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ABSTRACT

Tekin D, Dursun AD, Fıçıcılar H. The body weight-performance relationship of rats on treadmill running. JEPonline 2008;11(6):44-55.  The aim of present study is to evaluate the running performance and behavior of Wistar rats on a motorized treadmill in two separated exercise protocols. Protocol 1 was composed of a 5-day adaptation and 3-day resting preceding an acute exercise with the speed of 15 m/min, duration of 90-110 min, and 10° inclination.  Protocol 2 included short term training with the speed of 20-25 m/min, duration of 100 min and 10° inclination for three consecutive days following a 10-day adaptation and 3-day resting period. The duration of the exercise and the first penalty time were used as performance criteria. In protocol 1, the first penalty time and duration showed positive correlation (r = 0.745; p<0.001) making them reasonable performance indicators. Body weights were recorded before and after adaptation and exercise. Exercise decreased body weight of animals significantly in both protocols (p<0.001). This diminution may be caused by body fluid loss or systemic stress during the exertion. There was no correlation between body weight and the first penalty time. But the group weighting 249g-287g in protocol 1 showed the best performance (p<0.05 for both first penalty time and duration). This confirms our hypothesis that certain weight range leads to good running capacity. 
Key Words: Acute Exercise, Short Term Training.
INTRODUCTION
Animal-based exercise research provides valuable information about the influence of exercise on physiological parameters. Some invasive applications that are inappropriate or uncomfortable for humans can be performed with experimental animals.  Treadmill running for laboratory animal is preferable because the exercise duration and intensity can be controlled easily. The total amount of physical work done by the animal can be calculated as well (1). Other benefits include the repeatability of training intensity and consistency of the changes in muscles. 

Treadmill running performance is affected by genetic and environmental factors (2). Bouchard and Malina have put forth five factors that can influence the response to training; age, gender, previous experience with training, current phenotype, and genotype (3). One of the individual phenotypic features affecting the exercise capacity could be the body weight of the animal. According to the results of a previous study, lighter rats (250 g) run longer on the treadmill with a lower rate of heat gain than do the heavier rats (4). Koch et al. showed that the exercise capacity was higher in animals with low body mass. The mechanism of a lighter body mass leading to an increased training response is unknown (5). 
In the present study, our first aim was to examine the relation of body weight with the exercise performance. Either the weight is positively correlated with the enhanced performance of rats or animals in certain weight range might have high performance. In addition to the body weight, duration of the adaptation process may also affect the exercise performance.  We hypothesized that the exercise performance of the experimental animals is affected by body weight and the length of adaptation period.
Treadmill exercise increases the metabolic rate or energy expenditure and muscle mitochondrial biogenesis depending on the animal’s maximal O2 utilizing capacity and to the external workload (1,6). Exercise training has known effects on weight control by expending energy and burning fats (7,8). The decrease of body weight gain and increase of citrate synthase activity of soleus muscle were the indicators of physiological adaptations to 8 weeks of moderate training (9). The effect of acute exercise on body mass is related mostly to body fluid loss (4).  

The second aim of the present study was to investigate whether acute and/or short term training exercises have considerable effects on the changes of body weight.  We hypothesized that the body weight of experimental animals decrease following the acute exertion and the short term training protocols. The preceding adaptation regimens should not have enough intensity to reduce the body weights.

In order to fulfill these aims, we applied two different treadmill exercise regimens to two separated groups of experimental animals. Protocol 1 was an acute exercise following 5 days of adaptation. Protocol 2 was short term training for three days following 10 days of adaptation. We compared the results of each protocol throughout the present study.  

METHODS


Animal care 

Male, Wistar rats (12-16 week-old) were housed two per cage in a room designed for laboratory animals. The commercial rat chow and water were provided freely. The room temperature was 22 ± 1°C. 12 hour dark/light cycle (7 a.m/19 p.m.) was applied. Exercises were applied at dark but only computer screen light around 9:00 a.m-12:00 p.m. Body weights were measured immediately before and following the exercise by using a digital scale (Sartorius, Germany).
All animal experiments were conducted under the guidelines on humane use and care of laboratory animals for biomedical research published by NIH (Number 85-23, revised 1996). The experimental protocols of the present study were approved by the Ethics Committee, Ankara University, School of Medicine.

Experimental Groups

Two separated groups of animals were treated with two different exercise protocols. 

Protocol 1 

Sixty one rats were used in adaptation process and 30 of them were selected for the acute exercise regimen according to their running ability (Table 1). The mean weights of animals were 268.26 ± 5.61 g in the pre-adaptation group (n=61) and 276.23 ± 6.96 g in the group selected for acute exercise (n=30). The weight changes due to the adaptation and acute exercise were evaluated in these two groups. When the exercise performance to be evaluated, these 30 animals were first aligned in ascending manner by their body weights then further divided by three groups composed of W1 (227g – 248g), W2 (249g-287g), and W3 (288g-356g). 
Protocol 2
Fifteen animals participated in the adaptation process, 9 of which were enrolled in the short term training test (Table 2). The mean weights of animals were 229.33 ± 2.76 g in the pre-adaptation group and 260.22 ± 3.36 in the group selected for short term training. The animals were not subgrouped further as in protocol 1, because of the insufficient number.
Exercise Protocols 

The motorized treadmill machine was designed for small laboratory animals by Department of Electronics Engineering of Ankara University. The speed, the gradient and the aversive stimuli can be adjustable by computer (Figure 1). Low dose of electrical foot shock as aversive stimulus was used to keep the rats running. The shock was indicated by the red light on the computer screen. When the shock was not enough to keep running, touching of a small paint brush was helpful. There are four separated lanes, each of which has electric grid at the beginning and fan at the end. The fans are used for heat dissipation and to keep animals run towards to the end. All animals were familiarized to the treadmill for five minutes before each experiment. The animals that were getting too many penalties, showing stop and sniff behavior most of the time, and resisting against to run by hanging somewhere between the wall of the lanes and the electric grid without taking the shock were excluded from the study. The animals showing good running performance throughout the adaptation process were chosen to enroll in real exercise protocols. 


The acute exercise regimen in protocol 1 was modified from the Breen et al.’s study (10). The protocol is composed of acute exercise with the speed of 15 m/min, duration of 90-110 min and 10° inclination following a 5-day adaptation and 3-day resting periods. 
The short term training regimen in protocol 2 was designed at our laboratory. Protocol 2 included 10-day adaptation period and then 3-day resting period preceding short term training with the speed of 20-25 m/min, duration of 100 min and 10° inclination for three consecutive days. The details of the specific protocols are shown in Table 1 and 2.

The exercise performance of the protocol 1 was evaluated considering the first penalty time and the total acute exercise duration of the animals. Whenever the animal touches to the electric grid, the computer gives a signal as a red light on the screen (Figure 1). We followed those signals and noted the time points from the beginning of the running. The first penalty time indicates when the animal first gets its penalty. We could say that the later the first penalty time, the better the exercise performance. 

The total running duration was also considered as the performance criterion in acute exercise protocol. 

In human studies, walking distance was chosen as performance criterion (11). Since the speed was constant in our experimental design, we could calculate the distance depending on the duration. Therefore, the total running duration is a reasonable parameter for this purpose. Since the duration of the real exercise per each day for three days were constant (100 minutes) in the protocol 2, we analyzed only the first penalty time but not the total exercise duration.

Statistical Analyses

The data were presented as mean ± SEM. Student t test for paired samples was used to compare the mean body weight before and after adaptation as well as before and after exercise. When three different groups were evaluated for the same parameters, one way ANOVA test was used. The repeated measures ANOVA test was preferred to analyze the weight difference among three time points during 10 days of adaptation and 3-days of resting period within the same animal group. Pearson correlation test was applied to determine correlation between weight and other performance criteria. When the equality of variance was not significant, nonparametric tests were used for comparing the means and for the correlation tests.

RESULTS

Acute Exercise (Protocol 1)

There was no change of the body weights during adaptation process. The mean body weights of all 30 animals decreased significantly (p<0.001) after the acute exercise (Fig 2). 
When the exercise group was divided into three subgroups according to their weight range, the middle group (W2) weighting 249g-287g had the longest exercise duration and the latest first penalty time (p< 0.05; Fig 3A and B).  

There was no positive or negative correlation either between weight and exercise duration or between weight and first penalty time in the overall exercise group. In addition, there was no correlation between weight and duration or weight and first penalty time in the divided three exercise groups.
There was positive correlation between duration and first penalty time with the correlation coefficient of 0,745 (p<0.001; Fig 4). This is expected because the later the first penalty time, the longer the duration of exercise in animals showing high performance.

Short Term Training (Protocol 2)

We recorded the body weights of experimental animals before (day1), during (day 6) and at the end of the adaptation + resting process (day 13). The body weights increased significantly from day 1 to day 13 (p < 0,001), (Fig 5). When these animals exercised, their body weights decreased after each exercise application. The difference was significant by using paired t test at p value < 0.001 for each exercise days (Fig 6).

When weight and exercise performance was assessed with correlation tests by evaluating each exercise day separately, there was no correlation between body weight and first penalty time in the exercise groups. In addition, the weight loss, i.e. delta weights of before and after exercise were also not correlated with the first penalty time for each exercise days. 

Comparison of Two Protocols

When the two experimental protocols were compared in terms of the first penalty time as a performance criterion, the first penalty time was later in protocol 1 than in protocol 2 for exercise day 1 (p <0.001). The first penalty time of the whole group in protocol 1 and the first penalty time of exercise day 2 of protocol 2 were not significantly different (Fig 7). Since the exercise duration was constant at protocol 2, the durations between two protocols were not compared.

In addition, the animals had higher performance in day 2 than in day 1 in protocol 2 (p<0.01) (Fig 7).  Exercise day 3 data were not included in the analysis, because the penalty records for the day 3 were not sufficient to make statistical comparison. When weight loss between two protocols was compared as another performance criterion, the delta weight of protocol 2 was significantly higher than the delta weight of protocol 1 p<0.01 with independent student t test (Fig 8).

DISCUSSION

We evaluated the relation of body weight with exercise performance and running behavior of Wistar rats on motor-driven treadmill in two different exercise protocols. The effect of exercise on body weight was also investigated. According to our findings, the animals with the body weight range between 249 g to 287 g had the best performance in terms of both first penalty time and the total exercise duration in protocol 1.
The exercise performance is certainly influenced by the genetic background of animals (5,12) and humans (13). Previously the strain dependent differences in adaptation to training have been found (14). Body mass is another influential factor for exercise capacity. Most recently, according to the findings of one human study, body mass index at the start of running was entirely responsible for the association between maximum exercise performance and body mass index at the end of running (15). The differences in body weight arise both from genetic and environmental factors. Koch et al. showed that the exercise capacity was higher in animals with lower body mass. They mentioned that the mechanisms for a lighter weight causing an increased training response are unknown (5). We previously observed that the rats under 200 g showed strong resistance to treadmill running. Starting from this point, we have hypothesized that the exercise performance is positively correlated with the body weight. However there was no positive correlation of weight and exercise performance in the present study in contrast to our original hypothesis. When we divided the exercise group in protocol 1 into three sub groups according to their pre exercise-weight ranges, the middle group weighting 249g-287g had the highest performance, i.e. the latest penalty time and the longest exercise duration. This weight range of Wistar rats could be preferred for the future experiments. Since the number of animals was small in protocol 2, subgrouping was not possible. 

In contrast, we also evaluated the acute exercise and short term training effects on the body mass. The results of the present study indicated that both acute exercise and short term training led to body weight losses. The adaptation processes in two exercise protocols didn’t create the same effect on the body weight. The amount of weight loss was higher in the short term training than it was in the acute exercise. These findings are compatible with our hypothesis. Paulin et al. demonstrated that acute moderate exercise (namely, one hour, 22 m/min, 0° grade) diminished the serum free fatty acids and tissue lipoprotein lipase activity (16). Our findings about weight loss could be related to these findings. But it is, however, more likely that the fluid loss from the body causes this decrement. We didn’t measure any of these parameters. In a previous study, Mitchell et al. found that the respiratory fluid loss during exercise causes 1-2 g/min weight loss and suggested that this might be due to both respiratory evaporation of water and blood CO2-O2 differences (17). Acute distance running (8.4 miles) caused body weight loss correlated with body volume decrease and energy expenditure in another human study with athletes (18). The results from another study have suggested that acute, but not chronic, exercise lowers the set-point for body weight regulation as decreasing food intake after exertion (19). In contrast to this evidence, the mean total weight loss in our experimental design was 12 ± 0.63 in acute exercise and 22.17± 2.24, which is longer, in short term training. This finding might be related to more vigorous exertion performed in protocol 2. Our results also revealed that the two adaptation processes did not cause any weight loss as we expected. When the physiological effects of acute exercise and the short term training were to be investigated, these adaptation protocols could be used by other researchers.


The determination of VO2 max is the best known criterion for the aerobic capacity (6,20). Some investigators prefer to measure the distance to exhaustion in treadmill running (5).  The latter is easier since the duration and speed of the exercise could be controlled. As our limitation we couldn’t measure the VO2max, instead we controlled the duration and observed the time points of electric shocks. In our experimental design, the computer gives a signal whenever the animal touches to the electric grid. We noted the penalties and took into account the first penalty time as the performance indicator in both protocols. In protocol 1, the total running time was also considered while it wasn’t in the protocol 2 since the total exertion time was constant to 100 minutes. The exercise durations and the first penalty times were positively correlated in protocol 1 (Fig 4) showing that these criteria were compatible with each other. 


One of the difficulties of treadmill running is the adaptation of the experimental animals to the application and their resistance against to exertion. 
As emphasized by the “resource book for the design of animal exercise protocols” (21), familiarizing rats with treadmill running should take 5 days to 2 weeks. 
We also suggest that longer adaptation time results in better performance. According to our first protocol, with the five-day adaptation trial, rats could have only reached to the speed of 15 m/min, which allows them to run for at least one hour. The maximum speed was 20-25 m/min in the second protocol in which the adaptation duration was 10 days. In addition the delta weight loss in protocol 2 was significantly higher than in protocol 1. In contrast to speed success and more loss of weight, we couldn’t see the same achievement for the first penalty time. This might be caused by the higher speed in protocol 2. For a reminder, 10 degree grade was applied in both protocols. The longer adaptation process ends up with better mental changes such as learning of running as well as physical adjustments. We suggest that the faster running ability of rats in protocol 2 depends on this learning process. Another indication for learning in this study was that the first penalty time was higher in the second exercise day than in the first day of protocol 2. 

We used negative reinforcement (mild electrical shock) to motivate animals to perform specific exercise tasks. Burgess et al. have suggested intracranial self stimulation procedure as an alternative model for motivation. They thought that the negative insults might result in stress responses in addition to physiological adaptations (22). Accordingly, in a study by Moraska et al., 8 weeks of treadmill running produced both positive adaptive and negative maladaptive physiological changes. They did not evaluate the electrical shock particularly but according to their results, one of the positive adaptations was reduction in body weight gain. We made the same observation in our study. They mentioned that in addition to the physical stress of exercise, forced treadmill running would produce chronic mental stress because the animals are both forced to run and aversively motivated (foot shock, loud sounds, air etc.) (9). Their implications were confirmed later by another study showing that short term treadmill running results in systemic stress response (23). This stress effect might be one of the reasons for the weight losses in especially short term training group in our study. In contrast, Dunn et al. reported that treadmill-trained rats with no foot shock had changes in central nervous system noradrenergic metabolism that were indicative of chronic stress (24). We must consider that these experimental designs are mostly for chronic exercise related stresses. Although, even our longer protocol is only three days, we still need to exclude the stress effect of forced exercise while evaluating the demographic features. 

CONCLUSIONS

In the present study, both body weight-exercise performance relation and the effect of exercise on body weight were investigated comparatively in two separated exercise protocols including acute exercise and short term training. 

Total exercise duration and first penalty time were evaluated as performance criteria. Contrary to our hypothesis, we didn’t observe positive correlation between body weight and exercise performance.  The best performance was seen in animals weighted between 249g and 287g. This weight range for male Wistar rats (12-16 week-old) could be preferential for other investigators to obtain good running capacity for their treadmill exercise studies.

The first penalty time and the total running duration were correlated in this study showing that it is reasonable to choose these parameters as performance criteria. Furthermore, it is easy to follow and analyze. In addition to giving a signal on the screen, a computer program, recording the time and number of penalties would help better to quantify and clarify obtained data without missing values due to human errors.   

Both acute exercise and short term training protocols decreased body weights of animals, whereas the adaptation protocols did not make a difference, as we hypothesized. Short term training model caused more weight loss than did acute exercise. Additionally, the achieved maximum speed of the exercise in protocol 2 was higher than in protocol 1. We suggest that duration of the adaptation process may also affect the exercise performance. The future experimental designs might be needed in our laboratory to monitor the effectiveness of the applied exercise protocols by measuring the VO2max, fluid loss, body temperature and other metabolic parameters. 
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Figure 3.   The exercise group (n=30) was divided according to pre-training body weight alignment: W1; 227g-248g, W2; 249g-287g,  W3; 288-356 g.  A; exercise duration, * p<0.05 vs. W3 with t-test, B; first penalty time, * p<0.05 vs. W1 and W3 with t-test.                                                                                                                                 
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Figure 2. The weight changes in adaptive (n=61) and exercise (n=30) groups in protocol 1. Gray bars represent the body weights before applications and white bars represent the body weights after exercise training. Values are means ± SEM. * p<0.001 pre- vs. post-training.
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Table 2: Short term training (protocol 2).


Protocol # 2�
�
Days�
Duration (min)�
Speed (m/min)�
Grade


(°)�
�
�
1�
5�
5�
0�
weighing�
�
�
5�
10�
0�
�
�
�
5�
15�
0�
�
�
2�
5�
5�
0�
�
�
�
5�
10�
0�
�
�
�
5�
15�
0�
�
�
3�
10�
10�
0�
�
�
�
5�
15�
0�
�
�
4�
10�
10�
2�
�
�
�
5�
15�
2�
�
�
5�
10�
10�
3�
�
�
�
5�
15�
3�
�
�
6�
5�
10�
3�
weighing�
�
�
5�
15�
3�
�
�
�
5�
20�
3�
�
�
7�
2�
10�
3�
�
�
�
5�
15�
3�
�
�
�
8�
20�
3�
�
�
8�
2�
10�
3�
�
�
�
3�
15�
3�
�
�
�
10�
20�
3�
�
�
9�
2�
10�
3�
�
�
�
3�
15�
3�
�
�
�
5�
20�
3�
�
�
�
5�
25�
3�
�
�
10�
2�
10�
3�
�
�
�
3�
15�
3�
�
�
�
5�
20�
3�
�
�
�
5�
25�
3�
�
�
11�
resting�
�
12�
resting�
�
13�
resting�
�
Short term training�
�
14�
5�
10�
5�
weighing�
�
�
5�
10�
10�
�
�
�
5�
15�
10�
�
�
�
10�
20�
10�
�
�
�
75�
20-25�
10�
weighing�
�
15�
5�
10�
5�
weighing�
�
�
5�
10�
10�
�
�
�
5�
15�
10�
�
�
�
10�
20�
10�
�
�
�
75�
20-25�
10�
weighing�
�
16�
5�
10�
5�
weighing�
�
�
5�
10�
10�
�
�
�
5�
15�
10�
�
�
�
10�
20�
10�
�
�
�
75�
20-25�
10�
weighing�
�
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Figure 1. The computerized motor-driven treadmill designed for small laboratory animals. The representatives of lanes (A, B, C and D), air fans above and penalty indicators below each lane can be seen at the computer screen.





Table 1: Acute exercise (protocol 1).


Protocol #1�
�
Days�
Duration (min)�
Speed (m/min)�
Grade


(°)�
�
�
 1�
5�
5�
0�
weighing�
�
�
5�
10�
0�
�
�
�
5�
15�
0�
�
�
 2�
5�
5�
0�
�
�
�
5�
10�
0�
�
�
�
5�
15�
0�
�
�
 3�
10�
10�
0�
�
�
�
5�
15�
0�
�
�
 4�
10�
10�
2�
�
�
�
5�
15�
2�
�
�
 5�
10�
10�
3�
�
�
�
5�
15�
3�
�
�
 6�
resting�
�
 7�
resting�
�
 8�
resting�
�
Acute exercise�
�
 9�
5�
10�
5�
weighing�
�
�
5�
10�
10�
�
�
�
80-100�
15�
10�
weighing�
�






�
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Figure 8. Comparison of two protocols in terms of delta weights. Values are means ± SEM, *; p< 0.01 protocol 1 vs. protocol 2.
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Figure 7. Comparison of two protocols in terms of the first penalty time. Values are means ± SEM. P1; Protocol 1, *; p<  0.001 P2D1 vs. P1,  §; p<0.01 for P2D1 vs. P2D2.
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Figure 6. Weight change in exercise groups in protocol 2. Gray bars represent the body weights before applications and white bars represent the body weights after applications. P2D1; protocol 2 exercise day 1, P2D2; protocol 2 exercise day 2, P2D3; protocol 2 exercise day3. Values are means ± SEM,  *; p<0.001 pre- vs. post-application.
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Figure 5. Weight change during protocol 2. Body weights were increased orderly from day 1 to 13. P2D1; protocol 2 adaptation day 1, P2D6; protocol 2 adaptation day 6, P2D13; protocol 2 adaptation day 13. Values are means ± SEM, *; p<0.001. 
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Figure 4. Scatter plot of correlation between the exercise duration and the first penalty time of the exercise group in the protocol 1, R=0.745 (p<0.001).
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