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ABSTRACT: 35 
Resistance training is a physical exercise model with profound benefits for health throughout life. 36 
The use of resistance exercise animal models is a way to gain insight into the underlying molecular 37 
mechanisms that orchestrate these adaptations. The aim of this article is to describe exercise 38 
models and training protocols designed for strength training and evaluation of resistance in 39 
animal models. In this article, strength training and resistance evaluation are based on ladder 40 
climbing activity, using static and dynamic ladders. These devices allow a variety of training 41 
models as well as precise control of the main variables which determine resistance exercise: 42 
volume, load, velocity, and frequency. Furthermore, unlike resistance exercise in humans, this is 43 
forced exercise. Aversive stimuli must be avoided in this intervention to preserve animal welfare. 44 
Prior to implementation, a detailed design is necessary, along with an acclimatization and 45 
learning period. Acclimatization to training devices, such as ladders, loads, and clinical tape, as 46 
well as to the manipulations required, is necessary to avoid exercise rejection and to minimize 47 
stress. At the same time, the animals are taught to climb up the ladder, not down, to a safe rest 48 
area on the top of the ladder. Resistance evaluation has characterization value of physical 49 
strength and permits adjusting and quantifying the training load and the response to training. 50 
Furthermore, different types of strength can be evaluated. Regarding training programs, with 51 
appropriate design and device use, they can be sufficiently versatile to modulate different types 52 
of strength. Furthermore, they should be flexible enough to be modified depending on the 53 
adaptive and behavioral response of the animals or the presence of injuries. In conclusion, 54 
resistance training and assessment using ladders and weights are versatile methods in animal 55 
research. 56 
 57 
INTRODUCTION: 58 
Physical exercise is a determinant lifestyle factor for promoting health and decreasing the 59 
incidence of the most prevalent chronic diseases as well as some types of cancer in humans 1.  60 
 61 
Resistance exercise has raised interest because of its overwhelming relevance for health 62 
throughout life2, especially due to its benefits in counteracting age-related diseases that affect 63 
the locomotor system, such as sarcopenia, osteoporosis, etc.3 Moreover, resistance exercise also 64 
affects tissues and organs not directly involved in the execution of movement, such as the brain 65 
4. This relevance in recent years has encouraged the development of resistance exercise models 66 
in animals to study the underlying tissular and molecular mechanisms, when it is not possible in 67 
humans or when the animals provide better insight and are a more controlled model. 68 
 69 
Unlike resistance exercise in humans, for animal models, researchers usually rely on forced 70 
procedures. Aversive stimuli must be avoided in this context mainly to preserve animal welfare, 71 
reduce stress, and decrease the severity of the experimental procedures5. It should be noted that 72 
animals enjoy exercise even in the wild 6. For these reasons, it is necessary to improve adaptation 73 
to the experiment through prolonged stepwise acclimatization. 74 
 75 
The devices, materials, and protocols used for resistance training and assessment in experimental 76 
animals must allow the precise control and modulation of numerous variables: load, volume, 77 
speed, and frequency7. They should also allow different types of contractions to be performed: 78 



   

concentric, eccentric, or isometric. Considering the above, the protocols used should be able to 79 
specifically evaluate or train for different applications of strength: maximal strength, 80 
hypertrophy, speed, and endurance. 81 
 82 
There are several methods of strength training, such as jumping in water8,9, weighted swimming 83 
in water10, or muscle electrostimulation11. However, static and dynamic ladders are versatile 84 
devices that are widely used12,13,4,14. 85 
 86 
Resistance assessment in experimental animal models provides valuable information for many 87 
research settings, such as describing the phenotypic characteristics of genetically modified 88 
animals, evaluating the effect of different intervention protocols (dietary components 89 
supplementation, drug treatments, microbiota transplantation, etc.), or assessing the effect of 90 
training protocols. Training models provide insight into the physiology of adaptation to strength 91 
exercise, that is relevant to health in order to better understand the effect of exercise on health 92 
status and pathophysiology. 93 
 94 
Consequently, there is no universal protocol for resistance training or the functional assessment 95 
of strength in animal models, so versatile protocols are needed. 96 
 97 
The aim of this study is to identify the most relevant factors to be considered when designing and 98 
applying a protocol for the training and evaluation of resistance using static and dynamic ladders 99 
in animal models, providing specific examples. 100 
  101 

102 



   

PROTOCOL: 103 
The methods presented in this protocol have been evaluated and approved by the animal 104 
research technical committee (reference PROAE 04/2018, Principado de Asturias, Spain).  105 
 106 
1. Planning 107 
 108 
1.1. Carefully select the animals for study based on the characteristics of interest (genetically 109 
modified, pathology models, age, etc.) and apply specific adaptations to the protocol (climbing 110 
without weights, reducing inclination, and the number of rungs). 111 
 112 
1.2. Identify the strength modality to be assessed or trained: maximal strength, endurance-113 
resistance, speed, etc. depending on the objectives of the study. 114 
  115 
1.3. Adjust the parameters carefully when functional assessment or training is framed, 116 
considering whether it focuses on the results of these tests or whether they are complementary 117 
to other types of clinical, functional, histological, or molecular determinations. 118 
 119 
1.4. Plan all issues related to training, particularly the timetable, duration of the training period, 120 
and frequency of sessions, and draw a training table. 121 
 122 
1.4.1. Specify the warm-up steps and the inclination of the ladder, which will be the same 123 
throughout the training. In the training session, the inclination of the ladder is set at 85°. Specify 124 
sets, repetitions, load (based on the results of the resistance tests prior to the training period), 125 
and rest in between, paying attention to load increases based on the previous session. 126 
 127 
1.4.2. Modify the plan, as with human training, depending on the welfare of the animal. 128 
Modifications include decreasing repetitions, increasing rest time between sets or repetitions, 129 
and decreasing load to avoid overtraining and injury. 130 
 131 
1.6. Upon completion, submit the design for evaluation and approval by the animal ethics 132 
research committee.  133 
 134 
2. Devices and materials for resistance exercise  135 
 136 
2.1. Static and dynamic ladders 137 
 138 
NOTE: Two types of ladders, so-called static and dynamic ladders (See Figure 1), can be used for 139 
resistance training and evaluation (Table of materials). 140 
 141 



   

 142 
 143 
2.1.1. Use a vertical ladder with at least 30 steel wire steps of 1.5 mm diameter, separated by 15 144 
mm, and a resting area of at least 20 × 20 cm on the top of the ladder. The slope of the ladder 145 
must be adjustable from 80° to 110° with the horizontal plane (Figure 1C). Delimit two lanes to 146 
prevent non-linear climbing. 147 
 148 
2.1.2. Use a dynamic ladder similar to the static ladder (step 2.1.1), with a plastic filament barrier 149 
at the top, that can be opened to control access to the resting area, and a plastic filament barrier 150 
at the bottom, to prevent the animals from climbing down. The angle of inclination of the ladder 151 
must be adjustable between 80° and 100°, the most common being 85°.  152 
 153 
NOTE: The ladder has a circular movement by means of an upper and a lower shaft with a 154 
diameter of 8 cm. Lower shaft is driven by an electric motor which makes the steps descend at 155 
the front and ascend at the rear, creating an endless ladder. It is equipped with a reduction gear 156 
and a speed regulator for lowering the speed from 11.6 cm/s to 3.3 cm/s, and the most common 157 
speed is 5.6 cm/s.  158 
 159 
[Place Figure 1 here] 160 
 161 
2.2. Materials 162 
 163 
2.2.1. Prepare the following materials: weights, wire for holding weights, steel gator clip, and 164 
clinical adhesive tape. 165 
 166 
NOTE: The weights are steel cylinders of different mass (5, 10, 15, 20, 25, and 50 g), with a hole 167 
of 5 mm diameter in the center so they can be inserted on a steel wire (Table of materials). The 168 
wire to hold the weights is made of steel with a diameter of 1-1.5 mm and a length of 5-10 cm, 169 
depending on the number of weights to be loaded.  170 
 171 
2.2.2. Cut a piece of clinical adhesive tape (Table of materials: Elastic adhesive bandage 6 cm x 172 
2.5 m) of approximately 3.0-3.5 x 1.0-1.5 cm size and attach it around the animal’s tail to hold 173 
the weights. Be sure not to over-tighten as it may lead to blood flow restriction.  174 
 175 
NOTE: At first, the animals’ behavior is to fight against it and bite the tape, but after a couple of 176 
days, they tolerate it, showing no signs of stress and grooming as usual. 177 
 178 
2.2.3. Insert the desired weights in the wire and hook the gator clip (Table of materials: Steel 179 

Name of Material/ Equipment Company Catalog Number Comments/Description

Static ladder in-house production Figure 1 A

Dynamic ladder in-house production Figure 1 B

Weights in-house production

Wire for holding weigths in-house production

Gator Clip Steel NON-INSUL 10A Digikey electronics BC60ANP

Elastic adhesive bandage 6 cm x 2.5 m BSN medical 4005556



   

gator clip and wire for holding weights). 180 
 181 
2.2.4. Clamp the gator to the clinical tape attached to the animal’s tail.  182 
 183 
2.2.5. Immediately after climbing the required rungs, remove the clamp and allow the animal to 184 
rest with the clinical tape on the tail, but without the weight (Figure 1). 185 
 186 
 187 
3. Acclimatization  188 
 189 
NOTE: Proper acclimatization is essential to avoid exercise rejection and to minimize stress. 190 
Acclimatization is a crucial stage before resistance evaluation tests or training protocols are 191 
performed and adequate time should be spent to achieve behavioral signs of comfort in the 192 
animals. Details of daily acclimatization with the static ladder are in Table 1 and with the dynamic 193 
ladder are in Table 2. 194 
 195 
3.1. Accustom the animals to stay in the resting area at the top of the ladder (static or dynamic). 196 
Leave the animals in this place in groups of four, with bedding from their cage, for 15 min every 197 
day. Usually, after 3-5 days, the animals show no signs of stress. 198 
 199 
3.2. Teach animals to climb up, not down, the ladder. Using the static ladder, place the mice on 200 
a rung close to the top of the ladder, from where they can see the resting area, and they will 201 
instinctively go to it. Then teach them progressively to climb up from 5 rungs (3x) the first day, to 202 
10 rungs (3x) the following day, up to 15 rungs (3x) (Table 1). 203 
  204 
3.3. Use the same procedure with the dynamic ladder, first without movement and then, with 205 
the ladder moving at 5.4 cm/s and 6.6 cm/s and the animals climbing up for 2 min, completing 5 206 
series (Table 2).  207 
 208 
3.4. Adapt the animals to carry weights, starting from the third day of acclimatization. Stick a 209 
piece of clinical tape to the base of the tail which will be used to hold weights.  210 
 211 
3.5. From the seventh day of acclimatization, attach small weights (5-10 g) to the clinical tape 212 
with a gator clip. Avoid performing too many series, so the adaptation is not transformed into 213 
training.  214 
 215 
NOTE: Acclimatization of the control group is mandatory in case this group performs the 216 
resistance test. After this period, perform a ladder-climbing reminder once a week. 217 
 218 
4. Protocols for resistance evaluation  219 
 220 
4.1. Incremental tests to assess maximal strength 221 
 222 
NOTE: This test intends to determine the maximal resistance measured as the maximum weight 223 



   

at which the animals can climb 10 rungs on the static ladder, which defines the 10-repetition 224 
maximum (10RM)4. This protocol was adapted from previous studies (reviewed in Kregel et al. 225 
15).  226 
 227 
4.1.1. For warming‐up perform 3 series of 10-repetitions, 10 steps/repetition, without external 228 
load. For the first series set the slope at 90°, and thereafter at 85°. Allow a rest period of 60 s 229 
between series.  230 
 231 
4.1.2. Set the slope at 85° (to prevent the weights from grazing or hooking on the rungs of the 232 
ladder). 233 
 234 
4.1.3. Attach the tape around the animal’s tail to hold the weights and prepare the weights as 235 
explained in steps 2.2.2-2.2.4. 236 
4.1.4. Start the test with an external load of 10 g and perform one series of 10 steps. 237 
 238 
4.1.5. Remove the weight and allow a rest period of 120 s in the resting area.  239 
 240 
4.1.6. Perform successive series of 10 steps increasing the external load by 5 g until exhaustion. 241 
Allow the resting period (120 s) between series. 242 
 243 
4.1.7. If one animal fails to climb 10 steps with a particular weight load, allow for another attempt 244 
with the same load after 120 s of rest. If it succeeds to climb with the load, it continues the test 245 
with the next load. If it fails again, record the weight load of the last complete series as the 246 
maximal weight load.  247 
 248 
4.1.8. The test result can be expressed as absolute external weight (g), as maximum load in 249 
relation to body weight (%), or as the mass lifted per gram of body weight, as per the discretion 250 
of the researcher.  251 
 252 
NOTE: The previous protocol16 represents a model on which numerous modifications are 253 
possible, based on the characteristics of the animal model or the animals’ status. For example, 254 
this protocol has been adapted to assess the maximal resistance of genetically modified mice 255 
with neuromuscular disabilities. These animals are not able to climb with external loads and have 256 
difficulties climbing 10 rungs with the ladder set at 90° of slope (unpublished data). The adapted 257 
protocol consisted of climbing 5 steps without external load, starting with a slope of 110°. The 258 
slope increased 5° in each series until 85°. Again, mice rested for 120 s in the resting area after 259 
each series. If one animal failed to climb 5 steps at a particular slope, it was allowed another try 260 
with the same slope after 120 s of rest. In this case, maximal resistance was expressed as the 261 
accumulated number of steps climbed (without considering repetitions after failures). The wild-262 
type control group, after reaching the 85° slope, can continue with the test by adding external 263 
weight to the tail, following previous protocol, until exhaustion. Maximal resistance is expressed 264 
as the accumulated number of rungs climbed. 265 
 266 
4.2. Maximal endurance-resistance test with the static ladder 267 



   

 268 
4.2.1. For warming‐up perform 3 series of 10-repetitions, 10 steps/repetition, without external 269 
load. For the first series set the slope at 90°, and thereafter at 85°. Allow a rest period of 60 s 270 
between series. 271 
 272 
4.2.2. Set the slope at 85°.  273 
 274 
4.2.3. Clip the weight on the clinical tape placed around the tail of the mouse.  275 
 276 
NOTE: Depending on the age and the characteristics of the animals, the external load can be the 277 
maximum weight obtained in a previous incremental test, a percentage of it (e.g., 50%), or a 278 
percentage of body weight (e.g. 100-200%). If this test is performed after a period of training, it 279 
is recommended to use the same load as in the initial test to assess the changes. 280 
 281 
4.2.4. Perform consecutive series of 10 steps until exhaustion. No resting time is allowed after 282 
each series.  283 
 284 
4.2.5. The test result is the number of climbed rungs. If this test is performed before and after a 285 
period of training, it is recommended to use the same load. 286 
 287 
4.3. Maximal endurance-resistance test with the dynamic ladder 288 
 289 
NOTE: The use of the dynamic ladder allows the researcher to control the climbing speed. 290 
 291 
4.3.1. Set the slope at 85°. 292 
 293 
4.3.2. Set the speed at 4.2 cm/s. 294 
 295 
4.3.3. For warming‐up perform 3 series of 100 steps, without external load. Allow a rest period 296 
of 60 s between series. 297 
 298 
4.3.4. Clip the weight on the clinical tape placed around the tail of the mouse.  299 
 300 
NOTE: Depending on the age and the characteristics of the animals, the external load can be the 301 
maximum weight obtained in a previous incremental test, a percentage of it (e.g., 50%), or a 302 
percentage of body weight (e.g. 100-200%). If this test is performed after a period of training, it 303 
is recommended to use the same load as in the initial test to assess the changes. 304 
 305 
4.3.5. Start at 4.2 cm/s and the speed is increased by 1.2 cm/s every 60 s until exhaustion. 306 
 307 
4.3.6. The test result is the exercise time, the number of climbed rungs, or the maximum speed. 308 
If this test is performed before and after a period of training, it is recommended to use the same 309 
load. 310 
 311 



   

5. Protocol for resistance training with static ladder  312 
 313 
NOTE: Before starting the training period, acclimatization (Table 1) and training planning are 314 
necessary. To reduce anxiety, adapt and train the mice in groups of 4 animals sharing the same 315 
cage.  316 
 317 
5.1. For warming‐up perform 3 series of 10 repetitions, 10 steps/repetition, without external 318 
load. For the first series set the slope at 90°, and thereafter at 85°. Allow a rest period of 60 s 319 
between series. 320 
 321 
5.2. Training session starts in the resting area. Clip the gator with the weight on the clinical tape.  322 
 323 
5.3. Gently place the mouse 10-20 rungs below the resting place. Allow the mouse to grip the 324 
rung and climb to the resting area. 325 
 326 
5.4. Repeat this process (5.3.) until the number of rungs in this series (e.g.,10 rungs x 10 series) 327 
is completed.  328 
 329 
5.5. Remove the weight from the mouse tail and wait for 120 s until the next series. 330 
 331 
5.6. Increase the number of steps and the maximum weight loads of the series throughout the 332 
training period, while maintaining the weekly schedule. 333 
 334 
NOTE: An example of the variation of loads during a week planning is shown in Table 3. Shortly, 335 
Tuesday and Friday with high weight load (40-50 g) and a low number of steps (500-400); Monday 336 
and Thursday with intermediate weight load (25-35 g) and an intermediate number of steps (800-337 
600); and Wednesday without weight load but a high number of steps (2000). This design is 338 
intended to facilitate recovery from previous training sessions and avoid injuries and 339 
overtraining. Since multiple designs are possible, Table 4 shows examples of three weeks of 340 
training (at the beginning, in the middle, and at the end of the training period, respectively)4. The 341 
static ladder is also suitable for eccentric training. It can be performed by descending with a near-342 
maximal or supramaximal load. The load applied for this procedure must be high (e.g., 90-100% 343 
or even more of the maximum incremental concentric test). When mice carry a near-maximal 344 
load, they naturally try to descend. In the case of eccentric training, during acclimatization, it is 345 
necessary to allow the animals to descend rather than ascend. For this reason, it is not easy to 346 
combine both concentric and eccentric training in mice, and only one training model is feasible 347 
at a given time.  348 
 349 
6. Protocol for resistance training with dynamic ladder 350 
 351 
NOTE: After acclimatization, the training on the dynamic ladder is quite like the static one (Table 352 
2). Training is performed on 2-4 mice at a time. 353 
 354 
6.1. Set the slope to 85°, close the door to the resting area, and start the ladder at the desired 355 



   

speed (e.g., 5.4 cm/s). 356 
 357 
6.2. For warming‐up perform 3 series of 100 steps, without external load. Allow a rest period of 358 
60 s between series. 359 
 360 
6.3. When the mouse is in the resting area, clip the gator with the weight on the clinical tape. 361 
Alternatively, the weight can be attached when the mouse is on the ladder. 362 
 363 
6.4. Gently place the mouse at the top of the moving staircase with the weight on the tail. Allow 364 
the mice to grip the rung and climb. 365 
 366 
6.5. When the number of rungs in this series is reached (e.g., 100), the weights are removed, and 367 
the door is opened so that the animal can go to the resting area. The rest time is 120 s before the 368 
next series.  369 
 370 
NOTE: The number of steps climbed is counted as a function of the climbing time at the set speed. 371 
 372 
6.6. This procedure is repeated until the training session is completed. The detailed daily training 373 
program is shown in Table 5. 374 
 375 
7. Evaluation of the crossover effect of resistance training on endurance performance 376 
 377 
NOTE: For this, an incremental treadmill test is performed4, after 24 h of rest. 378 
 379 
7.1. After a warm-up of 3 min at 10 cm/s, start the incremental test at 10 cm/s and 10° angle of 380 
inclination.  381 
 382 
7.2. Increase the speed by 3.33 cm/s every 3 min until exhaustion.  383 
 384 
NOTE: No electric shocks are used, so a painter's brush is placed at the back of the treadmill to 385 
prevent the mice from running off it. 386 
 387 
8. Animal behavior during procedures  388 
 389 
NOTE: Continuous monitoring of the adaptation of mice to training should be performed to 390 
detect extreme fatigue, overtraining, or injury. 391 
 392 
8.1. Observe signs of animal welfare, in particular grooming and refusal to training. The normal 393 
behavior of the mouse, after a series of intense training, is to remain inactive for about one 394 
minute due to fatigue. After that, they start grooming, exploring, or trying to remove the tape on 395 
the tail. 396 
 397 
8.2. In the case of a mouse refusing to train a series, try giving longer rests or even not performing 398 
the series to prevent inhibition. 399 



   

 400 
8.3. Occasionally, when carrying out lightweight exercises, gently push the animal’s tail, to 401 
encourage it to finish the series. The animals stop climbing because it is not a demanding task. 402 
Conversely, when animals are carrying a heavy load, gently shift the animal's weight to ease the 403 
load and encourage it to finish the series, and then allow the animal to rest until the next training 404 
session. The animals may stop or even attempt to descend because of the heavy load 405 
 406 
9. Safety procedures 407 
 408 
9.1. Security procedures for researchers- Conduct research in the animal facility laboratory and 409 
use hoods, hats, gloves, and masks. There are no additional requirements other than those 410 
specific to animal research.  411 
 412 
9.2. Security for animals- During the test, place a hand under the weights to catch and hold the 413 
mice in case of exhaustion because the animal is limited in its ability to hold on to the rungs 414 
properly. Pay attention to the animals continuously for potential risks during training such as falls 415 
or jumps. 416 
 417 
REPRESENTATIVE RESULTS: 418 
Results with static ladder 419 
The progressive resistance training protocol used in the study of Codina-Martinez et al. 4 (Table 420 
4) was tested in a preliminary study consisting of 7 weeks of training on a static ladder with 6-421 
months-old wild-type C57BL6J mice (n=4). In this preliminary study, incremental tests to assess 422 
maximal strength were performed before and after the training period. We observed a 46.4 % 423 
increase in maximal strength, meaning that at the end of the training period they were able to 424 
climb with 1.9 times their body weight (unpublished data). 425 
 426 
In the study of Codina-Martínez et al.4, male mice (C57BL6/129Sv) deficient in Atg4b 16 and their 427 
corresponding wild‐type controls (8 weeks old) were trained for 14 weeks (Table 4). Incremental 428 
tests to assess maximal resistance, before and after the training period, showed a percentage 429 
change of 44% in trained wild-type animals and 15.3% in atg4b-/-mice. 430 
 431 
In another study of our research group, 8-week-old C57BL6N mice were trained for 4 weeks, 5 432 
days/week (n=8) (unpublished data). All sessions were designed to achieve the same exercise 433 
volume through a combination of the number of steps climbed (or distance against gravity) and 434 
weight load 17 and based on the results obtained in a maximal strength test prior to the training 435 
period. The number of steps per training session varied between 400-2000 depending on the 436 
maximal weight load, which ranged between 25-65% of the maximal weight load at the pre-437 
training test. We selected these maximum weight ranges because it has been described that 438 
below 75% of 1RM there is no velocity loss, which is important for standardizing the intensity of 439 
submaximal efforts18. Again, before and after the training period, incremental tests to assess 440 
maximal strength were performed. The average percentage of variation in this parameter was 441 
40%. Peak strength was reached by a 27 g mouse, which was able to climb 1RM with 120 g after 442 
the training period. 443 



   

 444 
Results with dynamic ladder 445 
To evaluate the dynamic ladder as a tool for resistance training, we conducted an experiment 446 
with the aim of assessing the effect of two types of strength training: endurance-resistance 447 
training and strength training. 8-week-old C57BL6N mice were divided into three groups: Non-448 
trained control (C, n=5), Endurance-Resistance (E-R, n=8), and Strength (S, n=7). After a 3-weeks 449 
(12 sessions) acclimatization period (Table 2) mice were trained for 6 weeks, 5 days/week 450 
(Monday to Friday), starting at 9:00 am, for a total of 22 sessions. To reduce anxiety, mice were 451 
trained in groups of 4 animals sharing the same cage. Aversive stimuli were also avoided, to 452 
minimize stress. The E-R group performed 3 times more repetitions with 1/3 of the weight load 453 
compared to the S group, so, they all performed the same accumulated work, with different 454 
combinations of load and repetitions. The speed was constant for all groups, set at 5.4 cm/s and 455 
the slope at 85°.  456 
 457 
The normality of the variables was tested using the Shapiro Wilk test. Results are shown as mean 458 
± SD. t-test and ANOVA (Bonferroni post-hoc) were used for statistical differences. Significant 459 
changes are set at p<0.05. The statistical software R (www.r-project.org) was used for all 460 
statistical analyses. 461 
 462 
All animals included in the trained and control group completed the study. During the 463 
experiment, the animals were caged in training groups. The food intake of the animals in each 464 
cage was measured weekly, so the result is per cage and not per mouse. The mean daily food 465 
intake per mouse in the control group was 2.8(± 0.11) g, in the Endurance-Resistance group was 466 
3.2(± 0.24) g, and in the strength group was 3.3(± 0.13) g. Exercised mice had a higher food intake 467 
than controls (p<0.05). However, there was no difference in body weight after the intervention 468 
(C group 28.0 ± 3.18 g, E-R group 28.5 ± 1.93, and S group 28.1 ± 2.52 g). 469 
 470 
The effect of a period of 6 weeks of strength training in a dynamic ladder on the resistance is 471 
shown in Figure 2 and Figure 3. Two models of strength training were conducted: endurance-472 
resistance training and strength training. The variation in maximal strength (Figure 2) shows a 473 
significant increase after training in S (29.5 ±1 0.9 % increase, p=0.021) and E-R groups (41.5 ± 2.5 474 
% increase, p=0.0004), while this parameter did not change in C (20.0 ± 4.0 %, p=0.201). 475 
Endurance-resistance measured at the end of the training period (Figure 3) was significantly 476 
higher in the E-R group as compared to S (122.5 vs 26.9 rungs, p=0.005) and C groups (122.5 vs 477 
18.8 rungs, p=0.013). 478 
 479 
The cross-training effect of these models, the effect of strength training on endurance, was also 480 
studied. For that purpose, all animals performed incremental maximal endurance tests on a 481 
treadmill before and after the training period, according to the protocols previously described 19. 482 
A significant loss in endurance was observed in C (Pre: 1219 ± 133 s vs. Post: 982 ± 149 s, p=0.004), 483 
while no significant changes were observed for S (Pre: 1364 ± 285 s vs. Post: 1225 ± 94 s, p=0.253) 484 
and E-R (Pre: 1139 ± 96 s vs. Post: 1185 ± 84 s, p=0.164). 485 
 486 

487 

http://www.r-project.org/


   

FIGURE AND TABLE LEGENDS: 488 
Figure 1. Resistance training devices: static and dynamic ladders. (A) Mouse training with 489 
external weight in a static ladder; (B) Two mice training with weight in a dynamic ladder; (C) 490 
Schematic representation of ladder angles for training.  491 

 492 
 493 
Figure 2. Maximal strength, before and after a 6-week resistance training period in a dynamic 494 
ladder, measured using an incremental test. Legend: * p<0.05; ** p<0.01. 495 

 496 
 497 
 498 
 499 



   

Figure 3. Maximal endurance-resistance, before and after a 6-week resistance training period 500 
in a dynamic ladder, using an maximal endurance-resistance test. Legend: C: Control; S: 501 
Strength and E-R: Endurance-Resistance. * p<0.05. 502 
 503 

 504 
 505 

506 



   

Table 1. Example of a 10-day acclimatization protocol in a static ladder with wild-type mice. 507 
 508 

 509 
 510 
Table 2. Example of a 13-day acclimatization protocol in a static ladder with wild-type mice. 511 
 512 

 513 

Day

Time 

(min)

Rungs 

(n)

Inclination 

(°) Tape Weight (g)

1 15 0 90

2 15 0 90

3 15 5 (x3) 90

4 15 5 (x3) 90 Tape

5 15 10 (x3) 90 Tape

Rest

Rest

6 15 10 (x5) 85 Tape

7 15 10 (x5) 85 Tape 5

8 15 10 (x5) 85 Tape 5

9 15 10 (x5) 85 Tape 5

10 15 10 (x5) 85 Tape 5

Static Ladder

Day

Time 

(min)

Speed 

cm/s

Series 

(n)

Rungs 

(n)

Total rungs 

(n)

Inclination 

(°)

Tape/ 

Weigth (g)

1 15 0 0 0 0 90 0

2 15 0 0 0 0 90 0

3 15 0 1 5 5 90 0

4 15 0 1 5 5 90 0

5 15 0 1 5 5 90 0

Rest

Rest

6 15 0 5 10 50 90 0

7 15 0 5 10 50 90 0

Rest

8 1 6,65-11,6 1 235 90 0

Rest

Rest

Rest

9 3 5,4 6 5832 85 0

10 3 5,4 6 5832 85 0

11 3 5,4 6 5832 85 Tape

3 5,4 2 85 Tape

1 6,65 4 85 10

3 6,65 3 85 Tape

2 6,65 4 85 10

12

13

3540

6783

Dynamic ladder



   

 514 
Table 3. Example of a training week with the static ladder. Legend: Rep: repetitions, Steps: 515 
number of rungs climbed, Slope: angle with the horizontal plane, and load: grams attached to the 516 
tail. 517 

 518 
 519 
 520 
 521 

522 

Parameters Units Mon Tue Wed Thu Fri

Series

Rep n 10 10 10 10 10

Steps n 10 10 10 10 10

slope ° 90 90 90 90 90

Load g 0 0 0 0 0

Rep n 10 10 10 10 10

Steps n 10 10 10 10 10

slope ° 85 85 85 85 85

Load g 0 0 0 0 0

Rep n 10 10 10 10 10

Steps n 10 10 10 10 10

slope ° 85 85 85 85 85

Load g 0 0 0 0 0

Rep n 10 10 10 10 10

Steps n 10 10 25 10 10

slope ° 85 85 85 85 85

Load g 25 40 0 35 50

Rep n 10 10 10 10 10

Steps n 10 10 25 10 10

slope ° 85 85 85 85 85

Load g 25 40 0 35 50

Rep n 10 10 10 10 10

Steps n 10 10 25 10 10

slope ° 85 85 85 85 85

Load g 25 40 0 35 50

Rep n 10 10 10 10 10

Steps n 10 10 25 10 10

slope ° 85 85 85 85 85

Load g 25 40 0 35 50

Rep n 10 10 10 10

Steps n 10 10 25 10

slope ° 85 85 85 85

Load g 25 40 0 35

Rep n 10 10 10

Steps n 10 25 10

slope ° 85 85 85

Load g 25 0 35

Rep n 10 10

Steps n 10 25

slope ° 85 85

Load g 25 0

Rep n 10 10

Steps n 10 25

slope ° 85 85

Load g 25 0

Accumulated 

Steps n 800 500 2000 600 400

Altitude cm 1200 750 3000 900 600

11

W
ar

m
-u

p
Tr

ai
n

in
g

6

7

8

9

10

1

2

3

4

5



   

Table 4. Example of three weeks of training with the static ladder. Labeled as low (sessions 1-523 
4), medium (10-14), and high load (30-34). Legend: Rep: repetitions, Steps: number of rungs 524 
climbed, Slope: angle with the horizontal plane, and load: grams attached to the tail. This table 525 
is adapted from Codina-Martinez et al. 20204. 526 
 527 

 528 
 529 

530 

Parameters Units Mon Tue Thu Fri Mon Tue Wed Thu Fri Mon Tue Wed Thu Fri

Series

Rep n 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Steps n 15 15 15 15 15 15 15 15 15 15 15 15 15 15

slope ° 90 90 90 90 90 90 90 90 90 90 90 90 90 90

Load g 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rep n 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Steps n 15 15 15 15 15 15 15 15 15 15 15 15 15 15

slope ° 85 85 85 85 85 85 85 85 85 85 85 85 85 85

Load g 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rep n 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Steps n 15 15 15 15 15 15 15 15 15 15 15 15 15 15

slope ° 80 80 80 80 g 80 80 80 80 80 80 80 80 80

Load g 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rep n 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Steps n 15 15 15 10 10 15 10 15 10 15 15 15 15 15

slope ° 80 80 80 85 85 80 85 80 85 85 85 85 85 85

Load g 0 0 0 15 25 0 25 0 25 10 0 10 0 10

Rep n 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Steps n 15 10 15 10 10 15 10 15 10 15 15 15 15 15

slope ° 80 85 80 85 85 80 85 80 85 85 85 85 85 85

Load g 0 15 0 15 25 0 25 0 25 10 0 10 0 10

Rep n 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Steps n 15 10 15 10 10 15 10 15 10 10 15 10 15 10

slope ° 80 85 80 85 85 80 85 80 85 85 85 85 85 85

Load g 0 15 0 15 25 0 25 0 25 25 0 30 0 30

Rep n 10 10 10 10 10 10 10 10 10 10 10

Steps n 15 10 15 10 15 10 10 15 10 15 10

slope ° 80 85 80 85 80 85 85 85 85 85 85

Load g 0 25 0 25 0 25 25 0 30 0 30

Rep n 10 10 10 10 10 10 10

Steps n 15 10 15 10 10 10 10

slope ° 80 85 80 85 85 85 85

Load g 0 25 0 25 25 30 30

Rep n 10 10 10 10

Steps n 10 10 10 10

slope ° 85 85 85 85

Load g 25 25 30 30

Rep n 10 10

Steps n 10 10

slope ° 85 85

Load g 25 30

Rep n 10 10

Steps n 10 10

slope ° 85 85

Load g 25 30

Accumulated 

Steps n 900 800 1050 750 850 1200 950 1200 1050 2100 1050 1150 1050 2100

Altitude cm 1350 1200 1575 1125 1275 1800 1425 1800 1575 3150 1575 1725 1575 3150

3

Low Medium High

1

2

10

11

4

5

6

7

8

9



   

Table 5. Example of training with dynamic ladder. Program of two groups of endurance-531 
resistance and strength training. Legend: The warm-up is common to both groups. The slope is 532 
set at 85°. 533 

 534 
535 

day Series (n) time (min) Speed (cm/s) Weight (g) Series (n) Time (min) Weight (g) Series (n) Time (min) Weight (g)

1 3 3 5,4 0 6 3 3 6 1 10

2 3 3 5,4 0 6 3 3 6 1 10

3 3 3 5,4 0 6 2 0 6 2 0

4 3 3 5,4 0 5 3 5 5 1 15

5 3 3 5,4 0 5 3 5 5 1 15

6

7

8 3 3 5,4 0 5 3 5 5 1 15

9 3 3 5,4 0 6 3 5 6 1 15

10 3 3 5,4 0 6 2 0 6 2 0

11 3 3 5,4 0 6 3 5 6 1 15

12 3 3 5,4 0 6 3 5 6 1 15

13

14

15 3 3 5,4 0 6 3 5 6 1 15

16 3 3 5,4 0 6 3 7 6 1 20

17 3 3 5,4 0 6 2 0 6 2 0

18 3 3 5,4 0 6 3 7 6 1 20

19 3 3 5,4 0 6 3 7 6 1 20

20

21

 22-25

26 3 3 5,4 0 4 3 5 4 1 15

27

28

29 6 3 5,4 0 6 3 5 6 1 15

30 3 6 5,4 0 6 3 7 6 1 20

31

32 3 6 5,4 0 4 3 5 4 1 15

33

34

35

36 3 6 5,4 0 6 3 7 6 1 20

37 6 3 5,4 0 6 3 7 6 1 20

38 6 3 5,4 0 6 2 0 6 2 0

39

40 6 3 5,4 0 5 3 7 5 1 20

41

42

43 3 6 5,4 0 6 3 7 6 1 20

SACRIFICE

Behaviour test

TEST

WARM UP ENDURANCE-RESISTANCE RESISTANCE

TEST

TEST



   

 536 
DISCUSSION:  537 
Training is an intervention with multiple applications in research, apart from the study of exercise 538 
itself20. Thus, the analysis of its effect on ageing21 or certain pathological conditions and physical 539 
therapy22 has received much attention in recent years. In addition, numerous authors have 540 
analyzed the effect of pharmacological23 or dietary22 interventions on physical fitness. In this 541 
context, interest has arisen in analyzing different exercise modalities separately, with an 542 
emerging interest in resistance exercise. Resistance exercise elicits a different molecular 543 
response to endurance in numerous tissues24 and has also been shown to have a specific effect 544 
on a number of pathological conditions22. 545 
 546 
The use of animal models for the study of resistance exercise is a tool with multiple applications. 547 
It allows the characterization of a specific phenotype in models of pathologies or genetically 548 
modified animals, although this description is not usually included. In addition, the 549 
implementation of exercise protocols and the evaluation of their impact on these models 550 
provides insight into the physiology or pathophysiology of these conditions25.  551 
 552 
Some authors have previously conducted resistance training with rats12,13 and mice4,14, using 553 
different training models. Some authors have applied isometric protocols to train and assess 554 
strength26. Overload jumping in the water and weighted swimming were also applied 9,10. Nerve 555 
stimulation performed under anesthesia,11 and combining resistance training with surgical 556 
procedures to cause biomechanical muscle overload and muscle hypertrophy27 have also been 557 
done.  558 
 559 
However, some of the interventions to improve resistance have some weaknesses. Forced 560 
exercise with electric shocks has been shown to interfere with experimental results 28. Some of 561 
the procedures are stressful because they rely on forced swimming to prevent the animal from 562 
drowning9,10. Nerve stimulation is not a volitional muscle contraction and is performed under 563 
anesthesia11. The simplest approach to resistance training and assessment is that of non-invasive 564 
procedures using concentric/eccentric muscle contractions.  565 
 566 
Although the most common devices to apply these protocols are static ladders on which the 567 
animals climb with external weights, resistance exercise could also be carried out using dynamic 568 
devices. In this regard, Konhilas et al.29 used weighted wheels. However, this approach is more 569 
like a high-intensity endurance exercise, so specificity would be lost. In this article, we show, for 570 
the first time, protocols for resistance training and resistance evaluation using a dynamic ladder, 571 
which allows for very versatile approaches, as well as the results upon their implementation. In 572 
addition, the use of a dynamic ladder means less manipulation of the animals, as they can climb 573 
with weight continuously, without the need of climbing a series of steps as with a static ladder. 574 
 575 
Force assessment of peak forces can be performed using grip strength30 and torque generated 576 
by direct nerve stimulation31. The assessment of strength using the ladders is useful for 577 
subsequent training planning. The dynamic ladder also allows time-limit tests to be carried out, 578 
evaluating the number of steps as a function of the load. This procedure is equivalent to the 579 



   

maximum number of weight repetitions test performed in humans7. 580 
 581 
Furthermore, in relation to training and assessment methods, our study emphasizes 582 
acclimatization as a key factor in avoiding training refusal on both static and dynamic ladders. 583 
This acclimatization is not achieved by food reward, as described in Yarsheski et al.13, but by 584 
teaching the mice to reach the resting areas at the top of the ladders, so that they are motivated 585 
to climb, without the need for food restrictions. Our goal has been to achieve "humanized animal 586 
exercise", as suggested by Seo et al.32. In this regard, it is also worth noting that, following this 587 
protocol, the mice are trained in a group while maintaining social interaction, unlike other types 588 
of training (such as treadmill training) in which the animals are alone. In the protocols shown in 589 
this paper, the animals' refusal of training was non-existent in both the static and dynamic 590 
ladders, this could be due to the adaptation protocol.  591 
 592 
Our results show that different protocols with different animal models were effective in 593 
improving maximal strength. They were also sensitive enough to detect differences between 594 
genetically modified animals with alterations in muscle function and wild-type animals, both in 595 
maximal resistance and in response to training4. Furthermore, a comparison of the training 596 
programs with the dynamic ladder (C, S, and E-R) showed that all groups of mice increased their 597 
maximal strength. For C, this could be because the mice were young and still growing. Even so, 598 
the improvement in the S and E-R groups was much greater, which is evidence of the effect of 599 
training. Furthermore, in the post-training strength-endurance test, which consisted of climbing 600 
as many steps as possible with the maximum weight obtained in the incremental test before 601 
training, the E-R group was superior to the S and C groups, which had no significant differences. 602 
Furthermore, the incremental treadmill test showed that there was no decrease in endurance in 603 
any of the trained groups while a decrease was observed in the C group. This is consistent with 604 
the cross-training effect of resistance training on endurance previously described 33. These results 605 
suggest, on one hand, the specificity of the resistance training protocols presented in this study 606 
for increasing resistance and endurance capacities. At the same time, both training modalities 607 
show a diverse effect on physical fitness34, probably due to a diverse set of molecular 608 
mechanisms triggered by each training model24. 609 
 610 
Finally, although these training models affected the resistance, we have also observed a great 611 
heterogeneity both in the starting resistance of the individuals and in the response to training 612 
(Figures 2,3). This observation is in line with what has been described by other authors35. This 613 
should be considered when interpreting the results of the intervention in the different 614 
parameters to be evaluated in the samples obtained from these animals. 615 
 616 
Limitations.  617 
Evaluation of some type of strength such as maximal (isometric) strength is not possible with this 618 
protocol so other protocols and devices, such as grip strength, must be used. 619 
 620 
Conclusion. 621 
Resistance training and assessment, with a static and dynamic ladder, is a feasible method in 622 
animal research with a wide range of protocols depending on the objective of the study. 623 
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