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Hataedock Treatments for Dermatophagoides Farinae-induced Atopic Dermatitis 

in NC/Nga Mice Treated with High-fat Diet
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     Hataedock (HTD) treatment is a traditional preventive therapy for the fetal toxicosis- the acute allergic disease 

after childbirth, mainly manifested by a variety of skin allergies such as scab, phlegm. The aim of this study was to 

investigate the efficacy of HTD treatments for the alleviation of inflammation in Dermatophagoides farinae-induced 

obese NC/Nga mice. 20 mg/kg of Coptidis Rhizoma, Glycyrrhizae Radix (CRGR) extracts as a remedy of HTD 

treatments were orally administered to NC/Nga mice. We induced obesity in the mice by high-fat diet. To induce skin 

allergies, the extracts of Dermatophagoides farinae were topically applied on the NC/Nga mice at 4th-6th and 8th-10th 

weeks. Structural and molecular changes in the skin tissues were measured by immunohistochemical staining. HTD 

treatment decreased the atopic dermatitis (AD)-like symptoms including hemorrhage, erythema, erosion, edema, and 

dryness. HTD treatment suppressed the mast cell activation confirmed by reduction of FcɛRI, substance P, and 

serotonin. The expression of several inflammatory mediators including nuclear factor-kappa B (NF-κB) p65, inducible 

nitric oxide synthase (iNOS), vascular endothelial growth factors (VEGFs) was also decreased by HTD treatment. HTD 

treatment suppressed the allergic, inflammatory responses in the skin tissues of the NC/Nga mice by reducing mast 

cells and down-regulating several inflammatory mediators. 
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Introduction

     Childhood obesity has increased remarkably worldwide. 

In South Korea, the prevalence of obesity in infants and 

preschool-aged children also increased from 1.4% in 2008 

to 2.8% in 2015 and the prevalence of obesity in 

school-aged children (aged 7-18) increased from 8.36% in 

2008 to 14.3% in 2016
1)

. Recently, many studies have shown 

that obesity increases the incidence of inflammatory 

diseases such as atopic dermatitis (AD) and asthma. 

Several studies have shown that obesity induces low-grade 

systemic inflammation by upregulation of several 

inflammatory mediators such as tumor necrosis factor-α

(TNF-α)
2)

, nuclear factor-kappa B (NF-κB)
3)

, and Th2 

cytokines
4)

. Furthermore, population studies suggested that 

increased incidence of pediatric obesity raises the risk of 

inflammatory diseases
5)

. Thus, it is important to control 

inflammatory responses especially in the case of obese 

children.

     Symptoms of the AD in infants such as eczema and 

pruritus were considered to be related to unhealthy dietary 

habits during pregnancy, such as excessive fat intake6). 

Hataedock (HTD) treatments is traditional treatment of 

Korean medicine that administers herbal extracts orally to 

neonates for the prevention of neonatal inflammatory 

diseases caused by mother's dietary habits during 

pregnancy. Among medications, a decoction made from 

herbal medicines such as Coptidis Rhizoma, Glycyrrhizae 

Radix (CRGR) is commonly used. These herbs have the 

potential to regulate Th2 differentiation. Prior studies have 

shown that CRGR down-regulate interleukin (IL)-4, IL-13, 

and signal transducer and activator of transcription 6 

(STAT6), which play an important roles in Th2 

differentiation7,8).

     Our previous study suggested that HTD treatment 

alleviates AD-like skin lesions in NC/Nga mice by 
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regulating Th2 differentiation
9,10)

. In particular, maintenance 

of the stratum corneum (SC) and reduced protein kinase C 

(PKC) activation were notable results. Based on that study, 

we sought to study the effect of HTD treatment for 

alleviation of inflammation relieving in obese conditions 

that could promote an inflammatory response.

     In this study, we applied CRGR extracts as the HTD 

treatments, which have shown potential for regulating 

inflammatory cytokines. High fat diet was administered to 

3-week-old NC/Nga mice to induce pediatric obese 

condition and then used Dermatophagoides farinae extract 

(DfE) to induce the AD-like skin lesions. Allergens such as 

house dust mites are known to infiltrate the impaired 

epidermal lipid barrier and accelerate inflammatory 

pathways, resulting in AD
11)

. Thus, we investigated the 

alleviation effects of HTD treatments on the epidermal lipid 

barrier disrupted by DfE in AD-induced obese NC/Nga mice.

Materials and Methods

1. Preparation of extracts

     For HTD treatment, this study used extract of Coptidis 

Rhizoma (Coptis Japonica) and Glycyrrhizae Radix 

(Glycyrrhiza uralensis). The CRGR extract was prepared as 

follows: 1) Coptidis Rhizoma (100 g) and Glycyrrhizae Radix 

(100 g) were decocted in 1 L of distilled water for 3 hours 

and then filtered; 2) The decoction was concentrated to 50 

mL by a rotatory vacuum evaporator, and the filtrate was 

freeze-dried. As a result, we obtained 31 g of extract 

(yield: 15.5%).

2. Experimental animals and induction of AD

     Male 3-week-old NC/Nga mice (14.3 ± 0.3 g in weight) 

were obtained from Central Lab. Animal Inc. (Seoul, 

Republic of Korea). To induce obesity, high-fat diet 

(composed of 60% fat, 20% carbohydrates, and 20% 

protein) was administered to the mice. 

     Total 30 mice were divided into three groups (10 mice 

per each group) as follows: the high-fat diet group (Ctrl 

group), high-fat diet and AD-induced group (AE group), 

and HTD treatment with CRGR extracts before the high-fat 

diet and AD-induction group (CGT group). In CGT group, 

HTD treatment that CRGR extracts (20 mg/kg each) are 

orally administered to each group on the 1st, 2nd, and 3rd 

days was performed. At the 4th week of the experiment, 

the body weight of Ctrl group and AE group was 32.3 ±

1.0 g and the CGT group was 25.9 ± 0.4 g.

     For the induction of AD-like skin lesion, we removed 

the dorsal hairs the mice and swabbed the hair removed 

areas 20 times with 1 mL of 5% sodium dodecyl sulfate (SDS; 

Sigma-Aldrich, St. Louis, MO, USA) using a cotton swab to 

remove the lipid lamella of the SC. Then, 100 mg of DfE 

(Biostir Inc., Kobe, Japan) was topically applied to the 

dorsal skin of mice two times per week. The first exposure 

was conducted on the 4th, 5th, and 6th weeks. The second 

exposure was conducted on the 8th, 9th, and 10th weeks. 

On the 11th week, mice were sacrificed with sodium 

pentobarbital. The overall procedure is depicted in Fig. 1.

     All animal experiments were approved by the 

Institutional Animal Care and Use Committee (IACUC) of 

Pusan National University (IACUC number: PNU-2015-0924). 

We also followed the National Institutes of Health (NIH) 

Guide for the Care and Use of Laboratory Animals 

throughout this study. 

F ig . 1 . E xp e r im e n t d e s ig n . P r io r to  in d u c e  A D , th e  h e rb a l e x t ra cts  fo r 

H TD  tr ea tm e n t w e re  o ra lly  a d m in is te re d  to  th e  C G T  g ro u p s  o n  th e  

1 s t , 2 n d , a n d  3 rd  d a ys . M ic e  (p e r g ro u p  n = 1 0 ) w e re  e x p o s ed  to  D fE  o n  

th e  4 th , 5 th ,  a n d  6 th  w e e k s  a t  th e  f ir s t  t im e . O n  th e  8 t h , 9 th , a n d  1 0 t h  

w e e k s , th e  m ic e  w e r e  e x p o s e d  D fE  a g a in . A b b r e v ia t io n s : H FD : h ig h  fa t  

d ie t , H T D : H a t a e d o c k , a n d  D fE : D e rm a to p h a g o id e s fa r in a e e x t ra c t .

3. Tissue sample preparation and histochemistry

     After sacrificing the mice, we obtained dorsal skins 

and then fixed them in 10% neutral-buffered formalin 

(NBF) at room temperature for 24 hours. The fixed tissues 

were embedded in paraffin for serial sectioning with 5-μm 

thickness.

     We conducted Masson’s trichrome staining to 

investigate histological changes including epithelial 

hyperplasia, capillary distribution, and collagen fiber 

distribution of the tissue samples. Masson’s trichrome 

staining was proceeded as follows: 1) The samples were 

fixed with Bouin’s fluid at 50-60 °C for 1 hour; 2) Picric 

acid was removed by 70% ethanol; 3) The fixed samples 

were incubated in Weigert’s iron hematoxylin solution for 

10 minutes to stain the nuclei; 4) The collagen fiber was 

stained blue by Biebrich scarlet-acid fuchsin solution and 

phosphomolybdic-phosphotungstic acid for 15 minutes 
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each; 5) The samples were finally treated with aniline blue 

solution for 5 minutes.

     Luna’s staining was performed to investigate the 

distribution and morphological changes of mast cells 

activated by neuropeptides. We stained the granules of 

mast cells with aldehyde fuchsin solution for 30 minutes, 

followed by treatment with Weigert’s iron hematoxylin 

solution for 10 minutes. Methyl orange solution was used 

for counterstaining for 5 minutes.

4. Immunohistochemistry

     Skin tissue slices were soaked in 20 μg/mL of 

proteinase K solution for 5 minutes for proteolysis. The 

proteolyzed slices were incubated in 10% normal goat 

serum for 4 hours, which was used as blocking serum. 

Next, the slices were treated with primary antibodies (All 

antibodies used in the experiment were purchased at Santa 

Cruz Biotechnology, Dallas, TX, USA), including goat 

anti-high-affinity IgE receptor (FcɛRI; 1:100), goat 

anti-substance P (1:100), goat anti-serotonin (1:200), goat 

anti-NF-κB p65 (1:500), goat anti-inducible nitric oxide 

synthase (iNOS; 1:200), and goat anti-vascular endothelial 

growth factors (VEGFs; 1:200) for 72 hours in a 4 °C

humidified chamber. Then, the slices reacted with the 

primary antibodies were treated with biotinylated rabbit 

anti-goat IgG (1:100) secondary antibody for 24 hours at 

room temperature. After reaction with the secondary 

antibody, the slices were treated with an avidin-biotin 

complex kit (Vector Laboratories, Burlingame, CA, USA) for 

1 hour at room temperature. As a final step, the slices 

were developed with 0.05M tris-HCl buffer solution (pH 7.4) 

consisting of 0.05% 3,3´-diaminobenzidine (DAB) and 0.01% 

HCl and then counterstained with hematoxylin.

5. Image analysis and statistical analysis

     To obtain numerical data from immunohistochemistry, 

image analysis was performed by Image Pro Plus (Media 

cybernetics, Rockville, MD, USA). In the image analysis of 

400x-magnified exposure photography, positively reacted 

particle as pixel cells (intensity range: 80~100) were 

counted from 10 randomly selected fields from each group. 

Total pixel cells were 20,000,000 depending on the results 

of immunohistochemistry such as non-specific structure 

and artificiality. Data were presented as the mean ±

standard error (mean ± SE). One-way ANOVA and Post-Hoc 

test were used to analyze statistical significance of the 

differences with a significance level of p <0.05. SPSS 23 

software (IBM Corp, Armonk, NY, USA) was used for 

statistical analysis.

Results

1. Alleviating effect on symptoms of AD

     Sensitization with DfE induced AD-like skin lesions on 

the dorsal skin of NC/Nga obese mice. However, HTD 

treatments showed palliative effects on AD symptoms. In 

the AE group, lesions were the most severe among the 

groups and showed various pathological features such as 

hemorrhage, erythema, erosion, edema, and dryness. In 

contrast, the CGT groups showed alleviation of symptoms 

compared with the AE group(Fig. 2).

     An angiogram was used to compare AD-related 

angiogenesis among the groups. As shown in Fig. 2, DfE 

increased the angiogenesis on the dorsal skin of the mice, 

while HTD treatment reduced the development of blood 

vessels on the dorsal skin.

     Masson’s trichrome staining was used to observe 

changes caused by edema including collagen fiber 

distribution and epithelial hyperplasia. The AE group 

exhibited pathological change such as reduction in collagen 

fiber and an increase in epithelial hyperplasia. These 

results represent the typical histological appearance of 

inflammatory skin damage induced through persistent 

application of DfE. In contrast, the CGT group showed less 

pathological changes than the AE group in most areas. The 

CGT group exhibited low epidermal hyperplasia and 

maintenance of collagen fiber density(Fig. 2).

F ig . 2 . A lle v ia t in g  e ffe c t o n  s ym p to m s o f A D . H TD  t re a tm e n ts  t re a te d  

to  th e  C G T  g ro u p s  a lle v ia te d  th e  ch a ra c te r is t ic  le s io n  o f A D . A lt h o u g h  

th e  d is t r ib u t io n  o f  c a p illa ry  in c re a se d  in  th e  A E  g ro u p , th e  C G T  g r o u p  

(p e r  g r o u p  n = 1 0 ) s h o w e d  r e d u c t io n  o f d is t r ib u t io n  (4 x  m ag n if ic a t io n ) . In  

th e  re s u lt s  o f M a s s o n ’s t r ic h ro m e  s ta in in g , s p o n g io s i s  in c r e a s ed  in  th e  A E  

g r o u p  b u t d e c re a se d  in  th e  C G T  g r o u p  (b a r s iz e : 5 0  μ m ) . A b b re v ia t io n s :  

C t r l: h ig h  f a t  d ie t- f e d  m ic e , A E : h ig h  f a t  d ie t - fe d  a n d  A D - in d u c ed  m ic e  

b u t  n o  t r e a tm e n t , C G T : h ig h  fa t  d ie t- f e d  a n d  A D - in d u c e d  m ic e  a fte r  

t re a t ed  w ith  C R G R  e x t ra c t ,  E P : e p id e rm is , D E : d e rm is , E x t . M o rp h : e x te rn a l 

m o rp h o lo g y , a n d  M /T : M a s s o n ’s t r ic h ro m e  s ta in in g .
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2. Regulatory effect on mast cells

     The Luna’s staining results demonstrate that the HTD 

treatments affected the distribution of granulated mast 

cells. In the CGT group, there were many granulated mast 

cells from the dermal papilla to the subcutaneous layer. In 

contrast, the number of de-granulated mast cells in the AE 

group was relatively higher than that of the CGT group(Fig. 3).

     The regulatory effect of HTD treatment on mast cell 

activation was observed by measuring positive reactions for 

FcεRI, substance P, and serotonin in the dermal papilla. 

HTD treatment remarkably reduced positive reactions for 

FcεRI, substance P, and serotonin compared with the AE 

group. In AE group, the level of FcεRI was 501,030 ± 4106 

/20,000,000 pixel which was increased by 613% compared 

with that of the Ctrl group. Compared with the AE group, 

levels of FcεRI in the CGT group was 183,586 ± 2849 

/20,000,000 pixel which was decreased by 63% (p <0.05, Fig 

3). For substance P, the level in the AE group was 225,430 ±

4790 /20,000,000 pixel which was increased by 957% 

compared with that of the Ctrl group. In contrast, levels of 

substance P in the CGT group was 64,263 ± 1121 /20,000,000 

pixel which was decreased by 71% (p <0.05), compared with 

that of the AE group (Fig. 3). For serotonin, the level in 

the AE group was 342,714 ± 6484 /20,000,000 pixel which 

was increased by 410% compared with that of the Ctrl 

group. In contrast, levels of serotonin in the CGT group was

97,626 ± 2656 /20,000,000 pixel which was decreased by 

71% (p <0.05), compared with that of the AE group(Fig. 3). 

F ig . 3 . R e g u la to ry  e ffe c t o n  m a s t  c e ll. In  th e  Lu n a ’s s ta in in g  re s u lt , 

d is t r ib u t io n  o f g ran u la ted  m a s t  c e ll ( in d ic a t in g  a rro w s ) in c re a s e d  in  

th e  A E  g ro u p , b u t  d e cr ea se d  in  th e  C G T  g ro u p  (p e r  g ro u p  n = 10 ) 

(b a r s ize : 5 0  μm ) . P o s it iv e  re a c t io n s  fo r F c εR I ,  s u b s ta n c e  P , a n d  s e ro to n in  

in  t h e  C G T  g ro u p  c o m p a r ed  w ith  th a t  o f  th e  A E  g ro u p  (b a r s iz e : 5 0  μ m ) . 

Im a g e  a n a ly s is  d a ta  fo r e a c h  n e u ro p e p t id e  a ls o  sh o w ed  s ig n if ic a n t  

d e c r e a s e  in  th e  C G T  g r o u p  (p  < 0 .0 5 ) . A b b re v ia t io n s :  C t r l:  h ig h  fa t  d ie t- fe d  

m ic e , A E : h ig h  fa t  d ie t - fe d  a n d  A D - in d u c e d  m ic e  b u t  n o  t re a tm e n t , C G T : 

h ig h  fa t  d ie t- fe d  a n d  A D - in d u c e d  m ice  a fte r t re a te d  w ith  C R G R  e x t ra c t , 

E P : e p id e rm is , D E : d e rm is , L u n a ’s : L u n a ’s s t a in in g , a n d  # : p  < 0 .0 5  

c o m p a re d  w ith  th e  A E  g r o u p .

3. Down-regulatory effect on inflammatory response

     To investigate the anti-inflammatory effects of the 

HTD treatments, we measured the positive reactions for 

NF-κB p65, iNOS, and VEGFs in the cytoplasm of the 

stratum basale and dermal papilla by 

immunohistochemistry. In the results, after HTD 

treatments, inflammatory factors such as NF-κB p65, iNOS, 

and VEGFs were significantly decreased. The NF-κB p65 

level in the AE group was 141,639 ± 1931 /20,000,000 pixel 

which was increased by 313% compared with that of the 

Ctrl group. In contrast, NF-κB levels in the CGT group was 

88,480 ± 2151 /20,000,000 pixel which was significantly 

decreased by 38% (p <0.05), compared with that of the AE 

group (Fig. 4). The iNOS level in the AE group was 124,163 

± 3684 /20,000,000 pixel which was increased by 1799% 

compared with that of the Ctrl group. However, HTD 

treatments also remarkably reduced iNOS levels in the CGT 

group by 49% (p <0.05) compared with that of the AE 

group. The levels of iNOS was 63,721 ± 1912 /20,000,000 

pixel in CGT group(Fig. 4). 

     The level of VEGFs in the AE group was 136,029 ±

3421 /20,000,000 pixel which was increased by 927%, 

compared with the Ctrl group. After both HTD treatments, 

the level of VEGFs in CGT group remarkably decreased. 

The VEGFs level of CGT group was 77,534 ± 1779 

/20,000,000 pixel which was decreased by 43% (p <0.05) 

compared with that of the AE group(Fig. 4).

F ig . 4 . D o w n -r eg u la to ry  e ffe c t  o n  in f lam m a to ry  re sp on se . H T D  

t re a tm en ts  su p p re ss e d  e x c e ss iv e  in f lam m a t io n  b y  re d u c in g  N F -κ B  

p 6 5 , iN O S , an d  V EG F s  a n d  p ro m o t in g  a p op to s is . In  th e  

im m u n o h is t o c h e m is t ry  re s u lt s , p o s it i v e  re a c t io n s  fo r N F -κB  p 6 5 , iN O S , a n d  

V E G F s  (a r ro w s  in d ic a t in g  d a rk  b ro w n  s p o t )  r e m a rk a b ly  d e c r e a s ed  in  th e  

C G T  g ro u p  co m p a re d  to  th o s e  o f  th e  A E  g ro u p  (p e r g r o u p  n = 1 0 ) (b a r 

s i z e : 5 0  μ m ) . Im a g e  a n a ly s is  d a ta  fo r th o s e  re s u lt s  a lso  e x h ib ite d  

s ig n if ic a n t  d e c re a s e  in  th e  C G T  g ro u p  (p  < 0 .0 5 ) . A b b re v ia t io n s : C t r l : h ig h  

fa t  d ie t- fe d  m ic e , A E : h ig h  f a t  d ie t- f e d  a n d  A D - in d u ce d  m ic e  b u t  n o  

t re a tm en t , C G T : h ig h  fa t  d ie t- f e d  a n d  A D - in d u c e d  m ic e  a f te r t re a te d  w ith  

C R G R  e x t r a c t , E P : e p id e rm is ,  D E : d e rm is , a n d  # : p  < 0 .0 5  c o m p a r ed  w i th  

th e  A E  g r o u p .
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Discussion

     In this study, we confirmed the preventive treatment 

effect of both HTD treatments for AD using a DfE-induced 

obese NC/Nga mice. To confirm the AD symptoms relieving 

effect of HTD treatments, external morphology, angiogram, 

and Masson’s trichrome staining. HTD treatments alleviated 

eczematous lesions, capillary angiogenesis, edema, and 

epithelial hyperplasia. Moreover, observation of mast cells 

activity, which plays an important role in induction of 

inflammation and in regulation of immune, using Luna 

staining confirmed that HTD treatment affects mast cell 

activity by reducing FcɛRI, substance P, and serotonin 

levels. To investigate the effects of HTD treatment on 

anti-inflammatory responses, we examined levels of 

apoptosis and inflammatory cytokines. After HTD treatment, 

reduction of inflammatory cytokines including NF-κB p65 

and iNOS and promotion of apoptosis were confirmed.

     As mentioned earlier, obesity has a synergetic 

relationship with AD likely because excessive fat 

accumulation accelerates the inflammatory response. 

Excessive fat accumulation increases the overall burden of 

mast cells because the increase in adipose tissue is the 

source of mast cells
12,13)

. Consequently, increased level of 

mast cell may lead to onset of inflammatory diseases such 

as AD14). In additions, hypertrophic adipocytes are 

characterized by permeation of macrophages and produce 

proinflammatory factors such as TNF-α, IL-6, monocyte 

chemotactic activating factor (MCP) -1, and plasminogen 

activator inhibitor (PAI) -1. These proinflammatory 

cytokines cause inflammation locally, and macrophages in 

adipocytes aggravate inflammations15). 

     Thus, we tried to confirm the efficacy of treatment of 

HTD treatments on AD by observing the activities of mast 

cell and inflammatory cytokines in the obese conditions 

promoting the inflammatory response.

1. Alleviating effect on symptoms of AD

     AD is characterized by pruritic skin lesions, impaired 

epidermal lipid barrier function, imbalance of the immune 

system, and allergic reactions16). Macroscopically, the both 

HTD treatments alleviated AD symptoms such as 

hemorrhage, erythema, erosion, edema, and dryness in 

obese NC/Nga mice. Furthermore, angiogram results 

showed that HTD treatment reduced angiogenesis. 

Angiogenesis of capillaries promoted by VEGFs is a 

hallmark of chronic inflammatory diseases such as AD. 

Angiogenesis is closely related to inflammation response by 

molecular links that cells involved in the inflammatory 

process release factors acting on the vascular endothelial 

cells
17)

. Moreover, angiogenesis maintains inflammation by 

supplying oxygen and nutrients to cells in the inflammatory 

area18). Thus, this result suggests that the alleviation of 

AD-like symptoms may due to the anti-inflammatory 

activity of the HTD treatments.

2. Regulatory effect on mast cells

     Mast cell is a major immune cell type in allergic 

diseases. Under allergic condition, antigen-specific IgE 

binds to FcεRI expressed on mast cells, and FcεRI activates 

mast cells by amplifying IgE signal. When mast cells are 

activated, various downstream pathways such as 

phosphoinositide 3-kinase (PI3K), extracellular 

signal-regulated kinase (ERK), Jun N-terminal kinases (JNK), 

NF-κB, and PKC are also activated and granules containing 

many proinflammatory mediators such as histamine, 

serotonin, TNFs, kinins (for example, substance P), and 

proteases are released19,20). If mast cells contact with 

activated T cells, MMP-9 and IL-6 are released from mast 

cells
21)

. In our results, after HTD treatments, reductions of 

FcεRI, substance P, and serotonin levels are observed. 

Down-regulation of downstream mediators, including 

substance P, and serotonin suggest the inactivation of mast 

cells. Considering the importance of FcεRI in activating 

mast cells, the results suggest that HTD treatment may 

suppress FcεRI expression on the surfaces of mast cells. 

On the other hand, HTD treatments reduced skin edema, 

increased collagen fiber density, and suppressed epithelial 

hyperplasia according to the results of Masson’s trichrome 

staining. Thus, reduction of edema is also the result of 

mast cell inactivation.

3. Down-regulatory effect on inflammatory response

     NF-κB p65, iNOS, and VEGFs are closely associated 

with the inflammatory response and apoptosis. NF-κB p65, 

which is a transcription factor, regulates inflammation by 

controlling pro-inflammatory cytokines induced by TNF-α
22)

. iNOS, which acutely synthesizes nitric oxide (NO), 

inhibits TNF-α-induced apoptosis by inhibiting caspase 

activation and mitochondrial dysfunction
23)

. As mentioned 

earlier, VEGFs is considered to be a potent stimulator of 

angiogenesis and epidermal permeability in the skin24). 

Excess-production of VEGFs has been proven in AD 

lesional keratinocytes and the production of VEGFs in AD 

lesions was nearly 25 times greater than in normal SC25). 

High levels of VEGF-A is measured in skin of AD patients 
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and related to the disease activity of AD
26)

. Because there 

is a correlation between VEGFs levels and the severity of 

AD, down-regulation of VEGFs production may be targeted 

as a new therapeutic strategy for AD
27)

. 

     Our previous study demonstrated that HTD treatment 

reduces inflammation by regulating Th2 differentiation
9)

. In 

addition, we suggested that HTD treatment helps to 

maintain the epidermal lipid barrier28). Based on these 

considerations, we hypothesize that HTD treatment may 

attenuate AD symptoms by down-regulating the mast cell 

and inflammatory cytokines in the context of obesity, which 

is an aggravating factor in inflammation. In conclusion, the 

HTD treatments used in this study contributed to 

down-regulation of mast cell and inflammatory cytokines in 

AD-induced obese NC/Nga mice, leading to the alleviation 

of AD symptoms. Considering that the prevalence of 

obesity is increasing, our results may contribute to the 

identification of an alternative treatment for preventing 

inflammatory diseases.

Conclusions

     Obesity can exacerbate inflammation in the context of 

inflammatory diseases. However, in this study, HTD 

treatments with CRGR were down-regulated mast cell 

activation and inflammatory cytokines, resulting in 

alleviation of tissue damage caused by excessive 

inflammation in AD-induced obese NC/Nga mice.
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