
Background: This study sought to determine whether the antioxidant effects of astaxanthin (AST) could have 
an anti-inflammatory effect to reduce inflammation caused by atopic dermatitis (AD). 
Methods: Using a mouse model of AD induced by phtalic acid (PA), the levels of inflammation, inflammatory 
agents, and evidence of antioxidant activity were examined in PA treated mice (n = 3), PA-AST treated mice 
(n = 3), and a control group of mice (n = 3). This included measurements of ear thickness, levels of mast cells, 
IgE, inflammatory cytokine, malondialdehyde (MDA), hydrogen peroxide, HO-1, and GPx-1. 
Results: AST treatment significantly prevented inflammation as measured by ear thickness (p < 0.05), mast 
cell count (p < 0.001), and IgE concentration in the blood (p < 0.001). Levels of TNF-α (p < 0.001), IL-1β (p < 
0.001), IL-6 (p < 0.001), and MDA (p < 0.05) were also significantly lower. In addition, GSH levels increased 
significantly (p < 0.001), and the level of hydrogen peroxide significantly reduced (p < 0.01). The expression 
of HO-1, GPx-1 increased. 
Conclusion: In this small experimental study, AST acted on inflammatory mechanisms that induced 
AD, through anti-inflammatory and antioxidant mechanisms, and is a candidate of interest in the clinical 
treatment of AD.

©2021 Korean Acupuncture & Moxibustion Medicine Society. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
	
Atopic dermatitis (AD) is an inflammatory skin disease that 

frequently recurs and may become chronic [1]. AD develops 
at a young age and has an increasing prevalence worldwide, 
including in both developing and developed countries [2]. AD is 
characterized by pruritus, itching, dry skin, skin wrinkles, eczema, 
and elevated serum IgE levels [3]. Preventative treatment of AD 
approaches from a variety of directions such as moisturizing and 
managing the skin, or training in avoidance of deteriorating factors 
which may cause symptoms to recur or worsen, or therapeutic 
in the form of treatment for symptom relief using topical steroid 
treatment, and use of immunosuppressants [4].  

But Side effects of these therapeutic treatments may include 
skin atrophy, secondary infections due to immunosuppressant use, 
rebound phenomenon, and thinning of the epidermal barrier due 
to steroid use [5]. Therefore, for systemic and long-term treatment, 
treatments with less side effects and toxicity are needed. The 

pathology of AD has been proposed as a cause of genetic factors, 
immune system disorders, exposure to environmental pollutants, 
and defects in skin barrier dysfunction [6]. 

Recently, a study has shown that oxidative stress also may be a 
factor which causes and exacerbates AD [7]. Inflammatory cells 
release free oxygen and oxidative stress affects genes which may 
damage DNA, and promote inflammation of tissues through 
pro-inflammatory cytokines [8].  As a result, repeated infections 
break down epidermal barriers and modify the gene-based 
immune system, leading to a vicious cycle of infection, which 
contributes to the prolonged AD [9].  Meanwhile, there are high 
levels of oxidative stress in patients with AD due to increased lipid 
peroxidation and decreased antioxidant levels [10]. Therefore, in 
order to treat chronic skin diseases such as AD, studies are needed 
to examine antioxidants that reduce oxidative stress, remove 
reactive oxygen species (ROS) and reactive nitrogen species (RNS), 
but have few side effects in the human body.

Astaxanthin (AST) is a carotenoid pigment that has recently been 
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recognized for its excellent antioxidant action, and AST is found 
in various marine animals such as lobsters, salmon, trout, shrimps, 
eggs, and red sea monkeys, and has recently been reported to 
have excellent antioxidant action [11]. It can also be synthesized 
in microbes, microalgae, plants, and bacteria. Chlorophyte alga 
Hematococcus pluvialis has been reported to contain the highest 
level of AST in nature when exposed to ultraviolet light or sunlight 
[12]. 

AST has been studied for a variety of effects, including 
antioxidant action, protection from UV light, detoxification in the 
liver, nervous system recovery, anti-cancer, anti-inflammatory, 
immune function activation, and whitening effect [13] AST 
antioxidant capacity has been reported to be 100 to 500 times 
higher than the known antioxidants, and 5 to 15 times higher than 
other carotenoids such as lycopene, lutein, and ß-carotene [14].

A study has reported that AST inhibits intracellular oxidation 
produced by various ROS, and reduces neurotoxicity induced by 
hydrogen peroxide (H2O2) or serum deprivation [15]. AST has also 
been reported to improve AD and contact dermatitis by controlling 
inflammatory cytokines and inflammatory mechanisms [16-18]. 
Anti-inflammatory effects of AST [19] and liposomal AST [13] in 
PA-induced animal models of AD have been reported.

In this study, we would like to investigate the inhibitory effects of 
AST on AD by focusing on the antioxidant capacity of AST. 

Materials and Methods

Materials

AST  ( S i g ma - A l d r i ch  Kore a  Ltd . )  i s  e x t r a c te d  f rom 
Haematococcus pluvialis. 

Animal treatment

The animal testing protocols used in this study were closely 
examined for ethical and scientific management procedures 
and  approve d  by  t he  C hungbu k Nat iona l  Univers i ty-
Institutional Animal Care and Use Committee (Approval no.: 
CBNUA-1073-17-01). 

HR-1 mice (8-week-old, n = 9) were randomly divided into 3 
groups. In the 1st group (PA + vehicle, n = 3), 100μL (10μL/cm2) of 
5% PA solution was applied to the back of the ear 3 times a week 
for 4 weeks. In the 2nd group (PA + AST 1, n = 3), PA was applied 
as in Group 1, and 100 μL of 1 mg/mL (10 μg/cm2) AST was used 
3 hours later. HR-1 mice of the same age became 3rd group, the 
control group (n = 3).

Measurement of epidermal thickness

To measure the degree of skin inflammation caused by PA 
treatment, the thickness of the ear was measured using a thickness 
gauge (Digimatic Indicator, Mitsutoyo Co., Tokyo, Japan).​

Histological techniques

Samples from the ears and the skin from the back of the ears 
were collected from euthanized mice, fixed with 10% formalin, 
loaded in paraffin wax, , and cut into 5 μm-thick slices. The skin 
sections were dyed with hematoxylin and eosin (H&E), and the 
dermis and epidermis thickness were measured with the Leica 
Application Suite (Leica Microsystems, Wetzlar, Germany).

The mast cells stained with toluidine blue were detected. After 
Following deparaffinization and dehydration of the skin sections, 
the ears and back of the skin were stained with a 0.25% solution 

(Sigma-Aldrich, MO, USA) of toluidine blue. The presence of mast 
cells was examined with light microscopy per specific area, the 
number of mast cells was checked using the Leica Application Suite 
(Leica Microsystems, Wetzlar, Germany).

Enzyme-linked immunosorbent assay for detection of serum IgE 
concentration

Serum IgE concentrations were measured using enzyme-linked 
immunosorbent assay (ELISA) kits following the manufacturer’s 
instructions (Shibayagi, Gunma, Japan). Captured antibodies 
were plated into the Nunc C lower immune plate in the kit, and 
was washed 3 times with cleaning solution (50 mM Tris, 0.14 M 
NaCl, 0.05% Tween 20, pH 8.0). The serum samples, and standards 
(diluted with buffer solution) were added to the wells, and the 
plates were incubated for 2 hours. The wells were re-cleaned with 
cleaning solution, 50 μL of biotin-conjugated anti-IgE antibody 
(1,000× dilution) was added to each well and incubated for another 
2 hours. 

After washing the well with the cleaning solution again, the 
horseradish peroxidase conjugated detection antibodies (2,000 
times dilution) were aliquoted into each well and incubated 
for 1 hour. The enzyme reaction was then initiated by adding 
a tetramethylbenzidine substrate solution (100 mM sodium 
acetate buffer pH 6.0, 0.006% H2O2) and incubating the plate 
at room temperature for 20 minutes. Finally, the reaction was 
terminated with addition of an acidic solution (reaction stopper, 
1 M H2SO4), and absorbance of the yellow product was measured 
spectrophotometrically at 450 nm. The final concentration of IgE 
was calculated using a standard curve.

RNA quantification

RT-qPCR was performed as described in Lee’s report [20]. 
Briefly, total RNA was collected from mouse skin tissues using the 
RiboEX RNA Extraction Kit (GeneAll Biotechnology, Seoul, Korea) 
and cDNA was synthesized using the High-Capacity RNA-to-
cDNA kit (Applied Biosystems, Foster City, CA, USA). RT-qPCR 
was performed using specific primers with the StepOnePlusTM 
PCR System (Applied Biosystems, Foster City, CA, USA). Levels 
of mRNA were normalized to the 18S sequence, which was used 
as a house-keeping control. The fold change between groups was 
determined for all targets using the 2ΔΔCt method. Specific primer 
sequences are described below.

Oxidative stress assay

Hydrogen peroxide (H2O2) was measured using the Hydrogen 
Peroxide Assay Kit (Biovision, Milpitas, CA, USA). Glutathione 
(GSH)/ glutathione oxide ratio detection test kits (Abcam, 
Cambridge, MA, USA) were used to analyze the levels of GSH and 
glutathione oxide. Malondialdehyde (MDA) levels were measured 
using the TBARS Assay Kit in accordance with manufacturer 
guidelines (Cayman, Ann Arbor, MI, United States).

Western blot analysis

The 100 mg ear skin tissues were harvested, and homogenized 
with lysis buffer [50 mM Tris pH 8.0, 150 mM NaCl, 0.02% sodium 
azide, 0.2% SDS, 1 mM phenylmethylsulfonyl fluoride (PMSF), 
10μl/ml aprotinin, 1% igapel 630 (Sigma Chem. Co. St. Louis, 
MO, USA), 10 mM NaF, 0.5 mM EDTA, 0.1 mM EGTA and 0.5% 
sodium deoxycholate]. The extracts were centrifuged at 23,000 
g for 1 hour. An equal amount of protein (20 μg) was separated 
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on a sodium dodecyl sulfate (SDS)/10%-polyacrylamide gel, and 
transferred to a nitrocellulose membrane (Hybond enhanced 
chemotherapy, Amersham Pharmacia Biotech Inc., Piscataway, NJ, 
USA). Blots were blocked for 2 hours at room temperature with 
5% (w/v) non-fat dried milk in Tris-buffered saline [10 mM Tris 
(pH 8.0) and 150 mM NaCl] solution containing 0.05% tween-20. 
The membrane was incubated for 4 hours at room temperature 
with specific antibodies: Mouse monoclonal antibodies directed 
against HO-1 (1:1,000), GP×1 (1:1,000; Genetex, Irvine, CA, 
USA) were used in the study. The blot was then incubated with 
the corresponding conjugated anti-rabbit immunoglobulin 
G-horseradish peroxidase (Santa Cruz Biotechnology Inc. Santa 
Cruz, CA, USA). Immunoreactive proteins were detected using an 
enhanced chemotherapy (ECL) Western blotting detection system.

Statistical analysis

The experiments were repeated three times, and all experiments 
were repeated at least 3 times, resulting in similar results. All 
statistical analysis was performed with GraphPad Prism 5 software 
(Version 5.03; GraphPad software, Inc., CA, USA). Group 
differences were analyzed by one-way ANOVA followed by Tukey’s 
multiple comparison test. All values are presented as mean ± 
standard deviation (SD). Significance was set at p < 0.05 for all 
tests.

Results

Effects of AST on ear thickness and morphology

Ear thickness and ear morphology were observed to investigate 
whether treatment with AST could inhibit changes in the ear 

caused by PA procedures. Significant differences in the ear 
thickness of PA+ (p < 0.05) AST1 group were detected at a 
concentration of 1 mg/mL (10 μg/cm2) AST 100 μL after PA 
treatment, compared with the PA treatment group (Fig. 1). In 
addition, symptoms consisting of erythema, edema, and erosion 
were observed in the PA treatment group compared with the 
control group. These changes in ear morphology were dramatically 
different in PA+AST1 group treated group [AST: 100 μL of 1 mg/
mL (10 μg/cm2; Fig. 1)].

Effect of AST on change of histology and mast cell in the mice ear 
skin

To investigate the histological inhibitory effect of AST treatment, 
histological analysis of the ear skin was performed. The epidermis 
of the ear was thicker in the PA treatment group compared with 
the control group. However, the thickness in the PA+AST1 group 
was less than the thickness measured in the PA group (Fig. 2). Ear 
skin tissues were stained with toluidine blue to determine mast cell 
infiltration into the dermis induced by PA treatment. In the dermis 
of ear skin, the number of mast cells increased significantly in PA-
induced mice compared with the control group, and this increase 
was significantly (p < 0.001) inhibited by the application of AST in 
PA+AST1 group (p < 0.001; Fig. 2).

PA+AST1 PA Con 

## 

* 

Fig. 1. Observation of Changes in Morphology and Thickness of
 Mice ears 
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Fig. 1. Observation of Changes in Morphology and Thickness of
 Mice ears 

Fig. 1. Changes in the morphology and thickness of mice ears. PA and PA+AST1 
treatment was performed 3 times a day, for 4 weeks, then the thickness of the ear 
was measured to determine the extent of inflammation of the ear epidermis. The 
skin thickness of the ear and morphology induced by PA treatment in the mice was 
compared with the PA+AST1 treated mice. 
Mice treated with ASTe ;100 μL of 1 mg/mL (10 μg/cm2). 
Data shown represent the mean ± SD (n = 3). 
PA (phalic acid) treated group. 
PA+AST1 treated group [AST: 100 μL of 1 mg/mL (10 μg/cm2)] 3 hour after PA 
treatment. 
## p < 0.01, statistically significant compared with control.
* p < 0.05 significantly different from PA treated group.
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Fig. 2. Histopathological Analysis of Ear Skin including Measure
ment of infiltrated Mast Cells in Mice 
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Fig. 2. Histopathological Analysis of Ear Skin including Measure
ment of infiltrated Mast Cells in Mice 

Fig. 2. Histopathological analysis of ear skin. After the sections of ear tissue were 
stained with hematoxylin and eosin, histopathological changes were observed at ×200 
magnification (scale bars, 100 μm). Mast cells infiltrate was observed in the control, 
PA, and PA+AST1 groups. The sections of ear tissue were stained with 0.25% toluidine 
blue and observed at ×200 magnification (scale bars, 100 μm) and the number of 
infiltrated mast cells per specific area was measured. 
Data shown represent the mean ± SD (n = 3). 
PA treated group, PA+AST1 treated group [100 μL of 1 mg/mL (10 μg/cm2)] 3 hour 
after PA treatment.
### p < 0.001, statistically significant compared with control. 
*** p < 0.001 significantly different from PA treated group.
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Effect of AST on IgE concentration

To determine the inhibitory effect of AST 100 μL of 1 mg/mL (10 
μg/cm2) on serum IgE concentration in the blood an ELISA kit was 
used. The topical application of PA caused a significant increase 
in IgE concentration compared with control group (p < 0.01). 
However, when the PA group was compared with the PA+AST1 
group, it was observed that the concentration of IgE in the AST 
group was significantly less (p < 0.001; Fig. 3). 

Effects of AST on inflammatory cytokines

To investigate the effect of AST on inflammatory cytokines, 
TNF-α, IL1β and IL-6 were quantified by Real-Time PCR. The level 
of TNF-α, IL-1β and IL-6 in PA treated group was significantly 
(p < 0.01) higher compared with control group. However, the levels 
in the PA+AST1 treated group were statistically significantly lower 
compared with PA-treated group (p < 0.001; Fig. 4)

Effect of the AST treatment on MDA production 

Oxidative stress under PA-induced skin inflammation conditions 
was evaluated using the level of MDA (an indicator of peroxidizing 
lipids). The level of MDA was significantly elevated in the PA-
treated group compared with control group (p < 0.01). In the 
PA+AST1 treated group the level of MDA was significantly less 
compared with PA-treated group (p < 0.05; Fig. 5). 

Effect on GSH 

Total GSH, a major antioxidant, was investigated to determine 
oxidative stress under PA-induced AD skin conditions and AST 
capacity to alleviate AD. The total GSH was significantly  lower in 
PA-treated group compared with the control group (p < 0.001), but 
in the PA+AST1 treated group, compared with PA-treated group, 
there was a significantly higher level of GSH (p < 0.001; Fig. 6). 

## 
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Fig. 3. Effects of AST treatment on serum IgE in Mice 
Fig. 3. Effects of AST treatment on serum IgE in mice. After all the treatments were 
completed, mice were sacrificed using anesthesia. Serum IgE concentration were 
quantified by ELISA. To measure serum IgE concentration, blood samples were taken 
from the abdominal veins of the mice. 
Data shown represent the mean ± SD (n = 3). 
PA treated group, PA+AST1 treated group [100 μL of 1 mg/mL (10 μg/ cm2)] 3 hour 
after PA treatment. 
## p < 0.01, statistically significant compared with control group. 
*** p < 0.001 significantly different from PA treated group.
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Fig. 5. Effect of the AST treatment on MDA production. AST relieves oxidative stress 
in PA-induced AD in skin tissues in mice. 
Data shown are representative of the mean ± SD (n = 3). 
PA treated group, PA+AST1 treated group [100 μL of 1 mg/mL (10 μg/cm2)] 3 hour 
after PA treatment.
## p < 0.01, statistically significant compared with control. 
* p < 0.05 significantly different from PA treated group.
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Fig. 6. Effect of AST on GSH concentration increase. Data are shown the mean ± SD 
(n = 3). 
PA treated group, PA+AST1 treated group [100 μL of 1 mg/mL (10 μg/cm2)] 3 hours 
after PA treatment. 
### p < 0.001, statistically significant compared with control. 
*** p < 0.001 significantly different from PA treated group.

Fig. 4. Effect of AST on cytokine expressions in Mice 

Fig. 4. Effect of AST on cytokine expressions in mice. To extract total RNA for 
mRNA quantification, Easy-BLURTM total RNA Extraction Kit (inNtRON Biotech, 
Daejeon, Korea) was used. For synthesizing of cDNA, High-Capacity cDNA Reverse 
Transcription Kits (Applied Biosystems, Foster city, CA) were used in accordance with 
manufacturer’s instructions. 
Data shown represent the mean ± SD (n = 3). 
PA treated group, PA+AST1 treated group [100 μL of 1 mg/mL (10 μg/ cm2)] 3 hour 
after PA treatment.
## p < 0.01, statistically significant compared with control. 
*** p < 0.001 significantly different from PA treated group.
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Discussion

AD is a chronic skin condition/disease characterized by frequent 
skin barrier defects and variable T-helper cell infiltration [21]. AD 
has a highly complex pathophysiological mechanism which has not 
yet been fully identified, but oxidative stress, gastro-microbiome, 
and aeroallergens, have recently been reported as important factors 
[22]. AD is a systemic condition/disease that is not limited to skin 
problems, and focus should be on the interrelationships between 
other organs. A study on the correlation between the skin and 
intestinal microbiome in patients with AD reported the need for 
sufficient time and continuous treatment to recover microbial 
diversity [23]. A significant decrease in intestinal microbiome 
was observed after using local calcineurin inhibitors, steroids, 
and antibiotics in treatment of AD [23] In clinics, antihistamines, 
immunosuppressants and local corticosteroids are used to treat 
AD [24]. However, these treatments are merely aimed at relieving 
the symptoms of AD rather than treating the cause. Moreover, 
there is toxicity and side effects associateed ewith long-term use 
of antihistamines, immunosuppressants and local corticosteroids. 
Therefore, there is a need for new insight and therapeutic materials 
in the treatment of AD; natural products [25], and herbal 
medicines [26] have been studied. 

AST, (3’) Dihydroxyβcarotene4,4’dione) is a carotenoid pigment 
found in various marine animals [11]. The microalgae H. pluvialis 
has the highest detectable levels of natural AST. Mammals lack 
the ability to synthesize AST and rely on dietary intake. Studies 
investigating the effects of AST on healthy adults have reported no 
adverse effects or toxicity of H. pluvialis AST in the experimental 
dose [12]. Recently, commercial production and processing of 
natural AST has become possible, making it more available as a 
treatment [12].

Inflammation is a natural bioimmune defense system that 
secretes inflammatory factors to protect the body and removes 
harmful stimuli from outside [27]. In particular, the skin removes 
ROS from the inflammatory site and inhibits the expression of 
anti-inflammatory genes (NF-kB) in the inflammatory mechanism. 
AD is believed to be a disease in which these immune mechanisms 
have been modulated [28]. 

Oxidative stress caused by an imbalance of production and 
storage of ROS has been studied with regards to the inflammation 
of cells and damage to tissues, affecting cell aging, and various 
organ diseases (cancer, arthritis, diabetes, dermatitis, and 
cardiovascular disorders) [29]. Oxidative stress activates the 
transcription of NF-kB, which results in inflammatory enzymes 
(INOS, cycloxygenase-2 (COX-2) producing inflammatory agents 
(NO, PGE2), which promote inflammatory cytokine production 
[30].

Pro-inflammatory cytokines (such as IL-6, IL-1β, TNF-α, 
Interleukin-4) are secreted from Th2 cells, causing complex 
inflammatory reactions that cause the production of ROS and RNS 
[31].

The ROS and RNS produced as a result of cytokine release and 
oxidative stress enhance the inflammatory process, affecting cell 
survival and leading to endothelial cell activation away from the 
lesion [29,32]. Mast cells, macrophages and keratinocytes involved 
in inflammation are also activated by oxidative stress [30].

Malondialdehyde (MDA) is produced during the lipid 
peroxidation of polysaturated fatty acids (PUFAs), and because 
ROS is so unstable, ROS-related tissue destruction is observed as 
an indirect end product of lipid peroxidation processes such as 
MDA production [33].

SOD is an intracellular antioxidant enzyme, and GPX is a major 
enzyme required to convert hydrogen peroxide into oxygen and 

### 

** Fig. 7. Hydrogen peroxide levels in AST treated
 groups are observed significantly lower. SOD 
activity increased compared to PA group. 

Fig. 7. AST in PA treated mice significantly lowers the level of hydrogen peroxide. 
H2O2 activity increased compared with the PA group. AST relieved oxidative stress 
(indirectly) in PA-induced mice tissues. 
Data shown represent the mean ± SD (n = 3). 
PA treated group, PA+AST1 treated group [100 μL of 1 mg/mL (10 μg/cm2)] 3 hour 
after PA treatment.
### p < 0.001, statistically significant compared with control. 
** p < 0.01 significantly different from PA treated group.
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PA+AST1 PA Con 
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1.00±0.07 0.24±0.02 0.34±0.02 

Fig.8. Effect of AST treatment on GPx-1,HO-1 activity 

Fig. 8. Effect of AST treatment on GPx-1, HO-1 activity. AST relieved oxidative stress 
in PA-induced mice tissues. Expression of antioxidant-related markers in skin tissues, 
HO-1 and GPx-1 were determined by Western blot. #1-3 refer to skin tissues of the 
different mice in the same group. 
β-actin was used an internal control. 
Each blot is representative of 3 experiments. 
Data are shown the mean ± SD (n = 3). 
Con, control, PA treated group, PA+AST1 treated group [100 μL of 1 mg/mL (10 μg/
cm2)] 3 hours after PA treatment.

The effect of AST on the increase of superoxide dismutase activity

To determine the effect of AST on increasing superoxide 
dismutase (SOD) activity, Oxidative stress conditions were 
investigated by observing H2O2 levels in PA-induced skin 
conditions. The H2O2 level was significantly higher in the PA-
treated group compared with the control group (p < 0.001), but in 
the PA+AST1 treated group compared with PA-treated group, the 
level of H2O2 was significantly lower (p < 0.01; Fig. 7). 

Effect of AST treatment on GPx-1, HO-1 activity

The expression of antioxidant-related genes, such as GPx-1 and 
HO-1 was further investigated by Western blot analysis, and it 
showed that the expression of HO-1 and GPx-1 was lower in PA-
treated group compared with control, but in the PA+AST1 treated 
group compared with PA-treated group, it was higher (Fig. 8). 
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water, so it is used as an important biomarker to indirectly show 
oxidative damage to tissues [34]. Clinical and experimental animal 
studies of AD using AST as treatment have reported significant 
anti-inflammatory effects [16-20] and balanced Th1 cells and Th2 
cells [28].

In this study, we investigated the anti-inflammatory effect on 
AD through the antioxidant capacity of AST based on the study 
that oxidative stress is a major factor in the development and 
deterioration of AD [10]. We further focused on the antioxidant 
effect of AST by measuring antioxidant biomarkers such as 
glutathione, (GSH), SOD, glutathione peroxidase-1 (GPx-1), 
heme-oxygenase 1e (HO-1).

In this study, we observed ear thickness and levels of 
inflammatory mediators such as, the number of mast cells, and 
levels of IgE, inflammatory cytokines, and MDA in PA-induced 
AD in mice to test hypertrophic treatment for AD. To determine 
whether AST could effectively and dramatically block the pathway 
of inflammation, nuclear factor expression, and enzymes. In 
addition, oxidative stress was investigated to determine whether 
AST can improve levels of antioxidant agents such as GSH, SOD, 
GPx-1, HO-1 to prevent side effects and find potential for long-
term treatment.

Compared with the control group, mice ear thickness was 
thicker in the PA treatment group (which showed skin changes 
caused by AD) compared with the PA+AST1 group suggesting that 
AST had stabilized the inflammatory mechanism.

The observation of mast cell counts in mice ear dermis showed a 
significantly higher mast cell count in PA-induced mice compared 
with the number of inflammatory mast cells in the PA+AST1 
group.

Analysis of mouse blood confirmed that the concentration of 
IgE in the PA group was significantly higher in the PA+AST group, 
suggesting that there was a stabilizing of inflammation.

The levels of inflammatory cytokines TNF-α, IL-1β and IL-6 
increased significantly in the PA treatment group and was 
significantly lower in the PA+AST1 treatment group.

Oxidative MDA levels of peroxide lipids, which can indirectly 
identify oxidative stress conditions, were significantly higher in 
the PA treatment group, compared with the PA+AST1 treatment 
group.

The levels of GSH measured as an indirect marker of antioxidant 
activity to protect the human body under oxidative stress, was 
significantly lower in the PA-treated group compared with the 
controls, and the PA+AST1-treated group.

H2O2 levels, the result of enzyme SOD activity, which plays 
an important role in antioxidant defense mechanisms, was 
significantly higher in PA-treated groups compared with the 
control group, and the PA+AST1-treated group. 

The expression of antioxidant-related genes (GPx-1, HO-1) 
detected in Western blotting resulted in a lower expression in the 
PA treatment group compared with the PA+AST1 treatment group.

Therefore, the antioxidant activity capacity of AST is meaningful 
in the treatment of AD, and at the same time suggests a good 
alternative to the treatment of AD prevention and treatment in 
the future. However, the limitation of this study was the small size 
of the study (n = 9) which was performed in an animal model. 
Further studies are necessary.
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