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ABSTRACT 
 

Downhill Treadmill Running Does Not Induce Muscle Damage in FVB Mice 
 

Brenda Benson 
Department of Exercise Sciences, BYU 

Master of Science 
 
 Downhill treadmill running is a commonly used method to cause exercise-induced 
muscle damage, especially in rodents. Previous studies have evaluated which muscles in rats are 
more prone to damage. However research using downhill run mice (DHR) has shown some 
inconsistencies in which muscle is best analyzed for damage. Purpose: The purpose of this study 
was to quantify the damage in various muscles in a mouse after a single bout of DHR. Methods: 
Male FVB mice (5 months) were injected with Evans Blue dye (EBD) and then either used as 
control (CON) or run downhill (-16°) at 20 meters per minute (m/min) for 30 minutes. Twenty-
four hours after exercise, the gastrocnemius, soleus, plantaris, tibialis anterior (TA), quadriceps, 
and triceps brachii muscles were harvested (n = 6 per group per muscle). Cross-sectional slices 
were obtained, fixed, and mounted to analyze EBD infiltration, dystrophin (Dys), and centralized 
nuclei. The samples were then imaged using a fluorescent microscope. The entire sample was 
captured using 20x magnification, and the total number of cells, EBD+, Dys-, and centralized 
nuclei, were counted. A blood sample was collected to measure plasma creatine kinase (CK) 
activity. Results: Total number of cells was not different between groups (p > 0.05). No 
significant difference in any of the markers of muscle damage was found in any muscle between 
CON and DHR (p > 0.05). Conclusion: These data suggest that DHR does not induce muscle 
damage in adult (5 months) male FVB mice. 
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Introduction 
 

Eccentric or lengthening contractions provide a unique stimulus to muscle. They have 

been shown to result in greater damage to the muscle fiber (29) when compared to isometric or 

concentric contractions. In order to assess damage to a muscle after a bout of exercise, several 

direct and indirect markers have been used. Direct markers of muscle damage include 

histological evidence of degenerating or necrotic fibers (25), z-line streaming (39), disrupted cell 

membranes (7, 25), and the presence of inflammatory cells (29). Indirect markers include muscle 

soreness (14, 35), reduced maximal force output (14, 35), increased serum levels of creatine 

kinase (CK) and myoglobin (14, 35), muscle swelling (14), and decreased relaxed joint angle 

(14, 35). 

Most studies investigating exercise-induced muscle damage typically use eccentric 

muscle contraction via either resistance exercise (14, 34) or downhill running (10, 38). 

Resistance exercise utilizing lengthening contractions is typically done in humans and can easily 

isolate the eccentric motion only. This method also tends to isolate a single muscle or muscle 

group. However, the insult to the muscle is greater because of the intensity that is generally used, 

resulting in indices of damage that are difficult to compare with other methods, such as downhill 

running (36). Downhill running is common in both animal and human models, uses multiple 

groups of muscles, and produces a more typical response (level of muscle) in damage that might 

be seen after a bout of exercise (clinically) (36).  

The effects of downhill running on muscle damage have been characterized in the rat, 

looking at the triceps brachii, quadriceps, gastrocnemius, soleus and tibialis anterior (3), but a 

broad study of the impact of downhill running in the muscle tissue of a mouse has not been 

conducted. Many muscle damage studies using downhill running in mice base their methods on 
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the initial rat studies. However the selection of the muscle to be analyzed varies among studies 

(7, 28, 40, 44). Mice are smaller and their skeletal muscle tends to express a high percentage of 

type II muscle fibers compared to rats (1). Lower body mass and different muscle fiber 

composition could influence which specific muscle groups are excessively loaded during 

downhill running and/or decrease the extent of damage to a given muscle.  

In preliminary studies using mice, we did not find the level of damage after a single bout 

of downhill running as predicted by the existing literature (6, 7). Our downhill running protocol 

was based on established downhill running protocols, but the literature was unclear as to which 

muscle would be most damaged during downhill running and therefore the best muscle to be 

analyzed. The purpose of this study was to identify which skeletal muscles in the mouse were 

damaged by downhill running and the extent of muscle damage in each muscle group. We used 

infiltration of Evans Blue dye in the muscle cells and the presence of muscle creatine kinase in 

the blood to identify muscle damage.  

Methods 
 
Animals 

 Nineteen adult (5 months) male FVB albino strain mice were used (Charles River). 

Animals were housed in standard cages on a 12-hour light-dark cycle (6am–6pm) in a 

temperature controlled room. Standard mouse chow and water were provided ad libitum. 

Animals were picked up and handled daily to accustom them to human handling. Mice were 

randomly assigned to a downhill running (DHR) group or a cage control (CON) group. All 

procedures were performed with BYU Institutional Animal Care and Use Committee (IACUC) 

approved procedures. 
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Downhill Running Protocol 

 Mice in the DHR group were subjected to a single bout of downhill running. Treadmill 

familiarization was performed prior to the downhill running bout to ensure animal cooperation 

during the exercise. Familiarization consisted of placing the animals in the declined treadmill 

chamber for five minutes with no treadmill speed. The downhill run consisted of a warm-up of 

gradually increasing speed from 0–20 meters per minute (m • min-1) over 5 mins, and then the 

mice ran for 30 mins at a speed of 20 m • min-1 with a decline of 20° on a standard mouse 

treadmill (Exer-3/6 treadmill, Columbus Instruments). This protocol was reported to elicit 

muscle damage in muscles of the hindlimb in mice (6, 7, 26). We used an active shock grid (2 

Hz) located at the end of the treadmill belt, and coarse bristle bottle brushes were inserted inside 

the treadmill chamber immediately in front of the shock grid to encourage the mice to run. Mice 

that consistently stayed on the shock grid and would not run were not used in the study. After 

running, the mice were returned to their cages until tissue harvest.  

Tissue Preparation  

 Evans Blue dye infiltration in the cytoplasm of cells was used to identify damage to the 

sarcolemma of the muscles. An Evans Blue dye solution (1%) in sterile phosphate-buffered 

saline (PBS) (0.1 mg/ml) was injected intraperitoneally at a volume of 0.01 ml/10 grams of body 

weight (6, 17, 26).  DHR mice were injected with Evans Blue dye 90 mins prior to the downhill 

running bout, and tissue harvest took place 24 hours after the bout of exercise. CON mice were 

sacrificed 24 hours after Evans Blue injection (17). The animals were anesthetized with 2.0–

2.5% isofluorane mixed with oxygen at a flow rate of 0.8 liters per min (L/min). Selected 

muscles of the hindlimb and forelimb were isolated and harvested for analysis: gastrocnemius, 

soleus, plantaris, tibialis anterior (TA), quadriceps and triceps. Once dissected, the muscle length 
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was measured (in mm) and the sample was mounted in tragacanth gum with the distal portion of 

the muscle at the top to ensure that sections from the distal half of the muscle sample were used 

for analysis (7). The muscle was frozen in isopentane cooled by liquid nitrogen. The contralateral 

muscle was measured for length, weighed for a wet tissue weight, and flash frozen in liquid 

nitrogen. These samples were stored at -80°C for future protein analysis. Finally, a venous blood 

sample was collected and centrifuged at 11,180 x g for ten minutes at 4°C. The plasma was 

transferred to a new tube and frozen at -80°C until analysis.  

Tissue Histochemistry 

  The frozen, mounted tissue sample was serially sectioned (8 μm) using a cryostat 

microtome (Microm HM 525, Thermo Scientific) and mounted on slides. Section counts were 

monitored on the microtome to ensure that muscle sections were taken from the distal half of the 

muscle sample. One slide was analyzed for Evans Blue dye infiltration and the other slide was 

treated and analyzed for dystrophin and centralized nuclei. 

 Evans Blue dye is an indicator of membrane permeability in rodents by infiltrating 

muscle fibers with a damaged sarcolemma and can then be viewed with fluorescent microscopy 

(17). For determination of Evans Blue dye infiltration in skeletal muscle cells, sections were 

fixed in cold acetone (-20°C) for 1 min and air-dried. The sections were then dipped in xylene, 

allowed to dry, and mounted with Canada balsam. Sections were imaged using fluorescent 

microscopy (20x objective, Excitation560/Emission590 ; Olympus IX73) and total number of cells 

and total Evans Blue-positive cells were counted.  

Specific damage to the sarcolemma was determined by decreased or discontinuous 

staining of the cytoskeletal protein dystrophin. Only the Evans Blue-positive cells were assessed 

for dystrophin-negative staining as a means to confirm the damage indicated by the dye. 
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Centralized nuclei were counted because they are an indicator that the cell is undergoing a 

regenerative process. Muscle sections were fixed in 4% paraformaldehyde for 5 mins and then 

rinsed in phosphate buffered saline (PBS). Sections were blocked with a 5% FBS, 2% BSA, 

0.2% triton X-100, 0.1% sodium azide in PBS solution for 30 mins. Sections were incubated in 

primary antibody for dystrophin (MF20, Developmental Studies Hybridoma Bank) (1:50) 

overnight at 4 °C and then rinsed (3 x 5 mins) with PBS. Finally, sections were also incubated 

with a cocktail containing a secondary Alexa-Fluor-488 fluorescent antibody (sc-2010, Santa 

Cruz Biotechnology) (1:100) and a DAPI nucleic acid stain for 30 mins at 37 °C. The sections 

were rinsed (3 x 5 mins) in PBS and mounted with Canada balsam. The samples were then 

imaged on a fluorescent microscope (Olympus IX73) at 20x magnification (dystrophin: 

Excitation488/Emission520; DAPI: Excitation350/Emission460). Only Evans Blue-positive cells 

were assessed for discontinuous or disrupted dystrophin staining. The parameters to be counted 

as a dystrophin-negative fiber required a complete absence or break in membrane staining and a 

contrast between the dystrophin stain and the rest of the cell (43). The total number of Evans 

Blue-positive cells that also had discontinuous dystrophin staining were counted. Images of 

dystrophin and DAPI were merged to identify centralized nuclei, and the total number of 

centralized nuclei were counted per section. 

Blood Creatine Kinase Analysis 

 Creatine kinase activity levels were assessed using a microplate kit (MAK116, Sigma).  

Activity is measured through a coupled reaction that produces a byproduct, which is measured 

by ultraviolet spectrophotometry at 340 nm and is proportionate to the amount of creatine kinase 

present. Absorbance values were converted to U/L based upon a standard curve. 
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Statistical Analysis 

 Based on the sample sizes of similar, existing studies, a sample size of six animals per 

group was determined to be adequate in order to find significant differences between groups. All 

analyses were made using T-Tests to compare CON and DHR groups in respect to body mass, 

muscle mass, total cell number, Evans Blue-positive cells, dystrophin negative cells, centralized 

nuclei, and creatine kinase activity. Data are presented as mean ± SE, and significance was set at 

p < 0.05. 

Results 
 
Animals 

 The animals ranged in age from 17 to 25 weeks old. The mean age for the CON group 

was 20.3 ± 0.7 (n = 9) and the DHR group was 21.4 ± 0.9 (n = 10), and the groups were not 

significantly different (Table 1). The mean body weight of the animals was 29.2 ± 0.6g (n = 9) in 

the CON animals and 30.5 ± 0.7g (n = 10) in the DHR animals with no significant difference 

between groups (Table 1). Initially, only six animals were used per group; however it was 

necessary to acquire additional samples for the soleus and plantaris because of freeze fracture 

making the samples unanalyzable in order to maintain a sample size of six. We used animals C1– 

C6 and DHR1–DHR6 wherever possible, including the gastrocnemius, TA, quadriceps, and 

triceps. For the soleus, animals C3–C5, C7–C9, DHR1, DHR3, and DHR7–DHR10 were 

analyzed. For the plantaris, animals C1–C6 and DHR2–DHR7 were analyzed (Table 1). For the 

creatine kinase activity, plasma samples from animals C1–C6 and DHR1–DHR6 were analyzed. 

The harvest muscle weight was similar between groups and the size ranged from a mean of 5.7 ± 

0.1mg in the soleus to 141.7 ± 5.2mg in the quadriceps. The total number of cells ranged from a 

mean of 287 cells in the soleus to 2105 cells in the gastrocnemius (Table 1).  
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Evans Blue Dye Infiltration 

 Total number of Evans Blue-positive fibers in each muscle are reported in Table 1 and 

Figure 1. In the control group, the mean percentage of Evans Blue-positive cells across all the 

muscles was 3.9%, and Evans Blue dye infiltration ranged from a low of 1.7 ± 0.3% in the soleus 

to a high of 6.6 ± 2.2% in the TA. After a single bout of downhill running, the DHR group had a 

mean percentage of Evans Blue dye infiltration across all muscles of 4.3%, with a range of 2.6 ± 

0.8% in the tricep to 6.6 ± 1.3% in the TA (Table 2). There was no significant difference 

between groups.  

Disrupted Dystrophin  

 The respective Evans Blue-positive cells were then assessed for discontinuous or absence 

of dystrophin staining. The total number of Evans Blue-positive fibers with discontinuous 

dystrophin staining are shown in Figure 2. There was no difference between groups for the 

number of fibers showing discontinuous or absent dystrophin, and the mean percentage of Evans 

Blue-positive fibers showing discontinuous dystrophin staining was 65% in CON and 60% in 

DHR.  

Centralized Nuclei 

 The total number and relative percentage of centralized nuclei were not significantly 

different between groups (Figure 3). The percentage of centralized nuclei in the CON group 

ranged from a low 1.5 ± 0.1% in the soleus to 3.2 ± 0.4% in the triceps brachii and the combined 

mean for all muscles in the CON was 2.3%. In the DHR group, percentage of centralized nuclei 

ranged from a low of 1.5 ± 0.3% in the TA to 3.9 ± 0.7% in the plantaris, with a mean of 2.7% in 

all the muscles.  
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Creatine Kinase 

 The mean blood creatine kinase activity in CON was 146 ± 13.2 U/L and in DHR it was 

150 ± 10.8 U/L (Figure 4). These groups were not found to be significantly different (p > 0.05). 

Discussion 
 

Early rat studies found significant damage after a bout of downhill running, particularly 

in the triceps brachii, soleus, and vastus intermedius muscles using a hemotoxylin and eosin 

(H&E) stain (3). Subsequent studies using downhill running conducted on mice have used these 

muscles and measured damage primarily using H&E stains (40), Evans Blue dye infiltration (6), 

plasma creatine kinase levels (40), and maximal isometric force (26). Most studies analyzed the 

gastrocnemius-soleus complex, possibly because of the small size of the soleus muscle in mice 

(6, 7, 26). The purpose of this study was to identify the pattern and extent of muscle damage in 

the mouse after a single bout of downhill running.  

 We found that downhill treadmill running in the FVB strain of mice did not induce 

significant damage in any of the six individual muscles when compared to a control group. Our 

results were unexpected, considering that several studies using similar methods have reported 

damage after a single bout of downhill running (6, 7, 19, 21, 26, 28, 40). The current study takes 

a more comprehensive view of muscles in the mouse and suggests that downhill treadmill 

running may not be a reliable method to induce muscle damage in all conditions.  

 The primary marker of muscle damage in our study was Evans Blue dye infiltration. 

Evans Blue vital staining has been shown to be reliable and a simple way of identifying muscle 

membrane disruption and/or muscle damage (17). Evans Blue dye is used as an indicator of 

damage in rodents because it will infiltrate muscle fibers with a permeable membrane and can be 

 



www.manaraa.com

 9 

seen when viewed with fluorescent microscopy. It has been compared to an H&E stain and has 

shown positive infiltration for the same fibers that appeared damaged in the H&E stain (33).  

In our study, we found some level of Evans Blue-positive fibers in almost every sample, 

including controls, but there was no significant difference between groups in response to 

downhill running. Other studies using downhill running in mice and rats have used Evans Blue 

dye as a marker of damage and found significant amounts of infiltration (6, 7, 23, 26, 40). Their 

sample sizes per group ranged from two to eight animals, which is similar to our sample size of 

six. In order to maximize the potential for damage, our methods imitated the greatest decline 

used in the existing literature, which was 20° (6, 26), with a relatively fast speed of 20 m • min-1 

(30). Running times in the literature ranged from as little as 5 mins (41) to as long as 150 mins 

(11-13, 16, 18, 21), and the mice in our study ran for a time of 30 mins. While this is a shorter 

run time, studies have measured significance in markers of muscle damage with only 30 mins (2, 

6, 7). These conditions were presumed to be sufficient to induce muscle damage, and the fact 

that there was not damage suggests that either the methods of analyzing the damage were not 

sensitive enough or the muscles analyzed were not damaged. 

 We also analyzed dystrophin staining, centralized nuclei, and plasma CK activity as 

additional markers of muscle damage. Dystrophin is a structural protein that is crucial to 

connecting the z-discs to the sarcolemma. Studies have shown that eccentric contractions 

produce a loss of dystrophin staining (23, 43), and the loss of staining was correlated with Evans 

Blue dye infiltration (8, 23). Our dystrophin findings were consistent with the Evans Blue data 

with no difference between groups. Not all of our Evans Blue-positive fibers had discontinuous 

staining, albeit the majority of fibers did. The parameters to be counted as a dystrophin-negative 
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fiber required a complete absence or break in membrane staining, and a contrast between the 

dystrophin stain and the rest of the cell (43).  

 Centralized nuclei are not a direct marker of muscle damage, but an indicator that a cell is 

undergoing a regenerative process, which could be a result of damage from a bout of downhill 

running. A common method used to measure damage with an H&E stain defines centralized 

nuclei as a parameter to indicate muscle damage (3, 38). We measured centralized nuclei to 

determine the relationship between Evans Blue-positive fibers and centralized nuclei. We found 

no difference between DHR and CON in number of centralized nuclei per muscle sample, 

although, in all but one muscle, the trend was toward a greater percentage of centralized nuclei in 

the DHR group. The centralized nuclei did not correlate with the Evans Blue-positive fibers, 

which is similar to the results found in a study conducted by Whitehead et al. (42). We analyzed 

the muscles at 24 hours postexercise, similar to the study by Whitehead et al., which may be too 

early for the regenerative processes caused by exercise-induced muscle damage to be apparent 

(37). In order to get a reliable measure of the response of the nuclei from exercise-induced 

muscle damage, a later time point may be more effective.  

 Creatine kinase is an enzyme specific to the cytosol of muscle cells and is found in blood 

when the cell membrane becomes damaged. Creatine kinase typically has a robust response 

following a damaging bout of exercise, unless it is a repeated bout of damaging exercise or the 

subject is a nonresponder (34, 36). Due to its variability in response, it is often used in 

conjunction with other measures of muscle damage. We found no difference in plasma CK 

values between groups. This is consistent with all other markers of muscle damage that were 

analyzed in our study. The mice we used did not undergo any treadmill running prior to the 

downhill bout, only a familiarization period with no treadmill movement, so it is not likely that 
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the mice had any adaptations to prevent a robust CK response to the exercise. This leads us to 

believe that no significant damage was incurred from the downhill treadmill exercise.  

Our conclusion that the downhill running in the current mice did not result in muscle 

damage is inconsistent with much of the existing literature. A few differences in our study could 

contribute to or explain the lack of damage. These differences include the age and the strain of 

mice used in our study and, to a lesser extent, our method of counting.   

Genetic differences between strains of mice could affect the propensity for muscle 

damage. Our study used FVB mice because that is the primary strain with which our lab works. 

This differs from the existing literature, which primarily used C57BL/6 mice (6-9, 11-13, 20-22, 

26, 27, 32, 40-42). Strain comparison studies using level treadmill exercise show that C57BL/6 

perform poorly on treadmills. One study demonstrated that FVB mice considerably outperformed 

C57BL/6 mice in treadmill studies by running faster and farther (24). These results are in 

agreement with Massett et al. (31), showing that FVB had the highest intrinsic exercise capacity 

while C57BL/6 had the lowest. In discussions with other researchers, they report that mice with 

the C57BL background have some difficulty running and are awkward while running downhill. 

While the decline and the speed of the treadmill were similar between our study and the rest of 

the literature, the speed likely represented a higher percentage of exercise capacity in the studies 

using C57BL mice. These differences in exercise capacity and the mechanics of running could 

affect the amount of damage found in the muscle between strains of mice.  

When comparing our mice to the rest of the literature using downhill running in mice, our 

mice were older. The mean age of the current animals was 21 weeks, and other studies used mice 

as young as 5–6 weeks (6, 7, 18, 26), most were 8–10 weeks (2, 8, 9, 11-13, 16, 21, 22, 42), a 

few were 12 weeks (19, 27, 28), and only three studies used mice the same age or older than our 
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mice (20, 32, 41). Studies comparing adaptations in young and old rats after contraction-induced 

injury found that old rats responded differently in both the injury and adaptation to stretch-

shortening contractions (5, 15). This model has been shown to lead to muscle injury, adaptation, 

and/or maladaptation (4), and when used in old rats, it was reported to cause significant deficits 

in performance in the unexpected absence of degenerative or damaged fibers (15). Likewise, a 

similar study reports signs of degenerative myofibers in young rats but not old rats after a bout of 

injurious exercise (5). The authors suggested that differences in the response to contraction-

induced injury was not due to fiber necrosis, but perhaps a lack of response within the muscle 

due to age factors. While our mice aren’t classified as “old,” they were at least twice as old as 

most of the mice used in other studies, and a diminished responsiveness to the DHR exercise due 

to age could be a factor in the current results (4). 

In the current animals, the entire cross-section of the muscle was imaged and all the 

fibers were counted. This differs from other studies using Evans Blue dye, which used the 

gastrocnemius-soleus complex together and/or only selected a number of frames to count the 

damaged fibers (6, 7, 20, 26). By analyzing the entire muscle cross-section of each muscle 

individually, we were able to better assess the total amount of damage. If only a certain number 

of frames are analyzed, then the results could be skewed and not accurately reflect actual damage 

in the muscle. 

We conclude that a typical downhill treadmill running protocol does not cause muscle 

damage in adult male FVB mice. The current data suggest that downhill treadmill running in 

mice may not be the ideal model for yielding consistent muscle damage in all conditions. We 

recommend that downhill running protocol parameters (i.e., intensity (speed, grade) and 
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duration) should be assessed and optimized for the particular characteristics (i.e., strain, age, 

genotype, etc.) of the mouse to be studied. 
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Table 1. Totals and Percentages of Markers of Muscle Damage 

Muscle 
EBD Positive Centralized Nuclei Dystrophin Negative 

CON DHR CON DHR CON DHR 

Soleus 5.7  ± 1.5 9.5  ± 4.7 4.8 ± 0.9 6.2 ± 1.6 4.2 ± 1.9 6.3 ± 3.2 
1.7% ± 0.3 3.4% ± 1.3 1.5% ± 0.1 2.3% ± 0.5 1.1% ± 0.4 2.2% ± 0.9 

(total cell #) (308 ± 48)  (267 ± 27)          
       

Gastroc 69.8 ± 17.1 59.5 ± 22.8 33.5 ± 7.1 51.7 ± 14.7 52.5 ± 15.7 33.0 ± 9.7 
3.3% ± 0.7 3.0% ± 1.3 1.6% ± 0.4 2.6% ± 0.7 2.4% ± 0.7 1.6% ± 0.5 

(total cell #) (2148 ± 312) (2062 ± 235)         
       

Plantaris 13.3 ± 4.9 15.7 ± 4.1 9.5 ± 3.1 11.5 ± 2.9 4.7 ± 1.3 5.2 ± 1.2 
4.0% ± 1.4 5.9% ± 1.7 2.9% ± 1.1 3.9% ± 0.7 1.4% ± 0.4 1.9% ± 0.5 

(total cell #) (370 ± 47)  (290 ± 35)          
       

TA 35.2 ±8.9 43.0 ± 10.1 13.7 ± 2.4 10.5 ± 2.4 28.3 ± 8.1 16.3 ± 4.6 
6.6% ± 2.2 6.6% ± 1.3 2.5% ± 0.7 1.5% ± 0.3 5.0% ± 1.4 2.8% ± 0.9 

(total cell #)  (603 ± 101) (658 ± 74)          
       

Quadriceps 96.8 ±28.8 79.2 ± 17.8 42.5 ± 6.0 42.0 ± 6.0 78.3 ± 25.2 54.3 ± 11.3 
5.0% ± 1.6 4.1% ± 1.0 2.1% ± 0.3 2.2% ± 0.4 4.0% ± 1.4 2.9% ± 0.7 

(total cell #)  (2013 ± 59) (2020 ± 120)          
       

Triceps 44.2 ± 18.6 35.0 ± 12.2 53.8 ± 11.1 46.7 ± 8.4 32.8 ± 17.0 23.5 ± 9.7 
2.8% ± 1.1 2.6% ± 0.8 3.2% ± 0.4 3.6% ± 0.6 2.1% ± 1.0 1.7% ± 0.7 

(total cell #) (1648 ± 159) (1311 ± 67)     
 
Values represent mean ± SE for the absolute number and percentage of Evans Blue-positive 
fibers, centralized nuclei and dystrophin-negative cells. Total cell # represents the mean ± SE for 
the total number of cells for that muscle. Percentages are calculated as absolute number of 
positive cells divided by the total number of fibers examined for each respective muscle.  
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Figure 1 
A. Total number of Evans Blue-positive cells counted in both Control (Con) and Downhill running 
(DHR) mice muscles. Values are presented as means ± SE (n = 6). EBD, Evans Blue dye; Gastroc, 
gastrocnemius; TA, tibialis anterior.  
B. IHC image of a muscle cross-section demonstrating Evans Blue infiltration (marked with a star). 
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Figure 2 
A. Total number of dystrophin-negative cells. Evans Blue-positive cells were assessed for dystrophin-
negative staining in Control (Con) and Downhill running (DHR) muscles. Values represent means ± SE 
of the total number of dystrophin-negative cells for each muscle (n = 6); p > 0.05 for all groups.   
B. IHC image of a muscle cross-section demonstrating dystrophin-negative staining, indicated by arrows, 
of an Evans Blue-positive cell. 
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Figure 3 
A. Total number of centralized nuclei was counted per muscle. Means ± SE (n = 6) p > 0.05 for all 
groups.  
B. A muscle cross-section with a merged image of both dystrophin and DAPI stains to show centralized 
nuclei, indicated by arrows.
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Appendix A. List of articles using downhill treadmill running in mice 

Author Year Strain S Age Grade 
Speed 
m/min 

Time 
min Bouts Muscles 

Time of 
Sacrifice 

Markers of Muscle Damage* 
EBD H&E CK DYS Whl Td-E F Oth 

Aoi 2012 ICR  10 wk -5 30 30 1 soleus 24h   +      
Armand 2003 Swiss F adult -14 30/40 90/30 1 soleus 24-168h        + 
Boppart 2006 sj6/c57bl6 F 5 wk -20 17 30 1 gastroc-soleus 24h +        
Boppart 2008 c57bl6-a7bgal F 5 wk -20 17 30 1 or 2 gastroc-soleus 0,3h, 24h, 1wk +        

Brussee 1997 c57bl10j M 2 mo -15 10 10 3 ta, EDL, soleus, 
gastroc, BB, TB, 
diaphram 

0 +        

Brussee 1998 c57bl/10j mdx M 2mo -15 10 10 3 BB 24h +   +     

Carmichael 2005 c57bl/6 M 8wk -14 22 150 1   24h   +  + +   

Carmichael 2006 c57bl6 M 8wk -14 22 150 1   8d     + +   

Carmichael 2010 c57bl/6 M 8wk -14 22 150 1   24h      +   
Davis 2007 ICR M 8wk -14 22 150 1 soleus 24h, 48h   +  + +   
Haramizu 2013 ICR M 6wk -14 22 150 1 gastroc, soleus, 

plantaris 
0, 24h   +  + + +  

Haubold 2003 WT129, desmin null M 3 mo -16 10 5 1   24h   +  + +   

Howard 2011 c57bl/jinsr, c57bl/6,  6-7 
mo 

-15 10 60 1 quad, gastroc 24h +        

Kawanishi 2013 c57bl6 M 9wk -15 22 150 1 gastroc 24h   +      
Knoblauch 2013 B6.V Lepob/J, 

C57bl6/j 
 10wk -12+ 7 90 1 gastroc 0        + 
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Author Year Strain S Age Grade 
Speed 
m/min 

Time 
min Bouts Muscles 

Time of 
Sacrifice 

Markers of Muscle Damage* 
EBD H&E CK DYS Whl Td-E F Oth 

Lueders 2011 SJL/c57bl6, mck-
a7bx2 

F 5-8wk -20 17 60 1 plantorflexors 
(force), gastroc-
soleus 

1, 2, 4, 7d + +     +  

Lynch 1997 c57bl/10 M 80 d -16 13 60 1 Soleus, EDL 24h, 48h  + +    +  
Magalhaes 2013 CD-1 M 12wk -16 25-30 120 1 Soleus, gastroc, 

quad, 
spinotrapezius 

0, 48h   +      

Mathur 2011 c57bl/10scsn M 5-15 
mo 

-14 8-10 45 1 TA, EDL, FDL, 
soleus, gastroc 

48h +        

Tsivitse 2009 c57bl/j6 M 5 wk -15 22 40 1 gastroc, soleus,  24h, 48h, 72h, 
96h, 120h 

+ +       

Vilquin 1998 c57bl10 scsn 
CD1TnILacZ1/29 

B 9-
14mo 

-16 10 5 1 TA 3d   + +     

Whitehead 2006 c57bl10 scsn M 7-10 
wk 

-17 10 45 1 EDL 24h +      +  

 
*A plus sign indicates which markers of muscle damage were assessed for that study, abbreviations are as follows:  EBD, Evans Blue 
dye; H&E, Hematoxylin and eosin stain; CK, creatine kinase; DYS, dystrophin-negative staining; Whl, wheel running; Td-E, 
treadmill endurance test; F, maximal contractile force; Oth, other. 
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