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Abstract 

Dehydroepiandrosterone (DHEA), the most abundant sex steroid, is primarily secreted by the 
adrenal gland and a precursor hormone used by athletes for performance enhancement. 
Whole-body vibration (WBV) is a well-known light-resistance exercise by automatic adaptations 
to rapid and repeated oscillations from a vibrating platform, which is also a simple and convenient 
exercise for older adults. However, the potential effects of DHEA supplementation combined with 
WBV training on to body composition, exercise performance, and hormone regulation are 
currently unclear. The objective of the study is to investigate the effects of DHEA supplementation 
combined with WBV training on body composition, exercise performance, and physical 
fatigue-related biochemical responses and testosterone content in young-adult C57BL/6 mice. In 
this study, male C57BL/6 mice were divided into four groups (n = 8 per group) for 6-weeks 
treatment: sedentary controls with vehicle (SC), DHEA supplementation (DHEA, 10.2 mg/kg), 
WBV training (WBV; 5.6 Hz, 2 mm, 0.13 g), and WBV training with DHEA supplementation 
(WBV+DHEA; WBV: 5.6 Hz, 2 mm, 0.13 g and DHEA: 10.2 mg/kg). Exercise performance was 
evaluated by forelimb grip strength and exhaustive swimming time, as well as changes in body 
composition and anti-fatigue levels of serum lactate, ammonia, glucose, creatine kinase (CK), and 
blood urea nitrogen (BUN) after a 15-min swimming exercise. In addition, the biochemical 
parameters and the testosterone content were measured at the end of the experiment. Six-week 
DHEA supplementation alone significantly increased mice body weight (BW), muscle weight, 
testosterone level, and glycogen contents (liver and muscle) when compared with SC group. 
DHEA supplementation alone had no negative impact on all tissue and biochemical profiles, but 
could not improve exercise performance. However, WBV+DHEA supplementation also 
significantly decreased BW, testosterone level and glycogen content of liver, as well as serum 
lactate and ammonia levels after the 15-min swimming exercise when compared with DHEA 
supplementation alone. Although DHEA supplementation alone had no beneficial effect in the 
exercise performance of mice, the BW, testosterone level and glycogen content significantly 
increased. On the other hand, WBV training combined with DHEA decreased the BW gain, 
testosterone level and glycogen content caused by DHEA supplementation. Therefore, WBV 
training could inhibit DHEA supplementation to synthesis the testosterone level or may decrease 
the DHEA supplement absorptive capacity in young-adult mice. 

Key words: dehydroepiandrosterone (DHEA); whole-body vibration (WBV); exercise performance; 
testosterone; glycogen. 
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Introduction 
Dehydroepiandrosterone (DHEA) is a precursor 

of sex steroid hormones and serum DHEA levels 
generally decrease with aging [1]; hormones 
supplementation is one direct way to increase sex 
steroid hormone level. In previous study, DHEA 
levels with aging and obesity had been improved 
insulin resistance to increasing prevalence of diabetes 
[2, 3]. DHEA is reversibly converted to 
dehydroepiandrosterone sulfate (DHEAS) [4]. In 
addition, sex steroid hormone supplementation and 
exercise may relate to increase in muscle mass [5, 6], 
especially in older subjects. Exercise also increased sex 
steroid hormone levels and increased activation of the 
glucose metabolism-signaling pathway in skeletal 
muscle [7].  

Whole-body vibration (WBV) is a kind of 
supplementary training or light-resistance training 
based on automatic body adaptations to rapid and 
repeated oscillations of a vibrating platform [8]. 
Studies have reported that WBV could improve 
muscle strength and power [9], benefit bone mineral 
density [10], decrease in abdominal fat [11], and 
increase hormone content [12]. In addition, WBV 
training also significantly increased the muscle 
strength and bone mineral density of older subjects 
[13, 14], and DHEA supplementation had several 
benefits in age-advanced subjects [15]. However, to 
the best of our knowledge, there is no prior report on 
the effects of a combination of DHEA 
supplementation and WBV training for body 
composition, serum biochemical indexes, exercise 
performance and hormone content. In this study, we 
combined DHEA supplementation and WBV training 
for young-adult mice to investigate the beneficial 
synergistic effects on hormone content, muscle mass, 
body composition, exercise performance, biochemical 
profiles, and pathological responses after 6-weeks 
supplementation.  

Materials and methods 
Materials, Animals, and Experiment Design  

Dehydroepiandrosterone (DHEA) used for 
supplementation in this study was obtained from 
General Nutrition Centers, Inc. (GNC, Pittsburgh, PA, 
USA). Male C57BL/6 mice (6 weeks old) with specific 
pathogen-free conditions were purchased from 
National Laboratory Animal Center (NLAC), 
National Applied Research Laboratories (Taipei, 
Taiwan). One week of acclimation to the environment 
and diet was allowed before the experiment began. 
All animals were provided a standard laboratory diet 
(No. 5001; PMI Nutrition International, Brentwood, 

MO, USA) and distilled water ad libitum, and housed 
at 12-h light/12-h dark cycle at room temperature (24 
± 1 °C) and 50%–60% humidity. The Institutional 
Animal Care and Use Committee (IACUC) of 
National Taiwan Sport University inspected all 
animal experiments in this study, and the study 
conformed to the guidelines of protocol IACUC-10321 
approved by the IACUC ethics committee. 

All animals were randomly assigned to 4 groups 
(8 mice/group) for sedentary control with vehicle 
(SC), DHEA supplementation (DHEA), whole-body 
vibration training with vehicle (WBV), and WBV with 
DHEA supplementation (WBV+DHEA). Food intake 
and water consumption were recorded daily, and all 
animals were weighed weekly. 

DHEA Supplementation  
The oral gavage treated with DHEA once a day 

for 6-week at 10.2 mg/day. SC group received the 
same volume of distilled water equivalent to body 
weight. The DHEA supplementation in WBV+DHEA 
group was complete WBV training after 30 min. The 
recommended use of DHEA for humans is about 50 
mg per one intake with a normal diet and exercise 
program. The mouse DHEA dose (10.2 mg/kg) used 
in this study was converted from a human equivalent 
dose on the basis of body surface area by the 
following formula from the US Food and Drug 
Administration [16]: assuming a human weight of 60 
kg, the human equivalent dose of 50 mg/60 kg (0.83 
mg/kg) = 0.83 × 12.3 = a mouse dose of 10.2 mg/kg; 
the conversion coefficient 12.3 was used to account for 
differences in body surface area between a mouse and 
a human.  

WBV Protocol  
Animals in the WBV and WBV+DHEA groups 

underwent WBV following the training protocol as 
shown in Figure 1. The frequencies provided by the 
vibration platform were 5.6 Hz (peak acceleration, 
0.13 g). A vibration platform is considered to produce 
gravitational force < 1 g regardless of frequency. The 
peak-to-peak amplitude of the vibration was 2 mm. 
The WBV training was under continuous supervision 
for 15 min/day, 5 days/week for 6 weeks. Training 
session was regularly beginning at 9:00 Am. 

Forelimb Grip Strength  
A low-force testing system (Model-RX-5, Aikoh 

Engineering, Nagoya, Japan) was used to measure the 
forelimb grip strength of mice. The amount of tensile 
force was measured by use of a force transducer 
equipped with a metal bar (2 mm diameter and 7.5 cm 
long). The detailed procedures were described in our 
previous study [17]. Forelimb grip strength was tested 
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after consecutive administration of SC, DHEA, WBV 
and DHEA + WBV treatment for 6 weeks and 1 h after 
the last treatment. The maximal force (in grams) 
recorded by this low-force system was used as the 
grip strength. The data is a measure of different grip 
strength (g) adjusted for body weights (g). 

Swimming Exercise Performance Test 
Mice were pretreated with the SC, DHEA, WBV 

and WBV+DHEA for 6 weeks, then an exhaustive 
swimming test was tested after the last treatment. The 
details of the exhaustive swimming test was described 
previously [18]. The endurance of each mouse was 
recorded as the time from the beginning to 
exhaustion, determined by observing loss of 
coordinated movements, and failure to return to the 
surface within 7 s. 

Determination of Blood Biochemical Variables 
The effect of DHEA, WBV and WBV+DHEA on 

serum lactate, ammonia, glucose, BUN, and CK levels 
were evaluated post-exercise. At 1 h after the 
administration, a 15-min swimming test was 
performed without weight loading, then blood 
samples were immediately collected from the 
submandibular duct of pretreated mice and 
centrifuged at 1500 ×g and 4 °C for 10 min for serum 
preparation. Lactate, ammonia, and glucose, CK and 
BUN level in serum were determined by using an 
autoanalyzer (Hitachi 7060, Hitachi, Tokyo). In 
addition, at the end of the experiments, all mice were 
killed by 95% CO2 asphyxiation, and blood was 
withdrawn by cardiac puncture. Serum was collected 
by centrifugation, and levels of aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT), creatinine (CREA), blood urine nitrogen 
(BUN), CK, glucose, and uric acid (UA) were assessed 
by use of an auto-analyzer (Hitachi 7060). 

Tissue Glycogen Determination 
Liver and muscle tissues were investigated to 

determine whether DHEA, WBV and WBV+DHEA 
treatment increased glycogen deposition. About 1 h 
after the last treatment administration, mice were 
euthanasia by CO2 inhalation. The liver was excised 
and weighed. The method of glycogen analysis was 
described in our previous studies [19,20]. 

Immunohistochemical staining of 
gastrocnemius muscles 

Gastrocnemius muscles were carefully removed, 
minced, and fixed in 10% formalin. Tissues were 
embedded in paraffin and cut into 4-μm thick slices 
for morphological and pathological evaluations. 
Immunohistochemical (IHC) staining of tissues 
involved use of the Leica antibody to myosin heavy 
chain fast (WB-MHCf) and myosin heavy chain slow 
(WB-MHCs). By using automated BondMax with 
double staining, WB-MHCf and WB-MHCs epitope 
retrieval involved use of ER2 (AR9640) (pH 9) 
retrieval solution for 30 min once, followed by 
incubation with WB-MHCf and WB-MHCs antibodies 
with diluent 100X for 30 min. The detection kit 
used was the Bond Polymer Refine Detection 
(DS9800) (incubation with post primary for 8 min, 
polymer for 8 min and 3’3'-diaminobenzidine for 5 
min) and Bond Polymer Refine Red Detection 
(DS9390) (incubation with post primary for 20 min, 
polymer for 30 min, Red for 10 min and haematoxylin 
for 5 min). Finally, results were examined under a 
light microscope equipped with a CCD camera 
(BX-51, Olympus, Tokyo) by a veterinary pathologist. 

 Statistical analysis 
All data were expressed as mean ± SEM (n = 8). 

Differences between groups were analyzed by 
one-way ANOVA using Duncan’s post-hoc test, and p 
values < 0.05 were considered significant. 

 
 

 
Figure 1. Protocol for 6-week whole-body vibration training (WBV). 
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Results 
Effect of DHEA Supplementation Combined 
with WBV Training on Body Weight (BW), 
Skeletal Muscle Mass, and Other 
Metabolism-Related Organ Weights 

The initial BW of SC, DHEA, WBV, and DHEA + 
WBV groups was 21.3±0.1, 21.6±0.2, 21.3±0.2, and 
21.7±0.1 g, respectively, with no differences among 
groups (Figure 2). The BW of DHEA group was 
significantly higher from 3 to 6 weeks than other 
groups. The BW of SC, WBV, and WBV+DHEA 
groups did not significantly differ during the 6-week 
experiment period. At the end of the experiment, the 
BW in the SC, DHEA, WBV, and WBV+DHEA groups 
were 24.0±0.3, 26.1±0.4, 24.4±0.5, and 23.0±0.4, 
respectively. The final BW of the DHEA group was 
significantly higher by 1.09- fold (p = 0.0008) than the 
SC group. On the other hand, the final BW of the 
WBV+DHEA group was significantly lower by 12% (p 
< 0.0001) compared with the DHEA group. Thus, 
DHEA supplementation can increase BW. Effect of 
6-week DHEA, WBV, and WBV+DHEA on food 
intake, water intake and tissue changes were shown in 
Table 1. The food and water intake of all groups did 
not differ. In addition, there were no significant 
changes in the liver, epididymal fat pad (EFP), heart, 
and brown adipose tissue (BAT) weights. The muscle 
weight of DHEA group was significantly higher, by 
1.08-fold (p = 0.0445), compared to the SC group. The 
lung weight was significantly higher for the WBV 
than SC group, by 1.14-fold (p = 0.0096). Moreover, 
relative tissue weight (%) is a measure of different 
tissue weights adjusted for individual BW. The 
relative lung weight of the WBV and WBV+DHEA 
groups was 1.15- (p = 0.0039) and 1.12-fold (p = 0.011) 
higher than SC group, respectively. Relative liver, 
EFP, heart, muscle, and BAT weights did not differ 
among groups. Consistent with the change in BW and 
tissue weights, the WBV training had no negative 
impact on appetite, although the tissue weight had 
slightly changes in kidney and lung of WBV group, 
the values are still within reasonable limits. In this 
study, the BW and muscle weights of DHEA-fed mice 
were significantly increased, but DHEA+WBV group 
was significantly decreased. Thus, sex steroid 
hormone levels relate to increase in muscle mass, and 
WBV training inhibited the DHEA-stimulating BW 
and muscle weight gain.  

Effect of DHEA Supplementation Combined 
with WBV Training on Forelimb Grip Strength 
and Endurance Swimming Performance 

The forelimb grip demonstrates the maximal and 
explosive force production. The grip strength were 

4.7±0.3, 4.7±0.1, 5.6±0.2, and 5.3±0.2 g/BWg for the SC, 
DHEA, WBV, and WBV+DHEA groups, respectively 
(Figure 3 a). Compared with the SC group, the grip 
strength was significantly higher by 1.18-fold (p = 
0.0063) in WBV group, and slightly higher by 
1.13-fold (p = 0.061) in DHEA+WBV group. Exercise 
endurance is an important variable in evaluating 
aerobic capacity. Swimming exhaustive time reflects 
the endurance exercise capacity. The exercise 
endurance levels with a swimming test in SC, DHEA, 
WBV and WBV+DHEA groups were 4.1±0.3, 4.7±0.5, 
3.7±0.2, and 4.7±1.1 min, respectively (Figure 3 b). 
Each groups had no significant effect on the 
endurance exercise. 

Table 1. Effects of 6-week DHEA, WBV, and WBV+DHEA on 
body weight, food intake, water intake, and tissue changes. 

Characteristic SC DHEA WBV WBV+DHEA 
Food intake 
(g/day) 

4.7±0.3 4.5±0.1 4.9±0.2 4.9±0.3 

Water intake 
(mL/day) 

4.9±0.3 5.1±0.1 4.9±0.3 4.9±0.2 

Liver (g) 1.11±0.03ab 1.22±0.05b 1.11±0.03ab 1.07±0.04a 
Kidney (g) 0.35±0.01b 0.36±0.01b 0.32±0.01a 0.35±0.01b 
EFP (g) 0.19±0.01 0.20±0.02 0.20±0.01 0.15±0.02 
Heart (g) 0.13±0.00 0.14±0.01 0.13±0.01 0.13±0.01 
Lung (g) 0.14±0.01a 0.15±0.01ab 0.16±0.01b 0.15±0.01ab 
Muscle (g) 0.31±0.01a 0.33±0.01b 0.30±0.01a 0.30±0.01a 
BAT (g) 0.05±0.00 0.06±0.00 0.05±0.00 0.05±0.00 
Relative (%)     
liver  4.62±0.14 4.65±0.16 4.62±0.08 4.63±0.14 
Kidney 1.47±0.05bc 1.38±0.05ab 1.34±0.02a 1.51±0.03c 
EFP 0.80±0.04 0.77±0.07 0.82±0.04 0.66±0.10 
Heart  0.55±0.02 0.52±0.04 0.53±0.02 0.54±0.02 
Lung  0.59±0.02a 0.56±0.02a 0.68±0.01b 0.66±0.02b 
Muscle  1.27±0.03 1.26±0.03 1.23±0.04 1.28±0.02 
BAT  0.22±0.01 0.23±0.02 0.21±0.01 0.23±0.01 
Data were mean ± SEM (n = 8). Different letters indicated significant difference at p 
< 0.05 by one-way ANOVA. Muscle mass includes both gastrocnemius and soleus 
muscles in the back part of the lower legs. EFP: epididymal fat pad; BAT: brown 
adipose tissue; sedentary control with vehicle (SC), DHEA supplementation 
(DHEA), WBV training (WBV), and WBV combined with DHEA supplementation 
(WBV+DHEA). 

 

 

 
Figure 2. Effect of DHEA supplementation combined with WBV training on 
body weight (BW) for 6 weeks. Data were mean ± SEM (n = 8). * p < 0.05 for 
DHEA, WBV and WBV+DHEA groups, respectively, compared with SC group 
by one‐way ANOVA. 
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Figure 3. Effect of 6-week DHEA, WBV, and WBV+DHEA on forelimb grip strength (a) and swimming exercise performance (b). Male C57BL/6 mice underwent a 
grip strength test 1 h after the final administered DHEA or WBV training. Swimming performance test were pretreated with DHEA or WBV training and then 1 h later 
performed an exhaustive swimming exercise with a load equivalent to 5% of the mouse’s body weight attached to the tail. Data were mean ± SEM (n = 8). Different 
letters indicated significant difference at p < 0.05 by one-way ANOVA. 

 

Effect of DHEA Supplementation Combined 
with WBV Training on the Serum 
Testosterone Level 

The serum testosterone level of SC, DHEA, 
WBV, and WBV+DHEA groups were 4.9±0.4, 
11.4±1.8, 5.7±1.6, and 6.7±0.8 ng/mL, respectively 
(Figure 4). The testosterone level was significantly 
increased by 2.31-fold (p = 0.0013) in DHEA group 
than SC group, with no significant difference among 
SC, WBV, and WBV+DHEA groups. According this 
result, we found that WBV combination with DHEA 
supplementation could decrease the testosterone level 
increase by DHEA treatment. 

 

 
Figure 4. Effect of 6-week DHEA, WBV, and WBV+DHEA on serum 
testosterone level. Data were mean ± SEM (n = 8). Different letters indicated 
significant difference at p < 0.05 by one-way ANOVA. 

 

Effect of DHEA Supplementation Combined 
with WBV Training on Serum Lactate, 
Ammonia, Glucose, CK, and BUN Levels after 
Acute Exercise Challenge 

Muscle fatigue after exercise was evaluated by 
biochemical indicators, including lactate, ammonia, 
glucose, CK, and BUN [21]. During high-intensity 
exercise, muscles must obtain sufficient energy from 
anaerobic glycolysis, and abundant lactate is 
produced by glycolysis metabolism. Lactate is an 

oxidizable substrate in skeletal muscle and a 
precursor to gluconeogenesis in muscles or liver after 
exercise [22]. In the present study, lactate levels in the 
SC, DHEA, WBV and DHEA + WBV groups were 
8.6±2.7, 7.0±1.6, 6.0±0.4 and 4.9±0.3 mmol/L, 
respectively; the levels with WBV and WBV+DHEA 
treatment were significantly lower, by 29% (p = 0.007) 
and 41% (p = 0.0003), when compared with SC group, 
respectively (Figure 5a). Therefore, six-week 
combination of WBV with DHEA supplementation 
could decrease the serum lactate accumulation after 
the 15 min acute exercise. Muscle fatigue is associated 
with deamination of adenine nucleotides, and 
increased deamination of AMP coincides with 
decreased phosphocreatine and pH values and failure 
of the contraction process. Peripheral and central 
fatigue levels are related to increased ammonia level 
during exercise [23]. Serum ammonia level in the SC, 
DHEA, WBV and WBV+DHEA groups was 240±44, 
188±16, 92±8 and 103±9 μmol/L, respectively. Serum 
ammonia levels of WBV and WBV+DHEA groups 
were significantly lower, by 62% (p = 0.0002) and 57% 
(p < 0.0004) than the SC group, respectively (Figure 
5b). Blood glucose level is an important index for 
performance maintenance during exercise. Serum 
glucose level in the SC, DHEA, WBV, and 
WBV+DHEA groups was 184±10, 176±7, 186±4, and 
180±11 mg/dL, respectively; with no significant 
differences among all groups (Figure 5c). During 
exercise, carbohydrates are the main substrates for 
ATP resynthesis in tissues, and glucose mobilization 
is associated with the metabolic demands of muscles 
during activity [24]. The maintenance of steady levels 
of blood glucose during physical exercise involves 
very precise controls of the hepatic production of 
glucose, which includes hormonal feedback 
mechanisms [25]. However, in this study, DHEA and 
WBV training alone or combination have no beneficial 
effect on glucose values after the acute exercise. 
Serum CK is an important clinical biomarker for 
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muscle damage, such as muscular dystrophy, severe 
muscle breakdown, myocardial infarction, 
autoimmune myositides, and acute renal failure. 
Serum CK activity of the SC, DHEA, WBV, and 
WBV+DHEA groups were 2963±786, 1219±243, 
1403±486, and 1737±430 U/L, respectively (Figure 
5d), and the CK activity of DHEA group was 
significantly decreased by 59% (p = 0.0258) than SC 
group (Figure 4d). Many factors other than renal 
disease can cause BUN alteration [26]. Urea is formed 
by the liver and carried with the blood to the kidneys, 
and urea is an important index correlation with 
protein breakdown, dehydration, stress, and fatigue 
[27]. The serum BUN level of the SC, DHEA, WBV, 
and WBV+DHEA groups were 24.4±0.7, 23.1±1.7, 
25.7±1.4, and 23.5±1.1 mg/dL, respectively, with no 
significant difference among all groups (Figure 4e). 
DHEA supplementation alone or WBV training alone 
could reduce serum lactate, ammonia, and CK levels 
after acute exercise challenge. Thus, DHEA 
supplementation or WBV training alone may be an 
ergogenic supplement to recover the fatigue and 
recovery of muscle damage after acute exercise 
challenge. The results of WBV training agreed with 
previous results that WBV training is beneficial to 
serum lactate, ammonia, and CK levels after 

exercise [28].  

Effect of DHEA Supplementation Combined 
with WBV Training on Hepatic and Muscle 
Glycogen Level 

Glycogen is the predominant source of glycolysis 
[29]. During high-intensity exercise, muscle obtains 
enough energy from anaerobic glycolysis, and 
abundant lactate is produced through glycolysis [19]. 
The glycogen contents of liver and muscle tissues 
were shown in Figure 6a and 6b. The liver glycogen 
level of SC, DHEA, WBV, and WBV+DHEA groups 
was 43.7±4.8, 63.8±4.4, 53.1±4.1, and 39.3±7.7 mg/g 
liver, respectively, and the liver glycogen content of 
DHEA group was significantly higher (p = 0.0057) by 
1.45-fold than with SC. WBV+DHEA group was 
significantly lower (p < 0.0001) by 38.37% than DHEA 
group (Figure 6a). Glycogen content of muscle tissues 
in SC, DHEA, WBV, and WBV+DHEA groups was 
0.24±0.09, 0.40±0.03, 0.38±0.07, and 0.36±0.06 mg/g 
muscle, respectively. Compared with SC group, 
muscle glycogen level of DHEA group was 
significantly increased (p = 0.027) by 1.72-fold, and did 
not differ among SC, WBV and DHEA+WBV groups 
(Figure 6b). 

 

 
Figure 5. Effect of 6-week DHEA, WBV, and WBV+DHEA on serum levels of (a) lactate, (b) ammonia (NH3), (c) glucose, (d) creatine kinase (CK), and (e) blood 
urea nitrogen (BUN) after an acute exercise challenge. Mice were pretreated with of DHEA, WBV, or WBV+DHEA for six weeks, then 1 h later performed a 15-min 
swimming test without weight loading. Data were mean ± SEM (n = 8). Different letters indicated significant difference at p < 0.05 by one-way ANOVA. 
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Figure 6. Effect of 6-week DHEA, WBV, and WBV+DHEA on (a) hepatic glycogen and (b) muscle glycogen levels at rest. Data were mean ± SEM (n = 8). Different 
letters indicated significant difference at p < 0.05 by one-way ANOVA. 

 

Effect of DHEA Supplementation Combined 
with WBV Training on Biochemical Analyses 
at the End of the Experiment 

The levels of AST, ALT, BUN, CK, and UA did 
not differ among groups (Table 2), thus there were no 
negative effect in WBV+DHEA group in biochemical 
analyses. In addition, the level of creatinine was 
significantly lowered 13% (p = 0.0319) in the 
WBV+DHEA than SC group. The glucose level of 
WBV+DHEA group was significantly lower 26% (p = 
0.005) than DHEA group. 

 

Table 2. Effect of 6-week DHEA, WBV, and WBV+DHEA on 
biochemical serum levels at the end of the experiment. 

Variable SC DHEA WBV WBV+DHEA 
AST (U/L) 145 ± 13 115 ± 13 188 ± 29 165 ± 15 
ALT (U/L) 60 ± 4 59 ± 10 92 ± 10 69 ± 12 
Creatinine 
(mg/dL) 

0.39 ± 0.01b 0.37 ± 0.02ab 0.38 ± 0.01ab 0.34 ± 0.02a 

BUN (mg/dL) 23 ± 1 21 ± 1 20 ± 1 20 ± 1 
CK (U/L) 926 ± 178 654 ± 167 1592 ± 428 864 ± 530 
Glucose (mg/dL) 164 ± 8ab 188 ± 10bc 194 ± 6c 139 ± 11a 
UA (mg/dL) 1.4 ± 0.1 1.2 ± 0.1 1.5 ± 0.1 1.4 ± 0.2 
Data were mean ± SEM (n = 8). Different letters indicated significant difference at p 
< 0.05 by one-way ANOVA. AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; CK, creatine kinase; BUN, blood urea nitrogen; UA, uric acid. 

 

Histopathological Evaluation and 
Immunohistochemistry (IHC) of 
gastrocnemius muscles of DHEA 
Supplementation Combined with WBV 
Training at the End of the Experiment 

Figure 7 showed that the four groups did not 
differ according to histological observations of the 
liver, muscle, heart, kidney, lung, and testis. We also 
investigated the difference between slow muscle and 
fast muscle by IHC (Figure 8). Red fibers (slow 
muscle) and orange fibers (fast muscle) were did not 
differ among treatments in soleus and gastrocnemius 
muscle. Thus, DHEA supplementation and WBV 
training were not transfer the gastrocnemius muscle 

type in young-adult mice. 

Comment 
We conducted DHEA treatment combined with 

WBV training and discovery WBV+DHEA could 
inhibit the BW gain from DHEA supplementation. In 
our previous study, after WBV training (5.6 Hz, 2 mm, 
0.13 g) for 6-weeks, BW of mice fed with a high fat diet 
was slightly but not significantly decreased compared 
with those with a high fat diet only [30]. Several 
studies have reported WBV training could reduce 
body weight or arterial stiffness in non-athletes 
[31-33]. In this study, although BW of WBV group had 
no differences compared with SC, we speculate that 
WBV training could inhibit the hormone-stimulating 
weight increase caused by DHEA. 

In recent systematic reviews, WBV is as an 
alternative to conventional training or as 
supplementary training, and Osawa et al. [34] 
suggested that the use of WBV training would lead to 
greater muscle strength and countermovement jump 
height compared with the identical conditions 
without WBV training. As indicated previously, 
combination of DHEA administration with resistance 
exercise improved muscle mass and strength in older 
individuals [35, 36]. In our present data, DHEA 
treatment combined with WBV training could not 
have synergistic effect on muscle strength and 
exercise performance in young mice. Thus, the effect 
of DHEA treatment combined with WBV training on 
exercise performance has related with age. We also 
find that combination of DHEA supplementation with 
WBV could inhibit DHEA-increase testosterone 
capacity. DHEA, the major adrenal androgens, is the 
precursor of several metabolites, including sex steroid 
hormones [37]. According to previous research, both 
cholesterol and DHEA are substrates for testosterone 
formation [2], and WBV training has been 
demonstrated to decrease serum cholesterol content 
[30]. Therefore, WBV+DHEA treatment may cause 
cholesterol-lowering to decrease serum DHEA. WBV 
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influences proprioceptive feedback mechanisms and 
specific neural components to decrease cortisol 
content which steroid (glucocorticoid) hormone 
produced by the adrenal gland [38, 39]. WBV and 
DHEA supplementation may stimulate the hormone 
variety to open the balancing synthesis of testosterone 
content via DHEA pathway. Therefore, we suggest 
that WBV may inhibit DHEA absorption or 
testosterone synthesis, and influence these 
biochemical indices in vivo. 

In our study, there is no synergistic effect on 
DHEA supplementation and WBV training, but it 
demonstrated that DHEA supplementation had 
effective for muscle protective effects on CK 
biomarker after acute exercise. 

The endogenic effect of WBV training in skeletal 
muscle can attribute to glycogen synthesis in the 
muscle, which can continue for more than 5 hours 
[40]. Previous studies demonstrated DHEA enhanced 
insulin-stimulated PKCζ/λ activation in muscle and 
AKT activation in the liver of rats. PKCζ/λ activation 
may modulate GLUT4 translocation and glucose 
transport in muscle [41]. AKT and PKC activities 
induced by insulin are increased in liver and muscle, 
respectively [42]. According to our results, 
supplementation with DHEA increased hepatic and 
muscle glycogen storage and synthesis. However, 
WBV training affects the concentrations of glucose and 
several hormones [43] and modulates the glucose 
metabolism rate of the DHEA supplementation.  

 

 
Figure 7. The H&E staining of 6-week DHEA, WBV, and WBV+DHEA on the morphology of (a) liver, (b) skeletal muscle, (c) heart, (d) kidney, (e) lung, and (f) 
epididymal fat pad (EFP) tissues. Specimens were photographed with a light microscope (Olympus BX51). (Magnification: ×200, Scale bar, 40 µm). 
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Figure 8. The immunohistochemical (IHC) staining of 6-week DHEA, WBV, and WBV+DHEA on type I and type II muscle fibers in gastrocnemius muscle. Red fibers 
are type I fibers; orange fibers are type II fibers. Specimens were photographed by light microscopy. (Magnification: ×200, Scale bar, 40 µm). 

 
Figure 9. The proposed mechanisms by which DHEA supplementation combined with WBV training acts on the hormone regulation. 

 
In our present study, instead of DHEA increasing 

the glycogen, WBV+DHEA may consume the glycogen 
to result in improving energy utilization and a 
reduction in BW. Our previous study suggested that 
when carbohydrates are available after exercise, liver 
glycogen resynthesis is the first priority and muscle 
glycogen synthesis is secondary [19]. DHEA+WBV 
may be a safe way to increase energy expenditure and 
lose weight. On the other hand, one of the main 
advertising arguments for the use of WBV devices 
available on the market is that they promote weight 
loss or decrease fat mass. However, there is a lack of 
data to support these claims. In our opinion, WBV can 
influence muscle strength, body weight, or 
metabolism under specific situations, such as in older 

[44, 45] and obese subjects [46]. 
In conclusion, we found that DHEA 

supplementation increased BW, serum testosterone 
level and glycogen (liver and muscle) contents, as well 
as reduced fatigue after acute exercise. However, the 
combination of WBV training and DHEA 
supplementation resulted in a significant decrease in 
testosterone level and glycogen contents when 
compared with DHEA supplementation alone. WBV 
and DHEA supplementation may stimulate the 
hormone variety to open the balancing synthesis of 
testosterone content via DHEA pathway (Figure 9). 
This phenomenon shows that WBV could inhibit 
DHEA absorption or testosterone synthesis and 
influence these biochemical indices in young-adult 
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mice. Taken together, we suggested that WBV 
training is not suitable during the supplementation 
period and DHEA does not affect exercise 
performance in young-adult mice. 
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