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Mitigation of 2 4-dinitrofluorobenzene-induced atopic
dermatitis-related symptoms by Terminalia chebula Retzius
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Abstract. To evaluate whether an aqueous seed extract of
Terminalia chebula Retzius inhibited development of atopy
in vivo, we used a 2.,4-dinitrofluorobenzene (DNFB)-induced
animal model of atopic symptoms to investigate the effects of
the extract. We measured CD4* cell numbers by hematoxylin
and eosin (H&E) staining, and determined the expression levels
of matrix metalloproteinase (MMP)-9, interleukin (IL)-31,
and T-bet genes, in this animal model. The data showed that
a Terminalia chebula extract (100 ug/ml) exhibited strong
anti-atopic activity, mediating a 52% reduction in the immune
response, as measured by thickness of ear swelling, and
resulting in decreased eosinophil levels in adjacent skin tissue.
Collectively, the results indicate that a Terminalia chebula seed
extract has potential for alleviation of atopy-like symptoms
induced by DNFB in the mouse.

Introduction

It is generally accepted that the daily consumption of plant-
derived phytochemicals in vegetables, fruit, tea or herbal
extracts may mitigate free-radical attacks (1-3). Terminalia
chebula Retzius is an ethnopharmacological plant of India and
Southeast Asia, and has traditionally been used as a laxative, a
diuretic, and an anti-oxidative material (4-8). In addition, plant
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extracts have antibacterial (9,10), antiviral (11), antifungal (12)
and immune modulatory activities (13,14). Recently, Lee et al
(5,15) reported that an aqueous seed extract of Terminalia
chebula Retzius (TcRSE) had potent anti-oxidant activity both
in vitro and in vivo when tested as a hepatoprotective agent in
an animal model.

Atopic dermatitis is a major degenerative disease, which
presents as a chronic inflammatory skin condition with a
deficiency in barrier function (16). It is now well recognized
that several proteases, including the matrix metalloprotein-
ases (MMPs), play key roles in the immunopathology of and
biological functions during progression of the disease (17).
With limited exceptions, normal healthy skin does not contain
or exhibit high levels of MMP activity. Thus, evaluation of
enzyme activities is important in detection, prior to mitigation,
of allergic reactions (18,19). However, little effort has been
devoted to treatment of atopy-related disorders with natural
extracts, and we thus prioritized the investigation of TcRSE as
an inhibitor of anti-atopic dermatitis activity.

In the present study, we initially sought immunomodula-
tory components in natural resources including foods and
oriental herbs, and found that TcRSE was active in vitro (data
not shown). We thus examined the ameliorating effects of
TcRSE against 2,4-dinitrofluorobenzene (DNFB)-induced
atopic dermatitis in mice. Biochemical and immunochemical
analyses, including cytokine expression evaluation and pheno-
typic atopic symptoms, were performed to investigate whether
TcRSE alleviated the disorder.

Materials and methods

Chemicals. MMP-9, anti-T-bet and interleukin (IL)-31 anti-
bodies were purchased from Cell Signaling (catalog no. 3852;
Danvers, MA), Santa Cruz Biochemicals (catalog no. 4B10;
Santa Cruz, CA), and AnaSpec (Fremont, CA), respectively.
The cell viability assay kit (CCK-8) was from Dojindo (Tokyo,
Japan). 2 4-Dinitrofluorobenzene (DNFB), formalin, hydrogen
peroxide (all from Sigma, St. Louis, MO), and all other mate-
rials were of the highest grade commercially available.

Animals. Male C57BL/6 mice 6-7 weeks of age were purchased
from Samtaco (Osan, Korea). Animals were housed in an air-
conditioned room, at a temperature of 22+1°C and a humidity of
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0.2% DNFB

Figure 1. Comparisons of inhibitory features by an aqueous seed extract of Terminalia chebula Retzius (TcRSE) on DNFB-induced ear swelling in C57BL/6
mice. A DNFB solution was applied to a segment of clipped mouse abdominal skin. After initial sensitization, a cutaneous reaction was evoked in the skin of
the ear by repeated application of 50 1 amounts of 0.2% (w/v) DNFB solution on four occasions every 3 days for 2 weeks, commencing 5 days after initial
sensitization. Control (vehicle-only) mice were similarly treated with acetone (thus without DNFB). TcRSE was used at a concentration of 100 yg/ml. (A) Ear
thickness as a measure of the immune response, with and without TcRSE treatment after DNFB sensitization. (B) H&E staining shows the immune events in
ear tissues. Asterisks indicate H&E-positive cells. Scale bars: 200 ym (upper panel); 50 ym (lower panel).

65+5%. All procedures complied with the Guiding Principles
for the Care and Use of Animals (National Research Council,
1996), the rules and in-house guidelines for animal experi-
ments including ethical care as promulgated by our University
Committee (20), and the guidelines of the Committee of the
International Association for the Study of Pain; Research
and Ethical Issues (21). Animals acclimated to the laboratory
environment for at least 1 week prior to experimentation. The
number of mice in each experimental group was five.

Preparation and fractionation of samples. Seeds of Terminalia
chebula Retzius were obtained from a farm in Yeongcheon,
Korea. Fruits were sliced, and about 200 g of crude fruit was
extracted with 600 ml distilled water, using a commercial
extractor (DWP-3800T; Daewoong Co., Seoul, Korea). The
seed extract was filtered, lyophilized, and finally resuspended
to yield a 1% (w/v) aqueous extract (1.9 g/190 ml). The
residue was dissolved in an appropriate buffer and adjusted
to a concentration of 100 mg/ml, prior to further investigation
(22). The seed extract was used in various in vitro and in vivo
assays (data not shown). Plant samples were obtained between
September and October, 2009, and taxonomic accuracy was
confirmed by a senior staff member of the University. Voucher
plant specimens have been deposited in the Laboratory of
Food Enzyme Biotechnology, KNU (22).

DNFB-induced animal model of atopy.Mice underwent DNFB
sensitization, and were subsequently challenged, as previously

described (23). In brief, primary sensitization involved the
application of 50 ul of 0.5% (w/v) DNFB solution to a segment
of clipped abdominal skin. A cutaneous reaction was evoked in
the skin of the ear by repeated applications of 20 ul 0.2% (w/v)
DNEFB solution. The DNFB challenge was repeated four times
every 3 days for 2 weeks, beginning 5 days after initial sensitiza-
tion (thus on Days 5, 8, 11 and 14). Vehicle mice were similarly
treated with acetone, thus without DNFB. Extracts were topi-
cally administered on eight occasions (Days 6, 7, 9, 10, 12, 13,
15 and 16), once a day for 2 weeks, commencing the day after
the first DNFB re-sensitization (Day 6) for DNFB challenge.

Immunohistochemistry. Ear tissue was fixed for 24 h in 10%
(v/v) neutral buffered formalin and processed as described
elsewhere (20,23,24). In brief, paraffin sections were placed
on Probe-On slides and incubated with methanol containing
3% (v/v) hydrogen peroxide, to inhibit endogenous peroxidase
activity. Tissue sections were next treated with 10% (v/v)
normal goat serum for 1 h at room temperature, to block non-
specific antibody binding. Slides were subsequently incubated
overnight at 4°C with rabbit anti-mouse MMP-9, anti-IL-31 or
anti-T-bet.

Statistical analysis. Data are expressed as means =+ standard
deviations. Statistical significance was determined using
Student's t-test or an ANOVA test of independent means, using
a program written in Microsoft Excel (25). The critical level
for significance was set at P<0.05.
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Figure 2. Effects of an aqueous seed extract of Terminalia chebula Retzius (TcCRSE) on DNFB-induced atopic inflammation in C57BL/6 mice. A 0.2% (w/v)
DNFB solution was applied to the mouse skin as described in Fig. 1 legend. Control (vehicle-only) mice were similarly treated with acetone (thus without
DNFB). TcRSE was used at a concentration of 100 pg/ml. (A) Alleviation of ear swelling by application of TcRSE. Thickness was measured using a Vernier
caliper (AMI, Painesville, OH). Data are expressed as means + standard deviations (n=5); "P<0.05. (B and C) Decreases in total cell numbers or eosinophils
in DNFB-treated ear tissue upon application of TcRSE. Cells were counted by phase contrast microscopy in nine blocks of a hematocytometer, and compared
with control values. Data are expressed as means + standard deviations (n=5); “P<0.05.

Results

Effect of an aqueous seed extract of Terminalia chebula Retzius
on the DNFB-induced ear swelling response. We investigated
whether TcRSE protected ear skin damage in mice from
exposure to DNFB, which induces allergic dermatitis. First, we
assessed whether TcRSE might mitigate DNFB-induced atopic
symptoms. Immunohistochemical analysis showed that TcRSE
could alleviate DNFB-induced atopic symptoms in mice. DNFB
(0.2%, wiv) re-sensitization caused severe scarring and eczema
of ear skin, but treatment with TcRSE (100 ug/ml) resulted in
rapid recovery and alleviation of the classical symptoms of
atopic dermatitis (Fig. 1, see the arrowheads in the middle and
right photos). To confirm these protective effects, we measured
the ear swelling thickness. The thickness in control animals was
26.3+1.2 ym, whereas that in DNFB-treated animals was 2.1-fold
higher (Fig. 1B). This increase was significantly inhibited, to
a final level of 52% that of the control group, upon application
of TcRSE. This indicates that TcRSE affects the dermal micro-
environment.

Histochemical analysis of the tissues. We next removed and
sectioned ear tissue, and histochemically evaluated immune
cell numbers during DNFB-induced inflammation. Fig. 1A
shows control mice with normal ear thickness and no clinical
abnormalities (top and bottom portions of the left columns).
After DNFB treatment, inflammation was evident, ear thick-
ness increased, and obvious scarring and eczema appeared
(Figs. 1 and 2A). Stained inflammatory cell numbers increased
(asterisks in Figs. 1B and 2A). However, the expression level
of inflammation-associated cells was markedly reduced
upon treatment with TcRSE (100 pg/ml), as shown by H&E
staining of sections at magnifications of both 100 and 400
(left photographs in the top and bottom columns of Fig. 1B).
Total cell counts showed that DNFB induction resulted in a

3.4-fold increase in inflammatory cell number, whereas the
level in TcRSE-treated animals decreased to 69.5% that of
the control (Fig. 2B). Eosinophil levels were 10.6+1.1 cells/
block in the DNFB-alone group, and 5.4+1.8 cells/block in
the TcRSE-treated group (Fig. 2C). This 50.2% decrease in
eosinophil number indicates that TcRSE inhibits eosinophil
accumulation (Fig. 2C).

Matrix metalloproteinase expression during the onset. We,
therefore, immunohistochemically investigated whether TCRSE
affected MMP activity. The results of tests in which MMP-9
expression after DNFB-induced atopic triggering was evalu-
ated are shown in Fig. 3A and D. Notably, MMP-9 expression
level after TcRSE (100 g g/ml) treatment was markedly reduced
compared with that of the DNFB-induced group, suggesting
that TcRSE can inhibit DNFB-induced skin erosion. Other
MMPs, such as MMP-2 or MMP-3, were not significantly
changed at concentrations up to 100 xg/ml (data not shown).

Expression of Th cell-specific biomarkers. We further exam-
ined whether TcRSE could ameliorate skin lesions. As shown
in Fig. 3B and E, the level of IL-31-positive cells decreased by
approximately 44.1% after TcRSE application (Fig. 3B and E).
However, T-bet application had the opposite effect. The use of
T-bet-positive cells (Fig. 3C and F) confirmed these observa-
tions.

Discussion

Terminalia chebula originates in Southeast Asia, and the ripe
fruit has laxative, diuretic, and anti-oxidative qualities. In addi-
tion, a prodrug activity for treatment of cardiovascular disorders
has been described (9-13). An aqueous seed extract of Terminalia
chebula Retzius (TcRSE) exhibits in vitro antioxidant and free
radical-scavenging behavior, and has potent antimicrobial,
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Figure 3. Inhibition of atopic dermatitis-related biomarker expression with or without application of an aqueous extract of Terminalia chebula Retzius. The
levels of MMP-9-(D), IL-31-(E) and T-bet-(F) positive cells in DNFB-treated mice, either exposed to TcRSE or not, were assayed. Arrowheads indicate cells
expressing these proteins (A, B and C). Cells were photographed under a phase contrast microscope, and showed classical morphology. (D and E) Data are

expressed as the means + standard deviations (n=5); "P<0.05. Scale bar, 25 ym.

anticancer, antiviral, and anti-diabetic effects either in vitro or
in vivo (14). However, to date, the immune-related activities of
TcRSE have not been well characterized, and any protective
effect of TcRSE on atopic dermatitis remains undescribed.
Therefore, in this study, we addressed the biological activi-
ties of TcRSE on DNFB-induced atopic dermatitis symptoms
using a mouse model.

There are many reports on anti-atopic dermatitis activities
of various phytochemicals. PG102, an aqueous extract from
Actinidia arguta (26), is an example exhibiting such an activity.
White rose fetal extract of Rosa rugosa root (27), procyanidin
Cl1 from apple (28), and hot water extract of Cydonia oblonga
(29) have shown potential in inhibiting chemical-induced
animal model or NC/Nga mice. In the course of screening of
anti-atopic agents, we found that an aqueous TcRSE exhibits
in vitro antioxidant and free radical-scavenging capability, and
has potent T-bet promoter enhancing activity.

In the present study we have shown that TcRSE amelio-
rates ear skin damage in mice from exposure to DNFB, an
inducer of allergic dermatitis, and moreover confirmed that
TcRSE alleviated DNFB-induced atopic symptoms in DNFB-
treated mice by histological analysis (Figs. 1 and 2). At the
preliminary step, to further identify the active compound
in TcRSE, we prepared the 10 fractions as water-methanol
fractions by increasing polarity between water and methanol,
followed by collection of 10 fractions. Thereafter, we checked

the in vitro anti-atopic activity by measuring IgE secretion of
total spleenic T cells in normal mice. Results of an ELISA
assay showed that only the aqueous fraction (>90%) had
strong activity in inhibiting secreting IgE (data not shown).
As we could not detect any activities by other non-polar
solvent systems, we, thereafter, used an aqueous fraction
in the in vivo animal experiment and demonstrate that the
treatment mitigated the DNFB-induced atopic symptoms in
mice. Morphological changes during DNFB-induced atopic
model should be verified by various molecular inflammation
markers. Therefore, we scrutinized inflammation-related
markers such as MMP-9, IL-31 and T-bet by immunohisto-
chemical analyses.

The balance between MMP levels is principally respon-
sible for remodeling of skin tissue (18). Various pathological
conditions are caused by imbalances between the levels of
MMPs and inhibitors in the skin. In both remodeling and
disease, it appears that erosion of or eczema development
in the skin epithelium is associated with overexpression of
MMP-1, -3, -8, -9 and/or -13 (19). In particular, MMP-8 and
MMP-9 play pivotal roles in skin remodeling and reconstruc-
tion during a chemically-induced inflammatory response (24).
We confirmed that a decrease in the MMP-9 expression level
was definitely detected in TcRSE treated mice (Fig. 3). Our
results are in agreement with those of other researchers in that
MMP-9 expression is a recognizable molecular inflammation
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marker in clinical and/or in vitro atopic dermatitis or asthma
symptoms (30,31).

It is also documented that IL-31, preferentially produced by
T-helper-type 2 (Th2) cells, is overexpressed upon development
of severe pruritus, alopecia, and skin lesions (32). Furthermore,
IL-31 receptor expression was increased in diseased tissues in
an animal model of allergic dermatitis and airway hypersensi-
tivity (33). There is evidence that IL-31 is up-regulated in atopic
dermatitis skin lesions in humans and in skin lesion-induced
mice and therefore, IL-31 might present a novel target for
anti-inflammatory options in the treatment of atopic dermatitis
(34,35). In our data, we also confirmed the expression of IL-31
expression between DNFB-challenged mice with or without
TcRSE treatment (Fig. 3B). Previously, we constructed a cell
line stably harboring a gene under the control of the T-bet
promoter, to select mutations activating the promoter gene,
resulting in a regulation of the balance between Thl and Th2
cells (20). By using the stable cell line, we observed a positive
result with the same pattern as above (Fig. 3A-C), indicating
that TcRSE regulated the development of atopic dermatitis
by increasing Thl cells rather than Th2 cells, resulting in a
balance between the cell subsets. T-bet is a unique transcrip-
tion factor expressed during the differentiation of both Thl
and Th2 cells, and has recently been specifically associated
with asthmatic symptoms in children (36,37). Therefore,
it is probable that anti-asthmatic compounds/extracts from
Helianthus annuus, Camellia sinensis, or Spinacia oleracea
may also mitigate atopic symptoms in mice (20,38,39). Other
reports indicate that chebulagic acid, chebulanic acid, and
triterpene alcohol also contained the extracts/fractions in the
leaf/TcRSE. We cannot rule out the possibility that the extract
contains the agents, but at least in our preliminary test from the
purified chebulagic acid and chebulanic acid (40), the activities
were not detectable. Therefore, this is the reason that we used
the aqueous fraction throughout the experiment, although the
identification of polar compound(s) should be purified.

In summary, we found that TcRSE inhibited DNFB-
induced atopic inflammation by reducing MMP-9 level and
IL-31 activity, and by stimulating T-bet action. The data
show that TcRSE may control expression of atopic molecular
markers by adjusting the balance of expression between Th
cell subsets. Thus, atopic dermatitis may be ameliorated by
precise targeting of atopic dermatitis-associated molecules,
and a useful medication for treatment of the condition may be
formulated from herb and/or food biomaterial(s).
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