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ABSTRACT 
In this study, we investigated an inhibitory effect of AST cream on atopic dermatitis (AD) using a 2,4-

dinitrochlorobenzene-induced AD murine model. Topical treatment with AST cream ameliorated the 

severity of AD-like lesional skin through decreases in infiltration of inflammatory cells and time of 

scratching behaviors. Also, AST cream reduced histamine and IgE levels in serum. The protein levels of 

IL-4 and IL-6 in AD-like lesional skin were suppressed by AST cream. These findings suggest that AST 

cream would be an alternative therapeutic agent for AD-like skin diseases. 
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1. INTRODUCTION 
 

Atopic dermatitis (AD) as the most common recurrent 

inflammatory skin disease in the world (Lowa et al., 2018), 

aggravates quality of life and causes considerable strain such as 

psychological stress and high medical costs (Paton, 2017). 

Although many researchers have developed new oral drugs, 

patients with AD are steadily increasing. This may be due to the 

various causative factors and pathological pathways of AD. In 

addition, topical antibiotics commonly prescribed for AD are 

involved in fewer systemic side effects and lower risks of 

antibiotic resistance than oral antibiotics (Belloni Fortina and 

Neri, 2015; Venekamp et al., 2016). Thus, studies on topical 

application as an alternative therapy as well as oral 

administration have been also actively conducted (Choi and 

Kim, 2013; Ryu et al., 2018). 

AST cream is mainly composed of processed-Cordyceps 

militaris and processed-Rumex crispus. Cordyceps militaris has 

reported to have anti-inflammatory and anti-cancer activities 

(Lee et al., 2015; Ng and Wang, 2005). Rumex crispus has 

reported to have anti-oxidant activities (Park et al., 2006). In 

addition, oral treatment with AST2017-01 which consists of 

processed-Cordyceps militaris and processed-Rumex crispus, 

has been reported to have beneficial effects on mice with AD 

and allergic rhinitis (Han et al., 2018; Kim et al., 2019). 

We examined whether topical application of AST cream as 

a new treatment method would improve AD-like lesional skin 

in 2,4-dinitrofluorobenzene (DNFB)-induced murine model of 

AD.  

 

 

2. MATERIAL AND METHODS  

 

2.1. Animals 

Animal study was approved from the animal care committee of 

Kyung Hee University [KHUASP (SE)-18-022]. DNFB (Sigma 

Chemical Co., St. Louis, MO, USA)-induced AD-like lesional 

skin were obtained from female BALB/c mice of 8 weeks 

(Dae-Han Experimental Animal Center). Acetone (100 l) or 

0.15% DNFB (100 l) was topically applied to shaved 

abdominal skin. A week later, the shaved dorsal skin was 

applied with acetone (50 l) or 0.15% DNFB (50 l) twice a 

week for 3 weeks. At the same time, AST cream (20 mg/site, 

Gahwa Well Food Co., Chungbuk, Republic of Korea) was 

topically applied to the shaved dorsal skin three times a week 

for 3 weeks.  

 

2.2. Histological analysis 

The fixed lesional skins were embedded in paraffin. The slides 

were deparaffinized and rehydrated for staining with 

hematoxylin and eosin (H&E).  

 

2.3. Histamine assay 

Histamine levels in serum were measured according to o-

phthaldialdehyde (Sigma Chemical Co.) spectrofluorometric 

procedure.  

 

2.4. Cytokines assay  

The levels of IgE (Pharmingen, Sandiego, CA, USA), TSLP (R 

& D system Inc., Minneapolis, MN, USA), IL-4 (Pharmingen), 

IL-6 (Pharmingen), and TNF-α (Pharmingen) in serum or 

lesional skin homogenates were measured with ELISA 

according to the manufacturer’s instructions.  

  

2.5. Caspase-1 activity assay 

The caspase-1 activity in lesional skin was analyzed with a 

caspase-1 assay kit according to the manufacturer’s instructions 

(R & D system Inc.).  

 

2.6. Statistics 

mean (SEM). Statistical analysis was performed by an 

independent t-test and ANOVA with Tukey post-hoc test using 

IBM SPSS v23 statistics software. Results with a p value <0.05 

were considered significant.  
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3. RESULTS AND DISCUSSION 
 

We investigated whether AST cream could improve AD-like 

symptoms. Figure 1 shows that topical application of DNFB 

induced AD-like symptoms including erosion. The topical 

application with AST cream ameliorated the symptoms in AD-

like lesional skin. The topical application with AST cream 

decreased thickness of epidermis and infiltrations of 

inflammatory cells in lesional skin (Figure 2A). The time of 

scratching behavior was significantly reduced by the topical 

application with AST cream (Figure 2B, p < 0.05). Histamine 

and IgE induce scratching behaviors and aggravate the 

development of AD (Klein and Clark, 1999; Weber et al., 2005). 

Thus, we measured the histamine and IgE levels in serum. The 

topical application with AST cream significantly suppressed the 

serum histamine and IgE levels increased by DNFB (Figure 3, 

p < 0.05). However, serum TSLP, IL-4, IL-6, and TNF-ɑ levels 

were not inhibited by the topical application with AST cream 

(Figure 4). AST cream did not decrease TSLP level in the 

lesional skin (Figure 5A). Interestingly, IL-4 and IL-6 levels 

were significantly suppressed by AST cream (Figure 5B and C, 

p < 0.05). Patients suffering from atopic dermatitis had higher 

levels of proinflammatory cytokines, such as IL-4 and IL-6 

(Klonowska et al., 2018; Navarini et al., 2011). In addition, IL-

4 and IL-6 were significantly associated with itching (Konda et 

al., 2015; Wong et al., 2017). Topical application of josamycin 

to AD lesions inhibited the development of AD-like skin 

 
Fig. 1 Representative dorsal skin photographs 

 

 

lesions, suppressing IgE and IL-4 levels (Matsui et al., 2017). 

Thus, AST cream might regulate scratching behaviors by 

reducing IL-4 and IL-6 levels in the lesional skin. We finally 

examined a regulatory effect of AST cream on caspase-1 

activity in the lesional skin. However, AST cream did not 

reduce the caspase-1 activity in the lesional skin (Figure 6).  

 

 
 

 

 
Fig. 2 (A) Histological features of lesional skin stained with H&E. E, epidermis. (B) The time of scratching behavior. #p < 0.05 vs vehicle group. *p < 

0.05 vs DNFB group. 

 

 

Fig. 3. (A) The serum histamine levels. (B) The serum IgE levels detected by ELISA. #p < 0.05 vs vehicle group. *p < 0.05 vs DNFB group. 
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Fig. 4. The serum TSLP, IL-4, IL-6, and TNF-ɑ levels detected by ELISA. #p < 0.05 vs vehicle group. 

 
 

Fig. 5. The protein expression levels of TSLP, IL-4, and IL-6 detected by ELISA in the lesional skin. #p < 0.05 vs vehicle group. *p < 0.05 vs DNFB 

group. 
 

 
Fig. 6. Caspase-1 activity in the lesional skin. #p < 0.05 vs vehicle group. 
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4. CONCLUSION 
 

We assume that AST cream improves AD-like symptoms 

through down-regulating histamine, IgE, IL-4, and IL-6 levels. 

Our findings suggest that the topical application with AST 

cream can serve as a potent therapeutic agent for AD-like skin 

diseases as an alternative therapy. 
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