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ABSTRACT.	 Scratching and skin barrier dysfunctions are pivotal features and therapeutic targets of atopic dermatitis (AD); however, time-of-
day-dependent variations of these characteristics remain unclear. NC/Tnd mice have been shown to exhibit severe scratching behavior and 
skin barrier disruption together with the development of spontaneous atopic dermatitis when they are raised under air-uncontrolled environ-
ment. In the present study, time-of-day-dependent variations of scratching behavior and transepidermal water loss (TEWL) were evaluated 
in NC/Tnd mice that developed moderate to severe AD. Analysis of the mice for 24 hr revealed that scratching frequency and duration were 
increased from in the afternoon to the nocturnal period when locomotor activity was low, and scratching behavior was decreased in the 
morning. The highest scratching frequency and duration were 3.8- and 4.1-fold increases in the lowest scratching frequency and duration, 
respectively. In addition, TEWL on the dorsal skin lesion was decreased in the diurnal period, while that was increased in the nocturnal 
period. The highest TEWL was a 1.3-fold increase in the lowest TEWL. Significant daily variations were detected in scratching frequency 
and duration and TEWL. These results indicate that NC/Tnd mice are an appropriate mouse model to investigate time-of-day-dependent 
variations of scratching behavior and skin barrier dysfunctions associated with AD.
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Atopic dermatitis (AD) is a chronic and relapsing inflam-
matory skin disorder that affects approximately 10–20% of 
children and 1–3% of adults [4]. A typical clinical sign in pa-
tients with AD is scratching induced by itch [3]. Chronic and 
intensive scratching elicits inflammation in the skin, releas-
ing a variety of inflammatory mediators and neuromediators 
from immune cells and keratinocytes. These mediators can 
activate sensory nerves in the skin, leading to further itch. 
The process of “itch-scratch cycle” has been shown to in-
duce and exacerbate clinical signs and symptoms of AD [7]. 
Thus, itch-induced scratching has been considered a crucial 
clinical sign that can be a therapeutic target in AD.

NC/Tnd mice exhibit AD-like skin lesions and severe 
scratching behavior spontaneously when they are raised 
under air-unregulated conventional circumstances, but not 
specific pathogen free conditions [5, 8]. As clinical signs and 
symptoms develop in NC/Tnd mice, many inflammatory 
cells, including lymphocytes, eosinophils and mast cells, 
infiltrate into the skin and total serum IgE increases [5]. 
Furthermore, skin barrier functions in NC/Tnd mice were 
shown to be impaired, because of the decreased ceramide 
contents in the skin [1]. These features found in NC/Tnd 
mice are quite similar to those in human patients with AD; 

thus, NC/Tnd mice have been widely used as a mouse model 
for human AD.

An increase in itch-induced scratching is commonly 
observed during a nocturnal period in human patients with 
AD [2, 9]. However, time-of-day-dependent variations of 
scratching have not been fully characterized in AD. In the 
present study, therefore, we evaluated whether NC/Tnd mice 
showed time-of-day-dependent variations of scratching be-
havior and skin barrier functions.

MATERIALS AND METHODS

Mice: NC/Tnd mice, an inbred subline of NC/Nga mice, 
maintained by inbreeding at Tokyo University of Agricul-
ture and Technology [8] were used in this study. NC/Tnd 
mice were kept in clear acryl cages under air-uncontrolled 
conventional conditions and fed with regular chow and 
water ad libitum. Temperature and humidity of an animal 
room for mice were maintained at 24 ± 1°C and 35 ± 10%, 
respectively. Lights were turned on at 07:00 hr and off at 
19:00 hr automatically. All procedures were approved by 
the Institutional Animal Care and Use Committee in Tokyo 
University of Agriculture and Technology.

Clinical skin severity score: Clinical skin severity of 
dermatitis in 34 NC/Tnd mice (male, n=24; female, n=10) 
between 6 and 24 weeks of age was scored according to the 
previously established method [5]. Five different clinical 
features of AD-like lesions (itch, erythema/hemorrhage, ede-
ma, excoriation/erosion and scaling/dryness) were graded as 
0 (none), 1 (mild), 2 (moderate) and 3 (severe), with a total 
score being 15.

Analysis of scratching behavior: Scratching frequency 
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and duration of mice were recorded and analyzed by using 
SCLABA–Real system (Noveltec Inc., Kobe, Japan) [8]. In 
brief, mice without any marking were put into the acryl cage 
and adapted to the condition for at least 3 hr before measure-
ment in the same animal room for keeping mice. Scratching 
behavior of four mice was simultaneously recorded with a 
high-speed digital camera from the top of the cage. Since 
near-infrared light was utilized in SCLABA-Real system, 
scratching behavior of mice could be detected under the 
dark condition. The frequency and duration of scratching 
behavior were then quantified with SCLABA-Real software 
on the basis of the algorithm that was specific for scratching 
behavior in mice. To evaluate correlation between clinical 
skin severity score and scratching behavior, scratching fre-
quency and duration were recorded for 1 hr at 19:00 hr in 
the 34 NC/Tnd mice described above. To measure time-of-
day-dependent variations of scratching behavior, scratching 
frequency and duration of 36 NC/Tnd mice (male, n=16; 
female, n=20) with moderate to severe dermatitis between 
12 and 24 weeks of age were recorded for 24 hr. To avoid de-
hydration during 24 hr measurement, each mouse was given 
agar that was usually used for transport of mice (transport 
agar, Oriental Yeast Co., Ltd., Tokyo, Japan).

Analysis of locomotor activity: SCLABA-Real system can 
measure scratching behavior and moving distance of mice 
inside the cage at the same time. To analyze locomotor activ-
ity of NC/Tnd mice during 24 hr, the moving distance of the 
mice was also calculated with SCLABA-Real software.

Measurement of transepidermal water loss (TEWL): 
TEWL was measured on the dorsal skin lesion of 10 NC/
Tnd mice (male, n=6; female, n=4) with moderate to severe 
dermatitis between 12 and 24 weeks of age every 2 hr during 
24 hr by using a tewameter® TM300 (Courage + Khazaka 
Electronic GmbH, Cologne, Germany). TEWL was assessed 
three times under anesthesia with isoflurane inhalation, and 
the average value of three measurements was regarded as the 
data at each time point.

Statistical analysis: Correlation between scratching fre-
quency and clinical skin severity score and that between 
scratching duration and clinical score were examined by 
Spearman’s rank correlation coefficient, as data were not 
normally distributed (Shapiro-Wilk test, P<0.05). Because 
variances of scratching frequency, duration and moving 
distance during 24 hr were not equal (Levene test, P<0.05), 
time-of-day-dependent differences of these parameters were 
analyzed by Friedman test. TEWL value during 24 hr was 
equal variance (Levene test, P>0.05); therefore, a time-of-
day-dependent difference of TEWL was tested by one-way 
repeated measures ANOVA. All the data were expressed 
as the mean ± SEM. Statistical analysis was performed by 
Ekuseru-Toukei 2008 software (Social Survey Research In-
formation Co., Ltd., Tokyo, Japan) and JMP 10.0.2 software 
(SAS institute Inc., Cary, NC, U.S.A.). P<0.05 was consid-
ered statistically significant.

RESULTS

Correlations between scratching behavior and AD: To de-
termine whether NC/Tnd mice showed scratching behavior 
along with development of AD, we examined correlations 
between scratching behavior and clinical skin severity score. 
Analysis by SCLABA-real system revealed that scratching 
frequency and duration increased as clinical skin severity 
deteriorated in NC/Tnd mice (Fig. 1A and 1B). Significant 
positive correlations were detected between scratching fre-
quency and clinical score (spearman’s ρ: 0.5632, P<0.01) 
and between scratching duration and clinical score (spear-
man’s ρ: 0.5114, P<0.01). These results indicated that 
NC/Tnd mice were an adequate mouse model to examine 
scratching behavior in AD.

Analysis of scratching behavior for 24 hr: To evaluate 
daily variations of scratching behavior, we analyzed scratch-
ing frequency and duration in NC/Tnd mice for 24 hr. As 
shown in Fig. 2A and 2B, scratching frequency and duration 

Fig. 1.	 Correlations between clinical skin severity score and scratching frequency (a) or scratching duration (b). Scratching 
frequency and duration of 34 NC/Tnd mice (male, n=24; female, n=10) between 6 and 24 weeks of age were recorded for 1 hr 
at 19:00 hr. Clinical skin severity was scored before measurement of scratching behavior. Linear regression line is shown.
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were increased from in the afternoon to the nocturnal period, 
and those were decreased in the morning. Time-of-day-
dependent variations were detected in scratching frequency 
and duration (P<0.05). The highest scratching frequency 
(13:00 hr) and duration (13:00 hr) were 3.8- and 4.1-fold 
increases in the lowest scratching frequency (10:00 hr) and 
duration (10:00 hr), respectively (Fig. 2).

Analysis of locomotor activity for 24 hr: To investigate the 
locomotor activity of NC/Tnd mice with moderate to severe 
AD that showed scratching behavior, we assessed moving 
distance of the mice for 24 hr by SCLABA-Real system at 
the same time of scratching behavior analysis. As revealed in 
Fig. 3, moving distance was short in the diurnal period; that 
was long in the nocturnal period. A time-of-day-dependent 

Fig. 2.	 Time-of-day-dependent variations of scratching behavior in NC/Tnd mice. Scratching frequency (a) and duration (b) of 
36 NC/Tnd mice (male, n=16; female, n=20) with moderate to severe dermatitis between 12 and 24 weeks of age were recorded 
for 24 hr. The white and black bars above the graphs indicate the light and dark periods, respectively. Data represent the mean 
of 36 mice ± SEM. Friedman test detected significant difference of data among the different times in scratching frequency and 
duration (P<0.05).

Fig. 3.	 A time-of-day-dependent variation of locomotor activity in 
NC/Tnd mice. As locomotor activity, moving distance of 36 NC/
Tnd mice (male, n=16; female, n=20) with moderate to severe 
dermatitis between 12 and 24 weeks of age were recorded for 
24 hr at the same time of scratching behavior analysis. The white 
and black bars above the graph indicate the light and dark periods, 
respectively. Data represent the mean of 36 mice ± SEM. Fried-
man test detected significant difference of data among the different 
times (P<0.05).

Fig. 4.	 A time-of-day-dependent variation of transepidermal water 
loss (TEWL) in NC/Tnd mice. TEWL on the dorsal skin lesion of 
10 NC/Tnd mice (male, n=6; female, n=4) with moderate to severe 
dermatitis between 12 and 24 weeks of age were recorded every 
2 hr for 24 hr. The white and black bars above the graph indicate 
the light and dark periods, respectively. Data represent the mean 
of 10 mice ± SEM. One-way repeated measures ANOVA detected 
significant difference of data among the different times (P<0.05).
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difference was detected in moving distance (P<0.05). Simi-
lar to other strains of mice, NC/Tnd mice that developed 
moderate to severe AD were shown to be active during the 
nocturnal period.

Analysis of TEWL for 24 hr: TEWL is one of the indices of 
skin barrier functions; an increase in TEWL reflects skin bar-
rier disruption. To assess a time-of-day-dependent variation 
of skin barrier functions, we measured TEWL in NC/Tnd 
mice for 24 hr. TEWL value on the dorsal skin lesion was 
decreased in the diurnal period, while that was increased in 
the nocturnal period (Fig. 4). A time-of-day-dependent dif-
ference was demonstrated in TEWL (P<0.05). The highest 
TEWL (2:00) was a 1.3-fold increase in the lowest TEWL 
(14:00) (Fig. 4).

DISCUSSION

The present study revealed significant time-of-day-
dependent variations of scratching behavior in NC/Tnd 
mice that developed moderate to severe AD. Scratching 
frequency and duration were increased from in the afternoon 
to the nocturnal period when locomotor activity of the mice 
was decreased. SCLABA–Real system can count scratching 
frequency and duration of mice without any treatment and 
marking by using near-infrared light that detects behavior 
and movement of mice even under the dark period [8]. The 
system also measures both scratching behavior and moving 
distance of mice during a certain period, simultaneously. It 
is therefore conceivable that scratching behavior and loco-
motor activity of NC/Tnd were assessed under very natural 
conditions.

Skin barrier dysfunction is one of the dermatological 
characteristics of AD [3]. The current study demonstrated 
a significant daily variation of TEWL in the damaged skin 
of NC/Tnd mice that developed moderate to severe AD. 
Scratching is closely associated with skin barrier dysfunc-
tions in AD; therefore, it might be suggested that scratching 
behavior could have induced an increase in TEWL in NC/
Tnd mice. Another possible assumption is that skin barrier 
disruption might have enhanced scratching behavior, since 
the damaged skin barrier has been considered as a factor 
leading to itch sensation [3]. Further studies are warranted 
to investigate the time-of-day-dependent variations between 
scratching behavior and skin barrier dysfunction.

NC/Tnd mice have been widely used as a mouse model 
for human AD. To evaluate efficacy of treatment interven-
tions for AD by using NC/Tnd mice, scratching behavior 
and TEWL have been often measured as dermatological 
parameters. In the present study, we found significant 
daily variations of scratching behavior and TEWL in NC/

Tnd mice. The highest scratching frequency, duration and 
TEWL were 3.8-, 4.1- and 1.3-fold increases in the lowest 
scratching frequency, duration and TEWL, respectively. Our 
findings indicate that investigators should take into account 
time-of-day-dependent variations of scratching behavior and 
TEWL when they analyze NC/Tnd mice.

Multiple factors, including skin temperature, corticoste-
roids, autonomic nervous system, opioids and cytokines, 
are assumed to comprise daily variations of scratching and 
TEWL [6]. To clarify the mechanisms regulating time-of-
day-dependent variations of clinical features in AD, NC/Tnd 
mice could be an appropriate mouse model.
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