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Abstract. Schisandra chinensis Turcz. fruit is widely used to 
treat skin diseases. The aim of this study was to determine the 
anti-inflammatory effects of the methanol extract of S. chinensis 
(MESC) on 1-fluoro-2,4-dinitrofluorobenzene (DNFB)-induced 
contact dermatitis (CD) in mice. The effects of MESC on ear 
thickness and weight, histopathological changes, immune cell 
filtration and cytokine production were investigated in DNFB-
induced CD mice. Topical application of MESC effectively 
inhibited ear swelling (30 or 300 µg on the left ear, P<0.001; 
30 µg on the right ear, P<0.001). MESC also inhibited hyper-
plasia, spongiosis (100 µg/ear, P<0.05 and 300 µg/ear, P<0.001, 
respectively) and immune cell infiltration (100 µg/ear, P<0.05; 
300 µg/ear, P<0.001) induced by DNFB. In addition, MESC 
suppressed increases in tumor necrosis factor (TNF)-α levels 
(100 or 300 µg/ear, P<0.05), interferon (INF)-γ (30 µg/ear, 
P<0.05; 100 µg/ear, P<0.01; 300 µg/ear, P<0.001), interleukin 
(IL)-6 (300 µg/ear, P<0.05) and monocyte chemoattractant 
protein (MCP)-1 (30 µg/ear, P<0.05; 100 µg/ear, P<0.01; 300 µg/
ear, P<0.001). These results suggest that the anti-inflammatory 
effects of MESC are mediated by the reduced production of 
TNF-α, IFN-γ, IL-6 and MCP-1, and that MESC has potential 
use for the treatment of inflammatory skin diseases.

Introduction

Schisandra chinensis is a member of the family Schisandraceae 
and the genus Schisandra. This climbing plant is widely distrib-
uted in the Russian Far East, China, Japan and Korea, and is 
often used to treat asthenia, cough, asthma and exhaustion (1,2). 
In addition, it is widely used to treat skin diseases, such as, 
atopic dermatitis, photo-aging and hair loss (3-6). Recently, S. 
chinensis has been reported to aid liver regeneration, inhibit 
hepatocarcinogenesis, exhibit antioxidant activity, restore blood 
sugar balance, reduce blood pressure, and to exhibit anti-inflam-
matory, wound healing and antitumor effects (2,7,8).

Contact dermatitis (CD) is one of the most common occu-
pational skin diseases (9). Furthermore, its timely and accurate 
diagnosis is important for achieving satisfactory outcomes (9). 
Primary treatment for CD requires avoidance of contact with 
the offending agent, which is often difficult in cases of occu-
pational CD (10). As a result, treatment for CD tends to consist 
of the repeated administration of immune-modulatory and 
anti-inflammatory agents, such as corticosteroids. However, 
although they are highly effective when used to treat allergic and 
inflammatory diseases, the dosages and treatment schedules of 
corticosteroids are frequently restricted due to serious potential 
side effects (10), which minimize their use, particularly when 
continuous application is required. Conversely, traditional medi-
cines have been used in Korea as alternatives and to complement 
corticosteroids as they are safe and inexpensive (11).

However, the use of S. chinensis to treat CD with or without 
corticosteroids has not been fully investigated. Therefore, in 
the present study, the anti-inflammatory effects of S. chinensis 
was evaluated using a mouse model of CD. In particular, the 
effects of S. chinensis on ear thickness, ear weight, histopatho-
logical changes in ear tissue, and cytokine levels in inflamed 
tissues were assessed in vivo.

Materials and methods

Chemicals and reagents. 1-Fluoro-2,4-dinitrofluorobenzene 
(DNFB), dimethyl sulfoxide (DMSO) and dexamethasone 
(DEX/PLGA) were purchased from Sigma-Aldrich (St. Louis, 
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MO, USA). Protein extraction kits were obtained from Intron 
Bio (Daejeon, Korea) and cytometric bead array kits were 
acquired from BD Biosciences (Franklin Lakes, NJ, USA).

Preparation of the methanol extract of S. chinensis (MESC). 
Ripe S. chinensis fruits were purchased from Hwalim 
Medicinal Herbs (Pusan, Korea). The extraction was 
performed using a standard procedure (8). Briefly, 50 g ripe 
S. chinensis fruits were immersed in 1,000 ml methanol, 
sonicated for 30 min, and agitated for 24 h. The extract was 
then filtered through Whatman filter paper (no. 20; VWR 
International, LLC, Arlington Heights, IL, USA), evaporated 
under reduced pressure using a vacuum evaporator (Eyela, 
Tokyo, Japan), and lyophilized using a freeze dryer (Labconco, 
Kansas City, MO, USA). Finally, 15.9 g lyophilized powder 
(MESC) was obtained (yield, 31.8%). A sample of MESC 
(voucher no. MH2010-010) was deposited at the Division of 
Pharmacology, School of Korean Medicine, Pusan National 
University (Yansan, Korea).

Animals. Male 6 week-old BALB/c mice were purchased 
from Samtaco (Incheon, Korea) and housed under specific 
pathogen-free conditions with a 12 h light/dark cycle and free 
access to standard rodent food and water. The animals were 
sacrificed by cervical dislocation. All animal experiments 
were approved by the Pusan National University Animal Care 
and Use Committee and conducted according to institutional 
guidelines (PNU-2011-000406).

Induction of CD and experimental design. CD induction 
was performed using DNFB. Briefly, mice were sensitized 
by applying 50 µl DNFB (0.1%, v/v) in acetone and olive 
oil (AOO, 4:1) onto shaved backs for three consecutive days. 
Four days after sensitization, each mouse was challenged by 
applying 30 µl DNFB (0.2%, v/v) in AOO onto the dorsum of 
both ears on alternate days. For topical applications, MESC 
and DEX were dissolved in ethanol, filtered using a 0.45-µm 
syringe filter and finally diluted in AOO. MESC in solution 
(30, 100 or 300 µg/ear) was applied onto the dorsum of both 
ears daily for six consecutive days. Naïve animals (NOR) were 
neither sensitized nor challenged with DNFB  (n=6). Control 
animals (CTL) were sensitized and challenged with DNFB in 
AOO, and then vehicle was applied (ethanol and AOO) (n=9). 
MESC treated animals were sensitized and challenged with 
DNFB, and then administered with 30, 100 or 300 µg/ear 
MESC (n=9). DEX treated animals were sensitized and chal-
lenged with DNFB and then 75 µg/ear DEX in ethanol and 
AOO (n=6) was applied as a positive control. The experimental 
design is summarized in Fig. 1.

Measurement of ear thickness and weight. Mice were anes-
thetized with 30 mg/kg Zoletil (Virbac, Carros, France) and 
the thickness of both ears was measured using vernier calipers 
(Mitutoyo, Carros, Japan). The weights of ear samples (5 mm 
in diameter) were measured at the same time.

Hematoxylin‑eosin (H&E) staining. After measuring ear 
thickness and weight, ear tissues were resected and embedded 
in paraffin. Sections were then stained with H&E to observe 
immune cell infiltration and spongiosis. Stained tissues were 

observed under a light microscope (x100; SZX7; Olympus, 
Tokyo, Japan).

Measurement of epithelial thickness. H&E stained slides were 
thoroughly examined under the light microscope equipped 
with a digital camera (Coolpix P600; Nikon, Tokyo, Japan), 
and five images per slide were captured at x200. To measure 
epithelium thickness, vertical distances between basal lamina 
and outermost stratum granulosum were measured. Five 
random measurements were made per slide using Motic 
Images Plus 2.0 (Motic Instrument Inc., Causeway Bay, Hong 
Kong).

Evaluation of immune cell infiltration. To evaluate immune 
cell infiltration, numbers of immune cells in connective 
tissue were counted in five photographs per slide (x200). 
Macrophages, polymorphonuclear leucocytes (PMNL), 
lymphocytes, eosinophils, plasma cells and giant cells were 
viewed as immune cells.

Measurement of cytokine production. Resected ear tissues 
were lysed and homogenized with protein extraction solution 
(Intron Bio) using a bullet blender (Next Advance, Averill 
Park, NY, USA) to obtain tissue lysates. The levels of tumor 
necrosis factor (TNF)-α, interferon (IFN)-γ, interleukin-6 
(IL-6) and monocyte chemotactic protein-1 (MCP-1) were 
then measured in 50 µg lysate using a cytometric bead array 
kit (BD Biosciences, San Jose, CA, USA).

Figure 1. Experimental design. The experimental groups (except for the treat-
ment naïve group) were sensitized by administering DNFB externally to ears 
daily on days 1 (start), 2 and 3. Mice were challenged with DNFB on days 7, 
9, 11 and 13. Animals in the MESC and DEX groups were treated topically 
with MESC (30, 100 or 300 µg/ear in ethanol and AOO or DEX (75 µg/ear in 
ethanol and AOO). All animals were sacrificed on day 14. DNFB, 1-Fluoro-2, 
4-dinitrofluorobenzene; MESC, methanol extract of S. chinensis; AOO, 
acetone: Olive oil; DEX, dexamethasone.

Figure 2. Chromatograms of schizandrin (A) and the MESC (B) obtained at a 
UV wavelength of 250 nm. MESC, methanol extract of S. chinensis.
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Statistical analysis. The Mann-Whitney test was used for all 
statistical comparisons, and Prism 5 version 5.01 (GraphPad 
Software Inc., La Jolla, CA, USA) was used for all analyses. 
Results are presented as the mean ± standard deviation. P<0.05 
was considered to indicate a statistically significant difference.

Results

Identification of schizandrin in MESC. The schizandrin peak 
was detected at a retention time of 4.870 min (Fig. 2).

MESC inhibits increases in ear swelling in CD mice. Repeated 
application of DNFB increased ear thickness and weight. 
Marked increases in the thickness and weight of ear tissues 
were observed in the CTL group. Topical treatment with 
MESC effectively inhibited increases in thickness and weight, 
although inhibitory effects were greater in the DEX group 
than in the MESC group (Fig. 3).

MESC prevents hyperplasia, spongiosis and immune cell infil‑
tration. Repeated application of DNFB induced hyperplasia 

Figure 3. Effects of MESC on ear swelling in mice with CD. Inhibition of ear thickness and body weight in response to the topical application of MESC was 
analyzed using a vernier caliper and a microbalance on day 14. For 6 days, 30, 100 or 300 µg MESC was applied externally onto ears. NOR, treatment naïve 
mice; CTL, non-treated CD mice; DEX, 75 µg/ear DEX. (A) Ear thickness and (B), ear weight. All values are presented as the mean ± standard deviation. 
##P<0.01 and ###P<0.001 vs. NOR; **P<0.01 and ***P<0.001 vs. CTL. CD, contact dermatitis; MESC, methanol extract of S. chinensis; DEX, dexamethasone.

Figure 4. Effects of MESC on histopathological changes in CD mice. (A) Ear tissues were stained with hematoxylin and eosin and observed under a light 
microscope. (Aa) NOR group; (Ab) CTL group; (Ac) 30 µg/ear MESC treated group; (Ad) 100 µg/ear MESC treated group; (Ae) 300 µg/ear MESC treated 
group; (Af) 75 µg/ear DEX treated group. Magnification, x100. The effects on (B) epidermal thickness and (C) immune cell infiltration were also measured in 
a quantitative manner. CD, contact dermatitis; NOR, treatment naïve mice; CTL, non-treated CD mice; DEX, 75 µg/ear of DEX. MESC, methanol extract of 
S. chinensis; DEX, dexamethasone.
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and significant edema and spongiosis, which are the hallmarks 
of skin inflammation. Marked immune cell infiltration was 
observed in the CTL group, whereas little hyperplasia, edema 
or spongiosis was observed in the MESC group. Treatment 
with 30 µg/ear MESC had a marginal effect on hyperplasia and 
immune cell infiltration. However, treatment with DEX more 
effectively prevented spongiosis, hyperplasia and immune cell 
infiltration (Fig. 4).

MESC reduces the levels of TNF‑α, IFN‑γ, IL‑6 and MCP‑1 
in the ear tissues of CD mice. Marked increases in TNF-α, 

IFN-γ, IL-6 and MCP-1 levels were observed in the CTL 
group, but these increases in TNF-α, IFN-γ, IL-6 and MCP-1 
levels were effectively reduced by topical MESC. Treatment 
with MESC at <100 µg/ear did not affect IL-6 levels (Fig. 5).

MESC does not affect spleen/body weight ratio in CD mice. 
Body weight gains in the CTL group were lower than in the 
NOR group (Fig. 6A), whereas no body weight gains were 
observed in the MESC or DEX groups (Fig. 6A). The effects of 
MESC on spleen enlargement were estimated by determining 
spleen/body weight ratios, which were significantly smaller in 

Figure 5. Effects of MESC on cytokine production in mice with CD. Levels of TNF-α, IFN-γ, IL-6 and MCP-1 in ear tissues were measured using the cyto-
metric bead array method. A total of 50 µg tissue lysate was used to measure cytokine levels. (A) TNF-α; (B) IFN-γ; (C) IL-6 and (D) MCP-1. All values are 
presented as the mean ± standard deviation. ##P<0.01 and  ###P<0.001 vs. NOR; *P<0.05, **P<0.01 and ***P<0.001 vs. CTL. NOR, treatment naïve mice; CTL, 
non-treated CD mice; DEX, 75 µg/ear DEX. CD, contact dermatitis; TNF, tumor necrosis factor; IFN, interferon; IL, interleukin; MCP, monocyte chemoat-
tractant protein; MESC, methanol extract of S. chinensis; DEX, dexamethasone.

Figure 6. Effects of MESC on body weight gain and spleen/body weight ratio in mice with CD. Body weights were measured on day 1 (experiment start) 
and 14. (A) Changes in body weights were based on average weights obtained on day 14 and are expressed as percentages of average body weights on day 1. 
(B) Spleen weights were also measured on day 14, and spleen/body weight ratios were calculated. All values are presented as the mean ± standard deviation. 
#P<0.05 and ###P<0.001 vs. NOR; ***P<0.001 vs. CTL. NOR, treatment naïve mice; CTL, non-treated CD mice; DEX, 75 µg/ear DEX. CD, contact dermatitis; 
MESC, methanol extract of S. chinensis; DEX, dexamethasone. 
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the DEX group than in the CTL group, but almost the same in 
the MESC and CTL groups (Fig. 6B).

Discussion

Inflammation is mediated by a variety of soluble factors, 
including a group of secreted polypeptides termed cyto-
kines (12). Several cytokines are important in mediating 
acute or chronic inflammatory reactions, such as IFN-γ, IL-6, 
MCP-1 and TNF-α (13). The cytokines known to mediate 
chronic inflammatory processes can be divided into those 
participating in humoral inflammation, such as IL-6, and 
those contributing to cellular inflammation, such as IFN-γ and 
TNF-α (13). In the present study, MESC effectively reduced 
immune cell infiltration into affected tissues and reduced 
pro-inflammatory cytokine production. These results suggest 
that MESC acts as an anti-inflammatory agent and that the 
major mechanism underlying its effects involves suppression 
of pro-inflammatory cytokine production.

S. chinensis Turcz. fruit is a well-known traditional Korean 
herbal medicine and is used as an antitussive and sedative 
agent, as well as to improve liver function in patients with 
viral hepatitis (14). Furthermore, it has been shown to have 
anti-oxidative, antimicrobial and nitrite scavenging effects (15). 
Yasukawa et al (16) concluded that S. chinensis (gomesin A) 
exhibits anti-inflammatory activity, and found that it inhibited 
tumor promotion by 12-O-tetradecanoylphorbol-13-acetate 
in a mouse skin model of carcinogenesis. Huyke et al (17) 
suggested that S. chinensis may be useful for the prevention 
and treatment of hyperproliferative and inflammatory skin 
diseases, whereas Kang et al (18) reported that S. chinensis 
inhibited the secretion of pro-inflammatory cytokines by mast 
cells. These cells contain potent inflammatory mediators, 
such as histamine and multifunctional cytokines, which can 
promote the production of pro-inflammatory cytokines, adhe-
sion molecules and growth factors in resident cells (19). In the 
present study, MESC reduced TNF-α, IFN-γ, IL-6 and MCP-1 
levels, showing that its anti-inflammatory effects are attribut-
able to cytokine regulation.

In the present study, DEX reduced body weight gain and 
spleen/body weight ratios. Spleen/body weight ratios in the 
DEX group were significantly lower than in the NOR group. 
By contrast, MESC did not affect body weight gains or spleen/
body weight ratios. In a previous study by Nagao et al (20), it 
was reported that corticosteroid-induced weight loss was the 
result of adverse reactions. In addition, the spleen mass reduc-
tion observed in the DEX group could have reflected general 
immune suppression, which is one of the major side effects of 
corticosteroids.

This study reports the anti-inflammatory effects of MESC 
on CD in vivo. MESC effectively prevented ear swelling, 
hyperplasia, spongiosis and the infiltration of immune cells 
into inflamed tissues. In addition, levels of TNF-α, IFN-γ 
and IL-6 in affected tissues were dose-dependently reduced 
by MESC. These results suggest that MESC can effectively 
prevent inflammatory reactions, and that it should be consid-
ered as a complementary or alternative treatment for patients 
with inflammatory skin diseases.
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