
Journal of Visualized Experiments
 

Behavioral assessment of visual function via optomotor response and cognitive
function via Y-maze in diabetic rats

--Manuscript Draft--
 

Article Type: Invited Methods Article - JoVE Produced Video

Manuscript Number: JoVE61806R1

Full Title: Behavioral assessment of visual function via optomotor response and cognitive
function via Y-maze in diabetic rats

Corresponding Author: Rachael Allen
Atlanta VA Medical Center
Decatur, Georgia UNITED STATES

Corresponding Author's Institution: Atlanta VA Medical Center

Corresponding Author E-Mail: restewa@emory.edu

Order of Authors: Kaavya Gudapati

Anayesha Singh

Danielle A Clarkson-Townsend

Rachael Allen

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.

Decatur, Georgia, USA

Please confirm that you have read and
agree to the terms and conditions of the
author license agreement that applies
below:

I agree to the Author License Agreement

Please specify the section of the
submitted manuscript.

Behavior

Please provide any comments to the
journal here.

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

https://www.jove.com/files/Author_License_Agreement.pdf


 

 

TITLE: 1 
Behavioral Assessment of Visual Function via Optomotor Response and Cognitive Function via Y-2 
Maze in Diabetic Rats 3 
 4 
AUTHORS AND AFFILIATIONS: 5 
Kaavya Gudapati1,2*, Anayesha Singh1,3*, Danielle Clarkson-Townsend1,4, Andrew J. Feola1,2, 6 
Rachael S. Allen1,2 7 
 8 
1Center for Visual and Neurocognitive Rehabilitation, Atlanta VA Medical Center, Decatur, GA, 9 
USA 10 
2Department of Biomedical Engineering, Georgia Institute of Technology, Atlanta, GA, USA 11 
3Department of Neuroscience, Emory University, Atlanta, GA, USA 12 
4Gangarosa Department of Environmental Health, Emory University, Atlanta, GA, USA 13 
 14 
*These authors contributed equally 15 
 16 
Email addresses of co-authors:  17 
Kaavya Gudapati  (kgudapati3@gatech.edu) 18 
Anayesha Singh  (anayesha.singh@emory.edu) 19 
Danielle Clarkson-Townsend (Danielle.clarkson-townsend@emory.edu) 20 
Andrew Feola   (andrew.feola@bme.gatech.edu) 21 
Rachael Allen   (restewa@emory.edu) 22 
 23 
Corresponding author:  24 
Rachael Allen   (restewa@emory.edu) 25 
 26 
KEYWORDS: 27 
diabetic retinopathy, retina, Y-maze, optomotor response, exploratory behavior, spatial 28 
frequency, contrast sensitivity, spatial memory, spontaneous alternation 29 
 30 
SUMMARY: 31 
Neural degeneration in both eyes and brain as a result of diabetes can be observed through 32 
behavioral tests carried out on rodents. The Y-maze, a measure of spatial cognition, and the 33 
optomotor response, a measure of visual function, both provide insight into potential diagnoses 34 
and treatments. 35 
 36 
ABSTRACT: 37 
The optomotor response and the Y-maze are behavioral tests useful for assessing visual and 38 
cognitive function, respectively. The optomotor response is a valuable tool to track changes in 39 
spatial frequency (SF) and contrast sensitivity (CS) thresholds over time in a number of retinal 40 
disease models, including diabetic retinopathy. Similarly, the Y-maze can be used to monitor 41 
spatial cognition (as measured by spontaneous alternation) and exploratory behavior (as 42 
measured by a number of entries) in a number of disease models that affect the central nervous 43 
system. Advantages of the optomotor response and the Y-maze include sensitivity, speed of 44 
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testing, the use of innate responses (training is not needed), and the ability to be performed on 45 
awake (non-anesthetized) animals. Here, protocols are described for both the optomotor 46 
response and the Y-maze and examples of their use shown in models of Type I and Type II 47 
diabetes. Methods include preparation of rodents and equipment, performance of the 48 
optomotor response and the Y-maze, and post-test data analysis. 49 
 50 
INTRODUCTION: 51 
Over 463 million people live with diabetes, making it one of the largest global disease epidemics1. 52 
One of the serious complications that arises from diabetes is diabetic retinopathy (DR), a leading 53 
cause of blindness for working-age American adults2. In the next 30 years, the percentage of the 54 
population at risk for DR is projected to double, so it is crucial to find new ways of diagnosing DR 55 
in its earlier stages to prevent and mitigate DR development3. DR has conventionally been 56 
thought to be a vascular disease4–6. However, now with evidence of neuronal dysfunction and 57 
apoptosis in the retina that precedes vascular pathology, DR is defined to have neuronal and 58 
vascular components4–9. One way to diagnose DR would be to examine neural abnormalities in 59 
the retina, a tissue that may be more vulnerable to oxidative stress and metabolic strain from 60 
diabetes than other neural tissue10. 61 
 62 
Declines in cognitive and motor function also occur with diabetes and are often correlated with 63 
retinal changes. Older individuals with Type II diabetes portray worse baseline cognitive 64 
performance and show more exacerbated cognitive decline than control participants11. 65 
Additionally, the retina has been established as an extension of the central nervous system and 66 
pathologies can manifest in the retina12. Clinically, the relationship between retina and brain has 67 
been studied in the context of Alzheimer’s and other diseases but is not commonly explored with 68 
diabetes12–16. Changes in the brain and retina during the progression of diabetes can be explored 69 
using animal models, including the STZ rat (a model of Type I diabetes in which the toxin, 70 
streptozotocin or STZ, is used to damage pancreatic beta cells) and the Goto-Kakizaki rat (a 71 
polygenic model of Type II diabetes in which animals develop hyperglycemia spontaneously at 72 
around 3 weeks of age). In this protocol, a description for the Y-maze and the optomotor 73 
response to assess cognitive and visual changes in diabetic rodents, respectively, is provided. The 74 
optomotor response (OMR) assesses spatial frequency (similar to visual acuity) and contrast 75 
sensitivity by monitoring characteristic reflexive head tracking movements to gauge visual 76 
thresholds for each eye17. Spatial frequency refers to the thickness or fineness of the bars, and 77 
contrast sensitivity refers to how much contrast there is between the bars and the background 78 
(Figure 1E). Meanwhile, the Y-maze tests short-term spatial memory and exploratory function, 79 
observed through spontaneous alternations and entries through the arms of the maze. 80 
 81 
Both tests can be performed in awake, non-anesthetized animals and have the advantage of 82 
capitalizing on innate responses of the animals, meaning that they do not require training. Both 83 
are relatively sensitive, in that they can be used to detect deficits early in the progression of 84 
diabetes in rodents, and reliable, in that they produce results that correlate with other visual, 85 
retinal, or behavioral tests. Additionally, using the OMR and the Y-maze in conjunction with tests 86 
such as electroretinogram and optical coherence tomography scans can provide information on 87 
when retinal, structural, and cognitive changes develop relative to each other in disease models. 88 



 

 

These investigations could be useful in identifying neural degenerations that occur due to 89 
diabetes. Ultimately, this could lead to new diagnostic methods that effectively identify DR in 90 
early stages of progression. 91 
 92 
The OMR and the Y-maze systems used to develop this protocol are described in the Table of 93 
Materials. Previous research on the OMR, by Prusky et al.18, and the Y-maze, by Maurice et al.19, 94 
was used as the starting point to develop this protocol. 95 
 96 
PROTOCOL: 97 
All procedures were approved by the Atlanta Veterans Affairs Institutional Animal Care and Use 98 
Committee and conformed to the National Institutes of Health guide for the care and use of 99 
laboratory animals (NIH Publications, 8th edition, updated 2011). 100 
 101 
1. The optomotor response (OMR) 102 
 103 
1.1. Set up the OMR apparatus (details on apparatus and software in Table of Materials) 104 
 105 
1.1.1. Choose the appropriate-sized platform for the rodent: mouse, rat, or large/impaired rat 106 
(Figure 1A). 107 
 108 
1.1.2. Open the OMR software, which should open to a window with several tabs of options and 109 
a live video feed of the inside of the OMR/virtual drum (Figure 1B). Zoom in or out with the video 110 
camera as needed so that the platform and its surroundings are visible. 111 
 112 
1.1.3. Note the icons along the left-hand side of the live image (Figure 1C). Click on the asterisk 113 
icon and the rotating stripes icon so that both the green asterisk and green rotating stripes 114 
disappear from the live feed. 115 
 116 
1.1.4. Click on the compass icon so that a green circle and two perpendicular lines appear. Stretch 117 
the green circle so that it aligns perfectly with the black circle on the platform, which will ensure 118 
that the OMR is perfectly aligned. 119 
 120 
1.1.5. Click on the compass icon because it is not necessary to see the circle during testing. Click 121 
on the green asterisk icon and the green rotating stripes icon to make these reappear. Note that 122 
the green stripes rotate in the same direction as the stripes in the drum, allowing the researcher 123 
to know the direction of the stripes. 124 
 125 
1.1.6. Click on the Testing tab. Under Testing, click on the Psychophysics tab. Under Threshold, 126 
select Frequency to measure spatial frequency. 127 
 128 
NOTE: The OMR software uses a staircase paradigm to automatically calculate spatial frequency 129 
(SF). Contrast will be maintained at 100%. 130 
 131 
1.1.7. Under Testing, click on the Presets tab. Select the default settings for Mouse18 or Rat20. 132 



 

 

 133 
1.1.8. Under Testing, click on the Blanking tab. Check the Blank on Tracking box, which will pause 134 
the stripes/blank out the computer screens in the drum whenever the mouse is right-clicked. 135 
 136 
1.1.9. Click on the Results tab, which is where the results of the test will be displayed. 137 
 138 
1.2. Evaluate spatial frequency 139 
 140 
1.2.1. Place the rodent on the circular platform in the center of the virtual reality chamber 141 
comprising four computer monitors showing vertical sine wave gratings circling the chamber at 142 
a velocity of 12˚/s (Figure 1D). 143 
 144 
1.2.2. Note that the video camera positioned at the top of the chamber is projecting the rodent’s 145 
behavior live onto the computer monitor. 146 
 147 
1.2.3. Look for the presence or absence of reflexive actions by the rodent’s head as the gratings 148 
move in a clockwise or counterclockwise direction. Make sure illustrated bars are visible in the 149 
program—these will show the direction of the grating movement. 150 
 151 
1.2.3.1. Watch for the rodent’s head to move in the same direction as the gratings. Wait until 152 
there is a smooth pursuit, not erratic bursts of head motion, to count it as tracking. 153 
 154 
1.2.3.2. Click on Yes or No as appropriate. Note that SF will start with 0.042 cyc/deg and adjust 155 
with each yes and no to become easier or more difficult (Figure 1E). Click on Reset if the test 156 
needs to be reset due to accidental or incorrect clicking of yes and no. 157 
 158 
1.2.4. As the rodent is tested, make sure to keep the asterisk positioned over the rodent’s head.  159 
 160 
NOTE: This has two effects: 1) It maintains the correct spatial frequency. If the asterisk is 161 
positioned between the shoulders, for example, the spatial frequency will be lower and the bars 162 
will be easier to see, resulting in a falsely high score. 2) For rodents with slight head movements, 163 
the asterisk makes it easier to gauge whether the head is actually moving. 164 
 165 
1.2.5. Watch for the system to say “Done” when the rodent’s spatial frequency is reached. Note 166 
that the Yes and No buttons will no longer be clickable. 167 
 168 
1.2.6. Click on the Results tab, which will display the spatial frequency for the left eye, right eye, 169 
and combined eyes. 170 
 171 
NOTE: Sometimes the software is set such that the results are flipped, i.e., the right eye is 172 
reported as the left eye and the left eye is reported as the right eye. This was discovered when 173 
assessing rodents that had only one eye lesioned in a glaucoma model. 174 
 175 
1.3. Evaluate contrast sensitivity 176 



 

 

 177 
NOTE: Contrast Sensitivity testing can be performed immediately after the spatial frequency 178 
measurement step or on its own on the same day or a different day if the rodent appears fatigued 179 
after spatial frequency testing (follow steps 1–2.2 if only testing contrast sensitivity). 180 
 181 
1.3.1. Click on the Testing tab and then on the Psychophysics tab. Under Threshold, select 182 
Contrast (single) to measure contrast sensitivity. 183 
 184 
1.3.2. Also using a staircase paradigm, start gratings with SF constant at the peak of the Contrast 185 
Sensitivity (CS) curve. To do this, click on the Stimulus tab and then on the Gratings tab. In the 186 
Spatial Frequency box, type 0.064 for rodents and 0.103 for mice. 187 
 188 
1.3.3. Begin the contrast at 100% and look for the same reflexive head movements as seen during 189 
spatial frequency testing. Note that the contrast will decrease as the testing progresses until the 190 
rodent no longer has reflexive head movements in response to the stimulus (Figure 1E). 191 
 192 
1.3.4. Watch for the system to say “Done” and the Yes and No buttons to no longer be clickable 193 
once the rodent no longer responds to the visual stimulus and the contrast sensitivity threshold 194 
has been reached. Click on the Results tab, where the contrast sensitivity for the left eye, right 195 
eye, and combined eyes will be listed. 196 
 197 
1.4. Perform post-testing analysis 198 
 199 
1.4.1. For diabetic retinopathy studies, where both eyes are expected to have similar deficits, use 200 
the combined score (average of right and left eyes) for analysis. For models that cause differential 201 
damage to eyes (i.e., blast injury or glaucoma), keep the left and right eye data separate. 202 
 203 
1.4.2. For Spatial Frequency, use raw scores (the data from the Results tab) for analysis and 204 
average these scores together by group (i.e., diabetic, control, etc.). 205 
 206 
1.4.3. For Contrast Sensitivity, use the raw value to calculate the reported contrast sensitivity by 207 
the Michelson contrast from a previous measurement of the screen’s luminance. 208 
 209 
2. The Y-maze 210 
 211 
2.1. Prepare rodents for testing 212 
 213 
2.1.1. Adapt rodents to the room for 30 min prior to testing. 214 
 215 
NOTE: The researcher can remain in the room with the lights on but should remain silent during 216 
this time. 217 
 218 
2.1.2 Clean the Y-maze with sanitizing solution safe for animals and wipe away all sanitizing 219 
solution with paper towels. Ensure that the maze is dry. 220 



 

 

 221 
2.2. Conduct the Y-maze 222 
 223 
2.2.1. Label the initial arm of the Y-maze as B and the other 2 arms as A and C (Figure 2A). Place 224 
one rodent in the arm closest to the researcher (arm B) near the center of the Y-maze. Once the 225 
rodent has been placed, start the timer (details on maze and timer in Table of Materials). 226 
 227 
2.2.1.2. Allow each rodent to explore the Y-maze for 8 min. Take recordings during this time and 228 
note any observations. Sit several feet away from the maze while keeping it in sight and avoid 229 
making any noise. 230 
 231 
2.2.1.3. Record the starting location as A, and each time the rodent makes an entry into a new 232 
arm, record the new location of the rodent (Figure 2B). Define an entry as all four limbs of the 233 
rodent being in one of the arms. 234 
 235 
2.2.1.4. Watch for rodents to hide and remain stationary in one arm of the maze. If the rodent 236 
remains in the same spot for more than 60 s and does not appear to show exploratory behavior, 237 
move the rodent toward the center of the Y-maze, and continue the trial. 238 
 239 
2.2.2. After each rodent, remove any feces and clean the maze with sanitizing solution. 240 
 241 
2.2.2.1. Ensure that all sanitizing solution is wiped away with paper towels and the maze is 242 
completely dry before placing the next rodent in the maze. 243 
 244 
3. Calculate spontaneous alternation and exploratory behavior 245 
 246 
2.3.1. Calculate exploratory behavior as the total number of entries made during 8 min. 247 
 248 
2.3.2. Calculate spatial cognition as measured by spontaneous alternation: 249 
 250 
the number of successful alternations/(the total number of entries - 2) 251 
 252 
2.3.2.1. Define a successful alternation as the rodent moves into three different locations 253 
sequentially (Example: ABC, CAB, BCA, etc.). Note each successful alternation (Figure 2B). 254 
 255 
2.3.2.2. If the movements were recorded as ACABCABABCABC, disregard the two initial starting 256 
locations when calculating spontaneous alternation (such that there are 11 movements in the 257 
denominator). Count the number of accurate movements (accurate movements = 8). Calculate 258 
the percent accuracy as: 8/(13 - 2) = 72.7%. 259 
 260 
REPRESENTATIVE RESULTS: 261 
The OMR is considered successful if spatial frequency and contrast sensitivity thresholds can be 262 
obtained from a rodent. Here, the use of the OMR to assess spatial frequency is illustrated in 263 
naïve control Brown-Norway and Long-Evans rats, both young (3–6 months) and aged (9–12 264 



 

 

months). Brown-Norway rats typically show a higher baseline spatial frequency than Long-Evans 265 
rats. Additionally, an aging effect on spatial frequency was observed in the Long-Evans rats 266 
(Figure 3A). Data were analyzed using a one-way ANOVA followed by Holms-Sidak post-hoc 267 
comparisons as the young and aged results came from different cohorts. 268 
 269 
The use of the OMR to assess contrast sensitivity is illustrated in the STZ model of Type I diabetes 270 
that received exercise intervention treatment. Long-Evans rats were assigned to one of the four 271 
groups: control, control + active, diabetic, and diabetic + active. Diabetic rats were given 272 
intravenous injections of the toxin STZ to damage the pancreatic beta cells and induce 273 
hyperglycemia. Active rats received 30 min of treadmill exercise, 5 days a week. Inactive rats had 274 
a locked treadmill so they would go back and forth between sitting in their cage and the inactive 275 
treadmill. Significant deficits in contrast sensitivity (Figure 3B) were observed in diabetic rats. 276 
Exercise treatment reduced these deficits (Figure 3B). These results demonstrate that the OMR 277 
is useful both for detecting and tracking retinal deficits over time and for assessing the effects of 278 
treatments and interventions on retinal disease22. Data were analyzed using a two-way repeated 279 
measures ANOVA followed by Holms-Sidak post-hoc comparisons. Note that results may be 280 
presented as data normalized to control (Figure 3B) or as raw values (Figure 3A; for spatial 281 
frequency: in cycles/degree or c/d; for contrast sensitivity: arbitrary units or a.u.). Typically, 6–10 282 
animals, depending on severity of injury, are needed to find a significant difference with the 283 
OMR. 284 
 285 
The Y-maze is considered successful if the rodent enters at least 5 arms of the maze within 8 286 
minutes. Here, the ability of the Y-maze to assess cognitive function and exploratory behavior is 287 
illustrated in the Goto-Kakizaki rat, a polygenic, non-obese model of Type II diabetes that 288 
develops moderate hyperglycemia beginning at 2–3 weeks of age and does not require insulin 289 
supplementation. Significant deficits in spatial cognition, as measured by spontaneous 290 
alternation (Figure 4A), and exploratory behavior, as measured by number of entries (Figure 4B), 291 
were observed in Goto-Kakizaki rats compared with Wistar controls beginning at 7 weeks of age. 292 
Control rats seem to show a decrease in exploratory behavior over time. This trend is also 293 
observed in long term studies (8+ months of age). The decrease in movement could be due to 294 
lack of novelty with repeated maze exposure or a general decreased movement with age. Control 295 
rats appear to show an increase in spatial cognition over time. This trend is not observed in long-296 
term studies in which the animals are run monthly instead of weekly (in fact, a decline with aging 297 
is often observed), and thus, this increase in spatial cognition may be due to a learning effect of 298 
running the maze once a week. Data were analyzed using a two-way repeated measures ANOVA 299 
followed by Holms-Sidak post-hoc comparisons. A minimum of 10 animals, depending on severity 300 
of injury, are typically needed to find a significant difference with the Y-maze. 301 
 302 
This protocol generated visual function and cognitive function data in models of Type I and Type 303 
II diabetes. Scores for individual animals were averaged together and used to detect significant 304 
differences between treatment groups early in the progression of diabetes. Performing both 305 
retinal and cognitive assessments over time in models of systemic diseases such as diabetes 306 
allows for the monitoring of the temporal appearance of deficits over time. For example, in the 307 
Goto-Kakizaki model, retinal function deficits were shown to precede cognitive and exploratory 308 



 

 

behavior deficits23 (Figure 5). 309 
 310 
FIGURE AND TABLE LEGENDS: 311 
 312 
Figure 1: Setup of the OMR equipment. (A) Picture of mouse, rat, and large or impaired rat 313 
platforms. (B) Picture of computer screen during testing. (C) Panel of buttons during testing. (D) 314 
Schematic of rat on platform in chamber. (E) Example gradients showing increasing spatial 315 
frequency and contrast sensitivity. 316 
 317 
Figure 2: Setup of the Y-maze equipment. (A) Picture of the Y-maze with arms labeled. (B) Picture 318 
of a lab notebook with example the Y-maze recording. 319 
 320 
Figure 3: Using the OMR to track visual function. (A) Spatial frequency thresholds for young (n = 321 
11) and aged (n = 15) Brown-Norway (BN) and young (n = 20) and aged (n = 13) Long-Evans (LE) 322 
rats. This figure presents Brown-Norway data from Feola et al., 201921. (B) Using the OMR to 323 
track reduced retinal function over time and protective effects of exercise in an STZ rat model of 324 
Type I diabetes. Contrast sensitivity thresholds for inactive diabetic rats vs. active diabetic rats 325 
and control rats. Dark gray asterisks represent differences between both control groups and both 326 
diabetic groups. Orange asterisks represent differences between inactive diabetic rats and active 327 
diabetic rats. This figure presents data from a subset of rats from Allen et al., 201822. Mean ± 328 
SEM. ** p < 0.01, *** p < 0.001. 329 
 330 
Figure 4: Using the Y-maze to track cognitive function and exploratory behavior over time in 331 
the Goto-Kakizaki model of Type II diabetes compared with Wistar controls. (A) Cognitive 332 
function (spontaneous alternation) for Goto-Kakizaki (diabetic) and Wistar (control) rats from 4 333 
to 8 weeks of age. (B) Exploratory behavior (number of entries) from 4 to 8 weeks of age. Mean 334 
± SEM. ** p < 0.01, *** p < 0.001. Asterisks represent differences between Goto-Kakizaki and 335 
Wistar rats at each timepoint. Only one cohort of rats was run from 4 weeks to 8 weeks (GK: n = 336 
7; Wistar: n = 10). All other cohorts were run from 5 weeks to 8 weeks (GK: n = 22; Wistar: n = 337 
23) for a total n of 29 (GK) and 33 (Wistar) at weeks 5 through 8. This figure has been modified 338 
from Allen et al., 201923. 339 
 340 
Figure 5: Timeline of functional changes in the Goto-Kakizaki model of Type II diabetes. After 341 
the appearance of hyperglycemia, the first changes observed in the Goto-Kakizaki rat were in 342 
retinal function, as measured by electroretinogram (ERG), appearing at 4 weeks of age. Cognitive 343 
and exploratory behavior changes appeared after 6 weeks of age. This figure has been modified 344 
from Allen et al., 201923. 345 
 346 
DISCUSSION: 347 
The OMR and the Y-maze allow for the non-invasive assessment of visual function and cognitive 348 
function deficits in rodents over time. In this protocol, the OMR and the Y-maze were 349 
demonstrated to track visual and cognitive deficits in rodent models of diabetes. 350 
 351 
Critical steps in the protocol 352 



 

 

 353 
The OMR 354 
 355 
Some important points to consider when performing the OMR to assess visual function are the 356 
testing parameters used, experimental design and timing of testing, and experience of the 357 
researcher performing the measurements. One of the more critical steps in the protocol is to 358 
make sure that the parameters are correctly set. Additionally, as part of the setup, the OMR 359 
chamber should be cleaned with sanitizing solution or another approved disinfectant prior to and 360 
after each rodent. It is also important that the researcher performing the measures has been 361 
trained and is experienced in performing the measures. Best results are seen when the rodents 362 
are calm and acclimated to the room by leaving them in their cages for 30 min before starting 363 
the experiment. It is also important to determine baseline spatial frequency and contrast 364 
sensitivity whenever beginning work with a new strain and to note that not all strains will exhibit 365 
the same baseline levels. Brown-Norway rats have greater baseline spatial frequency than Long-366 
Evans rats. Meanwhile, some strains of albino rats seem to have compromised spatial 367 
frequency24, while other strains of albino rats do not exhibit tracking behavior at all. Many factors 368 
may contribute to the limited response of albino animals on the OMR: disturbed binocularity due 369 
to differential decussation of optic nerve fibers, lack of melanin in the back of the eye, and large 370 
proportion of dual opsin cones. Regardless, albino rats may not be appropriate subjects for the 371 
OMR testing since their performance could be too close to the limit of detection. 372 
 373 
The Y-maze 374 
 375 
A critical component of performing the Y-maze involves minimizing disturbances during the 376 
recording period. The initial placement of the rodent in the maze should only be done after 377 
allowing the rodent to acclimate to the room for 30 min. This allows the rodent to become 378 
adjusted to the new environment and prevents any confounding factors from impacting the 379 
rodent’s normal behavior. Minimizing disturbances during each trial is very important. This 380 
includes avoiding loud noises and making sure the researcher is out of sight of the rodent. These 381 
distractions may cause stress to the rodent. It is also important to note that the walls of the room 382 
should remain as bare as possible with a neutral color. Any bright colors on the walls or posters 383 
may distract the rodent and can impact their exploratory behavior pattern. 384 
 385 
Limitations of the method and modifications and troubleshooting of the method 386 
 387 
The OMR 388 
 389 
A potential limitation of the OMR measures is that it can be affected by experimenter bias, and 390 
different experimenters can have slightly different results since the OMR scoring is subjective. It 391 
can be easy to miss a head movement that is too subtle or classify exploratory behavior as a head 392 
movement. Because bias can affect the OMR outcomes, it is best if the experimenter is masked 393 
to treatment group and study design when possible. The development of an automatic OMR or 394 
comparing the results of two testers could also help to decrease experimenter bias. 395 
 396 



 

 

One common issue that can occur during the OMR testing is when the rodent repeatedly jumps 397 
off the platform, making it difficult to obtain a visual threshold. If this happens, take note of it 398 
and gently place the rat back on the platform; it may also be necessary to measure the rat again 399 
the following day. Additionally, rats that have never been measured before might engage in 400 
exploratory behaviors when placed in the OMR. If this is an issue, having an additional baseline 401 
measure a week or so after the first measurement may help improve accuracy. Tests with 402 
excessive amounts of these behaviors should be discarded. 403 
 404 
Other factors such as age or olfactory cues could also contribute to unwanted activity. Therefore, 405 
it is important to design experiments in accordance with the timeline of visual system 406 
development in rats and to thoroughly clean the platform and chamber before and after testing 407 
each rodent. The time of day the OMR measurements are performed should also be considered, 408 
as previous studies have shown that there are circadian rhythms in spatial frequency25. Running 409 
the rats before noon appears to be best for their focus (Rachael Allen’s lab—personal 410 
observations). If rats become too distracted, it can help to gently tap on the outside of the OMR. 411 
 412 
The speed with which the testing is performed can also affect results. Measures may become less 413 
accurate after 30 min or so if the rodents lose interest in the stimulus. Therefore, more accurate 414 
results may be obtained when measurements are taken in approximately ≤20 min. Duration of a 415 
single trial (for either SF or CS) is 5–10 min for an expert and 30 min for a beginner. If a rodent is 416 
showing little movement, spending most of its time grooming, or otherwise not looking in the 417 
direction of the bars, it may be fatigued. The rodent may be run again on a different day. 418 
Additionally, SF and CS testing can be performed on different days, particularly for newer testers 419 
who may be slower. The frequency with which the test is performed can also affect results—420 
performing it weekly or every other week helps the animals stay acclimated to the test, but 421 
performing it every day or every other day can cause hyperacuity26. We do not run more than 422 
one trial per day, though we often run both SF and CS on the same day or even in the same sitting. 423 
Cumulative daily time for running a cohort of rats (n = 10) is 2 h for an expert. 424 
 425 
The OMR measures each eye independently, resulting in separate visual scores for each eye. In 426 
the Morrison and microbead models of glaucoma and in an optic nerve crush model, our lab has 427 
not observed any impact of the damaged eye on the undamaged eye27. In a blast model, with the 428 
blast directed at one eye, the contralateral eye did show damage, but this could also be due to a 429 
partial blast effect28. In control rats, there should be no difference in results between clockwise 430 
or counterclockwise directions, but some rodents could have a bias; thus, it would be best to 431 
alternate the directions29, if the OMR system does not alternate automatically. 432 
 433 
Depending on the disease model, treatment group differences in visual function can vary based 434 
on the parameters used. For example, when testing contrast sensitivity, if the spatial frequency 435 
is set to a level that is above the normal spatial frequency threshold and difficult to resolve, the 436 
differences in contrast sensitivity between groups will be small. However, if the spatial frequency 437 
is set to a level that is normally easy for rats to see, the differences in contrast sensitivity between 438 
groups will be larger30. Therefore, it is important to consider study design and normal spatial 439 
frequency thresholds of rodents when setting parameters for performing the OMR. 440 



 

 

 441 
The Y-maze 442 
 443 
If an animal is scared, it may freeze in one corner of the maze. Additionally, if a loud noise 444 
happens outside the room, an animal may become scared and not move in the maze. To account 445 
for these issues, researchers can acclimate rats to the room first, move a frozen animal to a choice 446 
point, run an animal again on a different day, or run the animals in red light, which is thought to 447 
make them less nervous as they are normally active in darkness (David Weinshenker’s Lab—448 
personal communication). It is also recommended to run the Y-maze at the same time each day 449 
to account for changes in activity levels throughout the day due to circadian rhythms. We 450 
typically run the rats before noon (Rachael Allen’s Lab—personal observations). Duration of a 451 
single trial is 8 min (10 min, with clean up). We never run more than one trial per day. If an 452 
additional trial is needed, the trial is performed on another day. Cumulative daily time for running 453 
a cohort of rats (n = 10) is 2–3 h. Age-related decreases in spatial alternation were observed in 454 
rats at 9–12 months of age and in exploratory behavior at 12 months of age28. 455 
 456 
While both exploratory behavior and spatial cognition decrease in diabetic rodents, the two do 457 
not appear to be tightly correlated, and thus, we do not independently evaluate locomotor 458 
activity prior to the Y-maze testing. 459 
 460 
The significance of the method with respect to existing/alternative methods 461 
 462 
The OMR 463 
 464 
Other methods of visual function testing, such as optokinetic tracking, rely on fixing the animal’s 465 
head in place and tracking eye movements. Unrestrained optomotor response (OMR) testing 466 
allows for longitudinal, non-invasive, and reliable measurement of visual function in rodents. In 467 
this protocol, it was described how the OMR can be used to quantify both spatial frequency and 468 
contrast sensitivity thresholds for each eye. This method can be very useful for detecting early 469 
stage neuronal dysfunction in diseases such as diabetes. Other tests such as the visual water task 470 
can also be used to measure spatial frequency31, but as this involves training rodents to swim 471 
toward a gradient in a modified Y-maze, the task is time consuming and involves a lot of training. 472 
Further, the OMR measures values for each eye independently, which is useful in models where 473 
injury is directed at one eye and the other eye serves as a contralateral control (for example, 474 
many glaucoma models). Additionally, OMR is a sensitive assessment, able to detect changes as 475 
early as 3–4 weeks post-diabetes, which is sooner than other visual assessments. 476 
Electrophysiological assays are an alternative to behavioral visual tests. Electroretinography 477 
(ERG) is more available than the OMR and can determine deficits in precise cell types using 478 
different components of the ERG wave32 (a- waves represent photoreceptor cell function, b- 479 
waves represent bipolar cell function). Meanwhile, the OMR can be used to determine a deficit 480 
visual function, without revealing the precise point of breakdown along the pathway. However, 481 
the OMR is a more sensitive measure of DR than ERG, with the OMR deficits typically observed 482 
between 2–4 weeks post hyperglycemia and ERG deficits typically observed 4–8 weeks post 483 
hyperglycemia in rodents. Severe diabetic cataracts can affect the OMR. However, diabetic 484 



 

 

cataracts in rodents appear and/or worsen under anesthesia, and thus, tests such as ERG and 485 
optical coherence tomography that require anesthesia are affected much more often that the 486 
OMR, which is performed in awake animals. 487 
 488 
The Y-maze 489 
 490 
The Y-maze relies on spatial cognition like the Morris water maze but does not use a strong 491 
negative stimulus (i.e., water) to motivate the animal to perform the task. Thus, the Y-maze is 492 
less stressful for the animals and is also easier to perform. However, it is possible that the Y-maze 493 
may not be as sensitive as the Morris water maze or the Barnes maze. Unlike the Morris water 494 
maze, the Y-maze is an automatic behavior and does not require training. Thus, the time burden 495 
involved in performing the Y-maze is much lower. 496 
 497 
Conclusions and future applications or directions of the method 498 
 499 
The OMR 500 
 501 
The OMR is useful for taking measurements of visual function in rodents by tracking head 502 
movements. It is an effective method, but there are updates and additions that are continuously 503 
made to improve the protocol. Some novel methods utilize the rodent pausing its head as a 504 
negative OMR indicator combined with head tracking as a positive indicator33. This enables 505 
quicker and more accurate measures of visual function34. Another way this process has been 506 
modified is to develop a system that will automatically track the head without artificial markers 507 
to reduce inconsistencies that could result from human testers35. As of 2016, an automated or 508 
quantitative OMR system called qOMR has been well developed and is commercially available. 509 
In the above protocol, the OMR was able to detect deficits in spatial frequency and contrast 510 
sensitivity in diabetic rats, as well as protection against deficits with a treatment (exercise). 511 
 512 
The Y-maze 513 
 514 
The Y-maze reveals information about exploratory behavior and spatial cognition and was used 515 
here to detect behavioral deficits in diabetic rodents at 7 weeks. Other tests to observe cognitive 516 
function exist (i.e., Morris water maze, Barnes maze, novel object recognition), and it is possible 517 
that these tests may be able to reveal cognitive decline earlier or provide information about 518 
different aspects of cognition. Future directions for the Y-maze include placing a novel object or 519 
food stimulus in one of the arms and observing the exploratory pattern of the rodent36. A 520 
variation of this involves blocking one of the arms of the Y-maze, allowing the rodent to explore 521 
the two remaining arms, and then reopening access to the third arm and evaluating how long the 522 
rodent spends in the third novel arm. Another valuable improvement that could be made 523 
regarding the Y-maze is developing automatic tracking of the rodents in order to record their 524 
movements. This would eliminate the need for manual recording of the rodents’ movements and 525 
would make calculations of the spontaneous alternations more accurate and efficient. 526 
 527 
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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. 
Response: Thank you. We have carefully proofread the manuscript for spelling and grammar 
errors. 

 

2. Please revise the table of the essential supplies, reagents, and equipment. The table should 

include the name, company, and catalog number of all relevant materials in separate columns 

in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material. 
Response: We have sorted the table alphabetically and included all equipment. Our OMR 
comes as one whole system, and the company does not use catalog numbers. 

 

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

etc.). 
Response: Thank you. We have adjusted all text to remove personal pronouns. 

 

4. Please use the generic name for Quatricide instead of the brand name. 
Response: We have changed Quatricide to “sanitizing solution” throughout. 

 

5. Please do not abbreviate journal titles in the references. 

 
Response: Thank you. We have spelled out all journal names. 
 
 
 

Reviewers' comments: 

Reviewer #1: 

Manuscript Summary: 

Good job. I will be interested in seeing the video. 

 

Major Concerns: 

- I would suggest removing no-brainers from the method description such as plugging the 

power strips etc. 
Response: Thank you. We have removed this from the methods description. 

 

- Discussion in row 337-342. Albino subjects are known of their bad vision, due to many 

factors including disturbed binocularity, lack of melanin in the back of the eye and large 

proportion of dual opsin cones. Please emphasize this point that albinos may not be good 

subjects for OMR testing because their performance may be too close to limit of detection. 
Response: We agree that this is an important point and have modified the discussion as 

such: 

“Meanwhile, some strains of albino rats seem to have compromised spatial frequency22, while 
other strains of albino rats do not exhibit tracking behavior at all. Many factors may contribute to 
the limited response of albino animals on OMR: disturbed binocularity due to differential 
decussation of optic nerve fibers, lack of melanin in the back of the eye, and large proportion of 



dual opsin cones. Regardless, albino rats may not be appropriate subjects for OMR testing since 
their performance could be too close to the limit of detection.” 

 

- I would appreciate if authors could give guidelines if contrast sensitivity or spatial frequency 

threshold testing is better in respect to diabetes and maybe also retinal degenerations 

models? How about rotation speed? Temporal frequency? 
Response: This is a great question, and something we wonder about as well. I am hesitant to 

say that particular aspects of OMR are more sensitive for a particular disease. I personally see SF 
change earlier in diabetic retinopathy models, but others in the lab have seen CS change earlier – 
and that is with the same model in the same lab. I just don’t think we have definitive data on this. 

 

- In OMRs alternative methods the authors do not mention electrophysiology at all, even if it 

may be the most precise way of detection visual dysfunction. ERG (however not with pattern 

stimulation) is also much more available than OMR. Please see and refer to e.g. Leinonen & 

Tanila 2018, Behav Brain Res. 
Response: Thank you for the suggestion. We have modified the discussion and added this 

reference. 
 

“Electrophysiological assays are an alternative to behavioral visual tests. Electroretinography 
(ERG) is more available than OMR and can determine deficits in precise cell types using different 
components of the ERG wave (a- waves represent photoreceptor cell function, b- waves represent 
bipolar cell function). Meanwhile, OMR can be used to determine a deficit visual function, without 
revealing the precise point of breakdown along the pathway. However, OMR is a more sensitive 
measure of DR than ERG, with OMR deficits typically observed between 2-4 weeks post 
hyperglycemia and ERG deficits typically observed 4-8 weeks post hyperglycemia in rodents.” 

 

- I would like if authors could very clearly state their opinions/recommendations of the: 

1. Time of the day when OMR and Y-maze would be best performed 

2. Duration of a single trial 

3. How many trials per day is ok, and at what intervals? 

4. Cumulative daily time. 
Response: Good questions! We have added the following to the discussion: 

OMR: “Running the rats before noon appears to be best for their focus (Rachael Allen’s lab – 

personal observations). If rats become too distracted, it can help to gently tap on the outside of 
the OMR.  
 
The speed with which the testing is performed can also affect results. Measures may become less 
accurate after 30 minutes or so if the rodents lose interest in the stimulus. Therefore, more 
accurate results may be obtained when measurements are taken in approximately ≤20 minutes. 
Duration of a single trial (for either SF or CS) is 5-10 minutes for an expert and 30 minutes for a 
beginner. If a rodent is showing little movement, spending most of its time grooming, or otherwise 
not looking in the direction of the bars, it may be fatigued. The rodent may be run again on a 
different day. Additionally, SF and CS testing can be performed on different days, particularly for 
newer testers who may be slower. The frequency with which the test is performed can also affect 
results – performing it weekly or every other week helps the animals stay acclimated to the test, 
but performing it every day or every other day can cause hyperacuity24. We do not run more than 
one trial per day, though we often run both SF and CS in the same day or even the same sitting. 
Cumulative daily time for running a cohort of rats (n=10) is 2 hours for an expert.” 



 

 
Y-maze: “It is also recommended to run the Y-Maze at the same time each day to account for 

changes in activity levels throughout the day due to circadian rhythms. We typically run the rats 
before noon (Rachael Allen’s Lab – personal observations). Duration of a single trial is 8 minutes 
(10 minutes, with clean up). We never run more than one trial per day. If an additional trial is 
needed, the trial is performed on another day. Cumulative daily time for running a cohort of rats 
(n=10) is 2-3 hours.” 

 

Minor Concerns: 

- Row 70: retina may be more vulnerable than what? Other tissues of the body? 

Response: We have edited this to say, “than other neural tissue12.” 

 

- Row 91-92: This is just a stylistic matter, but are parentheses really needed here? I think text 

would flow smoother without. 
Response: We have removed the parentheses. 

 

- Row 94-95: I do not understand what authors are trying to say here. What about OCT and 

ERG? As if something is missing here. 
Response: Thank you for catching this. We have adjusted the text so that it reads as such: 

 

“Both are relatively sensitive, in that they can be used to detect deficits early in the 
progression of diabetes in rodents, and reliable, in that they produce results that correlate with 
other visual, retinal, or behavioral tests. Additionally, using OMR and Y-maze in conjunction with 
tests such as electroretinogram and optical coherence tomography scans can provide information 
on when retinal, structural, and cognitive changes develop relative to each other in disease 
models.” 

 

- Row 358: OMR scoring without automation IS subjective, not only CAN BE. 
Response: Thank you. We have made this change. 

 

- Row 361: A well functioning automated OMR has been developed and is commercially 

available (qOMR by Phenosys) and should be mentioned here. 
Response: Thank you for the suggestion. We have added the following sentence but cannot 

state the company by name due to the journal’s policy (we also do not state the companies who 
make our equipment by name). 

 

“As of 2016, an automated or quantitative OMR system called qOMR has been well developed 
and is commercially available.” 

 

- Rows 399 and 401 - Weinshenker and Allen labs. Please give also first names. There is too 

many Allen last named PIs to make a distinction. 
Response: Thank you. We have made this change. 

 

- Figure 4. I am curious. Why is there such strong interaction? Why is exploratory behavior so 

high in GK rats initially? 



Response: We are honestly wondering the same thing. The reviewers for that paper asked us 
to run an additional cohort that began at 4 weeks instead of 5 weeks, so the small cohort of rats 
run at 4 weeks (GK: n=7, Wistar: n=10) is the only group we have ever run at that timepoint. I’m 
reluctant to speculate on why it happens until I can be sure we see it again. 

 

- Figure 5. ERG retinal = "electroretinography retinal". I suggest to put it: ERG/retinal function 

Response: Thank you. We have adjusted this figure. 

 
 

 

 

Reviewer #2: 

Manuscript Summary: 

The aim of the present report was to describe protocols for OMR and Y-maze tests in rats. In 

addition, the authors show the performance differences for diabetic and control rats in these 

tests. I think that the report could be useful for researchers working in different fields. 

However, there are some points that should be addressed before publication, 

 

Major Concerns: 

Introduction: 

…. a tissue that may be more vulnerable to oxidative stress and metabolic strain from 

diabetes. More vulnerable than what? Please, rephrase 

Response: Thank you. We have edited this to say, “than other neural tissue12.” 

 

Regarding this paragraph: Clinically, the relationship between retina and brain has been 

studied in the context of Alzheimer's Disease and other diseases but is not commonly 

explored with diabetes15; reference 15 refers exclusively to Alzheimer's Disease, to address 

other diseases (as mentioned in the text), other references should be added. 
Response: We have included additional references for this statement. 

 

Results 

Regarding data shown in Figure 3 and 4, no information about the statistical analysis is 

provided. In addition, is highly confusing the number of animals (10-23?, 7-29?) used in 

Figure 4. It is not clear the meaning of the P value, particularly which groups are being 

compared. These are important issues. The authors should mention how many animals/group 

should be used to find significantly statistic differences among groups, and they should 

suggest the proper way to analyze the data from a statistical standpoint. 
Response: Thank you for these important points. The issue with the number of animals is due 

to the reviewers for that paper asking us to run an additional cohort that began at 4 weeks instead 
of 5 weeks. We have added the following to the figure legend for Figure 4 as an explanation: 

“Only one cohort of rats was run from 4 weeks to 8 weeks (GK: n=7; Wistar: n=10). All other 
cohorts were run from 5 weeks to 8 weeks (GK: n=22; Wistar: n=23) for a total n of 29 (GK) and 33 
(Wistar) at weeks 5 through 8.” 

 
We have added the following information on statistical analysis to the results section: 

OMR: “Data were analyzed using a one-way ANOVA followed by Holms-Sidak post-hoc 
comparisons as the young and aged results came from different cohorts.” 



“Data were analyzed using a two-way repeated measures ANOVA followed by Holms-Sidak 
post-hoc comparisons. 6-10 animals, depending on severity of injury, are typically needed to find 
a significant difference with OMR.” 
      Y-maze: “Data were analyzed using a two-way repeated measures ANOVA followed by 
Holms-Sidak post-hoc comparisons. A minimum of 10 animals, depending on severity of injury, 
are typically needed to find a significant difference with Y-maze.” 
 

We have also added information to the figure legends about which groups are being 
compared with regard to p values.   

 

For OMR, have the authors noticed differences between gratings moving in a clockwise and 

counterclockwise direction? Please, comment 
Response: Thank you. We have added the following sentence to the discussion: 

 

“In control rats, there should be no difference in results between clockwise or counterclockwise 
directions, but some rodents could have a bias so it would be best to alternate the directions if the 
OMR system does not alternate automatically.” 

 

 

For models causing differential eye damage (e.g., glaucoma), have the authors noted any 

influence of the damaged eye on the undamaged eye? 
Response: Thank you. We have added the following sentence to the discussion: 

 

“OMR measures each eye independently, resulting in separate visual scores for each eye. In 
the Morrison and microbead models of glaucoma and in an optic nerve crush model, our lab has 
not observed any impact of the damaged eye on the undamaged eye. In a blast model, with the 
blast directed at one eye, the contralateral eye did show damage, but this could also be due to a 

partial blast effect.” 

 

Please, make any comment on the inter-individual variability in normal and diabetic animals. 

Based on the data shown n Figure 3, it seems that this parameter (i.e., SEM) could be 

significantly different among groups. I believe that some "biological information" is hidden 

behind this issue. 

 

The protective effect of exercise in diabetic rats regarding SF seems unclear (Figure 3A). In 

contrast, the exercise seems to be effective regarding the contrast sensitivity. Thus, the lack of 

correlation between the SF and the CS should be discussed. In addition, the authors should 

explain to potential readers the biological meaning of SF and CS. 
Response: This is an important point about the SF results with exercise. When additional 

cohorts were run with active animals and active animals + a TrkB inhibitor, the SF and CS results 
did correlate, as published in Allen et al., 2018. We have decided to remove/replace Figure 3A – 
partly for this reason and partly because we wanted to include a new SF figure that shows strain 
and age differences with raw SF numbers for reference. 

 
For the point about the biological meaning of SF and CS, we have added the following 

sentence to the introduction: 

 



“Spatial frequency refers to the thickness or fineness of the bars, and contrast sensitivity refers 
to how much contrast there is between the bars and the background (Figure 1E).” 

 

In Figure 4, it seems that control rats changed their performance in the Y-maze along the 

study (i.e, the spontaneous alternation seems higher at 8 than at 4 weeks), whereas the 

exploratory behavior seems to go in the opposite direction. As for diabetic GK rats in the 

same test, differences in spontaneous alternation and exploratory behavior along the study 

are dissimilar. Is there any rational explaining why exploratory behavior is much more 

sensitive to diabetic progression than spontaneous alternation? Please, check the intra-group 

statistic variability for normal and diabetic rats along the study. 
Response:  

Cognitive and exploratory behavior for control rats (added to results section): “Control rats 
seem to show a decrease in exploratory behavior over time. This trend is also observed in long 
term studies (8+ months of age). The decrease in movement could be due to lack of novelty with 
repeated maze exposure or a general decreased movement with age. Control rats appear to show 
an increase in spatial cognition over time. This trend is not observed in long term studies in which 
the animals are run monthly instead of weekly (in fact, a decline with aging is often observed), 
and thus, this increase in spatial cognition may be due to a learning effect of running the maze 
once a week.” 

 
Exploratory behavior for diabetic rats: We are honestly wondering the same thing about why 

the 4 week exploratory behavior is so high for the GK rats. The reviewers for that paper asked us 
to run an additional cohort that began at 4 weeks instead of 5 weeks, so the small cohort of rats 
run at 4 weeks (GK: n=7, Wistar: n=10) is the only group we have ever run at that timepoint. I’m 
reluctant to speculate on why it happens until I can be sure we see it again. If you ignore the 4 
week timepoint, the exploratory and cognitive behavior trends are more similar. 

 

 

How much can diabetes-induced locomotor impairment affect spatial cognition in the Y-maze 

test? Do the authors consider it necessary to independently evaluate locomotor activity in 

diabetic rats, before the Y-maze test? 
Response: This is an interesting question. We have addressed it as such in the discussion: 

“While both exploratory behavior and spatial cognition decrease in diabetic rodents, the two 
do not appear to be tightly correlated, and thus, we do not independently evaluate locomotor 
activity prior to Y-maze testing.” 

 

What do the authors mean by "The scores for individual animals were of sufficient quality"?    
Response: Good question. By “sufficient quality”, we mean that an animal entered at least five 
arms on Y-maze or that an animal did not have trouble paying attention on OMR, resulting in a 
falsely low score. We explain this elsewhere in the paper, and worry this wording is confusing 
here, so we have removed it. 

 

The age-influence (if any) on the performance in the Y-maze test should be discussed. 
     Response: Thank you. We have added the following to the discussion: 

 
“Age-related decreases in spatial alternation were observed in rats at 9-12 months of age and in 
exploratory behavior at 12 months of age.” 



 

 

How might the incidence of diabetic cataract affect the results in the OMR test? 
     Response: Thank you. We have added the following to the discussion: 

 

“Severe diabetic cataracts can affect OMR. However, diabetic cataracts in rodents appear and/or 
worsen under anesthesia, and thus, tests like ERG and optical coherence tomography that require 
anesthesia are affected much more often that OMR, which is performed in awake animals.” 

 

Minor Concerns: 

Please, define STZ, OCT, ERG, SF, CS at their first use 
Response: Thank you. We have defined these terms at first use. 

 

Instead of: "is used to ablate pancreatic beta cells", it should be: is used to damage pancreatic 

beta cells 
Response: We have made this adjustment. 

 

Which signs should be considered to visualize rodent fatigue? 
Response: Thank you. We have added the following to the discussion: 

 

“If a rodent is showing little movement, spending most of its time grooming, or otherwise not 
looking in the direction of the bars, it may be fatigued. The rodent may be run again on a different 
day. Additionally, SF and CS testing can be performed on different days, particularly for newer 
testers who may be slower.” 
 
 
 



Data presented here has been modified from data presented in the following two papers: 

 

1. Allen, R. S. et al. TrkB signalling pathway mediates the protective effects of exercise in the 
diabetic rat retina. Eur J Neurosci. 47 (10), 1254-1265, doi:10.1111/ejn.13909, (2018). 
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