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Tabebuia avellanedae has been traditionally used as an herbal remedy to alleviate various diseases. However, the plant’s
pharmacological activity in allergic and inflammatory diseases and its underlying mechanism are not fully understood.
Therefore, we investigated the pharmacological activity of Tabetri (T. avellanedae ethanol extract (Ta-EE)) in the
pathogenesis of AD. Its underlying mechanism was explored using an AD mouse model and splenocytes isolated from this
model. Ta-EE ameliorated the AD symptoms without any toxicity and protected the skin of 2,4-dinitrochlorobenzene-
(DNCB-) induced AD mice from damage and epidermal thickness. Ta-EE reduced the secreted levels of allergic and
proinflammatory cytokines, including histamine, immunoglobulin E (IgE), interleukin- (IL-) 4, and interferon-gamma (IFN-γ)
in the DNCB-induced AD mice. Ta-EE suppressed the mRNA expression of T helper 2-specific cytokines, IL-4 and IL-5, and
the proinflammatory cytokine IFN-γ in the atopic dermatitis skin lesions of AD mice. Moreover, Ta-EE suppressed the mRNA
expression of IL-4, IL-5, IFN-γ, and another proinflammatory cytokine, IL-12, in the Con A-stimulated splenocytes. It also
suppressed IL-12 and IFN-γ in the LPS-stimulated splenocytes. Taken together, these results suggest that Ta-EE protects
against the development of AD through the inhibition of mRNA expression of T helper 2-specific cytokines and other
proinflammatory cytokines.

1. Introduction

Atopic dermatitis (AD) is the most common chronic allergic
and inflammatory disease of the skin and often further pre-
cedes allergic diseases [1, 2]. Atopic dermatitis is characterized
by epidermal barrier dysfunction, cutaneous inflammation,
and pruritus (itch and rashes), which is a hallmark of AD.
These symptoms lead to excoriations, inflammation, and dis-
ease worsening [3–5]. AD has been proven to be strongly

associatedwith increased prevalence of comorbidities, includ-
ing immunoglobulin E- (IgE-) related diseases (atopy), skin
inflammation and infections, and mental disorders [6, 7].
The prevalence of AD is high inmany countries, based on sev-
eral studies with data from over one million children from 97
countries [8, 9]. The global prevalence of AD is approximately
15–30% in children and approximately 10% in adults [10, 11].
The pathogenesis of AD is complicated, involving the activa-
tion of inflammatory immune cells including T helper 2 cells,
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eosinophils, and macrophages. This activation results in the
secretion of various proinflammatory cytokines. Although
topical therapeutics is currently used for AD treatment,
understanding the pathogenesis of AD is crucial for the devel-
opment ofmore effective therapeutics and diagnostics. There-
fore, efforts have beenmade to understand the pathogenesis of
AD in order to develop better medications with new para-
digms to prevent and treat AD.

Inflammation is a complex immune response that is
mediated by inflammatory immune cells to protect the body
from invading pathogens, including bacteria, viruses, fungi,
and protozoa. It is characterized by several hallmark signs,
including redness, swelling, heat, pain, and organ dysfunc-
tion [12–14]. Inflammation is a host defense mechanism;
however, chronic inflammation is one of the major causes
for a variety of human inflammatory and autoimmune dis-
eases [15, 16]. Inflammatory responses are generally induced
by innate immune cells, such as monocytes and macro-
phages, through activating intracellular inflammatory signal-
ing cascades [16–20]. However, a number of studies have
reported that inflammatory responses during AD pathogen-
esis are initiated through the activation of T helper 2
responses due to a breakdown in the balance between T
helper 1 and 2 responses [1, 21]. The activation of T helper
2 responses induces the secretion of T helper 2-specific pro-
inflammatory cytokines, including interleukin- (IL-) 4 and
IL-5 [22, 23]. These cytokines subsequently induce the secre-
tion of other types of proinflammatory cytokines, including
IL-12 and IFN-γ, through activating eosinophils and T helper
1 cells, respectively [24, 25]. In addition, these inflammatory
cytokines induce the release of allergic and inflammatory
substances, such as immunoglobulin E (IgE) and histamine,
by activating B-cells and mast cells, respectively [26].

Tabebuia avellanedae Lorentz ex Griseb (Bignoniaceae)
is a tree belonging to the Tabebuia genus of the Bignoniaceae
family, which is generally found in the tropical rain forests of
certain South American countries including Brazil, Paraguay,
and Northern Argentina. The inner bark of this tree, known
as Taheebo or pau d’arco, has traditionally been used against
various pathogenic and disease conditions [27–29]. A lot of
effort has been made to identify and validate the active
pharmacological compounds in this plant. Therefore, a num-
ber of compounds, including flavonoids, iridoids, coumarins,
anthraquinone-2-carboxlic acid, cyclopentene derivatives,
benzaldehyde derivatives, benzoic acid derivatives, β-lapa-
chone, and quinones, including naphthoquinones, furano-
naphthoquinones, and anthraquinones, have been extracted
from T. avellanedae [30–36]. Some of these compounds have
shown anti-infectious, anticancer, or anti-inflammatory
activities [30, 34, 37–40]. Despite these studies, however,
the pharmacological effect of T. avellanedae on inflammatory
responses and inflammatory diseases and its underlying
mechanisms are poorly understood.

In this study, we examined the pharmacological effects of
the ethanol extract of T. avellanedae (Ta-EE, Tabetri) on the
pathogenesis of AD. Furthermore, we studied the Ta-EE
mechanism using a 2,4-dinitrochlorobenzene- (DNCB-)
induced AD mouse model and splenocytes isolated from
the DNCB-induced AD mice.

2. Materials and Methods

2.1. Materials. Ta-EE was kindly provided by Nutribiotech
Co. Ltd. (Seoul, Korea). DNCB, concanavalin A (Con A),
prednisolone, sodium dodecyl sulfate (SDS), hematoxylin,
and eosin were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Roswell Park Memorial Institute (RPMI)
1640, fetal bovine serum (FBS), phosphate-buffered saline
(PBS), streptomycin, penicillin, and L-glutamine were pur-
chased from Gibco (Grand Island, NY, USA). Enzyme-linked
immunosorbent assay (ELISA) kits for histamine, immuno-
globulin E (IgE), interleukin- (IL-) 4, and interferon-gamma
(IFN-γ) were purchased from R&D Systems (Minneapolis,
MN, USA). The TRI reagent® was purchased from the
Molecular Research Center Inc. (Cincinnati, OH, USA).
MuLV reverse transcriptase was purchased from Thermo
Fisher Scientific (Waltham, MA, USA). Primers used for
quantitative real-time polymerase chain reaction (PCR) were
synthesized at Bioneer Inc. (Daejeon, Korea). The pPCRBIO
SyGreen Mix for quantitative real-time PCR was purchased
from PCR Biosystems Ltd. (London, United Kingdom).

2.2. Animals and Husbandry. NC/Nga mice (male, 5 weeks
old) used for DNCB-induced atopic dermatitis were
obtained from Daehan Biolink (Osong, Korea). The mice
were housed in plastic cages (with five animals per cage)
at room temperature with 12/12 h constant light/dark cycles.
The mice were fed water and a custom pelleted diet ad libi-
tum (Samyang, Daejeon, Korea). In vivo studies using these
mice were conducted in accordance with the guideline of
the Institutional Animal Care and Use Committee at
Sungkyunkwan University.

2.3. Induction and Monitoring of DNCB-Induced AD in Mice.
An AD mouse model was generated by treatment of the
NC/Nga mice with DNCB, as previously described with a
slight modification [41]. Briefly, 0.2 ml of 1% DNCB in ace-
tone/olive oil (3 : 1) was applied for DNCB sensitization.
After three days, 0.2ml of 0.4% DNCB in acetone/olive oil
(3 : 1) was repeatedly applied on the shaved skin of the dor-
sal area two times per week for four weeks. The severity of
the atopic dermatitis skin lesions in the AD mice was mon-
itored every week.

2.4. Measurement of Atopic Dermatitis Scores. The clinical
severity scores of atopic dermatitis were defined on a scale
of 0–8 as follows: 0 (none), 2 (mild), 4 (moderate), and 8
(severe) for five manifestations: itching, erythema/hemor-
rhage, and scaling/dryness. The scores were measured once
per week from week 0 to 4 by three trained persons blinded
to the experiment.

2.5. Measurement of BodyWeight. Body weight of the mice in
all experimental groups was measured (by trained persons
who were blinded to the experiment) once a week from week
0 to week 4 using a custom scale (Mettler Toledo, Columbus,
OH, USA).

2.6. Hematoxylin and Eosin (H&E) Staining.After euthanasia
at the end of the study (week 4), the atopic dermatitis skin
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lesions were excised and fixed in 10% formalin solution before
paraffin processing. Formalin-fixed sections of skin tissues
(4 μm thickness) in each experimental group were stained
with H&E to observe the histopathological changes [42].

2.7. Measurement of Epidermal Thickness. In order to quan-
tify changes in the epidermal thickness, the skin tissues (the
atopic dermatitis skin lesions and normal skins) stained with
H&E were photographed. The epidermal thickness was
determined by counting the pixels of the epidermis areas in
the photos using ImageJ software (National Institutes of
Health, Bethesda, MD).

2.8. Enzyme-Linked Immunosorbent Assay (ELISA). The
secreted levels of histamine, IgE, IL-4, and IFN-γ in the sera
of the DNCB-induced AD mice were orally administered
with either Ta-EE (0, 60, 120, and 240mg/kg) or predniso-
lone (3mg/kg). The levels were determined by ELISA at week
0, 2, and 4 according to the manufacturer’s instructions.

2.9. Quantitative Real-Time Polymerase Chain Reaction
(PCR). In order to determine the mRNA expression levels
of IL-4, IL-5, IFN-γ, and IL-12, the total RNA was extracted
from the atopic dermatitis skin lesions of the DNCB-induced
AD mice orally administered with either Ta-EE (0, 60, 120,
and 240 μg/ml) or prednisolone (3mg/kg). The total sple-
nocytes prepared from the normal mice were treated with
Ta-EE (0, 75, 150, and 300 μg/ml) for 30min, followed by
treatment with either Con A (10 μg/ml) or LPS (1 μg/ml)
for 6 h using TRI reagent according to the manufacturer’s
instruction. The total cDNA was immediately synthesized
from 1 μg of total RNA using MuLV reverse transcriptase
according to the manufacturer’s instruction. Quantitative
real-time PCR was conducted as previously described
[16, 43]. The nucleic acid sequences of the primers used
for quantitative real-time PCR are listed in Table 1.

2.10. Preparation of Cell Lysate and Immunoblotting
Analysis. Skin tissues were used to obtain tissue lysates as
reported previously. Tissue lysates were immunoblotted,
and total protein and phosphoprotein levels of Syk, IKK,
IκBα, p65, and β-actin were determined, as previously
reported [44, 45].

2.11. Statistical Analysis. The data acquired from this study
are presented as means and standard deviation of at least
three independent experiments. All results were analyzed
using the ANOVA/Scheffe’s post hoc test and Kruskal-
Wallis/Mann–Whitney U tests. P values<0.05 were consid-
ered statistically significant. Statistical analyses were performed
using the SPSS program.

3. Results and Discussion

Several studies have suggested that compounds isolated from
T. avellanedae and Taheebo extract have anti-inflammatory
activities [34–36, 38, 40, 46, 47]. However, the pharmacolog-
ical mechanisms of T. avellanedae on inflammation and
inflammatory diseases remain poorly understood. There
has been no study regarding the effect of T. avellanedae on

the pathogenesis of AD, which is one of the most common
inflammatory and allergic skin diseases. Therefore, the pres-
ent study investigates the pharmacological effect of Ta-EE on
the pathogenesis of AD using a DNCB-induced AD mouse
model and examines the cellular mechanism of Ta-EE-
mediated anti-inflammatory activity using splenocytes iso-
lated from the DNCB-induced AD mice.

We first examined whether Ta-EE has in vivo pharmaco-
logical effects on the pathogenesis of AD using DNCB-
induced AD mice. Ta-EE ameliorated the AD-like symptoms
and significantly decreased the dermatitis scores in the
DNCB-induced AD mice in a dose-dependent manner
(Figure 1(a)). The anti-AD effect of Ta-EE at doses of 120
and 240mg/kg was statistically comparable to that of pred-
nisolone (which is currently used as an anti-inflammatory
drug) (Figure 1(a)). This finding suggests that Ta-EE
may be a promising candidate to treat AD with a compa-
rable pharmacological effect to a currently approved anti-
inflammatory drug. Although Ta-EE significantly decreased
the dermatitis scores in the DNCB-induced AD mice, it was
well tolerated at all doses and did not cause any weight loss
(Figure 1(b)) or abnormal behaviors (data not shown) during
the entire experimental period. These findings indicate that
Ta-EE has no or undetectable in vivo toxicity or adverse
effects at the doses that we tested in this study. The pharma-
cological effect of Ta-EE on AD pathogenesis was further
evaluated by histopathological staining of the skin epidermal
tissues from the DNCB-induced ADmice. The H&E staining
showed that Ta-EE markedly protected the skin from dam-
age in the DNCB-induced AD mice (Figure 1(c); upper
panel). Lichenification is one of the symptomatic hallmarks
of AD that is characterized by skin thickening of the epider-
mal tissues [48]. Therefore, the effect of Ta-EE on epidermal
thickness was examined. Ta-EE significantly reduced the epi-
dermal thickness induced by DNCB in AD mice in a dose-
dependent manner (Figure 1(c); lower panel). In accordance
with the result of the dermatitis scores, the suppressive effect
of Ta-EE on epidermal thickness was statistically comparable
to that of prednisolone at doses of 120 and 240mg/kg
(Figure 1(c); lower panel). These results strongly indicate that
Ta-EE has in vivo pharmacological effects to ameliorate AD
symptoms by reducing dermatitis scores (which represent

Table 1: Nucleic acid sequences of the primers used for quantitative
real-time PCR.

Target Sequence (5′ to 3′)

IL-4
Forward GGTCTCAACCCCCAGCTAGT

Reverse GCCCATGATCTCTCTCAAGT

IL-5
Forward TCTTCAGTATGTCTAGCCCCTG

Reverse CTCTGTTGACAAGCAATGAGACG

IFN-γ
Forward GGGTTGTTGACCTCAAACTT

Reverse CAGGCCATCAGCAACAACAT

IL-12
Forward TGAACTGGCGTTGGAAGC

Reverse GCGGGTCTGGTTTGATGA

GAPDH
Forward CAATGAATACGGCTACAGCAAC

Reverse AGGGAGATGCTCAGTGTTGG
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Figure 1: Ta-EE protected against AD symptoms in DNCB-induced AD mice. DNCB-induced AD mice were orally administered with
either Ta-EE (0, 60, 120, and 240mg/kg) or prednisolone (3mg/kg) once a day for 4 weeks. (a) Dermatitis scores and (b) body weight of
the AD mice were determined once a week from week 0 to week 4. ((c), upper panel) DNCB-induced AD mice were orally administered
with either Ta-EE (0, 60, 120, and 240mg/kg) or prednisolone (3mg/kg) once a day for 4 weeks. The atopic dermatitis skin was excised
from the AD mice after the animals were sacrificed at week 4. The atopic dermatitis skin lesions were stained with H&E. ((c), lower
panel) The epidermal thickness of these AD mice was measured and plotted using ImageJ software. ∗P < 0 05 versus a control group;
#P < 0 05 versus a normal group.
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various AD symptoms, as well as epidermal thickness in the
DNCB-induced AD mice).

The pathogenesis of AD is complex and multifactorial.
The onset and progression of AD were originally reported
to be attributed to the imbalance between T helper 1 and T
helper 2 responses [1]. An increase in the numbers of T
helper 2 cells and the induction of T helper 2 cell-mediated
immune responses [21] leads to the production of T helper
2-specific cytokines such as IL-4 and IL-5 [22, 23]. These
T helper 2-specific cytokines not only stimulate eosino-
phils to secrete IL-12 (an activator of T helper 1 cells) to
release IFN-γ but also induce the secretion of IgE in B-
cells. IFN-γ is responsible for the exacerbation of skin
inflammation [24, 25], while IgE secretion activates mast
cells to release allergic and inflammatory mediators such
as histamine [26]. Several studies have suggested that the
serum level of IgE is high in AD patients and that AD
pathogenesis may be strongly correlated with elevated
serum levels of IgE, which is similar to that of allergic
diseases such as asthma and allergic rhinitis [49–52].

Therefore, given the evidence from previous studies
regarding AD pathogenesis, we further investigated the
in vivo pharmacological effects of Ta-EE on AD pathogen-
esis by examining the secreted levels of allergic and proin-
flammatory substances and cytokines including histamine,
IgE, IFN-γ, and IL-4 in the sera of DNCB-induced AD
mice. The Ta-EE decreased the serum level of histamine
at both weeks 2 and 4 (Figure 2(a)). Ta-EE also reduced
the serum level of IgE in a dose-dependent manner, while
there was no induction of IgE level during Ta-EE treat-
ment in normal mice (data not shown). The inhibitory
effect of Ta-EE was comparable to that of prednisolone
at a dose of 240mg/kg (Figure 2(b)). Moreover, Ta-EE sig-
nificantly decreased the serum levels of IL-4 (Figure 2(c))
and IFN-γ (Figure 2(d)) in a dose-dependent manner.
The inhibitory effect of Ta-EE on IL-4 production was
comparable to that of prednisolone at a dose of 240mg/
kg (Figure 2(c)). These results suggest that Ta-EE exerts
pharmacological effects on the pathogenesis of AD by
reducing the secreted levels of allergic and proinflammatory

0

5

10

15

20

25

30

0 weeks
2 weeks
4 weeks

− + + + +DNCB
− − 60 120Ta-EE (mg/kg)
− − − − −Prednisolone (mg/kg)

240
+
−
3

H
ist

am
in

e (
ng

/m
l) ⁎⁎

⁎⁎##
++

##
++

⁎⁎##
++

⁎⁎##
++⁎##

++
⁎##

++
##
++

⁎⁎##
++ &&&&##

++##
++ &

+
+&&

(a)

DNCB
Ta-EE (mg/kg)

Prednisolone (mg/kg)

0

500

1000

1500

2000

2500

0 weeks
4 weeks

− + + + +
− − 60 120
− − − − −

240
+
−
3

Ig
E 

(n
g/

m
l)

⁎⁎##
++

⁎⁎##
++

⁎⁎##
++

⁎⁎##
++

##
++

(b)

DNCB
Ta-EE (mg/kg)

Pred (mg/kg)

0

5

10

15

20

25

0 weeks
2 weeks
4 weeks

− + + + +
− − 60 120
− − − − −

240
+
−
3

IL
-4

 (n
g/

m
l)

⁎⁎##
++

⁎⁎##
++⁎⁎##

++
⁎⁎##
++

##
++##

++

&&
⁎⁎##
++&&

⁎⁎##
++&&

⁎⁎##
++&&##

++

+++

&&

(c)

DNCB
Ta-EE (mg/kg)

Prednisolone (mg/kg)

0

10

20

30

40

50

0 weeks
2 weeks
4 weeks

− + + + +
− − 60 120
− − − − −

240
+
−
3

IF
N

-�훾
 (n

g/
m

l)

⁎⁎##
++

⁎⁎##
++⁎⁎##

++⁎⁎##
++

##
++##

++

&&

⁎⁎##
++&&

⁎⁎##
++&&

⁎⁎##
++&&

##
++&&

++&&

(d)

Figure 2: Effects of Ta-EE on the serum levels of allergic and proinflammatory substances and cytokines in DNCB-induced AD mice.
DNCB-induced AD mice were orally administered with either Ta-EE (0, 60, 120, and 240mg/kg) or prednisolone (3mg/kg) once a day
for 4 weeks. The secreted levels of (a) histamine, (c) IL-4, and (d) IFN-γ in the sera of AD mice were measured at weeks 0, 2, and 4.
The secreted level of (b) IgE in the sera of AD mice was measured at weeks 0 and 4. ∗P < 0 05 and ∗∗P < 0 005 versus a control group;
##P < 0 005 versus a normal group; +P < 0 05 and ++P < 0 005 week 0 versus week 2 or 4; &P < 0 05 and &&P < 0 005 week 2 versus
week 4.
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substances and cytokines in the sera of DNCB-induced
AD mice.

We further investigated the effects of Ta-EE on the
expression of proinflammatory and T helper 2-specific cyto-
kines in a transcriptional level by quantitative real-time PCR
in the DNCB-induced AD mice. First, atopic dermatitis skin
lesions were excised from the mice in each group. The effect
of Ta-EE on the gene expression of proinflammatory and
T helper 2-specific cytokines was examined in the total cells
prepared from the atopic dermatitis skin lesions. Ta-EE
significantly downregulated mRNA expression of IL-4
(Figure 3(a)), IL-5 (Figure 3(b)), and IFN-γ (Figure 3(c)) in
dose-dependent manner for all the three. The suppressive
effect of Ta-EE was comparable to that of prednisolone at
240mg/kg (Figures 3(a)–3(c)). However, Ta-EE did not
downregulated mRNA expression of IL-12, while predniso-
lone showed the suppressive effect on IL-12 mRNA expres-
sion (Figure 3(d)). The reason why Ta-EE, unlike the other
cytokines, did not downregulate mRNA expression of IL-12
is unclear. These results suggest that Ta-EE effectively sup-
presses the expression of T helper 2-specific cytokines in a
transcriptional level induced at the skin inflammatory
lesions during AD pathogenesis. Its suppressive effect is com-
parable to that of the currently available anti-inflammatory
drug prednisolone.

The spleen is the secondary lymphoid organ where effec-
tor T-cells activate humoral and cellular immune responses.
Therefore, the effect of Ta-EE onmRNA expression of proin-
flammatory and T helper 2-specific cytokines was also exam-
ined in the splenocytes. The total splenocytes prepared from
mice were stimulated with Con A, which is a known T-cell
mitogen [53]. The effect of Ta-EE on mRNA expression of
IL-4, IL-5, IFN-γ, and IL-12 in the splenocytes was examined
by quantitative real-time PCR. As expected, Ta-EE markedly
downregulated the mRNA expression of IL-4 (Figure 4(a)),
IL-5 (Figure 4(b)), IFN-γ (Figure 4(c)), and IL-12
(Figure 4(d)) in a dose-dependent manner in the Con A-
stimulated splenocytes.

The effects of Ta-EE on mRNA expression of proinflam-
matory and T helper 2-specific cytokines were further exam-
ined in the splenocytes stimulated with lipopolysaccharide
(LPS). LPS is a specific ligand of toll-like receptor 4 (TLR4).
Ta-EE did not suppress the mRNA expression of IL-4
(Figure 5(a)) or IL-5 (Figure 5(b)). These cytokines were also
not induced by LPS in the splenocytes. This result is expected
because IL-4 and IL-5 are the cytokines secreted from the T
helper 2 cells, which do not express TLR4 on their surfaces.
In contrast, Ta-EE significantly suppressed mRNA expres-
sion of IFN-γ (Figure 5(c)) and IL-12 (Figure 5(d)) in the
LPS-stimulated splenocytes in a dose-dependent manner.
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Figure 3: Effects of Ta-EE on mRNA expression of proinflammatory cytokines in the atopic dermatitis skin lesions of DNCB-induced AD
mice. DNCB-induced AD mice were orally administered with either Ta-EE (0, 60, 120, and 240mg/kg) or prednisolone (3mg/kg) once a day
for 4 weeks. The atopic dermatitis skins were excised from the AD mice after sacrifice at week 4. The mRNA expression levels of (a) IL-4, (b)
IL-5, (c) IFN-γ, and (d) IL-12 in the atopic dermatitis skins were determined using quantitative real-time PCR. ∗∗P < 0 005 versus a control
group; ##P < 0 005 versus a normal group.
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IL-12 is known to be secreted from eosinophils activated by T
helper 2-specific cytokines [24, 25]. However, the expression
of these T helper 2-specific cytokines was not induced in the
LPS-stimulated splenocytes (Figures 5(a) and 5(b)), suggest-
ing that IL-12 could be expressed and secreted in the spleno-
cytes in a T helper 2-specific cytokine-independent manner.
Interestingly, it has been reported that eosinophils in the
spleen express TLR4 [54, 55]. This expression pattern sug-
gests that Ta-EE suppressed mRNA expression of IL-12
induced by LPS in the eosinophils recruited in the spleen
during AD pathogenesis. This suppressive activity of Ta-EE
is T helper 2 specific and cytokine independent. Ta-EE also
suppressed mRNA expression of IFN-γ in the LPS-
stimulated splenocytes (Figure 5(c)). As previously discussed,
IL-12 induces the expression and secretion of IFN-γ in T
helper 1 cells [24, 25]. Therefore, this result suggests that
Ta-EE suppressed mRNA expression of IFN-γ induced by
LPS in the T helper 1 cells in response to IL-12, a T helper
1 cell activator secreted from the activated eosinophils in
the spleen during AD pathogenesis.

Finally, to understand which signaling enzymes con-
tributed to the suppression of Ta-EE on various AD symp-
toms, the levels of phosphoproteins and total proteins
such as Syk, IKK, IκBα, and p65, one of the NF-κB

subunits, known as critical factors in AD pathogenesis
[56, 57] and reported to be targeted by anthraquinone
compounds enriched in this plant [36, 58], were deter-
mined from the skin area in AD mouse. As we expected,
it was found that the phosphoproteins of these proteins
were strongly suppressed in a dose-dependent manner
without altering total protein levels (Figure 6). Therefore,
these results might suggest that the suppression of the
Syk/NF-κΒ pathway could be linked to blockade of inflam-
matory symptoms in AD. Since the Syk and NF-κB path-
ways are major inflammation-inducing signaling in
macrophages, it is assumed a possibility that activated
macrophages or dendritic cells could play critical roles in
the earlier inflammatory process in AD models. In the
following experiments, this possibility will be further eval-
uated to understand target cells in Ta-EE-mediated antia-
topic dermatitis activity.

4. Conclusions

This study explored the in vivo pharmacological effects of
Ta-EE on the pathogenesis of AD using a DNCB-induced
AD-like mouse model and isolated splenocytes. Ta-EE
effectively delayed the onset and progression of AD and
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Figure 4: Effects of Ta-EE on mRNA expression of proinflammatory cytokines in Con A-stimulated splenocytes. The total splenocytes
isolated from the spleens of normal mice pretreated with Ta-EE (0, 75, 150, and 300 μg/ml) for 30min were treated with Con A (10 μg/ml)
for 6 h. The mRNA expression levels of (a) IL-4, (b) IL-5, (c) IFN-γ, and (d) IL-12 in the splenocytes were determined using quantitative
real-time PCR. ∗P < 0 05 and ∗∗P < 0 005 versus a control group; #P < 0 05 and ##P < 0 005 versus a normal group.
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ameliorated AD symptoms without any toxicities and
adverse effects in the DNCB-induced AD mice. The cellular
and molecular mechanism studies showed that the pharma-
cological effects of Ta-EE were attributable to the suppression
of allergic and inflammatory substances and cytokines
during the pathogenesis of AD as summarized in Figure 7.
Ta-EE inhibited the production of allergic substances (such
as histamine and IgE), proinflammatory cytokines (including
IFN-γ), and the T helper 2-specific cytokine (IL-4) in the
DNCB-induced AD mice. In addition, Ta-EE suppressed
the expression of T helper 2-specific cytokines, such as IL-4
and IL-5 and proinflammatory cytokines, such as IFN-γ
and IL-12 in a transcriptional level in the atopic dermatitis
skin lesions of the AD mice and total splenocytes. Taken
together, this study reports the pharmacological effects of
T. avellanedae extract on the pathogenesis of AD for the first
time and provides evidence of a correlation between inflam-
matory/allergic responses and AD pathogenesis. Therefore,
these findings could improve our understanding of AD
pathogenesis at the cellular and molecular levels and provide
insight into the development of novel promising medica-
tions or dietary supplements/health functional foods using
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Figure 6: Effect of Ta-EE on the activation of inflammatory
signaling molecules. Phospho- or total form levels of p65/NF-κB,
IκBα, IKKα/β, Syk, and β-actin from skin tissue of DNCB-
induced AD mice were detected by immunoblotting analysis with
phospho-specific or total protein antibodies from total cell lysates.
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Figure 5: Effects of Ta-EE on mRNA expression of proinflammatory cytokines in LPS-stimulated splenocytes. The total splenocytes
isolated from the spleens of normal mice were pretreated with Ta-EE (0, 75, 150, and 300 μg/ml) for 30min with LPS (1 μg/ml) for
6 h. The mRNA expression levels of (a) IL-4, (b) IL-5, (c) IFN-γ, and (d) IL-12 in the splenocytes were determined by quantitative
real-time PCR. ∗P < 0 05 and ∗∗P < 0 005 versus a control group; #P < 0 05 and ##P < 0 005 versus a normal group.
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medicinal plants to prevent and treat various inflammatory
and allergic diseases. Indeed, we are currently undertaking
a clinical trial with this extract to prove its efficacy in the
human body.
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