
MOLECULAR MEDICINE REPORTS  12:  3632-3638,  20153632

Abstract. Astaxanthin (AST) is known to exhibit antioxida-
tive and antitumor properties, therefore, the present study 
investigated its other potential medical applications. AST was 
observed to exhibit anti‑allergic and anti‑inflammatory effects 
in a dinitrofluorobenzene (DNFB)‑induced contact dermatitis 
(CD) mouse model and RBL‑2H3 cell lines. The topical appli-
cation of AST effectively inhibited the enlargement of ear 
thickness and increase in weight, which occurred following 
repeated application of DNFB. Furthermore, topical applica-
tion of different concentrations of AST inhibited inflammatory 
hyperplasia, edema, spongiosis, and the infiltration of mono-
nuclear cells and mast cells in the ear tissue. In addition, the 
levels of TNF‑α and IFN‑γ produced were decreased by appli-
cation of AST in vivo, and treatment of RBL‑2H3 cells with 
AST inhibited the release of histamine and β‑hexosaminidase 
in vitro. Taken together, these data suggested that AST may 
be used to treat patients with allergic skin diseases through 
a mechanism, which may be associated with that involved in 
anti‑inflammatory or anti‑allergic activities.

Introduction

Contact dermatitis (CD), one of the most common types of 
skin disorder in developed countries, is an inflammatory 
skin disease, which is induced by repeated skin contact 
with a low molecular weight chemical, termed a hapten (1). 
The onset of CD is predominantly due to the recruitment of 
chemical‑specific CD8+ T cells (2). In addition, CD4+ T helper 
(Th)1 and Th17 contribute to the extension of the inflam-
matory reaction by releasing pro‑inflammatory cytokines, 
including IFN‑γ and TNF‑α, which activate cells within the 
skin  (2,3). In mouse models, repeated antigen application 
results in an immediate‑type response 30 min after antigen 
exposure, demonstrating the involvement of mast cells in the 
immediate‑type response (4,5).

Mast cells are commonly found at sites of CD and are 
involved in immediate‑type allergic reactions and inflam-
mation (6). It is well established that immediate‑type allergic 
reactions are markedly reduced in the absence of mast cells, 
demonstrated using mouse models of mast cell deficiency (7). 
The degranulation of mast cells induces the secretion of 
bio‑active substances, including histamine, cytokines and 
chemokines (8). Cytokines, particularly TNF‑α, are released 
in late‑phase allergic reactions and inflammation via the 
recruitment of inflammatory cells (9).

It has been reported that cross‑talking between oxidative 
stress and inflammation causes cutaneous damage in CD (10). 
There is increasing evidence that oxidative stress accentuates 
the immunological damage in CD (11,12), and certain anti-
oxidants have anti‑inflammatory and anti‑allergic effects in 
irritant or allergic CD (13,14). Previously, it was reported that 
dietary carotenoids significantly inhibited ear swelling and 
reduced the levels of TNF‑α and histamine in dinitrofluoro-
benzene (DNFB)‑treated mice (15).

Astaxanthin (3,3'‑dihydroxy‑β,β‑carotene‑4,4'‑dione; 
AST) is a keto‑carotenoid and a type of xanthophyll, which are 
found in microalgae, fungi, complex plants, seafood, flamingos 
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and quail (16). AST has been investigated for its potential 
medical applications as it has antioxidative and antitumor 
properties (17,18). AST is known to have anti‑inflammatory 
activities in endotoxin‑induced uveitis (19) and laser‑induced 
choroidal neovascularization (20).

Based on these previous observations, the present study 
evaluated the anti‑allergic and anti‑inflammatory effects of 
AST by using mouse model of CD in vivo and the RBL‑2H3 
mast cell‑like leukemia cell line in vitro. It was hypothesized 
that AST treatment may serve as a therapeutic approach in 
patients with CD, as an alternative to the use of steroids.

Materials and methods

Chemicals and reagents. The reagents, 1‑fluoro‑2,4‑dini-
trofluorobenzene (dinitrofluorobenzene; DNFB), dimethyl 
sulfoxide (DMSO), dexamethasone (DEX), phorbol 
12‑myristate 13‑acetate (PMA), calcium ionophore A23187, 
nuclear fast red solution and fetal bovine serum (FBS) were 
purchased from Sigma‑Aldrich (St. Louis, MO, USA). Alcian 
blue was purchased from Muto Pure Chemical (Tokyo, 
Japan). Dulbecco's Modified Eagle's Medium (DMEM/high 
glucose), penicillin and streptomycin were purchased from 
GE Healthcare (Logan, UT, USA). PrestoBlue cell viability 
reagent was purchased from Invitrogen Life Technologies 
(Carlsbad, CA, USA). The Cytometric Bead Array kit was 
purchased from BD Biosciences (Franklin Lakes, NJ, USA). 
The histamine assay kit, including ‑nitrophenyl‑N‑acetyl‑β
‑D‑glucosaminide was purchased from Oxford Biomedical 
Research (Rochester Hills, MI, USA).

Preparation of AST. Haematococcus pluvialis CCAP‑34/1F 
(Subitec Gmbh, Stuttgart, Germany) were cultured in Bold's 
basal medium  (21,22), with additional nitrogen (1 g/l) for 
efficient growth, with conditions of 25˚C, 160 rpm (incubator 
rotation), 10% inoculum, pH 7.0 and 60-70 µmol photon.m‑2.s‑1 

with fluorescent lamps. In order to induce the production 
of AST and the cyst cells from the vegetative cells, the cell 
culture (optical density at 650 nm, 0.5) were transferred to the 
medium without nitrogen and cultured at 23˚C and 300 µmol 
photon.m‑2.s‑1 for 15 days. Upon confirming the production 
of AST, cultured cells (~4.2x105 cells/ml) were collected 
by centrifugation at 8,000 x g, 4˚C for 5 min, were crushed 
and mixed with 25 ml acetone in a sonicator (Branson 250, 
Danbury, CT, USA) and subjected to repeated cold extraction 
followed by fractionation. Subsequently, concentration of the 
extract was performed under reduced pressure, extracted with 
n‑hexane, and then washed with water three times. To remove 
the residual water, 1 g sodium sulfate anhydrous was used for 
extraction of the AST. For the subsequent experiments, the 
AST was dissolved in 0.01% DMSO.

Animals. Male balb/c mice (6‑weeks‑old; 38 mice used) were 
purchased from Samtaco (Incheon, Korea). The mice were 
housed under specific pathogen‑free conditions with a 12 h 
light/dark cycle and free access to standard rodent food and 
water. All animal experiments were approved by the Animal 
Care and Use Committee of Pusan National University 
(Yangsan, Republic of Korea) and performed, according to 
institutional guidelines (PNU‑2010‑00065).

Induction of CD and experimental design. The mice were 
sensitized by applying 50 µl DNFB (0.1%, v/v) in acetone:olive 
oil (AOO; 4:1) on the dorsum of each ear for each animal for 
three consecutive days. At 4 days‑post sensitization, 30 µl 
DNFB (0.2%, v/v) in AOO was applied onto the dorsum 
of each ear every 2 days. The AST was dissolved in AOO 
and then filtered using a syringe filter (0.45 nm; Millipore, 
Billerica, MA, USA), prior to dilution in acetone. The AST 
was dissolved in olive oil and was then filtered using a syringe 
filter (0.45 nm), prior to dilution in acetone. The AST solu-
tion at a final concentration of either 0.1 or 1 mg/ml, was 
applied to the dorsum of each ear every 2 days. All animals, 
with the exception of the naïve group, were sensitized and 
challenged with DNFB. The animals in the naïve group were 
sensitized with vehicle, with subsequent AOO application 
(n=6). The control animals (CTL group) were sensitized and 
challenged with DNFB, followed by AOO application (n=8). 
The AST0‑treated animals were sensitized and challenged 
with DNFB, followed by the application of either 0.1 mg/ml 
AST (0.1 AST group; n=8) or 1 mg/ml AST (1 AST group) 
solution (n=8). The DEX‑treated animals (DEX group) were 
sensitized and challenged with DNFB, followed by applica-
tion of 2.5 mg/ml dexamethasone, and were used as a positive 
control. Sensitization applications were performed on days 1, 2 
and 3, and challenge applications were performed on days 7, 9, 
11 and 13. The naïve group was treated with AOO in the same 
manner. In the AST and DEX groups, the AST or DEX were 
applied on days 8, 10, 12 and 14. All animals were sacrificed 
by cervical dislocation on day 15. The experimental design is 
shown in Fig. 1.

Measurement of ear thicknesses and weight. The mice 
were anesthetized with 30 mg/kg of zoletil (Virbac, Carros, 
France), and the thicknesses of the right ear of each mouse 
was measured using vernier calipers (Mitutoyo Corporation, 
Tokyo, Japan) at the end of the experiment. The weights of left 
ear pieces (5 mm in diameter), which were resected by dermal 
punch (HB 925; Hebu Medical GmbH, Badstraße, Germany) 
and were embedded in paraffin, were also measured.

Histopathological examination. Following measurement of 
the ear thickness and weights, the ear tissues were resected and 
paraffin‑embeded. The sections were stained with hematoxylin 
and eosin (HE) for histopathological observation, including the 
evaluation of immune cell infiltration and spongiosis. Alcian 
blue staining was also used to evaluate the distribution of mast 
cells and nuclear fast red solution (Sigma‑Alrich) was used for 
counter staining. The stained tissues were observed using a 
light microscope.

Measurement of cytokine production. At the end of the 
experiment, the resected ear tissues were lysed and homog-
enized with protein extraction solution (Intron bio, Daejeon, 
Korea) using a bullet blender (Next advance, Averill Park, 
NY, USA), to obtain the tissue lysates. Subsequently 50 g of 
the lysates were used to measure the levels of IFN‑γg and 
TNF‑α. The cytokine levels were measured using a cyto-
metric bead array kit (BD Biosciences). All experimental 
procedures were performed according to the manufacturer's 
instructions.
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Cell culture. The RBL‑2H3 cells were purchased from 
the Korean Cell Line Bank (Seoul, Korea) and grown 
in DMEM/high glucose, supplemented with 10% FBS, 
100 U/ml penicillin and 100 g/ml streptomycin at 37˚C in a 
humidified incubator under 5% CO2.

Measurement of cell proliferation. The RBL‑2H3 cells were 
plated at a density of 1x105 cells/well in a 96‑well plate and 
were left to reach ~70% confluence. AST (0‑800  µg/ml) 
in complete DMEM was added to each well and the wells 
were incubated for 2 h at 37˚C. The effects of AST on cell 
viability were assessed using 10 µl PrestoBlue Cell Viability 
Reagent (cat.  no.  A13261; Invitrogen Life Technologies) 
with 90  µl  mixture (containing the cells and medium) 
according to the manufacturer's instructions. Cell viability 
was measured using a microplate reader (Infinite  M200;  
Tecan Group Ltd.).

Hexosaminidase release assay. The inhibitory effects of AST 
on the secretion of β‑hexosaminidase from the RBL‑2H3 cells 
were measured using a modification of the method previously 
described by Matsuda et al (23). Briefly, the RBL‑2H3 cells 
were plated at a density of 2x104 cells/well in a 96‑well plate. 
The cells were incubated overnight for attachment, and were 
treated with the indicated concentrations of AST for 1 h, prior 
to stimulation with 50 nM PMA and 1 µM A23187 at 37˚C 
for 60 min. Following stimulation, 50 µl of each sample was 
incubated with 50 µl 1 mM p‑nitrophenyl‑N‑acetyl‑β‑D‑gl
ucosaminide dissolved in 0.1 M citrate buffer (pH 5.0) in a 
96‑well plate at 37˚C for 1 h. The reaction was terminated with 
200 µl/well 0.1 M carbonate buffer (pH 10.5). The absorbance 
at 405 nm was measured using a microplate reader (Tecan 
200 Pro, Tecan Group Ltd., Männedorf, Switzerland). The 
percentage of inhibition of β‑hexosaminidase release was 
calculated using the following equation: β‑hexosaminidase 
release (%)  =  absorbance of supernatant  /  (absorbance of 
supernatant + absorbance of pellet) x 100.

Histamine release assay. The RBL‑2H3 cells were plated at 
a density of 2x104 cells/well in a 96‑well plate. The cells were 

then incubated overnight in a complete medium, followed by 
treatment for 1 h with the indicated concentrations of AST, 
prior to stimulation with 50 nM PMA and 1 µM A23187 at 
37˚C for 30 min. The histamine contents were measured using 
a histamine detection kit (Oxford Biochemical Research), 
according to the manufacturer's instructions.

Statistical analysis. All statistical comparisons were made 
using Student's t‑test. SigmaPlot version 11.0 (Systat software, 
Inc., San Jose, CA, USA) was used for statistical analysis. All 
data are presented as the mean ± standard deviation. P<0.05 
was considered to indicate a statistically significant difference.

Results

Effects of AST on ear swelling induction in CD mice. The 
repeated application of DNFB induced ear swelling, which 
is a feature of CD. The effects of AST on ear swelling were 
evaluated by measuring the ear thicknesses (Fig. 2A) and 
weights (Fig. 2B). In the CTL group, the ear thickness and 
weights were increased significantly compared with the naïve 
group. In the Dex group, the ear thickness and weights were 
decreased markedly compared with the CTL group. However, 
when different concentrations of AST were applied to the CD 
mice, following repeated application of DNFB, the increases 
in the thickness and weight of the mice were effectively 

Figure 1. Experimental design for animal investigations. The experimental 
groups, with the exception of the naïve group, were sensitized by application 
of DNFB on days 1, 2 and 3. They were challenged on days 7, 9, 11 and 13. 
The naïve group was treated with acetone:olive oil, in the same manner. In 
the AST and DEX groups AST or DEX were applied on days 8, 10, 12 and 
14. All animals were sacrificed (S) on day 15. DNFB, dinitrofluorobenzene; 
AST, astaxanthinl; DEX, dexamethasone.

Figure 2. Effects of AST on ear swelling in CD mice. The inhibition of ear 
swelling by topical application of AST was analyzed by measuring ear thick-
ness and weight on day 15. The mice in the naïve group were not treated with 
AST. The CTL group contained CD mice, which were not treated with AST. 
The 0.1 AST group contained CD mice treated with 0.1 mg/ml AST. The 1 
AST group contained CD mice treated with 1 mg/ml AST. The DEX group 
contained CD mice treated with 2.5 mg/ml DEX as a positive control. Ear 
swelling in the CD mice was measured by (A) ear thicknesses and (B) ear 
weight. All values are presented as  the mean ± standard deviation. *P<0.05, 
**P<0.01 and ***P<0.001, vs. CTL, analyzed using Student's t‑test (n=3). AST, 
astaxanthin; CD, contact dermatitis; DEX, dexamethasone; CTL, control.

  A

  B
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reduced, confirming that AST may decrease the inflammatory 
reactions.

Effects of AST on histopathological changes of ear tissues 
in CD mice. In order to determine the histological changes 
of the CD mice in response to AST, HE staining was used 
following DNFB challenge and/or topical AST applica-
tion to the mice. As shown in Fig. 3, although no abnormal 
changes were observed in the ear tissues from the naïve 
group (Fig. 3A), the epidermises from the tissues in the CTL 
group in Fig. 3B exhibited hyperplasia, severe edema and 
spongiosis. In addition, a marked infiltration of mononuclear 
cells was observed in the CTL group (Fig. 3B). However, 
when the mice in the CTL group were treated with AST, a 
reduction in the pathophysiological reactions of hyperplasia, 
edema and spongiosis was observed in the ear tissues 
(Fig.  3C and D). The DEX group, as a positive control, 
exhibited infiltration of immune cells (Fig. 3E). Therefore, 
AST may alleviate inflammatory or allergic reaction in CD  
mice.

Effects of AST on the levels of IFN‑γ and TNF‑α in CD mice. 
Pro‑inflammatory cytokines, which induce inflammatory 
reactions were assessed in CD mice, with or without AST 
treatment. The repeated application of DNFB in the CTL 
groups resulted in increased quantities of IFN‑γ (Fig. 4A) and 
TNF‑α (Fig. 4B) in the ear homogenates. However, treatments 
with either 0.1 or 1 mg/ml AST significantly suppressed the 
augmented level of IFN‑γ in the CTL group. In addition, treat-
ment with 1 mg/ml AST significantly repressed the augmented 

level of TNF‑α (1 AST group in Fig. 4B, whereas, treatment 
with 0.1 mg/ml AST repressed the augmented level of TNF‑α, 
but without statistical significance (0.1 AST group in Fig. 4B). 

Figure 3. Effects of AST on histopathological changes in CD mice ear tissues. Sections of ear tissues, obtained from normal and CD mice treated with AST or 
DEX were stained with hematoxylin and eosin and then observed by using a light microscope (magnification, x100). AST, astaxanthin; CD, contact dermatitis; 
DEX, dexamethasone; CTL, control. (A) Naive group; (B) CTL group; (C) 0.1 mg/ml of AST treated group; (D) 1 mg/ml of AST treated group; (E) 2.5 mg/ml 
of dexamethasone treated group.

Figure. 4. Effects of AST on the levels of IFN‑γ and TNF‑α in CD mice. 
Expression levels of (A) IFN‑γ and (B) TNF‑α in the ear tissues of normal 
mice or from CD mice treated with AST or DEX were measured using a 
cytometric bead array. All values are presented as the mean ± standard 
deviation. *P<0.05 and ***P<0.001, vs. CTL, analyzed using Student's t‑test 
(n=3). AST, astaxanthin; CD, contact dermatitis; DEX, dexamethasone; CTL, 
control.

  A   B

  C   D
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Notably, as shown in Fig. 4, the levels of IFN‑γ and TNF‑α in 
the 1 AST group exhibited a similar pattern as the DEX group. 
Thus, these data suggested that AST negatively regulated the 
IFN‑γ and TNF‑α pro‑inflammatory cytokines in the CD 
mice.

Effects of AST on the density of mast cells in CD mice. Since 
mast cells are found at sites of CD (6), the present study evalu-
ated them in CD mice (Fig. 5). In the naïve group, few mast 
cells were observed (Fig. 5A). In the CTL group, a marked 
increase in the number of mast cells against DNFB (filled 

arrow in Fig.  5B) was observed in the mice. Treatments 
with 0.1 and 1 mg/ml AST to the mice sensitized to DNFB 
decreased the density of mast cells compared with the CTL 
group (Fig. 5C and D). Few mast cells were observed in the 
DEX group (Fig. 5E). Therefore, AST decreased the density 
of mast cells in the CD mice, indicating that AST exhibited 
anti‑allergic or inflammatory activities.

Effects of AST on the degranulation of RBL‑2H3 cells. Since 
the degranulation of mast cells causes allergic or inflamma-
tory reactions (9), the present study examined the secretion 

Figure 5. Effects of AST on the density of mast cells in CD mice. Ear tissues from normal mice or from CD mice treated with AST or DEX were stained with alcian blue 
and then observed using a light microscope (magnification, x200). Filled arrows indicate mast cells. AST, astaxanthin; CD, contact dermatitis; DEX, dexamethasone; 
CTL, control.(A) Naive group; (B) CTL group; (C) 0.1 mg/ml of AST treated group; (D) 1 mg/ml of AST treated group; (E) 2.5 mg/ml of dexamethasone treated group.

Figure 6. Effects of AST on the degranulation of RBL‑2H3 cells. Proliferation rates of the RBL‑2H3 cells were measured using a modified MTT method. Release 
of β‑hexosaminidase and histamine from the RBL‑2H3 cells were measured. The (A proliferation rates, (B) secretion of β‑hexosaminidase and (C) secretion 
of histamine were examined. All values are presented as the mean ± standard deviation of three independent experiments. *P<0.05 and ***P<0.001, vs. CTL, 
analyzed using Student's t‑test (n=3). AST, astaxanthin; CD, contact dermatitis; PMA, phorbol 12‑myristate 13‑acetate; DEX, dexamethasone; CTL, control.
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of β‑hexosaminidase and histamine in the RBL‑2H3 cells, 
following stimulation of the cells by PMA and ionophore 
A23187 to induce inflammation in vitro. As the combination of 
PMA and A23187 activate cell proliferation to cause inflam-
mation, the present study examined the role of AST in the 
proliferation of cells. As shown in Fig. 6A, although treatment 
with 400 g/ml AST marginally elevated the proliferation rates 
of the RBL‑2H3 cells, AST did not affect cell proliferation 
(Fig. 6A). The levels of β‑hexosaminidase were measured, as 
shown in Fig. 6B. Pretreatment with >50 g/ml AST reduced 
the levels of β‑hexosaminidase in a dose‑dependent manner 
(Fig. 6B). Similarly, pretreatment with>100 µg/ml AST also 
reduced the levels of histamine (Fig.  6C). Therefore, the 
degranulation of mast cells released β‑hexosaminidase and 
histamine from the RBL‑2H3 cells, and AST had an inhibitory 
role in their production in vitro.

Discussion

Physiological stress, air pollution, exposure to chemicals or 
exposure to ultraviolet (UV) light can enhances the produc-
tions of free radicals and highly reactive forms of oxygen (24). 
Oxidative damage has been closely linked to skin diseases, 
including CD. Reactive oxygen species are involved in the 
pathogenesis of allergic reactions in the skin and trigger the 
induction and maintenance of cutaneous inflammation (24).

As AST is a potent antioxidant, it has important applica-
tions in the nutraceutical, cosmetics and food industries. It 
exhibits marked antioxidant activity, suggesting its potential in 
targeting a number of health conditions (25). AST has several 
essential biological functions, including antioxidative action 
against lipid peroxidation, protection against damage by UV 
light and reduction of the immune response (26).

The present study demonstrated anti‑allergic and 
anti‑inflammatory actions of AST in vitro and in vivo, respec-
tively. The topical application of AST was found to suppress 
allergic reactions in a mouse model of DNFB‑induced allergic 
CD. The increases in ear thickness and weight were prevented 
by the application of AST (Fig. 2). Inflammatory hyperplasia, 
edema and spongiosis are recognized as the microscopic 
hallmark of inflammatory skin disease, including allergic 
contact and nummular dermatitis (27). In the present study, the 
topical application of AST effectively reduced inflammatory 
hyperplasia, epidermal spongosis, edema and mononuclear 
cell infiltration (Fig. 3). These results suggested that epidermal 
spongiosis, edema and inflammatory cell infiltration resulted 
in enlargement of ear thickness and weight, and that AST 
prevented these inf lammatory reactions effectively in 
DNFB‑induced CD.

Repeated application of DNFB induces T helper (Th)1 
skewing inflammation in the skin (28). IFN‑γ, the hallmark 
of the Th 1 skewing reaction of T cell, is responsible for the 
increased production of various cytokines and chemokines in 
the skin, including interleukin‑1, TNF‑α, granulocyte macro-
phage colony‑stimulating factor and macrophage inflammatory 
protein (MIP)‑2, which results in marked infiltration of leuko-
cytes (29). Skin contact with a specific allergen induces the 
release of TNF‑α, another Th1 cytokine, during the sensitiza-
tion phase (1). Furthermore, TNF‑α exerts a stimulatory effect 
on skin cells, resulting in the recruitment of leukocytes during 

the elicitation of a contact hypersensitivity response (30). In the 
present study, AST treatment effectively reduced the produc-
tion levels of IFN‑γ and TNF‑α in the inflammatory tissues 
(Fig. 4). These data suggested AST as an anti‑inflammatory 
agent against the Th 1 skewing reaction, resulting in a reduc-
tion of inflammatory reactions, including hyperplasia and 
spongiosis and immune cell infiltration.

Mast cells are important in adaptive and innate immunity, 
and their functions in skin immunity have been reported (31). 
Several studies have demonstrated an increase in the density of 
mast cells at inflammatory sites, and they are noted to undergo 
degranulation to produce small‑molecule chemical mediators, 
including histamine and β‑hexosaminidase (8,32). Mast cells 
affect the functions of keratinocytes and fibroblasts through the 
release of TNF‑α or histamine, which act on keratinocytes and 
promotes their production of adhesion molecules, proinflamma-
tory cytokines, chemokines and growth factors (33). Mast cells 
and their mediators, particularly histamine, induce the activa-
tion and proliferation of fibroblasts (33,34). In addition, mast 
cells recruit neutrophils during T cell‑mediated delayed‑type 
hypersensitivity reactions through TNF‑α and MIP‑2 (35). In 
the present study, AST effectively reduced the density of mast 
cells and mononuclear cells (Figs. 3 and 5). In addition, treat-
ment with AST significantly inhibited the release of histamine 
and β‑hexosaminidase from the RBL‑2H3 cells in vitro (Fig. 6). 
These data suggested that AST may contribute to alleviate ear 
swelling and hyperplasia due to its suppression of inflammatory 
reactions, including the infiltration of neutrophils, activation of 
keratinoctyes and proliferation of fibroblasts.

Taken together, the present study demonstrated the 
anti‑inflammatory and anti‑allergic actions of AST, in terms of 
histopathologic change, mediator release and cytokine produc-
tion. These results suggested that AST has similar effects to the 
dexamethasone in restricting the Th1 skewing reaction, and 
that AST may be used to treat patients with CD, particularly 
in patients exhibiting side effects caused by steroid treatment.
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