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Introduction

Atopic dermatitis (AD) is a highly pruritic and chronic 
inflammatory skin disease, whose pathogenesis is 
believed to be mediated by T-helper 2-type cell (Th2)-
driven inflammatory responses, and which is also 
associated with high IgE levels.(1) Because AD is a com-
mon pediatric disease for which there is no satisfactory 
therapy, better knowledge of AD through research using 
animal models is necessary.(2) Mouse models are used 
mainly because of their ease of handling. Among mice, 
the NC/Nga mouse is the first spontaneously occurring 
AD model reported.(2,3) Skin changes that closely mimic 
human AD are induced spontaneously in NC/Nga mice 
by exposure to various environmental aeroallergens.(2) It 
was reported that 1-chloro-2,4-dinitrobenzene (DNCB) 
induces atopic dermatitis-like skin lesions in in NC/
Nga mice.(4,5) The sign of the skin changes is scratching 
behavior, which is followed by the rapid development of 

erythema, lichenification with edema, and hemorrhage 
on the ear, neck, and back.(2,6) Also, histological examina-
tions have revealed dermal infiltration and hyperplasia 
in the skin lesions.(2,4,7) Along with the skin changes, NC/
Nga mice display increased Th2 cell differentiation in the 
spleen, dense accumulation of eosinophils and mast cells 
in the skin lesions, and elevation of total serum IgE.(2,3,6) 
Mast cells can serve as effecter cells in the immune system 
and can be activated by high-affinity IgE receptor (FcεRI) 
to produce the various cytokines and histamine.(8,9,10) 
Histamine is a well-established potent itch mediator in 
humans.(6) Cross-linking of allergen-specific IgE leads to 
the release of histamine from mast cells.(9,10) However, the 
neural pathway for histamine-induced itch is not clear.

Allergic hypersensitivity is divided into IgE-mediated 
and non-IgE-mediated.(11) Of the two, IgM plays an 
important role in non-IgE-mediated allergic disease and 
is involved in eliciting contact sensitivity.(12,13) According 
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to these results, IgM may be related to pruritus in the skin 
lesions.

Although topical steroid therapy is a common remedy 
for AD, many patients suffer from serious steroid-side 
effects.(4,14) Recognizing this shortcoming, studies have 
sought to identify plant-based medicinal compounds for 
AD relief that are safer.

Schizandra chinensis (SC) has traditionally been 
used in Asia to treat pollution, impaired body fluids, 
body weakness, cough, asthma, and exhaustion.(15) More 
recently, the benefits of SC to liver detoxifying activ-
ity, antioxidant activity, blood sugar balance, reduction 
of blood pressure, local anti-inflammatory effect, and 
wound healing have been reported.(15,16,17) However, the 
anti-allergic dermatitis effects of SC extract (SCE) have 
not been demonstrated. This study examined the use 
of SCE to protect from topically applied DNCB-induced 
dermatitis in NC/Nga mice.

Materials and methods

Animals
Male, 6-week old, 21–26 g NC/Nga mice (Central Lab. 
Animal, Seoul, Korea) were used for all experiments. All 
animals were provided with food and water ad libitum 
and allowed to adapt to the experimental conditions 
(temperature, 21 ± 2°C; humidity, 50–60%) for 1 week.

Preparation of SCE
Dried SC (200 g) was extracted with 2 l of water by  
the established dipping method at room temperature for 
36 h. The extract was filtered through No. 2 filter paper 
(Whatman International, Maidstone, Kent, UK) to remove 
insoluble debris. After filtration, the extracts were con-
centrated by rotary evaporation using a model VV2000 
apparatus (Heidolph, Schwabach, Bavaria, Germany) 
at a temperature of 70°C and then dried using a model 
FD8508S freeze dryer (ILSHIN, Busan, Korea). The yields 
of dry matter from the extracts were approximately 6.3%. 
The dried extracts were stored at -20°C until use.

Induction of AD and drug treatment on back skin of 
NC/Nga mice
Controlled dermatitis was induced by topically apply-
ing 0.2% DNCB dissolved in acetone/olive oil (1:3), to 
the hair-removed back of mice three times per week 
for 4 weeks. In the case of the DNCB-SCE (male, n = 6) 
or DNCB-dexamethasone (Dex; male, n = 5) group, SCE 
(1%) or Dex (1 μg/ml) dissolved in water was spread over 
the bare back skin three times per day for 4 weeks as a 
remedy after DNCB-induced AD. DNCB-treated control 
animals (DNCB-Control group; male, n = 6) received 
water at the remedy step. Naïve mice (male, n = 5) treated 
acetone/olive oil (1:3) at the AD induction step and  
water at the remedy step. Mice were sacrificed 43 days 
after first applying DNCB and blood was collected from 
the heart. Also, skin from the affected region of the back 
was excised and subjected to histological examination. 

All procedures were performed according to protocols 
approved by the Institutional Animal Care and Use 
Committee of Dongguk University.

Evaluation of skin severity
To reduce experimental variation and induce stable 
clinical dermatitis over a short period, 0.2% DNCB  
was applied for 4 weeks to the backs of NC/Nga mice. 
The development of erythema/hemorrhage, edema, 
excoriation/erosion, and scaling/dryness was scored as 
0 (none), 1 (mild), 2 (moderate), or 3 (severe). Dermatitis 
was scored by tallying up the points of each assessment 
item. The dermatitis scores increased rapidly by 4 weeks 
after the first DNCB application and the skin had become 
thick. When the average sum score equilibrated to score 
8, the remedy treatment involving SCE or Dex com-
menced. Over the study period, the severity of dermatitis 
was evaluated once a week, 3 h after the application of 
DNCB, CRE or Dex.

Behavioral observation
Behaviors of mice were monitored as previously 
described.(18) The frequency of scratching on facial or 
dorsal skin was counted with a 30-min visual observation 
on the first day and on day 14 after SCE application.

Enzyme-linked immunosorbent assay (ELISA)
Serum levels of IgE, IgM, and histamine were measured 
in the mice using a commercial kit (KOMABIOTECH, 
Seoul, Korea) according to manufacturer’s instructions. 
Absorbance was measured at a wavelength of 450 nm 
(IgE and IgM) and 650 nm (histamine), and the concen-
tration was calculated from a standard curve using serial 
dilutions of each protein.

Reverse transcription-polymerase chain reaction 
(RT-PCR)
Total RNA was isolated from NC/Nga mouse back skin 
and was reverse-transcribed using an oligo(dT) hex-
amer as a primer and Moloney murine leukemia virus 
reverse transcriptase (Fermentas, Glen Burnie, MD) to 
produce the cDNAs. PCR was performed using the selec-
tive primers for the mouse histamine H1 receptor (H1R) 
(sense primer: 5´-CCGAAGACAAGATGTGTGAGG-3´, 
antisense primer: 5´-TGATGCCAGCCAAGTATAGG-3´), 
histamine H2 receptor (H2R) (sense primer: 
5´-TTCCTTACTTCACTGCCTTCG-3´, antisense primer:  
5´-TTGTGAGAGTTGTGGCTTGC-3´), histamine H3  
receptor (H3R) (sense primer: 
5´-TTCAACATCGTGCTGATCAG-3´, antisense primer:  
5´-TGTTCAGGTAGATGCTGAGG-3´), histamine H4  
receptor (H4R) (sense primer: 
5´-TGTGGTGGACAGAAACCTTAGACA-3´, antisense pri
mer: 5´-AAGAATCTGAAGCCAGAATCATCG-3´), and GAPDH 
(sense primer: 5´-CCATGGAGAAGGCTGGGG-3´, anti-
sense primer: 5´- CAAAGTTGTCATGGATGACC -3´). PCR 
was carried out for 30 cycles using the following condi-
tions: denaturation at 95°C for 10 s; annealing at 54.2, 
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53.5, 50.0, 57.2 and 56°C for 30 s; and elongation at 72°C 
for 1 min. The band intensities of the amplified DNAs 
were compared after visualization on an ultraviolet 
transilluminator.

Histopathological examination
After sacrifice, the back skin of each NC/Nga mouse was 
fixed in 10% formalin for 24 h at 4°C. The tissues were 
embedded in paraffin and serially sectioned at a thickness 
of 4 μm. Sections were stained with hematoxylin and eosin 
(Sigma-Aldrich, St. Louis, MO). Photographs were taken 
using a C-4040ZOOM digital camera (Olympus America, 
New York, NY), and montages were assembled using 
Adobe Photoshop software. To measure mast-cell infiltra-
tion, skin sections were stained with toluidine blue.

Dot blot assay
Total protein extract was isolated from spleens of NC/
Nga mice. The amount of protein was measured using the 
Bradford protein assay solution (Bio-Rad Laboratories, 
Hercules, CA). Ten micrograms total protein of each 
spleen sample was spotted onto a nitrocellulose mem-
brane (Bio-Rad Laboratories). Each membrane was 
incubated with goat polyclonal antibody to interleukin 
(IL)-4, IL-5, or high-affinity IgE receptor B (FcεRIβ) 
(1:200 dilution for each), followed by a 1:1000 dilution 
of horseradish peroxidase (HRP)-conjugated second-
ary antibody. Spots were detected using an enhanced 
chemiluminescence system (Amersham Biosciences, 
Buckinghamshire, UK).

Agents
SC was purchased from Humanherb (Gyeongsan, 
Gyeongbuk, Korea). Goat polyclonal antibodies against 
IL-4, IL-5, and FcεRIβ were obtained from Santa Cruz 
Biotechnology (Santa Cruz, CA). DNCB, Dex, and most 
of the reagents used for molecular studies were obtained 
from Sigma-Aldrich.

Statistical analysis
Data are presented as mean ± SD. Differences between 
treatment groups were examined using a paired Student’s 
t-test. p < 0.05 was considered significant.

Results

SCE inhibits AD symptoms in NC/Nga mice
In order to induce stronger and more controlled dermati-
tis, 200 μl of 0.2% DNCB was topically applied to the backs 
of NC/Nga mice. DNCB-treated mice displayed progres-
sively diffuse erythema/hemorrhage, edema, excoria-
tion/erosion, and scaling/dryness on the treated region 
of the back. Subsequent application of SCE decreased the 
intensity of dermatitis and, in particular, decreased the 
extent of incrustation (Figure 1A). A statistical difference 
in the clinical skin severity score was observed between 
the DNCB-Control group and DNCB-SCE group on day 
14 after SCE application. The DNCB-SCE group displayed 

a significantly lower clinical skin severity score, similar to 
the DNCB-Dex group, compared with the DNCB-Control 
group (Figure 1B).

Decreased scratching frequency in SCE-applied mice
The frequency of scratching of facial and back skin was 
observed for 30 min on day 14 after SCE application. The 
frequency of scratching by the DNCB-SCE group (53 
times) and DNCB-Dex group (52 times) was significantly 
less (approximately 49% and 48%, respectively) than that 
of the vehicle treated DNCB-Control group (108 times) 
(Figure 2).

SCE treatment decreases serum IgE and IgM
The concentration of IgE, a diagnostic marker of AD,  
was measured in the serum, because increased IgE pro-
duction is a hallmark of Th2 immune responses.(1,2,19) 
Figure 3A shows the concentration of IgE in the serum of 
the untreated and SCE-treated mice. The IgE concentra-
tion was 146–861 ng/ml, 779–1568 ng/ml, 306–786 ng/ml 
and 341–1110 ng/ml in the naïve group, DNCB-Control 
group, DNCB-SCE group, and DNCB-Dex group, respec-
tively. The increased serum IgE levels by DNCB-treatment 
were significantly inhibited in the SCE- and Dex-treated 
groups. In addition, we measured the serum concentra-
tion of IgM, which plays an important role not only in the 
regulation of drug-induced chronic urticaria and exog-
enous allergic alveolitis or immune complex-associated 
vasculitis, but also in contact sensitivity.(11,12,13) The con-
centration of IgM in the serum displayed a similar pattern 
as IgE (Figure 3B). The IgM concentration was 66–139 μg/
ml, 134–241 μg/ml, 72–161 μg/ml, and 104–177 μg/ml  
in the naïve group, DNCB-Control group, DNCB-SCE 
group, and DNCB-Dex group, respectively.

Effect of SCE on modulation of serum histamine level 
and histamine receptor expression in skin
Histamine levels were significantly higher in the DNCB-
Control group because of exposure to DNCB compared 
to the naïve group, indicating a successful induction of 
AD-like alteration of the immune system. Two weeks 
after SCE application, the DNCB-SCE group showed 
significantly lower serum histamine level (mean value: 
12.7 ng/ml) than the DNCB-Control group (mean 
value: 21.4 ng/ml), and the DNCB-SCE group displayed 
a statistically insignificant difference from the naïve 
group (mean value: 16.8 ng/ml) and DNCB-Dex group 
(mean value: 16.5 ng/ml) (Figure 4A). RNA extracted 
from the back skin of NC/Nga mice was transcribed, 
amplified, and then subjected to agarose gel electro-
phoresis. RT-PCR analysis clearly identified histamine 
H1 (H1R), H2 (H2R), H3 (H3R), and H4 (H4R) recep-
tors. Similar analyses showed that randomly-selected 
back skin of the DNCB-Control group hyperexpressed 
the histamine receptor gene, compared to naïve mice, 
and that the induced histamine receptor genes were 
down-regulated by SCE or Dex application, except for 
H2R (Figure 4B).



SCE inhibits atopic dermatitis  295

© 2012 Informa Healthcare USA, Inc.�

Histological examination
Figure 5 shows the H&E- and toluidine blue-stained 
sections of the back skins of NC/Nga mice at day 15 
after SCE application. Hyperplasia of the epider-
mis was clearly evident in the DNCB-Control group. 
These characteristic features of inflamed skin tissues  
were not observed in the skin sections from the  
DNCB-SCE group, which were indistinguishable  
from the skin sections from naïve and and DNCB-Dex 
mice. The numbers of mast cells or mast cell degranu-
lation in skin sections were significantly less in the 
DNCB-SCE or Dex groups compared with the DNCB-
Control group.

SCE inhibits IL-4, IL-5, and FcεRIβ expression in  
the spleen of AD-induced NC/Nga mice
Total proteins extracted from spleens of NC/Nga  
mice were used in dot blot analysis. SCE significantly 
lowered the elevated protein expression of IL-4 and IL-5 
in NC/Nga mice exposed to DNCB (Figure 6), consis-
tent with the idea that SCE affects Th2-specific cytokine 
response at the protein expression level. The results with 
the Dex group of mice were similar to the SCE group. 
The expression pattern displayed by FcεRIβ was similar 
to those of IL-4 and IL-5 expression; DNCB-induced 
increased IgE levels stimulated FcεRIβ expression, 

and SCE and DEX treatment significantly lowered the 
expression.

Discussion

The anti-allergic effect of SC has not been reported, 
despite its useful application against cough and 
asthma.(15) The present data reveal the inhibitory  
effects of SCE on DNCB-induced AD-like symptoms  
in NC/Nga mice.

The release of histamine from activated mast cells 
is a typical sign of development of allergic disease and 
pruritus.(6,9,10) Pruritus is a symptom of skin disorders like 
AD and allergic contact dermatitis.(6,10,14) In AD, scratch-
ing of the itchy skin is damaging and induces an inflam-
matory response, which can lead to severe pruritus.(6,20,21) 
Reduction of itchy sensations and scratching frequency 
is very important for prevention of the development of 
skin lesions due to pruritic disorders and for an improved 
quality of life. The present results demonstrated the sig-
nificant reduction in the scratching frequency of facial 
and back skin by 1% SCE application, similar to Dex treat-
ment (Figure 2).

NC/Nga mice typically spontaneously develop der-
matitis by IgE elevation with age.(2,3) An elevated level 
of IgE is important in the development of AD-like skin 

Figure 1.  Inhibitory effect of SCE on dermatitis progression in NC/Nga mice following the topical application of DNCB. A. Representative 
clinical skin features, visually demonstrating a marked reduction in dermatitis severity. B. Temporal changes in mean clinical skin severity 
score. Clinical skin score of dermatitis was defined as the average sum of the individual scores graded as 0 (none), 1 (mild), 2 (moderate), 
and 3 (severe) for each of five signs and symptoms (itch, erythema/hemorrhage, edema, excoriation/erosion, and scaling/dryness). Each 
value is the average of three-way repeated-measures. Statistically significant values are calculated by comparing with DNCB-Control group 
by t-test (*p < 0.05, **p < 0.001).
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lesions.(3,11,22) Furthermore, elevation of serum IgE level 
has been correlated with the degranulation of mast 
cells.(23,24,25) Presently, the DNCB-induced serum IgE  
level was reduced by SCE application, as occured using 
Dex (Figure 3A).

In allergic disease, humoral cytotoxic immune 
responses such as in drug-induced chronic urticaria are 
mediated by IgM.(11) Also, recent studies of spleen B-1 cells 
have revealed their exuberant expression of IgM to elicit 
contact sensitivity.(13,26) These results suggest that IgM 

Figure 2.  Effects of SCE on DNCB-induced scratching in NC/Nga 
mice. Scratching was counted for 30 min at 60-min intervals after 
spraying of SCE and Dex. Each value represents the mean ± SD 
for 5 or 6 animals. *p < 0.05 when compared with DNCB-treated 
Control group by t-test.

Figure 3.  Effects of SCE on the serum IgE (A) and IgM (B) levels in 
NC/Nga mice. DNCB (0.2%) was applied topically to the backs of 
the NC/Nga mice three times per week for 4 weeks. SCE (1%) was 
sprayed to the backs three times per day during the experiment 
period. The result values of five or six different samples are 
presented as spots and average values are marked with a black 
bar. *p < 0.05 when compared with DNCB-Control group by t-test.

Figure 4.  Effects of SCE on serum histamine level and expression 
of histamine receptor. A. The changes in serum histamine levels 
of the NC/Nga mice. After induction of AD with DNCB, mice were 
treated by SCE or DEX application for 2 weeks. The result values of 
five or six different samples are presented as spots and the average 
values are marked with a black bar. B. Expression of mRNAs for 
histamine H1 (H1R), H2 (H2R), H3 (H3R), and H4 (H4R) receptors 
by SCE treatment. Total RNA was extracted from the back skins 
of NC/Nga mice and reverse-transcribed. After amplification, 
PCR products were subjected to electrophoresis and visualized by 
ethidium bromide staining. *p < 0.05, **p < 0.001 when compared 
with DNCB-Control group by t-test.
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may be implicated in pruritus of skin lesions. Therefore, 
it was presently appropriate to measure the serum IgM 
level in relation to scratching frequency. DNCB-induced 
serum IgM level was reduced by SCE application, similar 
to the pattern of IgE (Figure 3B).

Histamine is the best-known potent itch mediator, 
and histamine receptors are activated by endogenous 
histamine for initiation of the itching signal. However, the 
pathway for histamine-induced itch has been unclear and 
antihistamine (i.e., histamine receptor blockers), are not 
sufficient to inhibit pruritus of dermatitis.(6) Therefore, it 
is very important to discover new potential antihistamine 
or antipruritus herbs. The present results demonstrate 
the down-regulation of serum histamine level by SCE 
application following AD induction (Figure 4A).

Histamine-induced pruritus is mediated by histamine 
receptors. Four subtypes of histamine receptors (H1R, 
H2R, H3R, and H4R) have been characterized to date. 
H1R has been the most extensively studied, and it is 
partially involved in treatment of pruritus and allergic 

inflammation.(27) H2R is not related to pruritus because H2R 
agonist does not induce scratching.(28) However, systemi-
cally administered H3R and H4R antagonist thioperamide 
dose-dependently reduced histamine-induced scratching 
behavior in mice.(29) The results of Figure 4B demonstrate 
that SCE significantly reduced the gene expression of 
H1R (p < 0.05), H3R (p < 0.001), and H4R (p < 0.05) in the 
affected region of back skin for 2 weeks after the start of 
SCE application following AD induction. But, H2R did  
not respond to DNCB, SCE, and Dex application. These 
results were consistent with previous experiments.

Epicutaneous sensitizes mice develop lesions with 
epidermal and dermal thickening, infiltration of mast 
cells, and up-regulates the expression of the Th2 cytok-
ines IL-4 and IL-5.(9,10,30) IL-4 secreted from mast cells 
provides signals for IgE synthesis or amplification.(9) The 
IgE receptor (FcεRI) is a high-affinity receptor for the Fc 
region of IgE, and the antibody isotype involved in allergy 
and parasite resistance.(8,31,32) Cross-linking of the FcεRI 
via IgE-antigen complexes leads to the degranulation of 
mast cells and release of inflammatory mediators.(8,9,33) In 
addition, because binding of IgE to FcεRI stabilizes the 
receptor at the cell surface, the density of FcεRI correlates 
with serum IgE levels.(9,34) Also, FcεRI-IgE interactions 
may induce mast cell survival.(9) Presently, H&E- and 
toluidine blue-stained sections of the back skin of NC/
Nga mice revealed the decrease of epidermal and dermal 
thickening, and decreased mast cell number and degran-
ulation by SCE application (Figure 5). Furthermore, the 
protein levels of IL-4, IL-5, and FcεRIβ were inhibited 
by 1% SCE application. The efficacies of SCE were simi-
lar to that of Dex, and these results clearly demonstrate 
that SCE treatment can inhibit AD by suppressing the 
immune response and pruritus.

Conclusions

SCE regulates DNCB-induced AD pathways. SCE appli-
cation on the skin of AD can alter the production of IL-4 

Figure 6.  Effects of SCE on IL-4, IL-5, and FcεRIβ expression 
level in spleens of NC/Nga mice. The IL-4, IL-5, and FcεRIβ levels 
were measured 2 weeks after SCE application. Dot blot analysis 
compared the expression of the naïve group, DNCB-treated 
Control group, SCE group, and Dex group. These are representative 
data of two independent experiments.

Figure 5.  Histological features of back skin after SCE application in NC/Nga mice. The skin was stained with H&E or toluidine blue. H&E-
stained sections showed thickening of the epidermal tissue by DNCB-induced dermatitis and toluidine blue-stained sections provided 
information about dermal mast cell infiltration in skin. The microscope original magnification was x100.
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and IL-5 from Th2 cells, and can also alter IgE, IgM, and 
histamine production. Thus, SCE may perform a series  
of immunoregulatory functions to alleviate the occur-
rence or progression of AD. Hence, we believe that the 
application of SCE on AD will be significantly meaning-
ful for public health and alternative medicine.
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