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Abstract 
Objective: Atopic dermatitis (AD) symptoms are altered with exercise. 
However, no study has investigated the association between testosterone and 
AD. The aim of this study was to investigate the role of testosterone by which 
the strength and weakness of exercise affects the skin symptoms of AD. Me-
thods: Specific pathogen-free (SPF) and conventional NC/Nga mice were 
used. NC/Nga mice spontaneously developed dermal symptoms similar to 
AD patients. Two exercises, mild (20 m/min, 60 min) and rigorous (25 
m/min, 90 min), were carried out using a treadmill four times every alternate 
day. Furthermore, we administered testosterone (0, 5, 50, 500, and 5000 
pg/mice) to non-exercised conventional NC/Nga mice. On the final day of 
this experiment, we analyzed the plasma levels of immunoglobulin E (IgE), 
interleukin (IL)-6, IL-4, IL-13, testosterone and α-melanocyte-stimulating 
hormone (α-MSH) by ELISA kit. Results: Symptoms manifested by NC/Nga 
mice were strongly exacerbated upon severe exercise but were ameliorated 
during mild exercise. Between mild and severe exercised conventional mice, 
the plasma level of IgE was not changed. On administering an equivalent 
amount of testosterone, depending on the exercise, AD-like symptoms in 
non-exercising NC/Nga mice were ameliorated with mild exercise and ex-
acerbated through rigorous exercise. Plasma IL-6, IL-4, and IL-13 levels re-
mained unchanged between +50 pg (mild) and +500 pg (severe) testosterone 
administration. Plasma α-MSH levels were elevated with +500 pg testosterone 
but decreased with +50 pg testosterone administration. Conclusion: The 
present results suggest that exercise largely mimics AD symptoms depending 
on the α-MSH and testosterone levels. 
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1. Introduction 

More than 90% of testosterone is produced by the testes from cholesterol and 
helps maintain muscle volume and strength. Furthermore, testosterone regulates 
attention and cognition [1]. However, testosterone dysregulation leads to vari-
ous disorders, including metabolic syndrome, reproductive lesions, cognitive 
dysfunction, mood disorders, increased visceral fat, decreased muscle mass, 
anemia, and an isodensity [2] [3]. Lack of sleep and exercise further affects tes-
tosterone levels [4] [5]. Testosterone levels are decreased in individuals with de-
pression [2] [3]. Upon muscle stimulation during exercise, blood testosterone 
levels increase [4]. Furthermore, the androgen receptor is reportedly upregulated 
in muscles upon muscular training [6]. Muscles bear high testosterone levels, 
and on interacting with the androgen receptor of muscle cells, testosterone 
promotes cytokinesis and increases muscle mass. However, blood testosterone 
levels are immediately decreased upon intense exercise [6]. 

Atopic dermatitis (AD) is a disease characterized by eczematous lesions ac-
companied by itchiness with repeated exacerbation and remission. Furthermore, 
many AD patients reportedly present with atopic disposition [7]. If an AD pa-
tient perspires upon exercise, AD symptoms are considered to have exacerbated; 
however, moderate exercise reportedly benefits AD patients. Furthermore, on 
examining a mouse model of AD (NC/Nga mice), previous studies reported AD 
exacerbation with rigorous exercise and amelioration with mild exercise [8]. Upon 
mild exercise, levels of peptide hormones including α-melanocyte-stimulating 
hormone (α-MSH) and β-endorphin synthesized through cleavage of proopi-
omelanocortin (POMC) in the pituitary gland may be altered, thus ameliorating 
AD [8]. However, the mechanism underlying AD amelioration through mild 
exercise remains unclear.  

Hence, male hormones are affected through rigorous exercise, and AD symp-
toms are altered with exercise. However, no study has investigated the associa-
tion between testosterone and AD. Therefore, the aim of this study was to inves-
tigate alterations in AD onset and its association with testosterone during exer-
cise. 

2. Materials and Methods 
2.1. Animals 

Conventional and specific-pathogen-free (SPF) NC/Nga male mice (8-week-old) 
were purchased from SLC (Hamamatsu, Shizuoka, Japan) and housed in rooms 
at 23˚C ± 1˚C; SPF mice, SPF conditions. These animals were handled in accor-
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dance with the animal care regulations of Osaka City University Medical Science 
and Suzuka University of Medical Science. All surgeries were performed on mice 
under pentobarbital anesthesia, and efforts were made to minimize animal suf-
fering. Conventional mice spontaneously exhibited symptoms characteristic of 
AD at 7 weeks of age (under air-uncontrolled, conventional circumstances). As 
expected, all conventional NC/Nga mice used herein presented AD-like symp-
toms. The AD symptom score in the conventional mice was determined on the 
basis of the severity of dermal, erythema, and hemorrhage as previously de-
scribed [9]. Furthermore, we used six groups of mice (SPF: non-, mild-, se-
vere-exercised and conventional: non-, mild-, severe-exercised mice; n = 6). 

2.2. Voluntary and Exercise Protocols 

To condition animals to a device for exercise, they were placed on a resting 
treadmill for 10 min, followed by running at 5 m/min for 10 min and then at 10 
m/min for 10 min. On day 2, animals were placed on an upwards inclined device 
(at 10˚) at a speed of 20 m/min for 60 min or 25 m/min for 90 min for mild or 
rigorous exercise, respectively [8]. These exercises were carried out every alter-
nate day (4 times in total). 

2.3. Evaluation of the Inflammatory Score 

On day 9, AD symptoms in these animals were evaluated at their rostral skin, 
and their severity of edema, erythema, and hemorrhage was scored (0, none; 1, 
slight; 2, moderate; 3, severe) as previously described [9].  

2.4. Testosterone Treatment  

We intraperitoneally administered testosterone to examine the effect of testos-
terone on AD. During mild exercise, we increased blood testosterone levels by 
10-fold during each exercise from 0 to 5000 pg/mL (0, 5, 50, 500, and 5000 
pg/mL). Testosterone (Katayama, Osaka, Japan) in polyethylene glycol 400 (PG; 
Wako, Osaka, Japan) was intraperitoneally administered to control (0 pg/mL) 
mice. We injected testosterone and/or PG continuously for 7 d, and they sam-
pled on the experimental final day. 

2.5. ELISA for Plasma IgE, Testosterone, IL-6, IL-4, IL-13, and  
α-MSH Levels 

Blood was intracardially sampled on the last day of the experiment. Plasma levels 
of IgE, testosterone, L-6, IL-4, IL-13, and α-MSH were determined using a 
commercial ELISA kit (IgE: YamasaShoyu Co., LTD., Chiba, Japan; testosterone: 
Cayman chemical, Ann Arbor, MI, USA; IL-4, IL-6 and IL-13: R&D Systems, 
Minneapolis, MN, USA; α-MSH: Phoenix Pharmaceuticals Inc., Hayward, CA, 
USA) in accordance with the manufacturer’s instructions. The optical density 
was measured using a micro plate reader (Molecular Devices, Sunnyvale, CA, 
USA). 
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2.6. Statistical Analysis 

All data are presented as the mean ± standard deviation (SD) values. The results 
were analyzed using Microsoft Excel 2010 software (Microsoft Corp., Redmond, 
WA, USA). Differences among groups were evaluated using one-way ANOVA, 
followed by Turkey’s post-hoc test, using SPSS version 20 software (SPSS, Inc., 
Chicago, IL, USA). The results were considered statistically significant if p < 
0.05. 

3. Results 
3.1. Effect of Exercise on Dermatitis 

Conventional mice exhibited AD-like symptoms including edema, erythema, 
and hemorrhage at their rostral skin (Figure 1). Dermal symptoms were ameli-
orated upon mild exercise and exacerbated upon rigorous exercise. AD symp-
toms were not apparent in the SPF group even with rigorous exercise. 

3.2. Effect of Exercise on Plasma IgE and Testosterone Levels 

Plasma level of IgE was significantly higher than SPF mice on the conventional 
mice; however, no difference was observed among control, mild exercise, and 
severe exercise groups (Figure 2(a)). Plasma testosterone levels did not differ 
among these three groups and SPF mice; however, plasma testosterone levels 
were higher upon mild exercise and even higher upon rigorous exercise than 
those in control mice (Figure 2(b)). Furthermore, plasma testosterone levels in 
conventional mice were-control: 350 pg/mL; mild exercise: 400 pg/mL; and se-
vere exercise: 850 pg/mL. 
 

 
Figure 1. Atopic dermatitis (AD)-like skin lesion of conventional 
and specific pathogen-free (SPF) NC/Nga mice. Skin symptoms and 
AD scores after mild and rigorous exercise for four times. The data 
show the results obtained from six animals. The values are ex-
pressed at mean ± standard deviation (SD). *P < 0.05. 
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Figure 2. Plasma concentration of IgE (a) and 
testosterone (b) in specific pathogen-free (SPF) 
and conventional NC/Nga mice. The data 
show the results obtained from six animals. 
The plasma IgE and testosterone after mild or 
rigorous exercise for four times. The values 
are expressed at mean ± standard deviation 
(SD). *P < 0.05. 

3.3. Effect of Testosterone Treatment on AD 

Testosterone was administered to non-exercising NC/Nga mice to investigate its 
effect on AD. In conventional mice, AD symptoms (erythema and edema) were 
ameliorated upon 50 pg testosterone administration. The symptoms exacerbated 
upon administration of 500 or 5000 pg. The 5 pg testosterone administration was 
not effective to atopic symptom. However, the SPF mice displayed no change 
upon testosterone treatment (Figure 3). The 50-pg testosterone dose was equiv-
alent to mild exercise, and the 500-pg dose was equivalent to rigorous exercise. 

3.4. Effect of Testosterone Treatment on Plasma Levels of IgE,  
IL-6, IL-4, and IL-13 

Plasma IgE levels remained constant irrespective of the amount of testosterone 
administration in conventional mice (Figure 4(a)). Plasma levels of IL-6 indi-
cated the value lower than un-administered mice on the testosterone 50 pg or 
500 pg administered conventional mice. Conventional mice administered 5000 
pg were not different from the untreated mice (Figure 4(b)). Plasma IL-4 and 
IL-13 levels were lower upon administration of ≥50 pg testosterone than in un-
treated conventional mice (Figure 4(c) and Figure 4(d)). Among SPF mice, 
neither of the cytokine levels changed, irrespective of the testosterone dose. 

3.5. Effect of Testosterone Treatment on Plasma α-MSH Levels  

Plasma level of α-MSH indicated the value lower than the non-administered  
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Figure 3. Atopic dermatitis (AD)-like skin lesions in conventional and spe-
cific pathogen-free (SPF) NC/Nga mice. Skin symptoms and AD scores after 
testosterone administration in non-exercising mice for 7 d. +50 pg (total 
400 pg) = testosterone value during mild exercise. +500 pg (total 850 pg) = 
testosterone value during rigorous exercise. The data show the results ob-
tained from six animals. The values are expressed at mean ± standard devia-
tion (SD). *P < 0.05. 

 
conventional mice by the testosterone 50 pg administered conventional mice. 
However, the ≥500 pg administration conventional mice increased compared 
with the non-administered conventional mice (Figure 5). The plasma level of 
α-MSH in the 5 pg testosterone administered conventional mice was same as in 
non-administered conventional mice. On the SPF mice, α-MSH level did not 
change irrespective of the doses of testosterone. 

4. Discussion 

This study shows that AD symptoms are ameliorated through mild exercise and 
exacerbated through rigorous exercise. On administering non-exercising con-
ventional mice with each dose of testosterone, which was equivalent to mild ex-
ercise or rigorous exercise, AD symptoms were ameliorated after administering  
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Figure 4. Plasma levels of IgE (a), IL-6 (b), IL-4 (c), and IL-13 (d) in specific patho-
gen-free (SPF) and conventional NC/Nga mice. Plasma levels of IgE, IL-6, IL-4, and IL-13 
after testosterone administration in non-exercising mice for 7 d. +50 pg (total 400 pg) = 
testosterone value during mild exercise. +500 pg (total 850 pg) = testosterone value dur-
ing rigorous exercise. The data show the results obtained from six animals. The values are 
expressed at mean ± standard deviation (SD). *P < 0.05. 
 
mild exercise-equivalent testosterone doses and were exacerbated upon a rigor-
ous exercise-equivalent testosterone dose. Furthermore, blood IL-6, IL-4, and 
IL-13 levels in mice in the mild and rigorous exercise-equivalent testosterone 
groups were lower than those in non-exercising mice. However, α-MSH levels in  
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Figure 5. Plasma α-melanocyte-stimulating hormone (α-MSH) levels in specific patho-
gen-free (SPF) and conventional NC/Nga mice. Plasma α-MSH levels after testosterone 
administration in non-exercising mice for 7 d. +50 pg (total 400 pg) = testosterone value 
during mild exercise. +500 pg (total 850 pg) = testosterone value during rigorous exercise. 
The data show the results obtained from six animals. The values are expressed at mean ± 
standard deviation (SD). *P < 0.05. 
 
blood were the lowest in mice administered a testosterone dose equivalent to 
mild exercise and were higher in mice administered a testosterone dose equiva-
lent to rigorous exercise, compared to those in untreated mice. 

At the time of exercise, various cytokine is produced from a skeletal muscle. 
Typical things are IL-6, IL-8, brain derived neurotrophic factor (BDNF) and fi-
broblast growth factors (FGF)21, and especially, the blood level of IL-6 remarka-
bly increases. The increase in IL-6 reinforces systemic inflammation [10]. Tes-
tosterone has the function which inhibits inflammatory cytokine, such as IL-6. 
In this study, as a result of testosterone administered conventional mice with 
equivalent to mild or severe exercise, the IL-6 levels of both groups were de-
creased. From these things, it was thought that an alteration of the atopic symp-
tom by testosterone had a few intervention of IL-6. 

On the other hand, on the AD, many Th2 cells which produce IL-4 and IL-13 
gather for the nidus part of an acute stage, in the early-phase inflammation of an 
AD, Th2 cell has an important role [11]. IL-4 and IL-13 which were produced 
from Th2 cell modulate a production of the mediator of the downstreams, such 
as IL-5, IL-31, and IgE [12]. And IL-4 and IL-13 inhibit expression of the filag-
grin, loricrin and involucrein, and inhibit a differentiation of epidermal cells. 
Furthermore, IL-4 and IL-13 also inhibit production of antimicrobial peptide. 
From these things, IL-4 and IL-13 are concerned in the formation and the dete-
rioration of the skin lesion of AD [13] [14] [15]. In this experiment, the blood 
levels of IL-4 and IL-13 were decreased by testosterone administration. Howev-
er, the atopic symptom was deteriorating on testosterone administration equiva-
lent to severe exercise, and it was suggested that IL-4 and IL-13 are not directly 
related to the response to severe exercise. 
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On the other side, the level of α-MSH in conventional mice was decreased 
with mild exercise in comparison to a non-exercise control group and increased 
in severe exercise. On the α-MSH, it plays key roles in exercise stress responses 
and immunological modulation [16] [17]. The α-MSH observation in this study 
suggested that α-MSH-induced signaling might participate in the exacerbation 
of the symptoms of AD. In fact, α-MSH interacts with MC1R on a variety of 
leukocytes, thereby modulating inflammatory reactions induced by endotoxin 
and related cytokines including IL-1, TNF-α and INF-γ [18] [19] [20]. α-MSH 
enhances the production of TGF-β [21]. Therefore, the TGF-β/TGF-β-receptor 
signaling pathway might activate POMC system to increase plasma levels of 
α-MSH, thereby exacerbating the symptoms of AD. In this experiment, α-MSH 
considered the same alternation as testosterone. This was considered that testos-
terone acted on the α-MSH secretion system (constructional system), fluctuated 
the amount of α-MSH, and has affected the atopic symptom. Also another re-
port, the increase in immunoreactivity of α-MSH and MC1R is reported under 
existence of testosterone [22]. However, there are a few reports which indicated 
the relation between testosterone and α-MSH, and the mechanism from which 
testosterone induces the increase in α-MSH is not known. The further examina-
tion will be necessary in the future. 

Moreover, the difference in the amount of testosterone in blood was observed 
by the strength of exercise. Although there is a paper in which it was indicated 
that an alteration occurs to the amount of testosterone with quantity of motion 
similarly [23] [24], the detailed mechanism is not known. What kind of factor of 
exercise is concerned in testosterone, or the further examination is necessary. 

However, in this study, we used mice in vivo experiment, then we should have 
clinical study in human to the future. 

5. Conclusion  

This study shows the effects of different levels of exercise on AD. Mild exercise 
without physical stress suppressed AD exacerbation. Reductions in α-MSH levels 
were accompanied by the suppression of AD symptoms. This study provides 
novel insights into the value of continuous mild exercise to prevent life-
style-related diseases and AD, thus promoting an active lifestyle. 
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