuss the 
Pickens method of 100 tone-shock pairing to assess fear incubation, but the methods they use in 
one session of 25 tone-shock pairing. It is not well understood why and how their method was 
developed. 
 



We added information to clarify the numbers of sessions. Please see lines 106-108 and lines 115-
116. 
 
 
Introduction - It would be useful to include reference to the Stephen Maren's 1998 paper (J 
Neurosci, Overtraining Does Not Mitigate Contextual Fear Conditioning Deficits Produced by 
Neurotoxic Lesions of the Basolateral Amygdala), which describes asymptotic freezing behavior 
during overtraining and what is the minimum tone-shock pairings needed for overtraining. 
 
We appreciate the reviewer’s feedback and suggestion. We actually used this reference to build 
our protocol, and as such, we have added to the present manuscript. Please see lines 106-108 and 
lines 115-116. 
 
 
-Possibility of usage of other strains of rats should be addressed. Is there a benefit to using Wistar 
rats over other common strains? 
 
We agree with the reviewer, and have added the clarification in a NOTE. Please see lines 133-136. 
 
 
-Include a note to why the rats need to be food restricted in a fear conditioning protocol. It should 
be mentioned that users using the protocol need necessary IACUC approval for food restriction. 
Will not food restricting rats affect the protocol or results in any way? 
 
We agree and added the clarification in a NOTE. Please see lines 143-148. 
 
 
-Counterbalancing of animals during testing, using the same exact box for conditioning and context 
for each rat, and testing rats at the same time of day should be explained. 
 
We agree and added the clarification in a NOTE. Please see lines 157-160. 
 
 
-Include procedures for animal handling before testing begins, time of day testing (light/dark 
phase). 
 
We included the clarification, as suggested. Please see line 153 and lines 252-257. 
 
 
-How long do the rats need to be acclimated to the facility after delivery? 
 
We included the clarification, as suggested. Please see lines 267-268. 
 
 
 
 
 



-It would be beneficial to describe the components of all the important parts to operate this 
protocol. Med Associates equipment components should be better explained in these sections. 
Also, further describe what is needed to execute the protocol. 
 
We edited all protocol and included different NOTEs to enable generalization to different users. By 
other hand following indications of JoVE papers, we previously received comments to avoid 
specific indications with a particular equipment. 
 
 
-Context of conditioning and context test versus cue test should be adequately described. 
 
We added a better description of the context of the training and tests. Please see lines 250-368. 
 
 
-Animal transportation should be described for each test. Transportation route for cued test should 
differ from conditioning to further differentiate context for the cued test. 
 
We included the clarification, as requested. Please see lines 252 -257, lines 296 – 301 and lines 
333-336. 
 
 
-Calibration should have their own section. In that section, shock calibration and freezing detection 
calibration should be described. 
 
We separated the sections, as suggested. We added to section 2 the clarification about shock 
calibrations. Line 162 
 
 
-Notes for any possibly issues that may occur with calibration and how to troubleshoot should be 
included. 
 
We edited some NOTEs to avoid confusion, and edited and improved the section of 
Troubleshooting. Please see lines 690-712. 
 
 
-Describe which animals to bring in during testing. Most protocols only bring in the rats to be 
tested and leave the remaining rats in a holding room to be not affected. 
 
We clarify the information on the transportation of animals. We only moved the animals that were 
immediately tested and maintained the other rats in a separate holding room to avoid possible 
affectations. Please see lines 252-257. 
 
 
-Rats should not be handled by the tail. If this statement is necessary, be specific and state "base of 
the tail" and never pick up by the end of the tail. 
 
We added the clarification, as requested. We appreciate the reviewer’s comment. Please see lines 
263, 318 and 355. 



 
-Include the step, return animals to cage and vivarium 
 
We clarified the transportation system. Please see lines 252-257. 
 
 
-step 5.1 and 6.1 should be rewritten 
 
We edited the corresponding sections. Please see lines 296-301 and lines 327-329. 
 
 
-On line 307, should be Figure 1A and not 7A. 
 
We agree with the reviewer, and figures were relabeled. Please see lines 426. 
 
 
-Where is the data described in lines 304-306? 
 
We added the necessary information. Please see lines 399-403. 
 
 
-For lines 474-476, reference should be included. 
 
We included the related reference. Please see lines 616. 
 
 
------------------------------ 
Veterinary comments 
------------------------------ 
. Please clarify in the text if housing 4 rats per cage is meeting ILAR Guide requirement?  If not, 
what kind of guidelines do you use for housing multiple rats? 
 
We did not follow directly the ILAR guide to housing, instead we follow the requirements of the 
IACUC of our institution related with housing recommendations. However, it is important to clarify 
that animals were housed in groups of 4 only for 5 days previous to the start of the training 
protocol, which required individual housing, since they were maintained at 85% of their weight. 
Clarification of individual housing was made. Please see lines 133-145. 
 
 
Under 1.2.  Please clarify why you need to maintain rats at 85% of their free-feeding weight for 6 
weeks study by giving restricted food access? - - If the animals start losing weight, will you assume 
feeding animals to ad libitum again? --- How much percentage of body weight loss when you 
resume ad libitum feeding again?  
 
We added the clarification related to caloric restriction. The procedure to reach the 85% was 
calculated on the bases of the free-food-consumption weight during five days before fear training. 
Please see lines 143-146. 
 



Under 6.4.  Please add into the text on how you change of the olfactory complex by using 1% of 
acetic acid to the metal tray below the grid floor? 
 
We added in the manuscript that acetic acid is the standard procedure to change the olfactory 
context in fear conditioning of rodents, but we did not conduct further measurements below the 
grid floor. Please see lines 344-345. 
 


