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SUMMARY:  35 

Presented here is a protocol to study depression-like and anhedonic behavior in rats. It 36 

combines two well-established behavioral methods, the sucrose preference and novelty-37 

induced hypophagia tests, with an automated food and liquid intake monitoring system, to 38 

indirectly investigate rodent behavior using surrogate parameters.  39 

 40 

ABSTRACT:  41 

The prevalence and incidence of depressive disorders are rising worldwide, affecting about 322 42 

million individuals, underlining the need for behavioral studies in animal models. In this 43 

protocol, to study depression-like and anhedonic behavior in rats, the established sucrose 44 
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preference and novelty-induced hypophagia tests are combined with an automated food and 45 

liquid intake monitoring system. Prior to testing, in the sucrose preference paradigm, male rats 46 

are trained for at least 2 days to consume a sucrose solution in addition to tap water. During 47 

the test, rats are again exposed to water and sucrose solution. Consumption is registered every 48 

second by the automated system. The ratio of sucrose to total water intake (sucrose preference 49 

ratio) is a surrogate parameter for anhedonia. In the novelty-induced hypophagia test, male 50 

rats undergo a training period in which they are exposed to a palatable snack. During training, 51 

rodents show a stable baseline snack intake. On test day, the animals are transferred from 52 

home cages into a fresh, empty cage representing a novel unknown environment with access to 53 

the known palatable snack. The automated system records the total intake and its underlying 54 

microstructure (e.g., latency to approaching the snack), providing insight into anhedonic and 55 

anxious behaviors. The combination of these paradigms with an automated measuring system 56 

provides more detailed information, along with higher accuracy by reducing measuring errors. 57 

However, the tests use surrogate parameters and only depict depression and anhedonia in an 58 

indirect manner. 59 

 60 

INTRODUCTION: 61 

 62 

On average, 4.4% of the world’s population is affected by depression. These account for 322 63 

million people worldwide, an 18% increase compared to ten years ago1. According to estimates 64 

by the World Health Organization, depression will be second in the ranking of Disability 65 

Adjusted Life Years in 20202. To address the rising prevalence of affective disorders and 66 

establish new interventional strategies, it is necessary to further study this behavior. Prior and 67 

in addition to examination in humans, animal studies are necessary. 68 

 69 

Several models have been established to study components of depressive behavior (i.e., forced 70 

swim test, tail suspension test, sucrose preference test, and novelty-induced hypophagia)3,4. 71 

The sucrose preference test (SPT) and novelty-induced hypophagia (NIH) can detect 72 

depression-like behavior in animals. These tests themselves do not induce a state of depression 73 

in rodents but depict acute changes in behavior. Both the SPT and the NIH assess a 74 

characteristic trait of depression known as anhedonia, which is the loss of interest in the 75 

following: rewarding activities, activities that were once enjoyed by the individual5, and one 76 

aspect of the complex phenomenon of processing and responding to reward6. Both tests study 77 

the response to a rewarding stimulus in the form of palatable food. The extent of consumption 78 

serves as a surrogate parameter for anhedonia7-9. 79 

 80 

The value of tests investigating anhedonia is strongly dependent on the accurate determination 81 

of consumption resulting from precise measurement of the substance’s weight. Conventionally, 82 

this measurement is conducted manually once before and once after the test. However, this is 83 

prone to erroneous measurements for several reasons. First, rodents tend to hoard food, 84 

meaning that they remove food without consuming it immediately then hide it in a safe place. 85 

Thus, this loss of food may be included in the calculation of total consumption. Second, rats spill 86 

food and water, resulting in weight loss without respective consumption. Third, unintentional 87 
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loss of liquid occurs due to the handling of the bottles by inserting and removing them from 88 

cages.  89 

 90 

In an approach to reduce these sources of error, we combined the two common tests assessing 91 

anhedonia (SPT3,4 and NIH9) with measurement of food and water intake using an automated 92 

food and liquid intake monitoring system. This procedure allows accurate investigation of the 93 

consumption of palatable substances as well as provides information about the experience of 94 

pleasure in rats as a feature of depression-like behavior. The abovementioned errors associated 95 

with manual measurement are reduced by using different approaches, which are illustrated 96 

later in more detail.  97 

 98 

To provide information about microstructure, the automated intake monitoring system used in 99 

this protocol10 weighs the food (±0.01 g) every second. Thus, a stable weight is documented as 100 

“not eating”, and an unstable weight as “eating”. A “bout” is defined as change in stable weight 101 

before and after an event. A meal consists of one or more bouts and its minimum size in rats 102 

was defined as 0.01 g. A meal is separated from another meal in rats by 15 min (standardized 103 

value). Thus, food intake is considered to be one meal when the bouts occurred within 15 min 104 

and the weight change is as equal to or greater than 0.01 g. Meal parameters assessed in this 105 

protocol include meal duration, time spent in meals, bout size, bout duration, time spent in 106 

bouts, latency to first bout, and number of bouts.  107 

 108 

PROTOCOL: 109 

 110 

Animal care and experimental procedures followed the specific institutional ethics guidelines 111 

and was approved by the state authority for animal research. 112 

 113 

1. Operation of the automated monitoring system 114 

 115 

NOTE: When operating the automated monitoring system, it is crucial to document every action 116 

in the comment box included in the software immediately prior to the action. The description 117 

should be typed into the comment box, and by pressing Save, it is saved with a specific 118 

timepoint. The timepoints are significant when analyzing the data, since the system records 119 

continuously, and the period of interest must be indicated for analysis. 120 

 121 

1.1. Installing, using and maintaining the automated monitoring system 122 

 123 

NOTE: This protocol uses adult male Sprague Dawley rats weighing 250–300 g (~10 weeks old). 124 

It is recommended to house rats in groups during the acclimatization period. The 125 

environmental conditions should be controlled with the following parameters: 12 h/12 h 126 

dark/light cycle with lights on at 6:00 A.M., humidity of 45%–65%, and temperature of 21–23 127 

°C, and ad libitum access to water and standard rodent diet. Daily handling enables the 128 

animals to become accustomed to the investigators. 129 

 130 
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1.1.1. Separate the rats so that every animal has an individual cage. Ensure that every rat stays 131 

separated during the protocol. 132 

 133 

1.1.2. Fill the housing cages with regular bedding with a 1–2 cm thick layer. This (reduced) 134 

amount decreases the possibility of contamination of microbalances and hoppers with spillage, 135 

thereby reducing measuring errors. Add plastic tubes (e.g., a 20 cm long piece of a plastic 136 

drainpipe with diameter of 8 cm) and gnawing wood as enrichment, while omitting paper 137 

tissues to reduce measuring errors. 138 

 139 

1.1.3. Prepare the cages for the automated solid and liquid food intake measurement by 140 

attaching two closed cage mounts with microbalances to custom-made holes in the front side 141 

of the cages. Place two empty hoppers on the cage mounts, one for the chow and one for the 142 

bottle. 143 

 144 

NOTE: The microbalances are connected via cables to a recording system attached to a 145 

computer and the respective software is installed on the computer. 146 

 147 

1.1.4. To start recording, open “Monitor” and press “Start”, then choose a place to save the 148 

data. 149 

 150 

1.1.5. Using the calibration (press “Calibrate”) function of the automated intake monitoring 151 

system, calibrate every balance by removing the hoppers and placing two different gauged 152 

weights on the cage mounts with balances. Do this at regular time intervals (weekly is 153 

recommended). 154 

 155 

1.1.6. Fill one hopper completely with chow (~100 g) and remove chow pieces and crumbles 156 

that are too small in size. Fill water into the bottle (~100 mL) and place it into the other hopper.  157 

 158 

1.1.7. Document the position of food and water (e.g., balance 1: food animal 1, balance 2: 159 

water animal 1). 160 

 161 

1.1.8. Place the rat in the cage and open all gates of the cage mounts so that it can eat and 162 

drink ad libitum. 163 

 164 

NOTE: For an accurate measurement, it is necessary to maintain the balances and hoppers daily 165 

by cleaning gently with a brush from spillage and removing small food crumbs from the food 166 

container. This will greatly reduce erroneous measurement. Close all gates during the daily 167 

maintenance. 168 

 169 

1.2 Accessing data after the experiments 170 

 171 

1.2.1. Search in the comment box for the beginning and end timepoints of a period (e.g., 172 

training, test) that needs to be analyzed. 173 

 174 
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1.2.2. Click on “View data” on the software to open the Data Viewer. 175 

 176 

1.2.3. Insert the timepoints in the boxes below “Begin time” and “End time”. Press the square 177 

in the left upper corner indicating the balance that recorded the information. 178 

 179 

1.2.4. Click on “PSC Totals” to access the microstructure data. Press the button “Export PSC 180 

Table” to export the data. 181 

 182 

NOTE: To compare the microstructure of individual animals (e.g., unstressed vs. stressed) using 183 

automated monitoring, individual animals can be selected in the “Data viewer” by pressing the 184 

appropriate square in the left upper corner. The PSC Totals shows only the microstructure for 185 

the selected animal. Statistical analysis cannot be performed with the system. The data needs 186 

to be extracted into a spreadsheet program/analyzing software. 187 

 188 

2. Implementation of the sucrose preference test 189 

 190 

2.1. Conducting the training period 191 

 192 

NOTE: Prior to the test, animals must be accustomed to the availability of two bottles for liquids 193 

on hoppers through the gates, while food should be provided from the tops of cages (set-up is 194 

shown in Figure 1). This training period should last for at least 2 days. It is performed in the 195 

home cages in the room where animals are held. 196 

 197 

2.1.1. Close all the gates. Remove the water bottle and food container from the microbalances. 198 

 199 

2.1.2. Place pre-weighed food (~50 g) on the top of the cage and document its weight daily 200 

using a regular balance to assess daily food consumption. Refill, if necessary.  201 

 202 

2.1.3. Clean a bottle with clear water and refill with around 100 mL of water. Place it back on 203 

the hopper. 204 

 205 

2.1.4. Fill a second clean bottle with 100 mL of freshly made 1% sucrose solution. Place it on the 206 

hopper. 207 

 208 

NOTE: Mark the bottles carefully and document their locations (e.g., balance 1: water animal 1, 209 

balance 2: sucrose solution animal 1).  210 

 211 

2.1.5. Open all gates. Document the start of training in the monitoring system. Leave the gates 212 

open for 24 h, resulting in ad libitum access to both bottles. After 24 h, close the gates and 213 

document the end of the training. Data from the 24 h interval can be assessed using the 214 

automated monitoring system by inserting the “begin time” and “end time”. The procedures 215 

are the same when a 1 h test interval is assessed. 216 

 217 
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2.1.6. Clean and refill the bottles every 24 h. Prepare fresh 1% sucrose solution daily. Switch the 218 

position of the water and sucrose solution bottle daily to avoid habituation effects. 219 

 220 

NOTE: Conduct the training in all animals at least 48 h until the preference ratios reache ~1. The 221 

sucrose preference ratio is assessed directly after training using the “Data viewer”. It is 222 

calculated as the ratio of sucrose intake to overall intake (water plus sucrose intake). 223 

 224 

2.2.1. 24 h before the test, remove the bottle with the sucrose solution so the rat has access to 225 

standard chow and water only. 226 

 227 

2.2.2. Prepare one fresh bottle filled with tap water and one filled with a 1% sucrose solution, 228 

both with ~100 mL. 229 

 230 

2.2.3. Prior to testing, close all gates. 231 

 232 

2.2.4. Remove the bottle filled with tap water from the hopper and place the two fresh bottles, 233 

one filled with tap water and one filled with a 1% sucrose solution, on the hopper. 234 

 235 

2.2.5. Open all gates, document the start of the test in the monitoring system. Leave the gates 236 

open for 60 min. Close the gates after 60 min and document the end of the test. 237 

 238 

2.2.6. Assess the data (e.g., the sucrose/total fluid intake ratio).  239 

 240 

NOTE: The test can be repeated several times with intervals of training (at least 2 days) in 241 

between. 242 

 243 

3. Implementation of the novelty-induced hypophagia test 244 

 245 

3.1. Conducting the training period  246 

 247 

NOTE: Prior to testing, a daily 30 min training period of 5 days is recommended (set-up is shown 248 

in Figure 2). The aim is to achieve a stable baseline of palatable snack intake before the 249 

experiment. It is performed in the home cages in the room where animals are held. 250 

 251 

3.1.1. Close all gates and remove the hopper with standard chow. 252 

 253 

3.1.2. Fill a fresh hopper with the palatable snack (~50 g). Insert the crackers carefully into the 254 

hopper to prevent crumbling. Place the hopper on the cage mount on top of the microbalance. 255 

 256 

3.1.3. Open the gates for 30 min so that the rat has ad libitum access to the snack and water. 257 

Document the beginning of training in the monitoring system.  258 

 259 

NOTE: The rat should have no access to standard chow during the training period. 260 

 261 
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3.1.4. Close the gates after 30 min and document the end of training in the monitoring system. 262 

Replace the snack with standard chow. 263 

 264 

3.1.5. Repeat this daily until a 1) stable baseline palatable snack intake is achieved (e.g., 1.5–2.0 265 

g/30 min) and 2) intake does not statistically differ between training days. 266 

 267 

3.2. Performing the novelty-induced hypophagia test 268 

 269 

3.2.1. Prepare an empty, freshly cleaned cage without bedding or enrichment attached to the 270 

automated food intake monitoring system. Place a hopper with a bottle of tap water and 271 

hopper with a palatable snack on the cage mounts. 272 

 273 

NOTE: The novel cage should placed in the same room where the rats are held and training 274 

conducted. Keep the gates closed. 275 

 276 

3.2.2. Remove the rat from the home cage and place in the novel cage. 277 

 278 

3.2.3. Open all gates for 30 min. Document the beginning of testing in the monitoring system. 279 

 280 

NOTE: During the 30 min of access to the snack, the size of snack intake and underlying 281 

microstructure parameters (e.g., latency to first meal) are recorded using the automated food 282 

intake monitoring system.  283 

 284 

3.2.4. Close the gates after 30 min and document the end of testing. Place the rat back into the 285 

home cage. 286 

 287 

NOTE: The test can be repeated several times with intervals of training (at least 5 days) in 288 

between. 289 

 290 

REPRESENTATIVE RESULTS: 291 

 292 

To test data distribution, the Kolmogorov-Smirnov test was used. T-tests were used when data 293 

were normally distributed and Mann-Whitney-U test was used, if not. One-way ANOVA 294 

followed by Tukey post-hoc test was used for normally distributed multiple group comparison. 295 

One-way ANOVA followed by Dunn’s multiple comparison test was used in cases of non-normal 296 

distribution. Differences between groups were considered significant when p < 0.05. 297 

 298 

The SPT was performed on naïve rats in this study. The consumption of sucrose solution 299 

increased and intake of water decreased over the training period (Figure 3). On the first day of 300 

training, rats drank 24.40 mL ± 3.48 mL of sucrose solution (Figure 3A) and 4.83 mL ± 0.89 mL of 301 

regular water (Figure 3B), yielding a sucrose preference ratio of 0.80 ± 0.06 (Figure 3C). On the 302 

second day of training, rats increased the sucrose solution consumption up to 33.77mL  ± 4.49 303 

mL (not significant, p = 0.17 vs. day 1) and decreased water intake to 0.42 mL ± 0.13 mL (p < 304 

0.001 vs. day 1), resulting in a ratio of 0.99 ± 0.004 (p < 0.05 vs. day 1; Figure 3C). Eight rats 305 
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were studied here; thus, each datapoint is derived from eight animals. Fluid intake including its 306 

microstructure was recorded automatically. The data was extracted from PSC Totals using the 307 

Data viewer. 308 

 309 

During the 60 min testing, the animals consumed between 0–6.18 mL of sucrose solution with a 310 

mean value of 2.12 mL ± 0.07 mL without consuming water, resulting in a sucrose preference 311 

ratio of 0.99 ± 0.00. The animals that did not consume any liquid during the test were excluded 312 

from the analysis. Eight rats were studied. Fluid intake was recorded automatically. 313 

 314 

The automated intake monitoring system provided data about sucrose intake microstructure 315 

assessed automatically during testing, which were extracted from PSC Totals using the Data 316 

viewer. These parameters were meal size (Figure 4A), meal duration (Figure 4B), time spent in 317 

meals in seconds (Figure 4C) and percentages (Figure 4D), meal frequency (Figure 4E), latency 318 

to first meal (Figure 4F), inter-meal interval (Figure 4G), drinking rate (Figure 4H), bout duration 319 

(Figure 4I), bout size (Figure 4J), and time spent in bouts in seconds (Figure 4K) and 320 

percentages (Figure 4L). 321 

 322 

To further study advantages of the automated intake monitoring system, the data illustrated 323 

above were compared to data gained using conventional manual assessments (weighing bottles 324 

manually before and after training/test period, Table 1). On the first day of training, sucrose (p 325 

< 0.01) and water intake (p < 0.05) were significantly higher when assessed manually compared 326 

to automatically. On the second day of training, water intake (p < 0.001) and sucrose 327 

preference ratio (p < 0.01) differed between the two groups and during testing. All parameters, 328 

namely sucrose intake (p < 0.001), water intake (p < 0.001), and sucrose preference ratio (p < 329 

0.001) were different between groups, possibly due to erroneously high measurement or 330 

spillage when assessed manually. 331 

 332 

Overall intake of the palatable snack during the training steadily increased: 0.48 g ± 0.14 g (day 333 

1), 1.05 g ± 0.32 g (day 2), 1.48 g ± 0.56 g (day 3), 1.1 g ± 0.39 g (day 4), and 1.91 g ± 0.68 g (day 334 

5), indicating an adaptation during the first 2–3 days. Similarly, meal size trended towards an 335 

increase between training days (Figure 5A, p = 0.12), whereas meal duration (Figure 5B) did not 336 

(p > 0.05). Likewise, other microstructural parameters such as time spent in meals (Figure 5C), 337 

latency to first bout (Figure 5D), bout size (Figure 5E), bout duration (Figure 5F), time spent in 338 

bouts (Figure 5G), and number of bouts (Figure 5H) were not significantly different between 339 

these days (p > 0.05). Eight rats were studied; thus, each datapoint is derived from eight 340 

animals. Snack intake including the microstructure was recorded automatically. The data was 341 

extracted from PSC Totals using the Data viewer. 342 

 343 

On the test day, naïve rats exposed to the snack in a novel environment showed an intake of 344 

the palatable snack of 0.98 g ± 0.34 g (Figure 6A). Parameters of food intake microstructure on 345 

the test day, including meal duration (Figure 6B), time spent in meals (Figure 6C), latency to 346 

first bout (Figure 6D), bout size (Figure 6E), bout duration (Figure 6F), time spent in bouts 347 

(Figure 6G), and number of bouts (Figure 6H), were assessed automatically and extracted from 348 

PSC Totals using the Data viewer. 349 
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 350 

To study specificity of the novelty-induced hypophagia test, the data described above from 351 

naïve and unstressed rats were compared to those that received an intracerebroventricular 352 

injection of corticotropin-releasing factor, which stimulates the hypothalamus-pituitary-adrenal 353 

stress axis and induces stress and anxiety11.The individual data for every animal was obtained 354 

using the “Data viewer” and “PSC Totals”, as described in the protocol section. The individual 355 

data was then assembled according to groups in a spreadsheet program and analyzed for 356 

statistical differences. A significant difference in meal size (p < 0.01) and bout size (p < 0.01) was 357 

detected between both groups (Table 2). The difference in bout size would not have been 358 

detectable using manual assessment.  359 

 360 

FIGURE AND TABLE LEGENDS: 361 

 362 

Figure 1: Set-up of sucrose preference test. 363 

 364 

Figure 2: Set-up of novelty-induced hypophagia test. 365 

 366 

Figure 3: Training period for the sucrose preference test. The consumption of sucrose solution 367 

(A) and water (B) was assessed over 24 h for 2 days. The sucrose preference ratio (C) was 368 

calculated accordingly. Data are presented as mean ± SEM from eight rats (*p < 0.05, ***p < 369 

0.001). 370 

 371 

Figure 4: Sucrose preference test. On test day, the liquid intake microstructure (here, shown 372 

for sucrose intake) was analyzed over 1 h for encompassed meal size (A), meal duration (B), 373 

time spent in meals in s (C), time spent in meals in % (D), number of meals (E), latency to first 374 

meal (F), inter-meal interval (G), drinking rate (H), bout duration (I), bout size (J), time spent in 375 

bouts in s (K), and time spent in bouts in % (L). Data are presented as mean ± SEM, n = 8 rats. 376 

 377 

Figure 5: Training period for the novelty-induced hypophagia test. Meal size (A), meal duration 378 

(B), time spent in meals in s (C), latency to first bout (D), bout size (E), bout duration (F), time 379 

spent in bouts (G), and number of bouts (H) were assessed over a period of 5 days. Data are 380 

presented as mean ± SEM, n = 8 rats. 381 

 382 

Figure 6: Novelty-induced hypophagia test. On test day, the food intake microstructure was 383 

analyzed over 1 h for encompassed meal size (A), meal duration (B), time spent in meals (C), 384 

latency to first bout (D), bout size (E), bout duration (F), time spent in bouts (G) and number of 385 

bouts (H). Data are presented as mean ± SEM, n = 8 rats. 386 

 387 

Table 1:  Sucrose preference test in naïve rats using manual assessment vs. automated intake 388 

monitoring system. Distribution of the data was determined using the Kolmogorov-Smirnov 389 

test. Data are expressed as mean ± SEM and differences were analyzed using t-tests or the 390 

Mann-Whitney U test depending on distribution of the data (*p < 0.05, **p < 0.01, ***p < 0.001 391 

vs. manual assessment). 392 

 393 
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Table 2: Novelty-induced hypophagia test in naïve unstressed and stressed (CRF-injected) 394 

rats. In the stress group, icv-cannulated rats were injected with 0.6 µg/5 µL CRF and subjected 395 

to novelty-induced hypophagia afterwards. Distribution of the data was determined using the 396 

Kolmogorov-Smirnov test. Differences were analyzed using t-tests or the Mann-Whitney U test 397 

depending on distribution of the data. For better comparability, all data are expressed as mean 398 

± SEM (**p < 0.01 vs. unstressed). 399 

 400 

DISCUSSION: 401 

 402 

The sucrose preference and novelty-induced hypophagia tests are two established techniques 403 

for evaluating anhedonia in rats. Their combination with the automated food intake monitoring 404 

system allows for more detailed analysis in undisturbed rats and reduces erroneous 405 

measurement. 406 

 407 

The incidence of errors is reduced by different approaches. First, to address the error occurring 408 

due to spillage, the gap between the food hopper and gate allows crumbs generated during 409 

gnawing to fall onto the integrated tray. By collecting this spillage on cage mounts, they are 410 

included in the measurement (since spillage is still on the balance, it does not affect the 411 

measurement). Second, to prevent hoarding, the rat cage mount opening is large enough to 412 

allow the animal to eat from the food hopper with its head inside the opening, but small 413 

enough to limit the animal’s ability to use its hands while eating. This limits their ability to 414 

remove food and bring it into the cage.  415 

 416 

Third, the system reduces unintentional loss of liquid because the liquid bottle, after priming, 417 

does not leak, and evaporation occurs only slowly (approximately <10 mg/h) at the precision 418 

stainless steel ball/sipper tube interface. Additionally, because the system weighs the bottles 419 

automatically, handling of the bottles during recording is not necessary, which is a common 420 

cause of errors. The differences seen in the comparison between manual and automated 421 

measurements (Table 1) are suspected to be due to unintentional loss during manual handling 422 

of the bottles. 423 

 424 

The use of the automated food intake monitoring system provides several advantages, such as 425 

detailed analysis of solid and liquid food intake and assessment of the underlying food intake 426 

microstructure10. The term “microstructure” describes the pattern of food or fluid intake in 427 

more detail. In studies without an automated intake monitoring system, intake is measured by 428 

weighing food/fluid at the beginning and end of a timepoint of interest. The only information 429 

gained by this approach is the total consumption over a certain period of time.  430 

 431 

In contrast, the automated monitoring system provides more information about consumption 432 

during this period, because it records changes in weight of the microbalances every second. The 433 

recordings can detail when the rodent starts to eat, how often it eats, how long it eats for, how 434 

much it eats, how long the breaks between eating are, etc. To obtain data similar to the 435 

automated system using manual measurement, users would have to measure the content 436 
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frequently during testing/training and thereby significantly disturb the animals. With the 437 

automated system, rodents remain undisturbed during the training sessions and testing.  438 

 439 

Considering the large number of automated intake systems available for rodents, it is important 440 

to note that no specified model is required for the protocol described here. However, this 441 

system is very sensitive. To avoid errors due to environmental noise (low level vibration or 442 

shaking of the mass on the scale), the system's algorithm evaluates the values collected on a 443 

second-by-second basis, and it only accepts those that are below a set point for “noise” in order 444 

to average 10 values. If the system exceeds this noise threshold, the values are not used to 445 

calculate stable weights, which are used to calculate bouts of feeding.  446 
 447 

With regards to execution of the tests, several critical points should be kept in mind. All 448 

behavioral tests should be performed at the same time of day, as circadian alterations may 449 

affect the behavior of the animals12,13. Most studies perform behavioral testing during the light 450 

phase, while here, all tests were performed during the dark phase. Rodents are nocturnal 451 

animals and therefore active in the dark phase, while they are asleep or less active12 with lower 452 

exploratory activity13 during the light phase. Thus, behavioral testing is more physiologically 453 

appriopriate during the dark photo period. 454 

 455 

It is important to note that for the sucrose preference test, different concentrations of the 456 

sucrose solution have been used, ranging from 0.5%–10%4,7,14. They are primarily chosen 457 

depending on species, strain, sex, and age, but especially based on observed drinking behavior 458 

during training (all animals should drink approximately the same amount before 459 

treatment/intervention). However, high concentrations (e.g., 10 %) may override anhedonia, 460 

since even animals with depression-like behavior still drink very sweet liquids4.  461 

 462 

Additionally, high caloric content due to high concentrations may more prominently affect the 463 

preference for sucrose solution. Therefore, a 1% sucrose solution was chosen for this protocol. 464 

Some studies recommend the use of saccharin instead of sucrose15 to avoid any caloric 465 

influence. However, the mean caloric content of the consumed amount of % sucrose solution (2 466 

g of 1% sucrose solution contains 0.08 kcal) is considerably lower than that of the same amount 467 

of standard chow (2 g contains 7.8 kcal). Thus, this point seems secondary.  468 

 469 

It is also important to note that the baseline sucrose preference ratio assessed here using the 470 

automated food intake monitoring system is higher (0.99) compared to previous studies 471 

employing a manual assessment (with 0.7 in mice8, 0.8 in young adult rats, 0.6 in aged male 472 

Sprague Dawley rats16). This may be due to handling of the bottles, since conventional weighing 473 

likely causes loss of fluid during inserting into and removing from the cages. This is further 474 

substantiated by the results shown in Table 1. Therefore, use of the automated monitoring 475 

system may be more suited to detecting anhedonia, while further stimulation of hedonic 476 

aspects of food intake may be missed due to ceiling effects.  477 

 478 

With regards to the novelty-induced hypophagia test, it is crucial to allow rats to develop a 479 

stable baseline for intake of the palatable snack before performing the test. Only when a stable 480 



   

12 

 

baseline is reached within and between the rats should the actual test be performed. 481 

Otherwise, effects of the intervention (i.e., drug, stress, etc.) may be missed, or fluctuations of 482 

the baseline may be misinterpreted. It is also important to make sure that the novel cage 483 

induces a novelty stress resulting in hypophagia. Although several protocols suggest that the 484 

use of a new cage is sufficient by itself, we observed that cages not used before but containing 485 

bedding and enrichment may fail to induce stress, since rats are often used to weekly cage 486 

cleaning/changing. Therefore, an empty, new cage should be used. Since pre-test food intake 487 

may also affect the results, food intake should be monitored before the test. This can be easily 488 

done in an automated manner. 489 

 490 

In the literature, various alternative tests are used to assess different aspects of depression-like 491 

behavior (often despair instead of anhedonia); however, the methods illustrated within this 492 

manuscript have several advantages. An alternative commonly used method to assess 493 

behavioral despair as part of depression-like behavior is the forced swim test4. Hereby, no food 494 

consumption is evaluated; thus, there is no risk of measuring inaccuracy.  495 

 496 

This protocol bears several other disadvantages. A recent review concluded that the forced 497 

swim test is a test that actually measures stress coping strategies and not depression-like 498 

behavior17. In addition, if a crossover design is preferred to reduce the number of animals 499 

according to the “three R’s” of animal welfare, the forced swim test cannot be applied, since it 500 

may exert a long-lasting (traumatizing) effect on the behavior of tested animals18.  501 

 502 

In contrast, the SPT and NIH both have no traumatizing aspects and can be repeated. Also, of 503 

note, the training phase before the SPT and NIH establish a habituation to the consumption; 504 

therefore, repeating the protocol is possible. After the test, the palatable food (sucrose solution 505 

or snack) is removed, and training is reintroduced approximately 24 h after testing; thus, the 506 

rodents have a break without access to the palatable stimulus. It is assumed that after the 507 

break, a new training period with adaptation should occur to ensure a preference ratio of 508 

around 1 or that a stable baseline snack intake is achieved before repeating the tests.  509 

 510 

A test similar to the forced swim test is the tail suspension test, a short-term and inescapable 511 

stress period in which animals are suspended by their tail and develop an immobile posture 512 

interpreted as a sign of depression-like behavior19. This test can only be used in mice, since rats 513 

should not be suspended by their tails due to a higher average weight 20, while the SPT and NIH 514 

can be used in both mice and rats.  515 

 516 

Further advantages of the tests presented in this manuscript are that the novelty-induced 517 

hypophagia test displays good construct validity; therefore, it measures up to its claims 518 

well21,22. Consequently, the amount of the palatable substance consumed correlates with the 519 

intensity of anhedonia, corroborated by conformity of SPT and NIH results with other 520 

behavioral tests12. Additionally, both the sucrose preference test and novelty-induced 521 

hypophagia test have good face validity. They are subjectively viewed as measuring what is 522 

intended (here, anhedonia assessed as reduced intake of palatable substances)21,22.  523 
 524 
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Major limitations of the automated intake monitoring system are the requirements for proper 525 

training and daily maintaining/cleaning of the system, which makes it labor-intensive than 526 

manual protocols. In previous experiments10, it has been observed that although young rats 527 

adapt to the automated system, older rats sometimes do not. Those animals should obviously 528 

be excluded from the experiment. 529 

 530 

Regarding limitations of the behavioral test, it should be mentioned that training is also time-531 

consuming, especially the NIH. Additionally, the protocols are both short-term, and long-term 532 

application may lead to malnourishment. Thus far, the literature does not report the usage of 533 

these tests in states of starvation (e.g., a model for anorexia nervosa, an eating disorder 534 

commonly associated with symptoms of depression), so there is no recommendation their use 535 

for states of starvation.  536 

 537 

With this protocol, it is only possible to detect whether there is anhedonia (reduced intake of 538 

fluid/snack). However, it is not able to specifically quantify the degree of anhedonia. In the 539 

future, the introduction of several bottles with different sucrose concentrations could be a 540 

possible addition to further quantify anhedonia. Overall, use of the automated intake 541 

monitoring can be useful in any experiment where an accurate detection of intake is necessary, 542 

such as by monitoring the oral intake of medication dissolved in the drinking water for 543 

pharmaceutical studies. 544 

 545 

In summary, the sucrose preference test and novelty-induced hypophagia test are well-546 

established protocols to assess anhedonia as a part of depression-like behavior in rodents. 547 

When combined with the automated food intake monitoring system, even subtle differences 548 

can be detected in a reliable and repeatable fashion. 549 
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Table 1. Sucrose preference test in naïve rats using manual assessment vs. an automated intake monitoring system

Manual assessment Automated monitoring

(n=6) (n=8)

Sucrose intake (mL) 63.46 ± 10.2 24.4 ± 3.48**

Water intake (mL) 11.08 ± 2.33 4.83 ± 0.89*

Sucrose preference ratio 0.84 ± 0.04 0.8 ± 0.06

Sucrose intake (mL) 44.99 ± 5.56 33.77 ± 4.49

Water intake (mL) 5.92 ± 1.03 0.42 ± 0.13***

Sucrose preference ratio 0.87 ± 0.03 0.99 ± 0.00**

Sucrose intake (mL) 10.65 ± 0.84 2.12 ± 0.68****

Water intake (mL) 6.65 ± 0.68 0.00 ± 0.00***

Sucrose preference ratio 0.61 ± 0.04 0.99 ± 0.00***

Parameter

Training period (day 1)

Training period (day 2)

Sucrose preference test
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Table 1. Sucrose preference test in naïve rats using manual assessment vs. an automated intake monitoring system



Table 2. Novelty-induced hypophagia test in naïve unstressed and in stressed (CRF injected) rats.

unstressed stressed

(n=8) (n=11)

Meal size (g/300g bw) 0.98 ± 0.29 0.35 ± 0.07**

Meal duration (sec) 998.29 ± 163.87 1209.11 ± 114.67

Time spent in meals (sec) 998.29 ± 163.87 989.27 ± 174.73

Time spent in meals (%) 55.46± 9.10 54.96 ± 9.71

Latency to first bout (sec) 241.25 ± 45.96 185.50 ± 57.52

Bout size (g) 0.21 ± 0.03 0.08 ± 0.01**

Bout duration (sec) 70.70 ± 14.12 45.59 ± 4.20

Time spent in bouts (sec) 439.75 ± 125.94 208.73 ± 45.01

Time spent in bouts (%) 24.43 ± 7.00 11.6 ± 2.50

Bouts (number) 5.63 ± 0.67 4.64 ± 0.80

Parameter
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Table 2. Novelty-induced hypophagia test in naïve unstressed and in stressed (CRF injected) rats.



Name of Material/Equipment Company
Assembly LH Cage Mount - RAT-FOOD - includes Stainless cage mount, 

hopper, blocker, coupling Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

Assembly LH Cage Mount unplugged - RAT - FOOD includes stainless steel 

cage mount, hopper, blocker, unplugged adapter, coupling Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA
cage w/ 2 openings - RAT - costum modified cage - includes cage top and 

standard water bottle Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

Data collection Laptop Windows - Configured w/ BioDAQ Software Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

enrichment (plastic tubes, gnawing wood)

HoneyMaid Graham Cracker Crumbs Nabisco, East Hanover, NJ, USA

low vibration polymer rack Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

male Sprague Dawley rats Envigo
Mode#2210 32x Port BioDAQ Central Controller - includes cables, and 

calibration kit Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

Peripheral sensor Controller - includes cable Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

SigmaStat 3.1 Systat Software, San Jose, CA, USA

Stainless steel blocker Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

standard rodent diet with 10 kcal% fat Research Diets, Inc.,Jules Lane, New Brunswick, NJ, USA

sucrose powder Roth
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Catalog Number Comments/Description

BCMPRF01

BCMUPRF01

BCR02 single housing

BLT003

distributed by the animal facility

ASIN: B01COWTA98 palatable snack for NIH test

BRACKR

Order Code: 002

BCC32_03

BPSC01

statistical analysis

BBLKR

D12450B

4621.1 for SPT



We thank the editor for their thoughtful comments. We provided a point-by-point reply and 

made changes in the manuscript accordingly (in track). 

 

1. Title reworded to bring out clarity. Please check.  

The title was checked. 

2. This part is not clear in the protocol and the results. Please include how the system 

was used to compare the depressed and non depressed rats. Please inlcude results for 

depressed rats for sucrose preference test. 

We added a description to the protocol and results section that explains how data can 

be compared using the automated monitoring system 

We have no unpublished results for depressed rats for SPT to include. 

3. Both food and water are provided from the top? Please mark these in the figure to 

show how this is done. Also please mark the gates as well to bring out clarity, in both 

Figure 1 and 2.  

For better understanding this sentence was rephrased. We added descriptions to 

Figures 1 and 2.  

4. How the readings are taken after 24 h in this case?  

We added a description to the protocol that explains how data of a 24h interval is 

obtained. 

5. How  do you check this?  

Do you let the preference level  for stressed rats reach to 1 as well?  

We added a description to the protocol that explains how the sucrose preference level 

is obtained and calculated. 

6. How many rats were studied in this case? Are all data recorded automatically? How 

do you obtian data for each parameters presented in the result?  

Include the numbers here and in all the other results. If possible please comment why 

different numbers were used in each case. 

Were these provided automatically? How did you obatin these results? 

How did you study these?  

How did you get these results?  

More detailed information about how the results were obtained, the n, the usage of the 

automatic system was added to the results section. 

7. Please include another column for stressed rats as well to show that indeed this 

system is able to assess anhedonia.  

We have no unpublished results for depressed rats for SPT to include. 

8. Citation for this to show that this method induces stress. 

An appropriate citation was added. 

9. Please do not embed the table in the text. Please upload the table as .xlsx file 

individually to your editorial manger account and leave the legend here.   

The tables were uploaded as separate .xlsx files.  

 

 

Rebuttal Letter Click here to access/download;Rebuttal Letter;editor
comments and author reply_09.01.2020.docx

https://www.editorialmanager.com/jove/download.aspx?id=1156836&guid=a1f44c21-ed99-494b-bee2-f1950f21137f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1156836&guid=a1f44c21-ed99-494b-bee2-f1950f21137f&scheme=1


 

 

 

  

 

 



ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

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

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 

 

 Schalla MA, Kühne SG, Friedrich T, Kobelt P, Goebel-Stengel M, Rose M, 
Stengel A

Assessing anhedonia/depressive-like behavior in rats with the sucrose preference 
and novelty induced hyperphagia test using an automated ...

Document Ref: DRUC6-4TB4X-WA8YE-RTFAD Page 1 of 3

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_PandaDoc (7).pdf

https://www.editorialmanager.com/jove/download.aspx?id=1156827&guid=93ff0a01-9ce1-4712-962c-c47728e69b5c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1156827&guid=93ff0a01-9ce1-4712-962c-c47728e69b5c&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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