
Journal of Visualized Experiments
 

Simple methods to analyze spatial learning and prosocial behavior in mice utilizing the
Barnes maze and the Damsel-in-Distress paradigm

--Manuscript Draft--
 

Article Type: Invited Methods Article - JoVE Produced Video

Manuscript Number: JoVE58008R1

Full Title: Simple methods to analyze spatial learning and prosocial behavior in mice utilizing the
Barnes maze and the Damsel-in-Distress paradigm

Keywords: Barnes maze;  spatial learning;  memory;  locomotion;  exploration;  Damsel-in-
Distress;  prosocial behavior;  social responsiveness;  empathy;  motivation;  ethanol;
development

Corresponding Author: Erin Clabough
Hampden-Sydney College
Hampden-Sydney, va UNITED STATES

Corresponding Author's Institution: Hampden-Sydney College

Corresponding Author E-Mail: ebdclabough@gmail.com

Order of Authors: James D. Ingersoll

Robert W Holland

Michael T Moody

Wesley Kuegler

Charles P Murrah Jr.

John D Winslow

Neal M Reynolds

Nathaniel De'Mar Lloyd

John Brian Dugan

Madalyn Hammock

Katherine Houlé

Erin Clabough

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access (US$2,400)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Gilmer Hall, 254 Via Sacra, Hampden Sydney, VA 23943

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



 

     

TITLE:  1 
Analyzing Spatial Learning and Prosocial Behavior in Mice Using the Barnes Maze and Damsel-in-2 
Distress Paradigms 3 
 4 
AUTHORS AND AFFILIATIONS: 5 
James Ingersoll1, Robert Holland1, Wesley Kuegler1, Michael Moody1, Charles Murrah Jr.1, John 6 
Winslow1, Neal Reynolds1, Nathaniel Lloyd1, Brian Dugan1, Madalyn Hammock1, Katherine 7 
Houlé2, Erin Clabough1 8 
 9 
1Department of Biology, Hampden-Sydney College, Hampden-Sydney, VA, USA  10 
2College of Medicine at the Medical University of South Carolina, College of South Carolina, 11 
Charleston, SC, USA 12 
 13 
Corresponding Author:  14 
Erin B. D. Clabough  15 
eclabough@hsc.edu  16 
Tel: (434) 223-6172 17 
 18 
Email Addresses of Co-authors: 19 
Katherine Houlé   (houlek@musc.edu) 20 
Brian Dugan    (duganj19@hsc.edu) 21 
Robert Holland   (hollandr18@hsc.edu) 22 
James Ingersoll   (ingersollj18@hsc.edu) 23 
Wesley Kuegler   (kueglerw18@hsc.edu) 24 
Nathaniel Lloyd   (lloydn20@hsc.edu) 25 
Michael Moody   (moodymt20@hsc.edu) 26 
Charles Murrah Jr.  (murrahc@hsc.edu) 27 
Neal Reynolds   (reynoldsn18@hsc.edu) 28 
John Winslow    (winslowj19@hsc.edu) 29 
Madalyn Hammock   (hammockm18@hsc.edu) 30 
 31 
KEYWORDS:  32 
Barnes maze, spatial learning, memory, locomotion, exploration, Damsel-in-Distress, prosocial 33 
behavior, social responsiveness, empathy, motivation 34 
 35 
SUMMARY: 36 
This protocol measures spatial learning and memory using the Barnes maze. A novel Damsel-in-37 
Distress paradigm is used to assess locomotor activity and prosocial behavior in mice. 38 
 39 
ABSTRACT: 40 
The Barnes maze is a reliable measure of spatial learning and memory that does not require food 41 
restriction or exposure to extremely stressful stimuli. The Barnes maze can also assess other 42 
mouse behaviors, such as general motivation to escape from the maze platform and exploratory 43 
behavior. The Barnes maze can measure whether a genetic mutation or environmental variable 44 
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can impact the acquisition and retention of spatial memories, as well as provide information 45 
about the search strategy employed by the mice. Here we use the Barnes maze to detect a 46 
memory deficit in adult mice following a single developmental ethanol exposure event. The 47 
newly described Damsel-in-Distress paradigm exposes a male mouse to a female mouse trapped 48 
in a chamber in the open center field of the arena. It provides an opportunity for the mouse to 49 
socially respond to the trapped female and exhibit prosocial behavior. The Damsel-in-Distress 50 
paradigm can also be used to examine mouse behavior in a novel arena and measure locomotor 51 
activity. Both the Barnes Maze and the Damsel-in-Distress protocols require minimal financial 52 
investment and most aspects of the tests can be constructed from common lab supplies. These 53 
flexible and accessible tools can also be used to detect behavioral changes over the course of 54 
development.  55 
 56 
INTRODUCTION:  57 
The purpose of this protocol is to measure spatial learning and memory in mice using the Barnes 58 
maze as well as social responsiveness and locomotion using the Damsel-in-Distress paradigm. 59 
Commonly used spatial learning and memory tests for rodents include the radial arm maze, which 60 
measures a mouse’s ability to find hidden food in one arm of a multi-spoked apparatus, and the 61 
Morris water maze, which places a mouse in a large tub or pool of water and assesses how long 62 
it takes to find a hidden underwater platform. Typically, training for these paradigms spans 63 
multiple trials and allows the measuring of both learning acquisition rates and retention through 64 
short term and long-term memory trials.  65 
 66 
Although the radial-arm maze and Morris water maze are reliable ways to test memory in 67 
rodents, they present complications for some researchers. Both mazes use deprivation or strong 68 
aversive stimuli as reinforcement1. The radial arm maze uses food deprivation to ensure that 69 
rodents are properly motivated to find a food reward. In the Morris water maze, the effects of 70 
stress induced by a forced swim may alter results in the mice2. 71 
 72 
The Barnes maze is an alternative spatial awareness task that requires rodents to learn the 73 
position of a hole in order to escape the bright, open maze surface3. Weak aversive stimulation 74 
(light or sound) is then applied to increase the likelihood that mice will escape from the platform. 75 
The Barnes maze does not require food deprivation, so the amount of animal preparation is less 76 
than in the radial arm maze. It can be used without conflict by researchers who are investigating 77 
behaviors or molecules associated with eating, hormonal regulation, or hypothalamic pathways.  78 
 79 
The Barnes maze also has advantages over the Morris water maze. It is less stressful than the 80 
Morris water maze, causing less elevated levels of corticosterone in mice4. In addition, it is much 81 
simpler to assemble and requires less dedicated space during the testing procedure and storage.  82 
 83 
The Damsel-in-Distress assay is a simple two-part experiment that can assess locomotor activity 84 
followed by prosocial behavior. The Damsel-in-Distress assay is designed to assess exploratory 85 
behaviors and social responsiveness of a male rodent in response to an entrapped female rodent. 86 
A commonly used method to assess sociability (as well as preference for social novelty) is the use 87 



  

of Crawley’s three-chamber sociability test, which assesses the free choice of a mouse to spend 88 
time near or away from other mice⁵.  89 
 90 
Similar to Crawley’s three-chamber sociability test, the Damsel-in-Distress assay also measures 91 
free choice regarding how to spend time in the presence of another mouse, but it also provides 92 
measurements for deeper aspects of social functioning: 1) In the Damsel-in-Distress assay, the 93 
trapped female mouse is held in the center of an open field, so the male’s potential aversion to 94 
an open field is pitted against his drive to socially explore or investigate a distressed female 95 
conspecific. 2) The Damsel-in-Distress model also provides a way to assess prosocial and 96 
empathetic behavior in response to the trapped mouse, which has not been frequently explored 97 
in mice.  98 
 99 
Animal empathy is definitely observable and measurable, though not many paradigms exist for 100 
this purpose. For example, in rats, a trapped cage mate can induce a state of prosocial motivation, 101 
where rats will work to free the trapped animal. In fact, rats will choose to help the trapped 102 
animal even before opening a similar container containing a chocolate snack, then access the 103 
chocolate and share it with the newly freed rat6. 104 
 105 
Measures of empathy in mice typically involve the infliction of pain; indeed, mice who watch 106 
other mice in pain are more sensitive to pain themselves7,8. Restraint stress is a characterized 107 
phenomenon in rodents and has been coupled with shock to examine stress responses, as one 108 
measure of empathy in mice9,10. 109 
 110 
There are ethical considerations associated with induced pain or shock, so stress-inducing 111 
alternatives are needed. We developed the Damsel-in-Distress paradigm as a measure of 112 
empathetic behavior in the absence of either pain or shock treatment. The trapped mice in our 113 
Damsel-in-Distress protocol show overt signs of distress after only several moments as they are 114 
unable to turn around within the small container, yet they are unharmed while providing an 115 
opportunity for other mice to respond to their distress. 116 
 117 
To begin the Damsel-in-Distress assessment, a male mouse is placed in a large novel arena 118 
containing a small empty central cylinder. Exploratory behaviors are recorded for several 119 
minutes, including how many sections of the arena are crossed and how much time is spent in 120 
the central open area. This method provides a quick and easy way to rule out locomotor deficits 121 
as a potential confounder in a learning situation that requires coordinated movement for 122 
successful completion. It also provides a basic measure of how much aversion to the open center 123 
field is present. Both measures could influence Barnes maze performance. 124 
 125 
Following the initial exploration, the male is removed from the arena and a female mouse is 126 
placed in an enclosed, small clear central cylinder (similar to that used to collect blood from 127 
mice). Then, the original male mouse is reintroduced into the arena, and exploratory behavior is 128 
again scored. The Damsel-in-Distress paradigm assesses whether a mouse is interested in a social 129 
interaction based on changes in behavioral patterns when a trapped female is present (scored by 130 
time spent in the center square and the number of digging episodes), and whether the mouse 131 



  

exhibits prosocial behavior towards the trapped female (scored by the amount of cylinder 132 
investigations and contact events with the trapped female). The Damsel-in-Distress assay can be 133 
used to measure a propensity for social novelty (similar to Crawley’s three-chamber sociability 134 
test) depending on whether researchers trap a familiar or novel mouse.  135 
 136 
Together, the Barnes maze and Damsel-in-Distress experiments allow the accurate evaluation of 137 
mouse learning capabilities and social responsiveness in the absence of extremely stressful 138 
stimuli. As with all behavioral assays, these experiments should be performed with great 139 
sensitivity towards the animal experience, minimizing the discomfort experienced by the animal.  140 
 141 
Like most mazes, differences in locomotor activity may influence performance on the Barnes 142 
maze, so researchers should also assess locomotor activity, especially when using the Barnes 143 
maze to assess learning in mice with mutations that may impair movement (such as those found 144 
in Huntington’s disease mouse models, or those exposed to toxins that may induce hyperactivity 145 
or retard movement, such as ethanol). In addition, maze and chamber surfaces should be 146 
thoroughly cleaned and bedding changed between each animal to avoid scent cue confounds. 147 
 148 
Importantly, all materials can be fabricated on site with minimal financial investment, and the 149 
small physical footprint of these assays means that these experiments can be replicated in almost 150 
any setting, allowing for great flexibility. This type of accessibility allows good science to be 151 
performed at smaller institutions with limited resources or in situations where pilot data needs 152 
to be collected quickly in the absence of substantial support.  153 
 154 
PROTOCOL:  155 
All methods described here were approved by the Institutional Animal Care and Use Committee 156 
(IACUC) of Hampden-Sydney College or Randolph-Macon College (where some work was 157 
previously performed). 158 
 159 
1. Basic Housing of Mice 160 
 161 
1.1 House the mice in plastic cages with solid bottoms and sides, and a layer of soft bedding and 162 
nesting material such as paper shredding. Use bedding that is composed of shredded corn cobs 163 
or wood shavings, and ensure that the bedding is changed regularly for sanitation. 164 
 165 
1.2 Provide access to food and water ad libitum. The top of the plastic cage houses a food hopper. 166 
Dispense properly formulated mouse food pellets from the food hopper, and provide a water 167 
dispenser. Ensure that the cage top features an air filter to protect mice from outside 168 
contaminants.  169 
 170 
1.3 Maintain the natural circadian rhythms of the mice by following a 12-hour light-dark cycle in 171 
the housing facility. Conduct behavioral testing at the same time of day, ideally during the 172 
animal’s dark cycle, such as during the evening hours. 173 
 174 



  

Note: Care should be taken to distinguish mice in the housing. Various methods for distinguishing 175 
mice are available, such as ear punches, ear tags, and tail markings. 176 
 177 
2. Barnes Maze Testing: Construction  178 
 179 
2.1 Obtain a circular wooden board that is 120 cm in diameter. 180 
 181 
2.2 Cut 20 circular holes (4.5 cm in diameter) around the perimeter of the circle. Position each 182 
hole to be 2.5 cm away from the maze edge and 13 cm apart from neighboring holes. 183 
 184 
2.3 Smooth the surfaces and paint them glossy white (a bright color is recommended). 185 
 186 
2.4 Designate one side of the maze board for insertion of small cup hooks roughly 2-3 cm away 187 
from each of the 20 holes, and place two hooks for each hole (one on either side of each hole).  188 
 189 
2.5 Use shallow black (plastic) disks for covering holes on side of maze with hooks. Use hooks to 190 
secure thick rubber bands in order to hold the disks onto the bottom of the maze.  191 
 192 
2.6 Securely mount the Barnes maze 120 cm above the ground and away from other similarly tall 193 
objects like tables or chairs. A box or stool can be used to support the middle of the maze.  194 
 195 
2.7 Place large white posters with one shape on each wall (triangle, circle, and cross) as extra-196 
maze cues on 3 sides of the maze. Maintain the posters on the walls around the maze for each 197 
trial.  198 
 199 
2.8 On last side of maze, set up a solid black curtain to hide observers so that data can be 200 
recorded accurately without the researchers being visible to mice on the maze.  201 
 202 
2.9 Suspend a video camera over the arena with a bird’s-eye view of the entire maze surface. 203 
 204 
2.10 Clean every surface of the maze (black disks and target box included) with water then a 70% 205 
ethanol solution before and after each mouse trial. 206 
 207 
2.11 Place a 100 W light source 25 cm over center of maze (turn on/off at the start/finish of trial) 208 
and be sure to have the disks and hooks facing the floor.  209 
 210 
Note: All other overhead lights in the room should be turned off during testing. The addition of 211 
an ultrasonic noise maker hung next to 100 W light is recommended. Turn it on/off at the 212 
start/finish of each trial.  213 
 214 
3. Barnes Maze Testing: Procedure 215 
 216 



  

Note: Ensure that all the maze components are cleaned with water and 70% ethanol solution 217 
before and after each trial, allowing for time to dry completely before testing resumes. Be sure 218 
to have cleaning supplies ready as well as timers for the trials.  219 
 220 
3.1 House all the mice in groups while using a reliable identification method. Keep mice outside 221 
of the testing room when they are not actively running on the maze. This is to ensure they are 222 
not subjected to the ultrasonic noisemaker prematurely. 223 
 224 
3.2 Handle mice by gently picking up and holding them from the base of the tail, with the paws 225 
kept on one’s hand.  226 
 227 
3.3 For training, have the mice run on the maze daily once per day for 7 days in a row to assess 228 
learning/acquisition.  229 
 230 
Note: A single long-term trial can be done on a later date to assess memory/retention. The 231 
current protocol trained adolescent mice beginning at postnatal day 32, and a long-term trial was 232 
performed in adults at 4 months of age.  233 
 234 
3.4 Randomly assign each mouse to a target hole to use throughout the testing period. The holes 235 
can be labeled 1-20 on the bottom of the maze or on the outside of the maze perimeter, where 236 
they are not visible to the mouse in the maze. 237 
 238 
3.5 Replace the assigned hole disk with a small black box (23 x 11 cm). Firmly attach it to the 239 
Barnes maze using rubber bands connected to the nearest hooks. 240 
 241 
Note: The target box is shallow enough so that the mouse can easily step down into it or contains 242 
a step to ensure that the mouse does not have to jump down into it.  243 
 244 
3.6 Place the mouse onto the center of the maze beneath a cup to acclimate for 30 seconds until 245 
the test begins. Begin video recording.  246 
 247 
3.7 Turn on the light and ultrasonic noisemaker. Lift the cup via a string mechanism to avoid 248 
biasing the initial heading of the animal. Start a timer and sit behind the curtain to observe.  249 
 250 
3.8 After the mouse enters the target hole, cover the hole with the same opaque cup used at the 251 
start of the trial and turn off the ultrasonic noisemaker. If the mouse has not entered the target 252 
after 5 minutes have elapsed, corral the mouse into the target hole.  253 
 254 
3.8.1. Ensure the mouse enters the hole. When mouse is inside the target box, cover the hole 255 
and turn off the noisemaker. Allow the mouse to remain in the target box for 1 minute 256 
undisturbed. 257 
 258 



  

3.9 Although the target hole will remain constant for each mouse throughout the training period, 259 
run mice in a random order each day to ensure that they are not following any cues/scents left 260 
by the previous mouse. 261 
 262 
4. Barnes Maze Testing: Data Analysis 263 
 264 
4.1 During the Barnes maze trials, record the following timed data: total time spent on maze, 265 
time to find target, and time to enter target hole if the target is entered.  266 
 267 
4.2 Track the overall movement of the mouse to determine the number of errors (number of 268 
incorrect holes explored) before and after the target is found. Also record the distance from the 269 
target hole to the first hole explored (distance is measured in number of holes away), along with 270 
any notable grooming behavior. 271 
 272 
4.3 Track the movements of each animal on a piece of paper with a diagram of the maze during 273 
each trial and use it to analyze search strategies, as well as determine the number of holes that 274 
were explored in the quadrant opposite the target. Use video analysis to confirm the paths. 275 
 276 
5. Damsel-in-Distress Testing: Constructing the Restraint Chamber 277 
  278 
5.1 Cut a clear cylinder to a length equal to ¾ of the length of the female mouse from the base 279 
of the tail to tip of the nose. Ensure that the dimensions of the cylinder are such that the mouse 280 
placed inside cannot turn around.  281 
 282 
Note: We cut the cone end of a 50 mL conical tube down to make a 4 cm long tube for 1-month-283 
old mice and an 8 cm long tube for 4-month-old mice. 284 
 285 
5.2 Cap both ends of the cylinder such that one of the caps can be removed and reattached. 286 
Punch 3-4 holes, approximately 0.5 cm each, in each cap. Ensure that the holes are large enough 287 
to allow nose-touching between mice and breathing12.  288 
 289 
Note: Alternatively, a device for mouse restraint during blood collection can be used.  290 
 291 
6. Damsel-in-Distress Testing: Preparing the Arena 292 
  293 
6.1 Ensure that the arena is an opaque topless plastic square box of 38 x 38 cm with 19 cm walls. 294 
Fill it uniformly with corn bedding to a height of approximately 2.5 cm. 295 
 296 
Note: The corncob bedding makes digging events easier to detect. 297 
 298 
6.2. Suspend a video camera over the arena so that the entirety of the arena is in view. 299 
  300 
7. Damsel-in-Distress Testing: Exploratory Behavior Measure 301 
  302 



  

7.1 Place the closed and empty stress chamber into the center of the arena. 303 
 304 
7.2 Begin recording with the suspended camera. 305 
 306 
7.3 Select a male mouse. If the mice are marked for identification, note this male’s identity; if 307 
not, mark this mouse so that it can be distinguished after returning to the cage. 308 
 309 
7.4 Gently place the male mouse beneath a cup at the lower left corner in the arena. After 30 310 
seconds, remove the cup via a string mechanism.  311 
 312 
7.5 Allow the mouse to explore for 10 min, taking care to stay out of its field of view during 313 
recording. At the end of the 10 min, remove the mouse from the arena and return it to a holding 314 
cage for the next 5 min12. 315 
 316 
7.6 Stop recording and save the video file with an appropriate identifier. 317 
  318 
 8. Damsel-in-Distress Testing: Social Responsiveness Measure 319 
  320 
8.1 Use the same arena and recording setup as in the exploratory behavior measure. 321 
 322 
8.2 Select a female mouse. If the mice are marked for identification, note this female’s identity; 323 
if not, mark this mouse so that it can be distinguished after it is returned to the cage. 324 
 325 
Note: A littermate, cage mate, or novel mouse can be used, depending on the research question. 326 
If multiple trials are being performed, maintain the type of relationship across all trials. 327 
 328 
8.3 Hold the female mouse gently by the base of the tail, or by neck restraint, if necessary, and 329 
lower it into the restraint chamber. Close the open end behind it and ensure that it is unable to 330 
turn around. 331 
 332 
Note: Consider wearing bite-resistant gloves, as the female mouse will be resistant to entering 333 
the restraint chamber. 334 
 335 
8.4  Begin recording with the suspended camera. 336 
 337 
8.5 Place the restraint chamber with the trapped female mouse inside in the center of the 338 
empathy arena and allow the female to acclimate for 5 min. Take care to remain out of the 339 
female’s field of view. 340 
 341 
8.6 After the female mouse has been in the restraint chamber for 5 min, place the marked male 342 
mouse back into the empathy arena using the same process as before. Allow the male mouse an 343 
additional 5 min to explore the arena, again taking care to remain out of the field of view of the 344 
mice. 345 
 346 



  

8.7  Stop recording and save the video file with an appropriate identifier. 347 
 348 
8.8  At the end of the 5 min, remove both mice from the arena and place them into their cages. 349 
Replace the corn bedding and sanitize both the arena and the stress chamber with 70% ethanol12. 350 
  351 
9. Damsel-in-Distress Testing: Data Analysis 352 
  353 
9.1 Tracking software can be used, but the video can also be analyzed manually. Once the video 354 
file is visible on the computer, overlay a transparent sheet over the screen and outline the square 355 
of the arena using a marker. Divide the arena square into nine equal compartments. 356 
 357 
9.2 Review the video data for the first 5 min of the initial exploratory measure. Record the 358 
number of compartments crossed (locomotor activity/exploratory behavior), time spent in the 359 
center square of the arena (open field aversion), number of digging and grooming episodes, and 360 
number of times the mouse touched the empty center restraint chamber.  361 
 362 
Note: Scoring is not done for the second 5 min of the male’s 10-minute initial exploration, nor for 363 
the 5 min the female is trapped in the central chamber in the absence of the male. 364 
 365 
9.3 Review the video data for the 5 min of the social responsiveness measure immediately after 366 
the male is reintroduced into the arena with the trapped female. Record the same data as for the 367 
initial exploratory measure, but additionally record the number of times the male mouse touched 368 
noses with the trapped female mouse. 369 
 370 
REPRESENTATIVE RESULTS:  371 
 372 
The Barnes Maze 373 
To illustrate how the Barnes maze can be used, we investigated whether a single early ethanol 374 
exposure caused a difference in learning over the course of mouse development. C57Bl6/J mice 375 
were either injected with a 2.5 g/kg ethanol solution (n = 8) or with saline (n = 6) twice, two hours 376 
apart, at postnatal day 6. We trained the animals on the Barnes maze during adolescence (P30), 377 
then performed a single long-term trial in adulthood (4 months). Our collected data can be 378 
divided into several main categories: 1) accuracy by time and error rate, 2) target entry, and 3) 379 
mapping the exploration path. 380 
 381 
Accuracy by time and error rate: 382 
Time measurements encompass several important aspects: The latency to reach the first hole 383 
(the time it takes for the mouse to investigate any first hole after starting the trial) will illustrate 384 
if the mouse is learning that it is supposed to go find the escape hole (Figure 1A). The latency to 385 
find the target hole (scored by an initial lowering of the nose across the plane of the target hole) 386 
is able to find the correct hole (Figure 1B). With each session, the time to run the training session 387 
should decrease, indicating that the animals are learning the maze.  388 
 389 



  

The number of wrong hole investigations (termed errors) the mouse performs before locating 390 
the correct hole (Figure 1C) indicates if the animal is able to go relatively straight to the target 391 
escape hole. The total number of times a mouse explores an incorrect hole over the course of 392 
the trial gives a rudimentary measure of locomotor activity and exploratory behavior. (Figure 393 
1D). All mice were successfully trained on the Barnes maze over a 7-day testing period during 394 
adolescence (represented here by daily sessions on postnatal days 32-39), indicated by a 395 
decrease in error rate and time to find the target hole. There was no statistical difference in 396 
learning between the ethanol and control animals over the course of the training period. 397 
 398 
Target entry rate: 399 
The latency to actually enter the target hole is commonly used as the criteria for successful maze 400 
completion, but likely does not give as much information as other aspects of the testing. Entry 401 
into the target can also be scored as a 0 or 1. If the mouse enters the target before the 5 min 402 
elapse, the testing is considered successful, but if the mouse does not enter the target, a binder 403 
or book should be used to corral the animal into the target so it experiences the safety of the 404 
chamber beneath. On the first training days, it should be expected to see low rates of entry into 405 
the target and animals that take the full 5 minutes on the maze. In subsequent days, the testing 406 
should take less time.  407 
 408 
Making multiple errors after finding the target indicates low motivation to enter the target box 409 
and may also detect abnormal comfort with a situation that is typically aversive to mice (elevated 410 
platform, bright light, open field, ultrasonic noise). A large difference between errors made 411 
before finding the target and the total number of hole explorations during a trial indicates poor 412 
motivation to enter the target escape chamber (Figure 2A). If mice are not entering the target 413 
escape hole after discovery, bright lights or noise can be added to the testing situation as mildly 414 
noxious stimuli.  415 
 416 
In our experiment, an ultrasonic noise emitter was added above the maze on test day 5 to 417 
introduce extra motivation to enter the target. Prior to the introduction of the ultrasonic noise, 418 
no saline treated mice had ever entered the target, but entrances spiked after the introduction 419 
of the noise. Significantly more mice (saline and ethanol combined) entered the target on Trial 6 420 
compared to Trial 4 (t-test, p = 0.0014) (Figure 2B).  421 
 422 
Path mapping: 423 
Mapping the path of the mouse can help assess information retention and learning strategies, as 424 
well. The distance between the first explored hole and the target hole is a good indicator of 425 
memory for target location, as this tracks where the mouse goes first and how close they are to 426 
the target (Figure 3A). Expect this measure to vary widely at the beginning of training, but the 427 
first hole visited should move closer to the target as the mice learn the target location.  428 
 429 
Although no statistical difference in learning was found between the ethanol and control animals 430 
over the course of the training period, when these mice were re-run as adults using a single long-431 
term trial (at 4 months), the ethanol-injected animals had a harder time remembering where the 432 
target hole was located (Figure 3B)12. This difference in memory retention was not found in the 433 



  

initial Barnes maze training, so using the maze again at a later time allowed us to pick up subtle 434 
differences in learning/memory, such as those found with a single developmental ethanol 435 
intoxication event. A representative diagram of the Barnes maze surface allows researchers to 436 
map the path the mouse took, including the number of errors and a record of the first hole visited 437 
(Figure 3C). 438 
 439 
Time spent in the opposite quadrant corresponds to the amount of time a mouse explores one 440 
section of the maze over others, specifically the one opposite of the target. It is possible for a 441 
researcher to obtain and calculate all other measures as the mouse is running the maze, but this 442 
measure requires analysis at a later time. A mouse who is learning should decrease time spent 443 
exploring holes in the opposite quadrant. On the long-term adult trial, ethanol treated mice 444 
explored significantly more holes in the opposite quadrant from the target, indicating a failure to 445 
remember the correct general spatial location (p = 0.03) (Figure 4A).  446 
 447 
It is important to break up this mapping measurements into errors made before and after actually 448 
finding the target. The number of errors before finding the target can reveal if learning is 449 
occurring, but it also can tell us about the mouse’s search strategy. Instead of randomly visiting 450 
holes, the mouse may adopt a strategy to quickly find the target. During the long-term trial, all 451 
of the ethanol-treated animals used a sequential hole-to-hole search in a ring-shaped fashion 452 
until the hole was found, whereas significantly less saline treated mice employed this technique 453 
(p = 0.004) (Figures 4B and 4D). Alternatively, mice can target a general direction of the maze 454 
(Figure 4C), which indicates that spatial learning is occurring and the animal is likely using external 455 
cues to head for the vicinity of the target hole.  456 
 457 
Damsel-in-Distress 458 
The Damsel-in-Distress arena was constructed and used to test the exploratory and social 459 
behavior of C57Bl6/J mice at both 1M (n = 15) and 4M (n = 12) of age. An empathy arena was 460 
utilized where the male mouse placed in a corner (Figure 5A). Mouse exploratory behavior is 461 
quantified as the number of squares crossed in 5 min in the novel arena. Our results show that 462 
older mice (4 month) cross more squares than younger mice (1 month) (p < 0.0001) (Figure 5B).  463 
 464 
Next, the trapped female was placed in a cylinder in the middle of the arena (Figure 5A). Once 465 
the female is trapped in the chamber, exploratory behavior can again be quantified as the 466 
number of squares crossed. The presence of the trapped female impacts male exploratory 467 
behavior. Regardless of age, male mice explore less in the presence of a trapped female. Juvenile 468 
males explored the arena less (as measured by the number of squares crossed in the presence of 469 
a trapped female mouse than when alone (at 1 month: t-test, p = 0.001; mean male alone 46 ± 470 
4.34 squares vs. with female 26.13 ± 3.42 squares). This difference was also apparent in adults 471 
(at 4 months: t-test, p < 0.000001; mean male alone 151.5 ± 5.31 squares vs. with female 103.08 472 
± 0.3.59 squares) (Figure 5B).  473 
 474 
In addition, the amount of time a mouse spent in the middle square over a 5-minute period 475 
should also be assessed. Time spent in the center square should be compared in the presence 476 
and the absence of the female as a measure of social interest. Our results show that males spend 477 



  

more time in the center square in the presence of the trapped female. Juvenile males spent more 478 
time exploring the center of the arena in the presence of a trapped female mouse than when 479 
alone (at 1 month: p = 0.05; mean male alone 13.14 ± 2.79 s vs. with female 33.42 ± 9.32 s). This 480 
difference was also seen in adults (at 4 months: p = 0.001; mean male alone 14.80 ± 1.89 s vs. 481 
with female 52.87 ± 8.9 s) (Figure 5C). 482 
 483 
In addition, researchers should also quantify the number of digging events in the arena, which 484 
could be a measure of anxiety or prosocial behavior towards the trapped female. This measure 485 
was significantly different in the presence of the female for 1 month (1M) mice but not 4 month 486 
(4M) mice. Juvenile males spent more time digging during their time in the arena in the presence 487 
of a trapped female mouse than when alone (at 1 month: p = 0.027; mean male alone 0.4 ± 0.27 488 
times vs. with female 3.2 ± 1.09 times). This difference was not seen in adults (at 4 months: p = 489 
0.65; mean male alone 1.33 ± 0.54 times vs. with female 1 ± 0.49 times) (Figure 5D). 490 
 491 
The number of times a male touches the restraint chamber containing the trapped female and 492 
the number of times the animals touched noses through the air holes are measures of prosocial 493 
behavior. In our results, male mice touched the tube containing the trapped female significantly 494 
more frequently as adults (4 months) than as juveniles (1 month) (p = 0.00001; mean 1 month 495 
4.73 ± 0.95 times vs. 4 months 15.92 ± 1.64 times) (Figure 5E). Adult males also initiated more 496 
trapped female contact events. Male mice touched noses with the trapped female through the 497 
air holes significantly more frequently as adults (4 months) than as juveniles (1 month) (p = 0.002; 498 
mean 1 month 3.93 ± 1 times vs. 4 months 8.67 ± .94 times). (Figure 5F). 499 
 500 
Ultrasonic recording equipment was used to listen for ultrasonic vocalizations above 20 kHz by 501 
female mice, and it was also used to listen for ultrasonic vocalizations by trapped male mice in a 502 
“bachelor-in-distress” reversal paradigm. No vocalizations were detected in either situation, 503 
which is expected, since previous research found no ultrasonic vocalizations mice during aversive 504 
stimuli exposure (such as physical restraint or electric shock)11. 505 
 506 
FIGURE AND TABLE LEGENDS:  507 
Figure 1: Barnes maze accuracy representative results by time and error rate. Mice were either 508 
injected with a 2.5 g/kg ethanol solution or with saline twice 2 hours apart at postnatal day 6. We 509 
trained the animals once daily for 7 days during adolescence, then performed a single long-term 510 
trial in adulthood11. (A) The latency to reach the first hole (the time it takes for the mouse to 511 
investigate any first hole after starting the trial) reveals if the mouse is learning to find the escape 512 
hole. (B) The latency to find the target hole (scored by an initial lowering of nose across the plane 513 
of the target hole) is able to find the correct hole. (C) The number of wrong hole investigations 514 
(termed errors) the mouse makes before locating the correct hole indicates if the animal is able 515 
to go relatively straight to the target escape hole. (D) The total number of times a mouse explores 516 
an incorrect hole over the course of the trial gives a rudimentary measure of locomotor activity 517 
and exploratory behavior. Error bars represent SEM11. 518 
 519 
Figure 2: Successful Barnes maze completion. The latency to actually enter the target hole is 520 
commonly used as the criteria for successful maze completion, but animals may not enter the 521 



  

target hole after discovery. (A) A large difference between errors made before finding the target 522 
and the total number of hole explorations during a trial indicates poor motivation to enter the 523 
target escape chamber. In our experiment, an ultrasonic noise was added on Trial 5 to induce 524 
mice to enter the target. (B) Significantly more mice (saline and ethanol combined) entered the 525 
target on Trial 6 compared to Trial 4 (t-test, p = 0.0014). No ethanol mice kept exploring after 526 
finding the target by day 7. Error bars represent SEM. 527 
 528 
Figure 3: Barnes maze motivation. Mapping mouse paths can provide information about 529 
motivation. (A) The distance between the first explored hole and the target hole is a good 530 
indicator of memory for target location, as this measure tracks where the mouse goes first and 531 
how far they are away from the target. (B) Although no statistical difference in learning was found 532 
between the ethanol and control animals over the course of the training period, when these mice 533 
were re-run as adults using a single long-term trial (at 4 months), the ethanol-injected animals 534 
had a harder time remembering where the target hole was located. (C) A representative diagram 535 
of the Barnes maze surface allows researchers to map the path the mouse took, including the 536 
number of errors and a record of the first hole visited. This mouse went straight to the target 537 
within 16 seconds, but never entered it over the course of 5 minutes and explored 41 holes 538 
afterwards. This behavior indicates low motivation to enter the target. Error bars represent SEM. 539 
 540 
Figure 4: Barnes maze search strategy. Mapping mouse paths can uncover search strategies and 541 
provide information about learning strategy. (A) On the long-term adult trial, ethanol treated 542 
mice explored significantly more holes in the opposite quadrant from the target, indicating a 543 
failure to remember the correct general spatial location (*p = 0.03). (B) During the long-term 544 
trial, all of the ethanol-treated animals used a sequential hole-to-hole search in a ring-shaped 545 
fashion until the hole was found, whereas significantly less of the saline treated mice employed 546 
this technique (**p = 0.004) (B, D). Trial day 6 results are pictured for a (C) saline treated mouse 547 
and (D) ethanol treated mouse. Mice can target a general direction of the maze (C), which 548 
indicates that spatial learning is occurring and the animal is likely using external cues to head for 549 
the vicinity of the target hole. Typically, quadrant scores are much better for mice using this 550 
strategy. (D) The sequential hole-to-hole search is a ring strategy, where the mouse goes to any 551 
edge of the maze and looks in each hole to find the target. Quadrant scores are poor with great 552 
variation when mice use the ring strategy. Error bars represent SEM. 553 
 554 
Figure 5. Damsel-in-distress. (A) The Damsel-in-Distress arena is divided into 9 squares. The male 555 
mouse is placed in a corner and male behavior is observed. The female mouse, trapped in a 556 
cylinder container, is placed in the central square of the arena. (B) Exploratory behavior within 557 
the arena increases between adolescence (1 month = 1M) and adulthood (4 months = 4M). 558 
Overall, male mice explored less in the presence of a trapped female. In addition, juvenile mice 559 
explored less than adult mice in the presence of the trapped female. (C) Social responsiveness 560 
can also be measured by the time a mouse spends in the center square where the trapped mouse 561 
is held. Both juvenile and adult males spent more time in the center square in the presence of 562 
the trapped female. (D) Juvenile males spent more time digging during their time in the arena in 563 
the presence of a trapped female mouse than when alone. (E) Male mice touched the tube 564 
containing the trapped female significantly more frequently as adults than as juveniles. (F) Adult 565 



  

males also initiated more trapped female contact events than juveniles. Error bars represent SEM 566 

(***p < 0.0001, **p  0.001, *p  0.05). 567 
 568 
DISCUSSION:  569 
The Barnes maze and the Damsel-in-distress experiments are inexpensive, quick, and relatively 570 
easy ways to evaluate spatial learning, locomotor activity, and prosocial behavior in mice. Other 571 
advantages include the absence of overt stressors, pain, or food restriction for the animal. Like 572 
most learning/memory paradigms, a disadvantage of the Barnes maze is the number of trials 573 
required for the animals to learn where the target hole is located and enter.  574 
 575 
Data collection: 576 
Data should be consistently gathered when observing the mouse’s activities and behaviors in 577 
both paradigms. For the Barnes maze, this includes recording the time the first hole is reached, 578 
the number of errors/wrong holes it explores, the time at which it reaches the target hole, and 579 
the time at which it enters into the target hole. In addition, researchers should map the path of 580 
each mouse on the maze. Data can be tracked using a paper map of the Barnes maze at the same 581 
time that the mouse is running the maze, and the timing and hole numbers can be confirmed 582 
using video footage. When tracking the animal, it may be helpful to change pen colors once every 583 
minute to keep track of potentially overlapping hole explorations. Computer-assisted tracking 584 
systems are available to ensure accuracy and reliability, such as idTracker, Ctrax, or tracktor, and 585 
a few are free or open-source. 586 
 587 
For the Damsel-in-Distress assay, recorded data should include how many squares the male 588 
enters, the time it takes for the male to reach the female, how much time the male spends in the 589 
center square when the trapped female is present compared to only the empty cylinder, how 590 
many contact events there are with the cylinder, the number of times the animals touched noses 591 
through the chamber, and how many times digging events occurred overall and in the center 592 
square. 593 
 594 
Constants in behavioral testing: 595 
As with all behavioral tests, it is critical that conditions are kept constant between and within 596 
animal trials to ensure that environmental variables do not confound the results of the study. 597 
Visual, auditory, or olfactory stimuli in the experimental environment can cause behavioral 598 
changes in the mice, whether intended or not13. As such, care should be taken to shield the mice 599 
from distracting external stimuli14. Both the arena used for the Damsel-in-Distress scenario and 600 
the Barnes maze should be cleaned after each trial with water and sanitized with 70% ethanol to 601 
ensure that no lingering indicators of previous mice influence a later trial. In addition, bedding 602 
should be changed after each Damsel-in-Distress assay. Data collection should always be 603 
recorded on video to allow the experimenters to review the data and ensure accurate analysis. 604 
It can be a challenge for the researcher to remain hidden behind a curtain or otherwise out of 605 
sight while collecting the data, but this is important to maintain a constant, distraction-free 606 
setting for the mice.  607 
 608 
Barnes maze paradigm design and modifications: 609 



  

There are multiple published paradigms in use for the Barnes maze. Barnes maze training 610 
protocols typically range from 7-15 days, but the protocol can be shortened. Sometimes 611 
truncating the number of training sessions to make learning the task harder can isolate 612 
differences that longer protocols miss15. It can be used with only an overhead light (as in the 613 
original Barnes study), or other elements can be added (such as a brighter light, a fan, or a noise) 614 
in order to make the mice more motivated to enter the escape chamber3,16. If you observe poor 615 
motivation to enter the target box during a pilot study, the addition of these elements should be 616 
considered during the actual training. 617 
 618 
Entry into the correct target hole will likely occur less rapidly without these elements, but 619 
researchers should be aware that these additions may be stress-inducing stimuli. The presence 620 
or absence of aversive stimuli can be manipulated to assess motivation to enter the target hole. 621 
Our study showed that prenatal ethanol had an effect on the likelihood that a mouse would enter 622 
the escape hole during the training period when only the bright light was used, and this 623 
phenomenon was distinct from actually learning where the target hole was located.  624 
 625 
As seen in days 1-4 of our protocol, the mice were not very motivated to enter the hole, though 626 
they seemed to find it easily enough. However, when the ultrasonic noise was placed above the 627 
maze on day 5, scores improved on most Barnes measures, including the likelihood that mice 628 
would enter the target chamber after finding it. The noise appeared to dramatically reduce the 629 
number of extraneous hole investigations on trial day 6 and 7, and by day 7 no ethanol mice kept 630 
exploring after finding the target (Figure 2A). Though it is possible this is a natural consequence 631 
of learning the maze, the animals did appear more agitated after the introduction of the 632 
ultrasonic noise and less likely to explore the maze. In order for the chamber to remain a 633 
rewarding situation for the mice, the researchers must also be careful to turn off the aversive 634 
stimuli (cover the hole and turn off the noise) and allow the animal to remain undisturbed in the 635 
chamber for the allotted amount of recovery time before removing the animal. 636 
 637 
The design of the Barnes maze can have an impact on the learning and memory assessment. The 638 
current protocol uses extra-maze cues. In addition to the asymmetry of the testing room, posters 639 
of four simple black-on-white-background shapes (square, triangle, circle, cross) were mounted 640 
on the walls of the room as visual cues. The Barnes maze can be solved with or without the distal 641 
cues on the walls of the testing room or can be solved using a serial search strategy. Because of 642 
this, using only a “first hole distance from target” measurement may miss relevant differences in 643 
the way that the mouse solves the maze and may not differentiate spatial from non-spatial 644 
abilities17. Multiple analysis measures should be used, such as also examining the number of 645 
holes explored in the opposite square or the number of errors before the target. The pattern of 646 
search strategy can also be analyzed. 647 
 648 
Different inbred strains of mice can have variable performance on the Barnes maze, possibly due 649 
to differences in visual acuity. If a strain of mice with poor visual acuity is chosen for use in the 650 
Barnes maze, the addition of a small wall around the edge of the maze may increase thigmotaxis 651 
(wall-hugging behavior) and increase the use of a non-visual search strategy. Males had better 652 
learning performance than females in DBA/2J and C3H/HeJ strains, and although only males were 653 



  

used in the current protocol, C57/Bl6 mice have not been found to display gender differences in 654 
memory on the Barnes maze18. 655 
 656 
Damsel-in-Distress paradigm design and modifications: 657 
For the Damsel-in-Distress experiment, a major limitation is that there is no way for the 658 
exploratory mouse to free the female mouse, or “damsel,” from the tube in the center of the 659 
arena. Redesigning the chamber to contain a release mechanism would be an interesting future 660 
modification. A disadvantage of the Damsel-in-Distress is the absence of comparative studies 661 
using the paradigm, as it is a new assessment for measuring prosocial behavior. 662 
 663 
The Damsel-in-Distress could be further modified to assess sociability (defined as the inclination 664 
to spend time with another mouse), preference for social novelty (the inclination to investigate 665 
a novel mouse compared to a familiar mouse), mating or aggressive behaviors (trapping a female 666 
in estrus or a novel male in the chamber), and evolutionary biology issues, such as the impact of 667 
shared genetic background on altruistic behavior tendencies (the response to a trapped 668 
littermate compared to a trapped non-littermate mouse)19. 669 
 670 
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Name of Material/ Equipment Company

Damsel-in-Distress

50 mL conical tube Fisher Scientific

Rubber bands Sprano Brand

hammer Grainger

nail (size 8D) Grainger

opaque, topless plastic box AcmePlastics

video camera (smartphone) N/A

bite-resistant gloves Kent Scientific

transparency sheet Staples

Barnes Maze

Petri Dishes Corning

Plywood (3/4 in.) LP Building Products

Spray Paint Krylon

Cup Hooks (5/8 in.) Ace Hardware

Poster Board Creatology

Light Bulbs Phillips

Rubber bands Sprano Brand

Ultrasonic noisemaker

Victor mini 

PestChaser
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Catalog Number

14-432-22

n/a

6R252

4NFE3

CUT-TO-SIZE-ACRYLIC-CAST-BLACK-SHEET-2025

N/A

GLVDYN02

954145

353025

22487

1274937

5360615

n/a

n/a

n/a

M753SN



Comments/Description

Any brand of 50 mL conical tube will work

Size 62, used to keep caps held to plywood

Any standard hammer will work

Similarly-sized nails should work just as well

Opaque plastic, cut to size (30 cm L x 19 cm W x 3-6 cm H). Step may be added to ensure no more than a 3.5 cm entrance depth for the mouse. 

Any camera-equipped smartphone will work

Any brand offering appropriate protection

Any brand of clear plastic sheet will work, used for scoring 

Spray painted and used as covers for Barnes maze holes

To contruct Barnes maze

Used to paint petri dish caps black, white paint used to paint plywood

2 used on either side of ventral hole surfaces; rubberband wraps around hooks to hold cap flat

Used at edges of maze as extra cues

100W light bulb, used to during the trials

Size 62, used to keep caps held to plywood

Used as aversive stimuli



Opaque plastic, cut to size (30 cm L x 19 cm W x 3-6 cm H). Step may be added to ensure no more than a 3.5 cm entrance depth for the mouse. 
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Dear Reviewers, 

We appreciate the time you took to read our manuscript. We are grateful for the review and we 

have made all the requested changes. Thanks to your careful review and feedback, we have made 

major revisions to the paper and it is now a much stronger work.  

 

Individual responses are outlined below. Please let us know if there are outstanding issues. 
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Erin Clabough 

 

Editorial comments: 
Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in 

the submitted revision may be present in the published version. 

 

2. Figure 1A/1B/2: Please use SI abbreviations for time: h, min, s, etc. 

Response: New figures were altered to to match with SI abbreviations. 

 

3. Figure 1C: What are the units of distance on the y-axis? 

Response: It was total number of holes investigated, but that figure has now been 

converted into two figures 2A and 3B. 

 

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 

described in the imperative tense in complete sentences wherever possible. Avoid usage of 

phrases such as “could be,” “should be,” and “would be” throughout the Protocol. 

Response: The text in the protocol section has been edited and all text that contains “can 

be” or “should be” has been removed and replaced by with imperative tense.   

 

5. Please add more details to your protocol steps. Please ensure you answer the “how” question, 

i.e., how is the step performed? Alternatively, add references to published material specifying 

how to perform the protocol action. 

Response: More steps were added to better answer the “how” question of the experiment. 

 

6. What type of mouse is used? Age/Strain? 

Response: The age and strain of the mice are C57/Bl6J aged 1 month and 4 months. This 

is now included in the Representative Results section. 

 

7. Please number all the steps. (1. Damsel in Distress Training, 2. Barnes Maze Construction). 

Response: The number of steps were fixed throughout the protocol. 

 

8. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 

identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized 

to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps 

will remain in the manuscript, and therefore will still be available to the reader. 

Rebuttal Letter Click here to download Rebuttal Letter Jove reviewer responses
07.1.2018.docx

http://www.editorialmanager.com/jove/download.aspx?id=861166&guid=615b6696-f653-4a21-aa10-fa0ca4312da9&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=861166&guid=615b6696-f653-4a21-aa10-fa0ca4312da9&scheme=1
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Response: The important parts of the protocol were highlighted in the final edition of the 

paper. 

 

9. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one 

highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please 

ensure that the highlighted part of the step includes at least one action that is written in 

imperative tense. 

 

Response: The selected highlighted portions are in logical flow and include the important 

aspects of the protocol.  

 
 

Reviewers' comments: 
 

Reviewer #1:  
Manuscript Summary: 

The authors describe a method to detect spatial learning and memory using Barnes maze. In 

addition general motivation and exploratory behavior are evaluated in an arena using the 

Damsel-in-distress paradigm ( empathy for a trapped mouse and prosocial motivation).The paper 

is well described. The techniques are described step by step in right sequence . 

 

Minor Concerns: 

There are some problems about the figures which not always correspond to what is written in the 

results or in the legends: 

Response: Legends and figures have been reviewed and correspondence between legend 

and figure labels has been corrected. In addition, the figures have been elaborated upon to 

ensure clarity. 

 

Figure 2: 

line 384-385 "The mouse may adopt a strategy to quickly find the hole. It may use a sequential 

hole-to-hole search in a ring-shaped fashion until the hole is found (Figure 2B). I think the figure 

to be cited is Fig. 2C 

Response: The figure reference has been switched the content for line 384-385, but this 

section has been moved. The content has been revised so that the ring-shaped strategy is 

now found in Figure 4. 

 

Line 386 "Alternatively, the mouse can target a general direction of the maze (Figure 2C), which 

indicates.." I think the figure to be cited is Fig. 2B 

Response: The figure reference has been switched the content for line 386, but this 

section has been moved as well. Search strategy content is now in Figure 4. 

 

FIGURE and TABLE LEGENDS: 

Figure 2: 

"C. The total number of holes investigated …" In the panel C Maze Completion is reported; 

"D. Errors are the number of hole investigation…". In D the authors reported "Distance to target 

from first hole" 



Responses to Reviewers 
 

"F. The distance to target …" but holes investigated are reported 

"C. The total number of holes.." but I Maze Completion is reported 

Response: The figures have been reorganized. Previous Figure 2 information is now 

spread throughout Figures 1-3. The error and distance to target information should now 

contain references to the correct figures and their purpose. 

 

GENERAL 

-In the Damsel-in distress paradigm are the authors sure to evaluate a prosocial/empathic 

behavior ? Could not it just be a sexual call? Did the authors tested a trapped male mouse to 

verify this possibility? 

 

Response: The mice who were trapped were visually in distress. They were reluctant to 

go into the small space of the tube. They all defecated/urinated, which is another sign of 

their distress. It is unlikely that they would be making sexual calls. However, male mice 

have been known to produce ultrasonic USV (with frequencies between 30 -110 kHz) 

when male mice are exposed to female mice or female urinary pheromones. Female 

mouse USVs haven’t been extensively studied as extensively as male USVs, but when 

present, they are found in female–female interactions and when the female is alone 

(particularly when their pups are removed) (see Portfors 2007 for a review). 

  

Rats have been found to emit USVs when exposed to inescapable aversive stimuli, but 

previous reports found no USVs in mice during aversive stimuli exposure (such as 

physical restraint or electric shock) (Portfors 2007). Instead, BALB/c mice emitted USV 

exclusively during nonaggressive social interactions and when performing mating 

behaviors (Gourbal 2004). 

  

However, other studies have shown that adult male C57Bl/6J mice emit some USVs 

during non-social exploration of a novel environment or when subjected to restraint stress 

(in a condition very similar to the one used in the current paper) (Chabout et al, 2012), 

although these calls were greatly reduced in number compared to those emitted in social 

conditions. In fact, mice emit less USVs when experiencing stressful conditions 

(including bright light, novel environment, and standing water)(Mun et al, 2015), and 

researchers have suggested that the number of USVs decreases as mice move to a 

negative emotional state (Chabout et al, 2012). Though females were not tested in either 

of these described studies, it remains unlikely that females would vocalize during the 

restraint stress. 

  

Because female mice typically do not emit USV when in the presence of a male, and 

mice in general emit no or less USVs in stressful conditions, we did not expect our 

trapped females to elicit USV “distress calls” towards males. We tested for the presence 

of USVs in the trapped mouse after 10 minutes of restraint stress in both the presence and 

absence of an observing male mouse. Three female and male mice were individually 

trapped for 9 minutes prior to being recorded for one minute each. We were unable to 

detect USVs (characterized as anything over 20 Hz) in trapped female mice nor trapped 

male mice using a Stanford Research Systems Model SR785 with a self-contained 

spectrum analyzer. In our test conditions, the microphone was placed just outside the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4674556/#B5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4674556/#B5


Responses to Reviewers 
 

restraint container on the side that the trapped mouse was facing. There were several air 

holes in the container, but it is possible that the plastic blocked the vocalizations, but our 

equipment was able to detect the control emissions from the Barnes maze aversive 

ultrasonic stimulus. 

 

We have now included 1-2 sentences in the paper about the ultrasonic vocalizations. 

 

-In a previous work the authors reported that ethanol-exposed mice appeared to be less motivated 

to complete the Barnes maze at 1 month , but were able to successfully learn the maze. However, 

deficits in long-term spatial memory retrieval were observed in ethanol-exposed mice when the 

Barnes maze recall was measured at 4Months. No significant differences were found in open 

field behavior or social responsiveness at 1M or 4M of age. 

The results of the present work appear different. May the authors explain such difference? 

 

Response: The present work shows the same results as the previous work (Houle et al 

2016). The ethanol treated animals displayed a deficit in memory retention on the Barnes 

maze as adults. This work is depicted here in a similar manner. We present the ethanol as 

a variable that can change learning/memory.  

 

The Damsel-in-Distress measure revealed no significant differences between ethanol and 

saline treated mice. Instead, we portray these results in a more developmental way, 

focusing on the difference between juvenile and adult mice. In the D-in-D, age is the 

variable that impacts behavior, which is perhaps more appropriate for an assay that has 

not been widely published. We have reworked the paper and the figures to ensure clarity 

here. 

 

 

Reviewer #2: 
Manuscript Summary: 

The manuscripts presents two rodent paradigms that require no food deprivation or electric shock 

but still assess motivation, locomotor activity and learning / memory. 

The authors introduce a new paradigm, the Damsel-in-Distress procedure. However, the paper 

provides no validation. Even if this is JOVE, some validation would be highly beneficial, esp 

since you restrain a mouse which requires ethical permission, whereas the 3-chamber social test 

is without any major restrainment and preferred by animal welfare. It is further unclear what the 

connection is between the Barnes maze (learning) and the D-i-D which shall measure prosocial 

behaviour / empathy. 

The connection could be if the Barnes maze is used to validate the D-i-D with respect to 

exploratory behaviour, stress levels 

but the two protocols are quite different, i.e. learning quick way to a safe hole = open arena, 

solitary behaviour vs spontaneous prosocial behaviour (no learning) 

I recommend to focus solely on the D-i-D and maybe compare it to the 3-chamber protocol 

 

Response: We are open to making this into two JoVE papers, though I think the 

reformatting in the current paper makes the paper flow in a much more logical format. 

The two protocols do differ in their approach to animal behavior, but the unifying factor 



Responses to Reviewers 
 

for us was that we present a very low cost, do-it-yourself accessible approach to animal 

behavior assessment.  

 

The exploratory behaviors found in the D-i-D and the Barnes maze are quite different and 

the motivations to explore are also very different, so a comparison of the exploration 

would also presumably be different. We reran many of the statistics in both the Barnes 

maze and the D-i-D data to provide more statistical documentation for our findings. We 

also added more information in the introduction about the difference between Crawley’s 

3 chamber protocol and the D-i-D. The D-in-D evaluates different aspects of social 

behavior, including a measure of prosocial behavior in the context of distress.  

 

Major Concerns: 

the paper needs to be restructured. First Barnes maze (advantages over radial maze / Morris 

water maze etc) as you have it but then first why (advantages) the Damsel-in-Distress paradigm 

(re-order this section) before describing the how. In this order you should also have the protocol 

and result section and not have first the D-i-D paradigm as first in the protocol. 

 

Response: We have reorganized the paper introduction to make the Barnes maze 

information come first, followed by the D-i-D information throughout the paper. 

 

It would be also a great advantage if you validated the D-i-D by using the same animals in the 

Barnes maze, measure their exploratory behaviour and validate it in the D-i-D == exploration in 

round Barnes maze similar to exploration in squared / rectangular box with bedding. 

See also comments above 

 

Response: The D-i-D and Barnes Maze are very different assays (D-i-D is in a box with 

walls, while the Barnes maze is an open circle raised off the ground). The differences in 

the open space, combined with the different motivations to both explore and to inhibit 

exploration, make it unlikely that exploratory behaviors would match, though it is 

possible that the sheer amount of locomotor activity would correlate between them as a 

possible measure of hyperactivity. 

 

Minor Concerns: 

please use rodents instead of subjects 

rodents esp mice should not be kept by the tail but paws should be on one's hand; when placing 

the mouse in a maze, use a cup and lift it (via a string mechanism), that avoids the mouse first 

running away from the direction where it either sees / smells the human or got hold on base of 

the tail == biases the initial heading of the animal! It is important to avoid this and should by no 

means be shown in the videos 

Response: Subjects was switched to rodents in the paper.  The orientation of handling the 

mice was examined and changed. 

 

Reviewer #3: 
Manuscript Summary: 

Ingersoll et al. describe two separate protocols for mouse behavioural training: one for Barnes 

maze and a 'Damsel-in-Distress' paradigm. 



Responses to Reviewers 
 

The Barnes maze is a well-known test for spatial learning, and there is even a JoVE protocol 

paper on it from Rosenfeld and Ferguson (2014). The Damsel-in-Distress paradigm is quite 

similar to Crawley's three-chamber sociability test, thus it is unclear what unique advantage it 

offers. Therefore it is unclear why this protocol is preferable over others and the authors do not 

provide any comparisons. 

In addition, very limited representative results are included, especially for Damsel-in-Distress. 

 

Response: In order to provide more representative results, we reran many of the statistics 

in both the Barnes maze and the D-i-D data to provide more statistical documentation for 

our findings. We also rewrote the justification information to provide more of a clear idea 

for how these assays would be appropriate. 

 

Major Concerns: 

1. The Barnes maze is a widely used paradigm, with a well-known protocol. There are many 

articles on PubMed, and a well-explained video article in JoVE. The only novel addition seems 

to be the ultrasonic noise. In this regard, a control experiment should show that the finding that 

more mice entered the target in trials after introducing the ultrasound noise was indeed because 

of the noise and not learning by time (lines 364-367). 

 

Response: A follow-up control experiment would indeed make sense here, but we no 

longer have access to these particular animals. I have previously published using the 

Barnes maze in the absence of the ultrasonic noise using a 9-day training protocol in 

mixed strain C57BL6/129Sv mice (Clabough and Zeitlin, 2006). The addition of the 

noise was able to shorten the protocol so the training could be completed in 7 days 

instead of 9 days. In our revision, we have depicted the data differently in order to show 

in each figure exactly when the noise was added. 

 

2. The Damsel-in-Distress is a modified sociability test. While potentially interesting, it is 

unclear why it should be preferred over similar tests for sociability (like Crawley's three-chamber 

test). 

Response: We added more information in the introduction about the difference between 

Crawley’s three-chamber protocol and the D-i-D. The D-in-D evaluates different aspects 

of social behavior, including a measure of prosocial behavior in the context of distress. 

 

In the D-in-D, in order to interact socially, the mouse must venture into the open center of 

the arena, which is normally aversive to the animal. Even if the animal does venture into 

the center, our task allows for very limited social interaction, so the social drive must be 

sufficiently strong to overpower the open field aversion without much reward.  

 

If a researcher is interested in social interaction, the number of times the mouse touches 

the container, or touches noses (olfactory investigation) can be measured. The element of 

distress alters what the D-i-D is measuring compared to the Crawley 3 chambered 

measure.  

 

If a researcher is interested in prosocial behavior, the amount of digging episodes before 

and after the introduction of the trapped animal can be measured. One reason to dig 



Responses to Reviewers 
 

would be to “help” the trapped animal, but digging can sometimes be seen as a measure 

of anxiety as well. An interesting adaptation would be to modify the container so the 

mouse can release the trapped female if desired, and this is mentioned in the text. 

 

3. Were the distress calls of the trapped female recorded? Those can heavily influence the 

results. 

Response: Because female mice typically do not emit USV when in the presence of a 

male, and mice in general emit no or less USVs in stressful conditions, we did not expect 

our trapped females to elicit USV “distress calls” towards males. We tested for the 

presence of USVs in the trapped mouse after 10 minutes of restraint stress in both the 

presence and absence of an observing male mouse. Three female and male mice were 

individually trapped for 9 minutes prior to being recorded for one minute each. We were 

unable to detect USVs (characterized as anything over 20 Hz) in trapped female mice nor 

trapped male mice using a Stanford Research Systems Model SR785 with a self-

contained spectrum analyzer. In our test conditions, the microphone was placed just 

outside the restraint container on the side that the trapped mouse was facing. There were 

several air holes in the container, but it is possible that the plastic blocked the 

vocalizations, but our equipment was able to detect emissions from the Barnes maze 

aversive ultrasonic stimulus. 

 

4. Many computer-assisted tracking systems are available and a few are free/open source. These 

are more accurate and reliable than manual tracking by the experimenter; therefore, the latter 

should be avoided. 

Response: That is valuable information to include and we have added this into the paper 

under Data Collection.  

 

5. Fig. 2C does not seem to show a 'more direct search pattern' as the authors claim (line 434). 

More generally, the figures carry very little convincing power that these protocols should be 

preferred over the many available similar options. 

Response: Figure 4 now contains information about the search strategies. The figure does 

show a direct search pattern since the exploration is limited to the correct quadrant, but 

this particular animal didn’t enter the target immediately.  

 

We reorganized both the analysis and the figures in order to make the benefits of these 

paradigms more apparent. 

 

Minor Concerns: 

1. In Damsel-in-Distress, the drawing of the task is not informative. 

Response: The drawing serves as an introduction to the D-i-D arena as a new assay, 

allowing an easy way to visualize where the male and female are placed. 

 

2. In Barnes maze, the locomotor activity could be better quantified, e.g. measuring the time 

spent by investigating the holes instead of just counting the number of holes visited. 

Response: Nearly all of the time on the Barnes maze was spent investigating the holes. 

Animals were almost never in the center field. We have added a few more figures to the 

Barnes analysis to show hole explorations both before and after finding the target hole, as 



Responses to Reviewers 
 

well as a discussion of motivation to enter (which was an issue). Mice shouldn’t be sitting 

in the false holes grooming instead of searching for the target, and this behavior was 

often seen before the absence of the ultrasonic noise, particularly in the ethanol treated 

mice, but not afterward.  

 

3. The authors should provide more information on the animals used (number, strain, etc.). 

Response: All animals were C57/Bl6J mice. The Barnes maze used n=8 ethanol, n=6 

saline mice. The Damsel-in-Distress used n=15 mice at 1 month and n=12 mice at 4 

months of age. This information has been added into the paper. 
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