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SUMMARY:  31 
Here, we present a protocol to investigate changes in the anxiety level of rodent animal models. 32 
The elevated plus maze (EPM) test, used together with a video tracking software, provides a 33 
reliable method to document the effect of various potential anxiolytic treatments in preclinical 34 
laboratory scenarios. 35 
 36 
ABSTRACT:  37 
The overall goal of this study is to describe the methodology of the elevated plus maze (EPM) 38 
test in combination with a video tracking software. The purpose of the method is to document 39 
the effect of various potential anxiolytic treatments on laboratory rodent models. The EPM test 40 
is based on the rodents’ proclivity toward protected, enclosed dark spaces and unconditioned 41 
fear of open spaces and heights, and their innate intense motivation to explore novel 42 
environments. The EPM test is a widely used behavioral test for investigating the anxiolytic or 43 
anxiogenic responses of rodents given drugs that are known to affect behavior. Observation 44 
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demonstrating a decreased proportion of time spent on closed arms, an increased proportion of 45 
time spent on open arms, a reduced number of entries to closed arms, and an elevated number 46 
of entries to open arms measured by the EPM test may reflect reduced anxiety levels. Using this 47 
method, the effect of exogenous ketone supplements on anxiety-related behavior is tested in 48 
Sprague Dawley (SPD) rats. Exogenous ketone supplements are chronically fed to the rats for 83 49 
days or subchronically and acutely orally gavaged, daily for 7 days, before conducting the EPM 50 
test. Behavioral data collection is performed using the SMART video tracking system by a blinded 51 
observer at the end of the treatments. The main findings indicate that the EPM test is an effective 52 
method to detect the ketone supplement-induced anxiolytic effect and can be considered a 53 
sensitive measure to assess changes in anxiety behavior associated with drug- or metabolic-54 
based therapies. 55 
 56 
INTRODUCTION:  57 
The goal of this article is to describe the methodology of the EPM test in combination with a video 58 
tracking software in order to monitor changes in anxiety-related behavior and novel treatments 59 
in laboratory rodent models. The EPM test is a relatively simple behavioral assessment method, 60 
which was developed for investigation of quantifying anxiety behavior levels and anxiety 61 
responses of rats after the application of drug treatments1. Indeed, it has been demonstrated 62 
that the EPM test is a widely used and effective behavioral assay for the investigation of changes 63 
in the anxiety levels of rodents1,2. The applicability of the EPM test in rodents (mainly rats and 64 
mice) is based on their proclivity toward enclosed, dark spaces (approach), an unconditioned fear 65 
of open spaces/heights (avoidance), and their high level of innate motivation to explore novel 66 
environments. Consequently, the EPM test is a well-established methodology based on an 67 
approach-avoidance conflict2,3. 68 
 69 
The EPM is a plus-shaped apparatus consisting of four elevated arms, which has been described 70 
by Handley and Mithani4 (Figure 1), and consists of two opposite arms that are open to the 71 
surroundings (open arms), whereas the two closed opposite arms (closed arms) are equipped 72 
with walls. After treatment, if increased time is spent on the open arms and/or an increased 73 
number of open arm entries compared to control (untreated) animals is detected on the EPM, 74 
this indicates an anxiolytic effect2,3. The most robust avoidance response has been demonstrated 75 
in the first 5 min after the start (placement of the rats in the intersection of the four arms of the 76 
EPM) of the EPM assay5; therefore, any behavior after a treatment is commonly recorded for 5 77 
min on the EPM. As additional measures of an anxiety level, the number of head dips, rears 78 
(vertical standing of the rodent on two hind legs), fecal boli, as well as total arm entries 79 
(spontaneous motor activity) and different postures (stretching or freezing), can also be recorded 80 
on the EPM2. Thus, multiple behavioral parameters can be compiled to provide a comprehensive 81 
assessment of anxiety-related behavior. 82 
 83 
In order to increase the validity of the results, two to three behavioral assays are commonly used 84 
together, such as the light-dark choice test, the social interaction test, and the EPM test, to 85 
measure the anxiety levels of different animal models6. The EPM assay performed alone on 86 
rodents is also a suitable method to investigate the anxiolytic or anxiogenic effect of different 87 
drugs7. The EPM test is sensitive not only to benzodiazepine-type anxiolytics (e.g., diazepam)8, 88 



   

but also, among others, to amino acid, monoamine, peptidergic and nucleosidergic compounds 89 
(e.g., N-methyl-D-aspartate (NMDA) antagonist AP7, α-amino-3-hydroxy-5-methyl-4-90 
isoxazolepropionic acid (AMPA) antagonist CNQX, µ-opioid receptor agonist morphine, NPY1 91 
antagonist BIBP3226, substance P, ghrelin, oxytocin, serotonin receptor agonists and antagonists 92 
such as 8-OH-DPAT and WAY-100635, and β1-adrenergic antagonist betaxolol)9-12. Consequently, 93 
the EPM assay on rodents is a suitable and sensitive method to investigate the influence of 94 
different treatments that influence brain areas involved in the anxiolytic effect (e.g., the 95 
amygdala, hippocampus, and limbic areas) and mechanisms of action (e.g., the serotonergic, 96 
GABAergic, and adenosinergic system) implicated in anxiety2. The agents tested in these EPM 97 
studies include exogenous ketone supplements that alter brain signaling in subtle ways that may 98 
require a sensitive method to detect behavioral changes.  99 
 100 
In this article, we describe the EPM test used in combination with a video tracking software, 101 
which helps to eliminate experimental bias and facilitates the collection and analysis of 102 
behavioral alterations in response to novel anxiolytic treatments. 103 
 104 
PROTOCOL:  105 
The animal treatment and measuring procedures were performed in accordance with the 106 
University of South Florida Institutional Animal Care and Use Committee (IACUC) guidelines 107 
(Protocol #0006R). All efforts were made to reduce the number of animals used. 108 
 109 
1. Preparations 110 
 111 
NOTE: The protocol typically requires laboratory-bred rats or mouse for EPM testing. However, 112 
other animals, such as guinea pigs, have also been tested on EPMs13. It is important to consider 113 
the color contrast between the animals in the maze and the maze color when using video 114 
tracking. The contrast is less important for researchers watching animals live or via video. The 115 
settings of the video tracking software need to be configured to document that the animals are 116 
black or white on either a black or white maze. Problems with configuration settings can occur 117 
with a clear acrylic maze, but a matte grey maze can be optimal for both rodent colors. 118 
 119 
1.1. Select animals for the experiment, considering the potential influencing factors, such as 120 
strain, sex, estrus cycle, and age, as well as body weight2.  121 
 122 
1.2. Based on the individual experiment, determine the number of animals per group for the test. 123 
  124 
NOTE: The group size will be dependent on the effect size that is expected with the test 125 
treatment. Power analyses are generally done before the experiment is initiated to determine 126 
the minimum number of subjects to be included given the variability in animal’s responses in any 127 
given task, as well as the number of experimental groups/conditions. 128 
 129 
1.3. Design the experiment (in which a battery of different behavioral tests, such as the open-130 
field test, EPM test, hole-board test, and forced-swimming test will be used) carefully.  131 
 132 



   

NOTE: Pre-exposure of the rodents to a novel test environment (such as an open-field test) 133 
immediately before the EPM tests may change the behavior of the animals on the EPM1,2. 134 
 135 
1.4. Handle all animals in a similar way before the EPM test.  136 
 137 
NOTE: It has been demonstrated that different stress factors, application of drugs (e.g., 138 
injections), shipping stress, and handling can change the behavior and behavioral responses of 139 
rodents on the EPM16. Thus, habituation of the animals to an animal house (e.g., after shipment, 140 
for 1 - 2 weeks before the EPM test), experimental conditions, and treatment procedures (e.g., 141 
gavaging) are necessary. It is also important that the handling of the rodents and any experience 142 
with prior stressors, particularly immediately before testing, is consistent across animals and 143 
treatment groups. 144 
 145 
1.5. Conduct the behavioral studies in nocturnal animals, such as rats and mice, using a reverse 146 
light cycle, so that the behavioral assessment can be performed when the animals are in their 147 
dark, active phase.  148 
 149 
NOTE: The effects of different housing conditions and light cycle/circadian rhythms on behavior 150 
and their influence on EPM results were demonstrated previously17, since the animals’ hormones 151 
are regulated by the light cycle.  152 
 153 
1.6. Use the same experimenters during the procedures and ask them to avoid perfume or soaps 154 
with a strong odor.  155 
 156 
1.7. Ask the experimenters not to talk near the animal during the experiment or move objects 157 
near the EPM environment.  158 
 159 
NOTE: It is critically important that the observer makes minimal movements and no noise when 160 
collecting behavioral data. 161 
 162 
1.8. Clean the entire EPM after each trial to erase any smells of previous animals which might 163 
interfere with the exploration by the test animal.  164 
 165 
1.9. (Recommended) Handle the animals for several days before the EPM test (picking it up gently 166 
by the torso and holding it for a minute or two) to acclimate them to the experimenter.  167 
 168 
1.10. When placing the animals on the EPM, make sure to handle all animals in a consistent 169 
manner and place each rodent in the EPM in the same position facing the same arm (e.g., in the 170 
center facing the open arm away from the experimenter). 171 
 172 
2. Application of Exogenous Ketone Supplements 173 
 174 
2.1. Measure the body weight of the animals before starting any treatments to determine the 175 
dosage calculation for the treatment (e.g., intragastric gavage). 176 



   

 177 
2.2. Familiarize the animals to the intragastric gavage method (adaptation period) using water by 178 
gavage for 5 d before ketone supplementation (standard rodent chow/standard diet [SD] + water 179 
gavage; e.g., 2.5 g/kg body weight of water/day). Exclude the use of any animal that does not 180 
adapt to the intragastric gavage method.  181 
 182 
2.3. Following the adaptation period, feed the animals chronically for 83 d and subchronically for 183 
7 d with SD and gavage daily with either water (e.g., 5 g/kg body weight/day; control group: n = 184 
8), ketone supplements such as ketone ester (KE; 1,3-butanediol-acetoacetate diester; e.g., 5 185 
g/kg body weight/day; n = 8), ketone salt (KS; Na+/K+‒beta-hydroxybutyrate [βHB] mineral salt; 186 
e.g., 5 g/kg body weight/day; n = 8), or KS+ medium chain triglyceride (1:1 ratio, KSMCT; n = 8)18-187 
20.  188 
 189 
NOTE: The animals that received intragastric gavage were tested on the EPM 1 h after treatment. 190 
Rats fed with standard rodent chow and gavaged with water (excluding ketone supplementation) 191 
served as control groups. 192 
 193 
3. Anxiety Assay 194 
 195 
3.1. EPM apparatus  196 
 197 
3.1.1. Use the same apparatus across a study to standardize results. The EPM is a plus-shaped 198 
apparatus, which consists of four arms (e.g., the arms may be 10 cm wide and 50 cm long): two 199 
opposite arms are opened, and the two closed opposite arms are equipped with high (e.g., 30 200 
cm) walls. The apparatus is elevated above the floor (e.g., by 55 cm)2.  201 
 202 
NOTE: The most commonly used parameters are the accumulated time spent in the open arms 203 
and the number of entries into the open arms; however, the time spent in the closed arms and 204 
center, and the number of entries into the closed arms and center are measured, as well as the 205 
distance traveled in each area. 206 
 207 
3.1.2. Light up the EPM by using indirect lighting (i.e., direct the light source toward the ceiling 208 
instead of directly illuminating the EPM apparatus) and ensure all four arms are similarly 209 
illuminated (without shadows, see Figure 2).  210 
 211 
NOTE: Changes in the level of light alter the behavior of the rodents on the EPM. Therefore, 212 
similar illumination is needed in consecutive experimental animals and days (e.g., 2,800 lumens 213 
in the room)2. 214 
 215 
3.2. Video tracking system  216 
 217 
NOTE: Use a video tracking system with a computer interface and a video camera for the data 218 
collection, which will automatically collect behavioral data in rats (Figure 3). For the video 219 
tracking system, a wide variety of standard analog cameras or user-defined image sources 220 



   

(infrared cameras, camcorder, WIA-compliant USB camera, webcams, etc.) can be used. When 221 
analyzing the recorded video, the movement-tracking software supports all common video 222 
formats, such as .avi, .vob, .wmv, .asf, .mov, .qt, .mpg, .mpeg, .mp4, .3gp, and .mkv. If the video 223 
does not playback correctly, it might require a specific codec; additional video formats are 224 
supported if the corresponding codec is installed in the system. The movement-tracking software 225 
can also be used to analyze previously acquired videos and process the images from different 226 
sources, such as DVD/HD recorders, digital video files (.avi, .divx, .mpeg, etc.), webcams, DV 227 
cameras, and WIA-compatible imaging devices. 228 
 229 
3.2.1. System setup 230 
 231 
3.2.1.1. Plug the installation key of the movement-tracking software into a USB 2.0 port and 232 
launch the installation tool.  233 
 234 
3.2.1.2. Fix the camera above the experimental area and ensure that it will stay immobile for the 235 
duration of the experiment. 236 
 237 
3.2.1.3. Set up a new experiment in the movement-tracking software system by using the 238 
instruction manual. Select New task. Double-click on the icon of the protocol that the new 239 
experiment should follow (Figure 3, Supplementary File 1). 240 
 241 
3.2.1.4. Enter details to label/describe the experiment in the Experiment Info dialog.  242 
 243 
3.2.1.5. Specify the source of the video sequences to process.  244 
 245 
3.2.1.6. Define the transformation rule for a correct distances measurement. The calibration 246 
process enables the movement-tracking software to be informed of the actual dimensions of the 247 
experimental area in order to obtain reliable values for distances and speeds.  248 
 249 
3.2.1.7. Determine the regions of interest (zones) in the working area.  250 
 251 
3.2.1.8. Adjust the parameters of the detection process.  252 
 253 
3.2.1.8.1. In order for the movement-tracking software to precisely detect the position of the 254 
animal in the image, some detection adjustments must be set.  255 
 256 
3.2.1.8.2. The tracking process requires a clear and well-contrasted image by using a fine 257 
adjustment of the general brightness and contrast parameters in the Brightness & Contrast 258 
section of the Detection Settings panel. As needed, adjust these settings for the whole image or 259 
for user-defined zones.  260 
 261 
3.2.1.9. Put a rat into each arena to test the detection process. 262 
  263 



   

3.2.1.10. Press the Start Test button to verify if the detection process can identify the subject 264 
correctly. Confirm the detection is activated by the appearance of a dot on the screen. The 265 
calibration process has to be done before starting the test.  266 
 267 
3.2.1.11. Detection is considered confirmed when the only black dot shown in the player is the 268 
animal being tracked. The red tracking line needs to closely follow all the animal’s displacements. 269 
Proper tracking is also confirmed with a white label listing the animal number and corresponding 270 
coordinates based on displacement. If such a detection is not obtained, adjust the Threshold and 271 
Erosions parameters for optimizing the detection and tracking process. 272 
 273 
3.2.1.12. Adjust the Threshold and Erosion parameters to get a sharper and noise-free test 274 
image.  275 
 276 
3.2.1.13. If the tracking path is correctly detected, press the Stop Test button (Figure 4). If these 277 
adjustments are going to be used for every new experimental file, press the Save as default 278 
button. Press the Accept button to save the new detection settings. 279 
 280 
3.2.1.14. Set the time conditions of the trials.  281 
 282 
3.2.1.15. If the experimental protocol requires the track acquisition process to start at the same 283 
time the subject is placed into the experimental area, it is possible to set up the remote unit that 284 
comes with the software or to use a wireless mouse.  285 
 286 
NOTE: This option provides the possibility of remotely controlling the start and stop; thus, the 287 
recording session can be completed without the computer. 288 
 289 
3.2.2. Setup of the Subjects in the system 290 
 291 
3.2.2.1. Manage the experimentation subject’s database. To create a database of experimental 292 
subjects, enter the Subjects Database manager by pressing the Subjects button in the 293 
Experimentation Assistant bar. 294 
 295 
3.2.2.2. Press the + button to add new subjects to the database.  296 
 297 
3.2.2.3. With the one subject option already selected, enter the subject’s code.  298 
 299 
3.2.2.4. Fill the rest of the subject’s information in the Subject Properties section.  300 
 301 
3.2.2.5. Press the Create button to add the new subject.  302 
 303 
3.2.2.6. Define the experimentation plan. Use the Scheduler to define the different phases, 304 
sessions, trials, and subjects planned to be executed within the experimental project. The trial is 305 
selected automatically as “the next trial” to be executed. This property is shown as a green tick 306 
on the left side of the trial name.  307 



   

 308 
3.2.3. Data acquisition by simultaneous recording and tracking  309 
 310 
NOTE: When a live image source is selected, the Player panel provides an embedded recording 311 
module for easily capturing the video coming from the selected camera.  312 
 313 
3.2.3.1. Prepare the movement-tracking software for data acquisition (calibration, zone 314 
definition, detection settings, time settings, scheduler). 315 
 316 
3.2.3.2. Open the Data acquisition panel. 317 
 318 
3.2.3.3. Start recording the video of the experiment without the animal by pressing the Start 319 
recording button available in the software.  320 
 321 
3.2.3.4. Place the animal into the experimental area. 322 
 323 
3.2.3.5. Start the data acquisition process by pressing the Start button on the Time control panel. 324 
The tracking process will be carried out simultaneous with the recording process. As needed, ask 325 
the experimenter to note down the behavioral variables manually, such as rears, head dips, and 326 
falls (Figure 5). 327 
 328 
3.2.3.6. Collect the EPM data manually as well as by a blinded observer (separate the observer 329 
from the EPM by a curtain) in the testing room. 330 
 331 
3.2.3.7. Wait until the end of the tracking-process recording or press the Stop button on the Time 332 
control panel. 333 
 334 
3.2.3.8. Remove the animal from the experimental area. Stop the video-recording process by 335 
pressing the stop button available on the movement-tracking software player. 336 
 337 
3.2.3.9. Prepare the experimental area for the next animal by washing and drying it. Repeat the 338 
cycle again. 339 
 340 
3.2.4. Data analysis  341 
 342 
3.2.4.1. To access the Analysis tool, press the Analysis button in the Experimentation Assistant 343 
bar.  344 
 345 
3.2.4.2. To generate analysis reports of the finished trials, select the trials to analyze. Configure 346 
and select the analysis report. Set the time intervals to be analyzed. Generate and review the 347 
reports. Export the results to a spreadsheet or image formats (Figure 6). 348 
 349 
3.3. EPM for the measurement of anxiety levels 350 
 351 



   

3.3.1. Perform the EPM experiments under nonstress conditions (in a dimly lit and quiet room) 352 
after oral gavage.  353 
 354 
NOTE: Make sure that the experiments are run in a close time interval (e.g., between 1200 and 355 
1400) because the circadian rhythm can influence the rodents’ behavior on the EPM15,17. Avoid 356 
unnecessary movements and noise during the experiment.  357 
 358 
3.3.2. Before the start of the test, make sure that the EPM is cleaned and dried and the video 359 
tracking system is ready to use. 360 
 361 
3.3.3. Transfer the rats in their home cage to the experimental room 30 min prior to beginning 362 
the experiment. 363 
 364 
3.3.4. Place a rat at the intersection of the four arms of the EPM, facing the open arm opposite 365 
of the experimenter. 366 
 367 
3.3.5. Run the video tracking software, as well as manually record the behavior of the animal, for 368 
5 min.  369 
 370 
3.3.6. If the animal falls off the EPM, pick it up and place it back on the same point of the EPM 371 
where it fell off. Exclude the behavioral data of this animal from the analysis. 372 
 373 
NOTE: A loud noise or movement may immobilize/freeze animals on open arms. If a loud noise 374 
is heard during the experiment, exclude the behavioral data of the animal undergoing the 375 
experiment at that moment from the analysis. 376 
 377 
3.3.7. At the end of the 5 min test, stop the video tracking software and remove the animal from 378 
the EPM. Place it back into its home cage. 379 
 380 
3.3.8. Before the next experiment/animal, clean the EPM with a disinfecting detergent (e.g., 381 
Quatricide) followed by tap water. Dry the apparatus with paper towels. 382 
 383 
4. Analyses of the Data Collected by the Video Tracking System 384 
 385 
4.1. Based on the recorded data, analyze the amount of time spent in the open arms and in the 386 
closed arms; the number of entries made to the open arms, closed arms, and to the center zone; 387 
the latency to entry into the closed arms; the distance traveled in the open arms, closed arms, 388 
and in the center zone.  389 
 390 
NOTE: The animal is considered to be in an area when all four paws are in that area. 391 
 392 
4.2. Determine the effects of treatments on behavior by using an analysis of variance (ANOVA) 393 
with Fisher’s least significant difference (LSD) test/Tukey’s multiple comparisons test. 394 
 395 



   

REPRESENTATIVE RESULTS:  396 
The current experiment investigates the hypothesis that exogenous ketone supplementation 397 
administered either chronically (fed for 83 days) or subchronically (orally gavaged for 7 days) has 398 
an anxiolytic effect on two-month-old male Sprague-Dawley (SPD) rats (250 - 350 g). Chronic 399 
administration consisted of the following ketone supplements: low-dose ketone ester (LKE; 1,3- 400 
butanediol-acetoacetate diester, ~10 g/kg/day, LKE), high-dose ketone ester (HKE; ~25 g/kg/day, 401 
HKE), beta-hydroxybutyrate-mineral salt (bHB-S; ~25 g/kg/day, KS), and bHB-S + medium chain 402 
triglyceride (MCT; ~25 g/kg/day, KSMCT). For subchronic experiments, the following treatment 403 
groups were used: KE, KS, and KSMCT (5 g/kg/day). The control groups included SD or SD with 404 
water gavage (control). All data were represented as the mean ± the standard error of the mean 405 
(SEM). The results were considered significant when p < 0.05. The significance was determined 406 
by one-way ANOVA with Fisher’s LSD test. 407 
 408 
After chronic feeding, rats in the KSMCT group spent significantly more time in the open arms (p 409 
= 0.0094) compared to the control group. The time spent in the closed arms was significantly less 410 
in the LKE, KS, and KSMCT groups (p = 0.0389, 0.0077, and 0.0019, respectively), while the KS 411 
group spent significantly more time in the center (p = 0.0239) compared to the control (SD) group 412 
(Figure 7A)18. 413 
 414 
Rats in the KS and KSMCT groups traveled significantly longer distances in the open arms (p = 415 
0.036 and 0.0165), while the rats in the LKE, KS and KSMCT groups showed significantly less 416 
distance traveled in the closed arms (p = 0.0252, 0.00041, and 0.0032, respectively), compared 417 
to the control group (SD) (Figure 7B). When compared to the control group, the KS and KSMCT 418 
groups had greater distance traveled in the center area (p = 0.0206 and 0.0482, respectively), 419 
while in the KSMCT group, the latency to the first entrance to the closed arms was significantly 420 
greater after chronic feeding (p = 0.0038)18 (Figure 7C). 421 
 422 
The time spent in the open arms was greater in the KE group (p = 0.0281) after 7 days of oral 423 
gavage, while in the KE, KS, and KSMCT groups, the time spent in the center decreased (p = 424 
0.0005, < 0.0001, and = 0.023, respectively), compared to the control group (Figure 8A)18. In the 425 
KE and KS groups, the number of entries to the closed arms was significantly lower (p = 0.0436 426 
and 0.0234, respectively) after 7 days of administration (Figure 8B), while the rats in the KS group 427 
also entered the center less frequently (p = 0.0193), compared to the control (SD) group.  428 
 429 
FIGURE AND TABLE LEGENDS: 430 
 431 
Figure 1: Elevated plus maze (EPM) used for testing rats. Each arm is 10 cm wide and 50 cm long, 432 
with two opposite arms opened with a raised edge. The two closed opposite arms are equipped 433 
with 30 cm-high walls. The runway height from the floor is 55 cm. 434 
 435 
Figure 2: Examples of direct and indirect lighting. Ensure the light source is pointed toward the 436 
ceiling, while the direct light above the experimental area is blocked. It is important to use 437 
indirect light during EPM experiments in order to similarly illuminate all four arms without 438 
shadows. 439 



   

 440 
Figure 3: The experimentation assistant bar of the movement-tracking software. It is designed 441 
to provide access to the main operations. The buttons correspond to the task within the typical 442 
experimentation process, while only the currently allowed tasks are active.  443 
 444 
Figure 4: The subject track is marked with a red line following the animal’s movement. By 445 
adjusting the threshold, the background can be decreased until only the animal is detected and 446 
tracked by the red line. The track is following the center of the mass of the subject, and the 447 
current position coordinates are indicated.  448 
 449 
Figure 5: Elevated plus maze (EPM) with a Sprague Dawley (SPD) rat in the open arm. An 450 
example of the experimental set-up is demonstrated. 451 
 452 
Figure 6: Accumulated movement track of the animal during a trial. As part of the data analysis, 453 
the collected trajectory trace of the subject in the tracking area can be displayed. 454 
 455 
Figure 7: Behavioral responses of SPD rats in the EPM after 83 days of chronic feeding of 456 
exogenous ketone supplementation. These panels show representative results collected by the 457 
EPM and the movement-tracking system18. (A) The KSMCT group spent a greater percentage of 458 
time in the open arms, while the LKE, KS, and KSMCT groups spent less time in closed arms, 459 
compared to the control (SD) group. (B) The KS and KSMCT groups traveled more distance in the 460 
open arms, while the LKE, KS, and KSMCT groups traveled less distance in the closed arms, 461 
showing reduced anxiety compared to the control (SD) group. (C) The KSMCT group entered the 462 
closed arms later, indicating reduced anxiety compared to the control (SD) group. Abbreviations: 463 
SD = standard rodent chow + water (25 g/kg body weight (b.w.) of water/day); LKE = SD + LKE 464 
(1,3-butanediol-acetoacetate diester, 10 g/kg b.w./day); HKE = SD + HKE (25 g/kg b.w./day); KS = 465 
SD + beta-hydroxybutyrate-mineral salt (bHB-S; 25 g/kg b.w./day); KSMCT = SD + bHB-S + medium 466 
chain triglyceride (MCT; 25 g/kg b.w./day); SPD = Sprague-Dawley rat; EPM = elevated plus maze 467 
(* p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001). This figure has been modified from Ari 468 
et al.18. 469 
 470 
Figure 8: Behavioral responses of SPD rats after 7 days of oral gavage of exogenous ketone 471 
supplementation. Representative results were collected through the EPM test, using a 472 
movement-tracking software system18. (A) The KE group spent a greater percentage of time in 473 
the open arms, while the KE, KS, and KSMCT groups spent less time in the center (compared to 474 
the control [SD] group), thus indicating reduced anxiety. (B) Compared to the control (SD) group, 475 
less entries were detected in the closed arms from rats in the KE and KS groups. Abbreviations: 476 
SD = standard rodent chow + water (5 g/kg b.w. of water/day); KE = SD + ketone ester (1,3-477 
butanediol-acetoacetate diester, 5 g/kg b.w./day); KS = SD + beta-hydroxybutyrate-mineral salt 478 
(bHB-S; 5 g/kg b.w./day); KSMCT = SD + bHB-S + MCT (5 g/kg b.w./day); SPD = Sprague-Dawley 479 
rat; EPM = elevated plus maze (* p < 0.05; *** p < 0.001; **** p < 0.0001). This figure has been 480 
modified from Ari et al.18. 481 
 482 
DISCUSSION:  483 



   

In general, several commonly used tests, such as the light-dark choice test, the social interaction 484 
test, and the EPM test, are used to measure the anxiety level in different animal models. 485 
However, the EPM assay alone is a suitable method to investigate, for example, the effect of 486 
exogenous ketone supplements on rodents’ anxiety levels18,20.  487 
 488 
The main advantage of the EPM method is that it relies on the rodents’ instinctive proclivity 489 
toward dark, enclosed spaces, in addition to the unconditioned fear of heights and avoidance of 490 
open spaces. On the other hand, other methods used to study anxiety-like behavior are based on 491 
the behavioral responses to certain noxious stimuli, such as electric shock, food/water 492 
deprivation, loud noises, and exposure to predator odor3. These tests usually result in a 493 
conditioned response, while the EPM also represents a more humane alternative. Furthermore, 494 
the EPM can be a useful tool to study the involvement of different brain regions (e.g., limbic 495 
regions, hippocampus) and the underlying mechanisms (e.g., GABA, glutamate, serotonin, 496 
adenosine) of anxiety behavior2.  497 
 498 
When applying treatments that are quite stressful for the animals (e.g., the oral gavage), it is 499 
important that all animals are handled the same way and by the same person, especially when 500 
assessing potential, subtle anxiolytic effects. If possible, introduction of the drug/compound in 501 
drinking water or via a palatable ‘treat’ may be a preferred method. To ensure that the same 502 
amount is administered to each animal, an oral gavage can be used. Based on the 503 
pharmacokinetic properties of the compound, it is usually advisable to test the animals on the 504 
EPM within 1 hour after gavaging. When selecting experimental subjects, it is important to 505 
consider their strain, sex, estrus cycle, and age, as well as body weight, according to the objectives 506 
and test substances2. In regard to age, when designing EPM studies and interpreting data, it is 507 
important to consider that the percentage of open arm entries linearly increases with age21 and 508 
the aging-related changes in EPM behavior are strain-specific22. 509 
 510 
When conducting an EPM test, there are potential problems that need to be addressed. 511 
Sometimes animals need to be excluded from the analysis due to outlier tendencies (e.g., the 512 
animal never leaves the area where it was placed, almost falls off the apparatus, is distracted by 513 
a noise or event outside of the apparatus). Further complications with EPM testing may include 514 
treatments which cause sedation or hyperactivity because these types of effects need to be 515 
assessed via EPM parameters.  516 
 517 
It is important to expose animals to the EPM test only once because decreased activity on the 518 
open arms and a decreased total time spent on the central platform were demonstrated on the 519 
second (repeated) exposure of rodents compared to the first exposure on the EPM14,15. 520 
Therefore, a single exposure of rodents to the EPM test is strongly recommended. However, if 521 
there is a minimum of three weeks between the first and second exposure to the EPM and the 522 
EPM set-up is moved to another room (different environment), the animals may be investigated 523 
by the EPM test more than once2. 524 
 525 
The EPM is available in different materials, sizes (e.g., for mouse or rat), and colors, which needs 526 
to be considered when choosing study subjects. It is important to keep in mind that the odors 527 



   

left by the previous animal on the apparatus may change the behavior of the subsequent animal. 528 
Therefore, we recommend using an EPM made of a material that is easy to clean, such as acrylic 529 
glass (not transparent), which does not retain odors after washing. Avoid EPM apparatus made 530 
of wood. Preferably, use a matte color that is different from the color of the animals tested on 531 
the EPM (e.g., black if white animals are tested). The better the contrast between the animal and 532 
the enclosure, the better the detection of the animal and the higher the reliability and precision 533 
of the results obtained (distance covered, speed, tracking). EPM apparatus made from matte gray 534 
material are useful with white, black, and white and black animals. 535 
 536 
A further advantage of the video tracking system is that in addition to the EPM, it offers a flexible 537 
and easy way to set it up with a wide variety of behavioral tests, such as water maze, open-field, 538 
plus/radial arm/T-Y mazes, place preference, forced swimming, and tail suspension tests.  539 
 540 
In summary, the goal of this article is to describe the EPM test used in combination with a video 541 
tracking software to collect and analyze behavioral alterations in response to novel anxiolytic 542 
treatments. The possible applications of the EPM include the prescreening of newly developed 543 
pharmacological agents for the treatment of anxiety-related disorders. In addition to the 544 
anxiolytic and anxiogenic agents, the behavioral effect of different hormones and drugs of abuse 545 
can also be investigated. The influence of aging and exposure to various stressors can also be 546 
assessed. This study has concluded that when proper steps are taken, the use of the EPM has 547 
proven to be a sensitive method to assess behavioral changes associated with ketone 548 
supplementation18,20. 549 
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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.

10. 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 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
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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. 
 
11.  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. 
 
12.  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. 
 
13.  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 required per submission. 

 
CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  
 
Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 
For questions, please email submissions@jove.com or call +1.617.945.9051 
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Csilla Ari

Department of Psychology

University of South Florida

7/20/2018

Elevated plus maze test combined with video tracking software to investigate antianxiolytic effect of 
exogenous ketogenic supplements



Dear Dr. Ari, 

 

Your manuscript, JoVE58396 Investigation of anxiolytic effect of exogenous ketogenic supplements by 

elevated plus maze test, has been editorially and peer reviewed, and the following comments need to be 

addressed. Note that editorial comments address both requirements for video production and formatting 

of the article for publication. Please track the changes within the manuscript to identify all of the edits. 

 

After revising and uploading your submission, please also upload a separate rebuttal document that 

addresses each of the editorial and peer review comments individually. Please submit each figure as a 

vector image file to ensure high resolution throughout production: (.svg, .eps, .ai). If submitting as a .tif or 

.psd, please ensure that the image is 1920 pixels x 1080 pixels or 300 dpi. 

 

Your revision is due by Jul 13, 2018. 

 

To submit a revision, go to the JoVE submission site and log in as an author. You will find your 

submission under the heading "Submission Needing Revision". 

 

Best, 

 

Alisha DSouza, Ph.D. 

Senior Review Editor 

JoVE 

617.674.1888 

Follow us: Facebook | Twitter | LinkedIn 

About JoVE 

____________________________________ 

 

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. 

Response: We proofread the manuscript to correct the spelling and grammar issues. 

2. Unfortunately, there are a few sections of the manuscript that show text overlap with previously 

published work. Though there may be a limited number of ways to describe a technique, please use 

original language throughout the manuscript. Please see lines: 295-312, 328-340, 344-345. 

Response: This has been addressed and original language has been added throughout the manuscript 

 

3. The uploaded Author License Agreement (ALA) is not completed/signed. Please complete and sign 

ALA, then scan and upload it to your Editorial Manager account. 

Response: ALA is signed and upload to my Editorial Manager account. 

 

4. Please note that the uploaded file labeled as “Video Produced by Author: Less than 50 MB” is actually 

the manuscript file. Please correct this mistake. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;JOVE_Response
to Reviewers_Ari.docx

http://www.editorialmanager.com/jove
http://www.jove.com/
https://www.facebook.com/JOVEjournal
https://twitter.com/jovejournal
https://www.linkedin.com/company/312490
http://www.jove.com/about
http://www.editorialmanager.com/jove/download.aspx?id=899634&guid=c4de13f0-692e-4ac9-9912-0714c2795fc7&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=899634&guid=c4de13f0-692e-4ac9-9912-0714c2795fc7&scheme=1


Response: Mistake has been corrected. 

5. Please number the figures in the sequence in which you refer to them in the manuscript text. 

Response:  Correction has been made to number the figures in the sequence referred to in text.  

6. Figure 4: Please provide a figure with higher resolution. 

Response: Higher resolution figure has been made and uploaded.  

7. Please rephrase the Summary to clearly describe the protocol and its applications in complete 

sentences between 10-50 words: “Here, we present a protocol to …” 

Response: Summary has been rewritten clearly.  

8. Please rephrase the Introduction to include a clear statement of the overall goal of this method. 

Response: A clear statement has been added to describe the overall goal of this method. 

9. Please remove the brackets enclosing the subscripted reference number. 

Response:  Brackets have been removed.  

10. Please include a space between all numbers and their corresponding units: 15 mL, 37 °C, 60 s; etc. 

Response: Spaces have now been added to all numbers and their corresponding units 

 

11. Please remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials and Reagents. 

For example: Plexiglas, PLATFORM, Precision Xtra, etc. 

Response: Commercial language has been removed and commercial products have been referenced in 

the Table of Materials and Reagents 

12. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" 

etc.). 

Response: Personal pronouns have been removed from the protocol text. 

 

13. 1.5-1.7, lines 146-153, 3.1.2: Please revise the protocol to contain only action items that direct the 

reader to do something. 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. Any text that cannot be written in the imperative tense may be added as a “Note.” Please 

move the discussion about the protocol to the Discussion. 

Response: Requested revisions have been made. 

14. 3.2.1.2, 3.2.1.8, 3.2.1.11, 3.2.2.7, 3.2.3.6: Please write the text in the imperative tense. 

Response: Requested revisions have been made. 



 

15. 3.2.1.4: Please specify the details entered. 

Response: Details have been specified.  

16. 3.2.1.10: Please ensure that the protocol here can stand alone. As currently written, users must refer 

to another protocol and refer back and forth in order to complete this protocol. Please remove the 

references to the specific steps of the other manual. (this can stay as is if you do not wish to film the 

calibration steps). 

 

Response: We do not wish to film the calibration steps 

 

17. Lines 254-255: For in-text formatting, corresponding reference numbers should appear as numbered 

superscripts after the appropriate statement(s). 

Response: Suggested revisions have been made to referenced numbers.  

 

18. For computational steps, please provide software screenshots as supplementary files to match each 

step. 

Response: Software screenshots have been added as supplementary files.  

19. Please include single-line spaces between all paragraphs, headings, steps, etc. 

Response: Formatting changes have been made to include single-line spaces.  

 

20. There is a 2.75 page limit for filmable content. 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. 

 

Response:  We have highlighted 2.75 pages (or less) of the protocol to identify essential steps of the 

protocol for the video.  

21. 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: Suggested revisions have been made to highlighted text.  

 

22. Please include all relevant details that are required to perform the step in the highlighting. For 

example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 

2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted. 

Response: All relevant details have been included in all highlighted steps.  



 

23. Please include a figure or a table in the Representative Results showing the effectiveness of your 

technique backed up with data. Please revise to explain the Representative Results in the context of the 

technique you have described, e.g., how do these results show the technique, suggestions about how to 

analyze the outcome, etc. 

Response: Representative Results showing the technique now discuss how the data is analyzed to 

support the behavioral outcome measures.  

24. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 

3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

 

Response: The suggested edits have been made in the Discussion with emphasis on utility and 

application of this method  

25. References: Please do not abbreviate journal titles. 

 

Response: Revisions have been made to include full title of journal.  

 

Reviewers' comments: 

Editor's Note: Please note that the reviewers raised some significant concerns regarding your method and 

your manuscript. For each peer review comment, please provide either (1) a description of how the 

comment was addressed within the manuscript or (2) a rebuttal describing why the comment was not 

addressed if you feel it was incorrect or out of the scope of this work for publication in JoVE. 

 

Reviewer #1: 

 

The submitted manuscript is a methodological paper on the use of the elevated plus maze test to assess 

anxiety in laboratory rodents. The authors provided a detailed description of this behavioral technique 

including the use of video tracking system and data analysis, alongside with representative results. 

Elevated plus maze test can be considered a gold standard for investigation of anxiety-related behaviors 

in rodent models. Although the method is well known, visual demonstration will help researchers apply it 

in a standardized way and avoid making simple mistakes, which is particularly important for those new in 

the field of behavioral science. Importantly, the video tracking systems are becoming more and more 

advanced. The ability to use video-tracing software in the most efficient way possible (e.g. the proper 

adjustment of detection settings) is crucial for investigators. It minimizes the manual labor,, thus reducing 

the influence of investigator on the data and ensuring achievement of more reliable and comparable 

results. In the reviewed manuscript the Authors use SMART software. In my opinion, it would be great if 

the Authors would bring more attention to the use of the video tracking system and not so much to the 

behavioral technique itself. It can be done in the terms of general principles of video tracing in the EPM 

and/or the use of particular software. 



Response: In order to emphasize the video tracking system we added it to the title and highlighted its 

importance in the text. 

 

What are the advantages of SMART system in comparison to e.g. commonly known freeware - ImageJ, 

which application is described in the older JoVe video on EPM? What are the possible difficulties that the 

users meet? I believe that focusing more on the video tracking system will greatly improve the manuscript 

and increase its value to readers. I will get back to this point in specific comments. 

Response The manuscript has been modified to emphasize the video tracking system and its 

advantages. 

 

The manuscript is well-structured, consistent and well-written, but requires some modification and 

clarification before publication. There are at least two major changes that need to be made. First of all, it 

is very important to clearly state what is the goal of this article. It should be included in the introduction as 

well as in the abstract. 

 

The aim of the study indicated in the abstract is actually the aim of the research from which the 

representative results come from. This should not be the case. If this is a methodological paper on EMP 

the aim should not be confused with the aim of the study from which the representative results come 

from. So please correct the aim of the study in the abstract. 

 

Response:  The manuscript has been modified to emphasize the goal of the article as the description of 

the video tracking system together with EPM. 

 

Another part that needs major improvement is the discussion. This section should be focused on the 

protocol and not the representative results. I would recommend removing the first paragraph which 

discusses the representative results and construct the discussion according to the JoVE's instructions for 

authors. The points that should be included in the discussion but are missing are: critical steps in the 

protocol, modifications and troubleshooting of the method and limitations of the method. 

 

Response: The manuscript has been modified according to the suggestions of the reviewer. 

 

Please see detailed comments below. 

 

INTRODUCTION: 

As already mentioned please include the goal of the article in the last paragraph of the introduction. 

Response It was included. 

 

Some parts of the second paragraph are confusing: 

- Lines 62-64: Please clarify the sentence: "After treatment, increased time spent on the open arms 

and/or increased number of open arm entries compared to control (untreated) animals can be determined 

by EPM, which changes in behavior may mirror anti-anxiety behavior on EPM" 

Response: This sentence was modified. 

 



- Lines 66-67: Please remove "and changes in behavior" from the sentence "Therefore, behavior and 

changes in behavior after different treatment is commonly recorded for 5 min on EPM. 

Response: Part was removed. 

 

- Line 68: The mentioned factors i.e. "number of head dips, rears, fecal boli" are measures of anxiety so it 

can not be said that they are monitored "parallel with investigation of anxiety level" 

 

Response: The sentence has been modified. 

 

PROTOCOL: 

- Page 2, line 109: Point 1.5. can be moved to discussion. 

Response: This text was moved to discussion. 

 

- Lines 146-153 : Please consider moving this paragraph to discussion. Also, do you have any experience 

with a grey material? It may be worth to mention that EPM apparatus made from matte gray material is 

useful with white, black and white and black animals. 

Response: The paragraph was moved to discussion and grey material was mentioned. 

 

- Page 4, line 180: What are possible sources of video to process? Does the SMART software allow to 

analyse previously acquired video? This is an useful knowledge in the process of planning experiments. 

Response: This information was added to section 3.2. 

- Page 4, line 190: I would not suggest using the object instead of animal to test the detection settings. It 

is important to ensure that the system recognizes moving subject well. 

Response: The sentence was modified. 

 

- Page 5, line 247: It may be worth to mention what kind of behaviors are counted manually. 

Response: Manual data collection was added to 3.2.3.6 

 

- Page 6, line 284: There is no need to include the chapter "5. Blood analyses and weight measurement" 

in the manuscript, especially that the blood analysis data are not mentioned in the results. Moreover this 

section does not mention the methodology of weight measurement as it is indicated in the chapter's title.- 

 

Response: Chapter 5 has been deleted. 

 

DISCUSSION: 

 

I strongly recommend to rewrite the discussion, adjust it to the journal requirements and make it more 



coherent. From the second paragraph of the discussion one may conclude that the fact that the behavior 

of the animals in the EPM is age-dependent is a disadvantage of this test. 

Moreover, the EPM does not use noxious stimuli to test anxiety-related responses, which is of course an 

advantage of this method, but the same is true for other methods based on approach-avoidance 

behaviors (e.g. light dark box, open field test). The last paragraph of the discussion is not supported by 

any citation or adequate results. 

 

Response: The discussion has been rewritten in accordance to the journal requirements and to make it 

more coherent. The disadvantages and advantages of the testing have been discussed along with citation 

support for statements made in the last paragraph.  

 

Reviewer #2: 

 

Manuscript Summary: 

This paper is about ketone supplements on anxiety-like responses of rats. In some ways, this seems like 

a Methods paper, but there are details missing. The same is true if we interpret this as an empirical 

article. This should be clarified in the revision of this paper. Other feedback is as follows. 

 

Major Concerns: 

 

This paper requires extensive editing by a native English speaker. 

Response: Paper has been proofread by native English speaker and revise and clarified in many areas.  

 

Paragraph structure and paper structure: Is it best that a standard description of the EPM, which has 

been described many times in the literature, lead this paper? Or perhaps the idea about studying the 

brain mechanisms and/or manipulations to use to study anxiety-like responses more important and 

should begin the paper? In terms of paragraph structure, paragraphs should begin with topic sentences 

that introduce the reader to what the paragraph will be about and end with concluding statements. 

Response: The introduction was modified to highlight that this is a methodology paper. 

In between these statements, there should be the details that the authors are conveying. Please be sure 

to reconsider both the paragraph and entire paper structure here. 

Response: Additional details have been added throughout, when appropriate, to further clarify 

statements.  

 

This statement needs to be expanded upon and explained: "In addition, parallel with investigation of 

anxiety level, number of head dips, rears, fecal boli, as well as closed arms entries and total arm entries 

(spontaneous motor activity) and different postures (stretched- or freezing- attend) can also be measured 

on EPM (2)." 

Response: The introduction section was expanded upon this statement. 

 

It is unclear why this statement is included: "In spite of the high validity of EPM, to increase validity of 

results, 2-3 behavioral assays are commonly used together, such as the light-dark choice test, social 

interaction test and EPM test to measure anxiety level in different animal models (6)." 



Response:  The sentence was modified to clarify the meaning.  

 

What is the relevance here?: "EPM is sensitive not only to benzodiazepine-type anxiolytics (e.g., 

diazepam) (8), but also among others to amino acid, monoamine, peptidergic and nucleosidergic 

compounds (e.g., NMDA antagonist AP7, AMPA antagonist CNQX, μ-opioid receptor agonist morphine, 

NPY1 antagonist BIBP3226, Substance P, Ghrelin, Oxytocin, serotonin receptor agonists and antagonists 

such as 8-OH-DPAT and WAY-100635, β1-adrenergic antagonist Betaxolol, caffeine) (9-12)." 

 

Response: The relevance of this section is to mention some examples of compounds previously tested in 

order to provide guidance on what is the potential utility/sensitivity of this equipment. For example, to 

provide insight into understanding EPM results in the context of mechanisms or agents that have well-

established behavioral effects.  

 

One way to consider this is that "anxiety" (or "anxiety-like" behavior when we are referring to behavior in 

animals) is mediated by many brain targets. Alternatively, this could mean that EPM is not a precise 

measure. It is likely the former interpretation, but it is important for the authors to describe this to their 

readers. This might be useful for the authors to describe, especially as it leads them to their hypothesis 

about ketone supplements. 

Response:  Thank you for the suggestion.  We agree that it is important to state the hypothesis up front 
and to emphasize that nutritional ketosis (induced with supplementation) likely works through numerous 
mechanisms in synergy, which would be expected when you are elevating energy metabolites that 
change the neuropharmacology and signaling of the brain. 
 
Newman JC, Verdin E. β-Hydroxybutyrate: A Signaling Metabolite. Annu Rev Nutr. 2017 Aug 21;37:51-
76. doi: 10.1146/annurev-nutr-071816-064916. Review. PubMed PMID: 28826372. 
 
 

Under Preparations: 

 

Under section 1.2., that there are robust differences in animals' behavior based upon individual 

differences (e.g. possibly due to strain) or current condition (e.g. estrous cycle phase) is a major 

consideration for experimenters. As it is now, these are listed without any explanation and should be 

further explained. 

Response: The importance of these factors was further explained in the discussion section. 

 

Under section 1.3, what is the justification for using 8-10 animals per group? This might be valid if there 

are only two treatment conditions, but the number of subjects per group may have to increase with 

additional treatment conditions. Power analyses are generally done before the experiment is initiated to 

determine the minimum number of subjects to be included given the variability in animal's responses in 

any given task as well as the number of experimental groups/conditions. 

Response: Section 1.3 was corrected to justify the sample size used in the experiment.  

 

Under section 1.7., behavioral studies in nocturnal animals, such as rats and mice, are better suited for 

environments with a reverse light cycle, meaning that lights are on at night so that researchers can 

assess behavior when animals are in their dark, active phase. This also relates to point 1.2. above and 

the fact that animals' hormones are regulated by light cycle and influence behavior in the EPM. 



Response: The text has been revised and section 1.7 was corrected. 

 

In Discussing the EPM set-up, it would be helpful to note that the contrast between the animals in the 

maze and the maze color is especially important for video-tracking. This is less important for researchers 

watching animals live or via video. Also, there are many products now that are good and precise in 

situations with less than ideal contrast (e.g. black and white Long-Evans rats can be reliably tracked by 

some programs when the settings are configured to note that the animals are black and white on either a 

black or white maze). The authors should mention problems with usage of a clear Plexiglas maze. 

Response: Notes on contrast were added to section 1.1. to describe this important consideration.  

 

Why were several sections in yellow highlight? 

Response: Those parts are identified as sections to be video recorded by JOVE. 

 

In the Abstract, authors need additional details about this particular report. For example, this is in certain 

types of subjects, using the EPM and SMART system. The way it is written now it suggests a more 

general methods type paper using the EPM, which is not exactly what this paper is about. 

Response: The abstract was modified. 

 

The authors include some details about the results in their study, but without necessary details (such as 

the hypothesis of the study, number of subjects per group, details about the subjects, the statistical tests 

used, and the inferential statistics) this cannot be interpreted. Providing p values only are not useful. 

Response: The additional details were included in the protocol section. 

 

If this is to be a Methods paper (which I think to be the case given the journal this is submitted to), the 

authors need to describe the methods more fully. For instance, how does the reader know that there is 

validity in this test without positive and negative control groups? 

In this specific experiment we used rats fed with standard rodent chow gavaged with water (control), 

without any ketone supplement. Treatment results are compared to control.  

 

Reviewer #3: 

 

Manuscript Summary: 

Overall, this paper clearly presents an EPM technique aimed at testing treatments for anti-anxiety. 

However, some of the advice given is not appropriate for all types of drug/compound testing. For 

example, the oral gavage treatment is quite stressful for the animals and thus should be avoided, 

especially when assessing potentially subtle anxiolytic effects. Introduction of the drug/compound in 

drinking water or via a palatable 'treat' is a better method (though it may be necessary to yoke control 

animals' drinking or consumption to achieve comparable amounts.  

Response: Thank you for pointing out this important factor to consider. The palatability of the substance 

has been an issue when adding the compound to water or food-integration. The gavage was also used 

since a relatively large dose of this compound is needed to achieve the desired effects. For this reason 

we used gavage for these experiments to evaluate effects of acute adminstration.  We included your 

recommendation in the manuscript and also the steps that need to be taken to minimize gavage-related 

stress. 



The results of the EPM in this particular study are not well explained in terms of the differences expected 

by the specific ketone forms vs the MCT and thus this also needs to be elaborated on further in the 

discussion section. Particularly it is of interest to readers to understand how the measurement of ketones 

in blood may be used to support dose effect potential of ketones indicating the extent of the anxiolytic 

effect. 

Response: The manuscript was modified not to include the blood collection/analyses based on 

suggestions from the editor and other reviewers and only the methodology around the EPM combined 

with video tracking software was emphasized. 

 

Major Concerns: 

Methods: 

The authors need to add a section on 'experimenter' guidelines. For instance, experimenters shouldn't 

wear strong perfume or soaps, or talk near the animal during the experiment, or move objects near the 

EPM environment, taking care to clean all of the EPM to erase smells of previous animals which might 

interfere with exploration of the test animal. It also may be useful to describe handling of animals (picking 

up gently by the torso and holding for a minute or two) several days before EPM . 

Response: Thank you for the suggestion.  These important experimenter guidelines have been added 

within the 1.8 section. 

 

It's not clear how useful it is to give instructions on how to use the SMART software when there are many 

types of tracking programs, where this instruction will not be useful. One suggestion is to list the main 

software suites available for tracking, and also list on-line sources of instruction manuals for each of the 

software packages. 

Response: The list of possible software and their online instruction manuals are now listed in discussion 

section. 

 

The timing of EPM after gavage is not clearly stated and is a very important consideration for effects of a 

ketone treatment. Also, KSMCT was not described as a treatment (is the MCT at the same dose as the 

ketone esters and salt treatments? Is it expected that the MCT will produce the same blood 

concentrations of ketones as the other treatments? 

Response: The timing after gavage and the KSMCT group were added to the methods section. Blood 

measurements were removed from this manuscript to emphasize the EPM method.  

 

The method of EPM is described quite well for each parameter (entry into open arms, number of entries 

into open arms) but it may also be useful to explain what parameters are mostly commonly used, e.g. 

accumulated time in the open arms. 

Response: Thank you for the helpful suggestions, it was added to the discussion. 

 

Also mention when animals are excluded from analysis due to outlier tendencies (e.g. never leaves the 

area where it was placed, almost falls off the apparatus, is distracted by a noise of event outside of the 

apparatus) 



Response: Thank you for the helpful suggestions, these options were added to the discussion. 

How are blood glucose/ketone analysed, statistically? 

Response: Description of blood measurements were removed since other reviewers suggested focusing 

only on the EPM methodology. 

 

Results and Discussion: 

It's important to discuss other parameters that might indicate issues with EPM testing, such as treatments 

which cause sedation or hyperactivity, and how these types of effects might be assessed via EPM 

parameters. It's also important to note changes in weight after prolonged gastric feeding (especially with 

caloric treatments) 

 

Response: These important potential issues were now added to the discussion. 

 

Minor Concerns: 

The manuscript is poorly copy-edited. Below are some examples of poor grammar and unclear language 

P1 Ln 48: don't use 'for example' in abstract, just state main findings Corrected. 

P1 Ln 59: confusing sentence, seems to be missing a verb. Break it up? Corrected. 

P1 ln 61: add : instead of 'open' add 'open to the surroundings' Corrected. 

P1. Ln 64: omit this phrase: which changes in behavior may mirror anti-anxiety behavior on EPM. 

Deleted. 

P1. Ln 67 omit 'different', add 'a' Corrected. 

P1 ln 71 omit 'In spite of the high validity of EPM,' Deleted. 

P2 ln 102: 'Use minimum 8-10 animals per a group.' Group size will be dependent on effect size you 

expect to see with the test treatment, thus it is unwise to state a minimum size needed for groups. The 

sentence has been modified. 

P2 ln 107: use 'tests' not 'test'. Corrected. 

P2 ln 137 replace 'fed' with 'feed', omit 'for example'. Corrected. 

P2 ln 160: replace 'lit' with 'light'. Corrected. 

P4 ln 166, why is this highlighted yellow? To indicate which part of the text will be filmed by JOVE. 

P4 ln 201: add 'button' after 'Save'. Added. 

P5 ln 230: add 'until' after 'Wait'. Added. 

P6 ln 265: replace fall with 'falls' . Corrected. 

P6 ln 301 : no need to add SPD before rats. It's clear no other rat breed was used. SPD was removed. 

Response:  We sincerely appreciate the valuable feedback and have incorporated the suggestions and 

revisions.  



         

 
Editorial comments: 
 
1) Please see the attached word doc. In-text comments have been made; these require your attention. 
Please address the comments by editing your manuscript/figures. Please maintain the current format and 
track all your edits. 
 
The article was edited based on the comments in the text. 
 
2) If you are re-using figures from a previous publication, please obtain explicit permission to re-use the 
figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial 
policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be 
copied and pasted from an email/website) as a Word document to the Editorial Manager site in the 
"Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure 
legend, i.e. "This figure has been modified from [citation]."  
 
The following link gave information on the re-use of already published figures: 
https://zendesk.frontiersin.org/hc/en-us/articles/201945842-Do-I-need-permission-to-reproduce-figures-or-
text-previously-published-in-Frontiers- 
 

In most cases, adaptation and reuse of figures is permitted provided that the authors and original 
source are appropriately credited and that no third-party licenses apply (please see the citation on 
the article on-line page). 

Frontiers does not provide any formal permissions for reuse. 

 
Reviewers' comments: 
 
 
Reviewer #1: 
The authors have addressed all of my comments and concerns. I think that the manuscript has greatly 
improved and contains a lot of useful information about EPM test. I suggest to avoid the repetition of the 
goal of the study in the first and the last paragraph of the introduction. 
 
The last paragraph was modified. 
 
Reviewer #3:  
Manuscript Summary: 
This article describes the elevated plus maze (EPM) procedure, and tests various ketogenic treatments 
for anxiolytic effects in Sprague Dawley rats. 
 
Major Concerns: 
It's not clear why Figure 8 (chronic feeding) includes % times spent in arms while Figure 9 displays overall 
amount of time spent in the open arms. Unless there is a strong reason for not presenting a component of 
EPM data, display the same data (% time, distance, entries) for each type of treatment (chronic and sub-
chronic). otherwise it looks as if data wasn't presented due to inconsistencies in results. Also, be specific 
when reporting results. Example: the KSMCT group spent a greater percentage of time in the open arms 
(Fig 8a) 
 
In the referenced article only the results were presented that showed significant difference. Since we use 
only published results as demonstration in this article, we can present only what was published already in 
the referenced article. We think that the two figures represent different possibilities for data collection with 
the demonstrated method, without much repetition. 
 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Answer to
comments.docx

http://www.editorialmanager.com/jove/download.aspx?id=899643&guid=167fbe79-493d-4762-8d2b-9af5b94e4cc8&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=899643&guid=167fbe79-493d-4762-8d2b-9af5b94e4cc8&scheme=1


   

The figure legends were corrected to make them more specific. 
 
Minor Concerns: 
note that oral gavage stress may have influenced the unusually low % time in open arms in the control 
rats. In the future it may be useful to check % open arm times of rats not gavaged to ascertain if the 
procedure is causing undue stress 
 
Thank you for the helpful suggestion, we will do that in the future. 
 
If you would like your personal information to be removed from the database, please contact the 
publication office. 
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3.2.1.4. 

 

3.2.1.5. 

Supplementary File 1 Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Supplementary Material Calibration

http://www.editorialmanager.com/jove/download.aspx?id=899635&guid=bb4b245d-6021-4ffb-b373-907b9a41511c&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=899635&guid=bb4b245d-6021-4ffb-b373-907b9a41511c&scheme=1
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