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The present study aimed to evaluate the inhibitory effects of an ethanolic extract of Sargassum confusum (SCEE) on 

acute atopic dermatitis (AD) using a murine model. AD-like symptoms were induced in BALB/c mice by repeated 

application of 2,4-dinitrochlorobenzene (DNCB), followed by topical administration of SCEE. Clinical evaluation revealed 

that SCEE treatment significantly reduced dermatitis severity scores and white blood cell counts. Moreover, the levels of 

pro-inflammatory markers such as TNF-α, total IgE, and Th2 cytokines (IL-4 and IL-5) were markedly suppressed,  

while the anti-inflammatory cytokines IL-10 and interferon-γ were significantly elevated in both serum and splenocytes. 

These results suggest that SCEE may have therapeutic potential as a natural functional material for the prevention or 

treatment of atopic dermatitis through modulation of immune responses. 

Keywords: Sargassum, Atopic dermatitis, T lymphocytes, 2,4- dinitrochlorobenzene (DNCB), Mouse model 

It is known that immune imbalance from exogenous 

factors such as diet, chemicals and environmental 

pollution, and destruction of the acquired skin barrier 

are main causes of atopic dermatitis (AD)1. AD, a 

multifactorial disease, is a common skin disease that 

affects about 30% of children and adults worldwide, 

and the prevalence rate is continuously increasing2. 

Clinical symptoms of AD include pruritus, psoriasis, 

eczema, and histopathologic symptoms like  

excessive infiltration of inflammatory cells such as 

lymphocytes, macrophages, activated mast cells, 

causing chronic inflammation3,4. Acute AD is 

characterised by Th2 cell predominance and an 

environment rich in Th2 cytokines such as interleukin 

(IL)-4 and IL-13, excessive immunoglobulin E (IgE) 

production, and peripheral eosinophilia. Th2 

cytokines are overproduced in skin lesions due to 

antigenic invasion, and increased IgE stimulates and 

activates B cells. This also causes mast cell 

degranulation and release of inflammatory mediators 

such as the chemicals histamine and heparin. They 

further contribute to the Th2 response by producing 

cytokines such as IL-4 and IL-135-7. This process 

causes an imbalance of Th1/Th2 cells in AD, and skin 

lesions have a Th2 cell-dominant environment. On the 

other hand, IFN-γ, a Th1 cytokine, acts as a potent 

inhibitor of IgE synthesis, Th2 cell proliferation, and 

IL-4 receptor expression in Th2 cells in acute AD 

lesions. In addition, IL-10 cytokine produced by 

regulatory T (Treg) cells is known to play an 

important role in regulating the immune response 

associated with atopic disease.  

Recently, synthetic drugs such as 

immunosuppressants and anti-inflammatory drugs are 

used as therapeutic agents for AD. However, synthetic 

drugs are difficult to use for a long period of time 

since many expensive drugs, and external steroids 

have a symptomatic effect, but have clinical 

limitations due to various side effects such as skin 

atrophy and growth retardation when used for a long 

time8-10. Therefore, it is necessary to search for safe 

and effective natural materials to minimize side 

effects and treat AD. Sargassum, a type of brown 

algae (Phaeophyceae) belonging to the Sargassaceae 

family, are known to have various pharmacological 

properties and ar e a rich source of antioxidant, 

antiviral, antibacterial, and anticancer effects. It also 

includes health maintenance substances such as 
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polysaccharides and polyphenols. Sargassum 

confusum C. Agardh (S. confusum), belonging to the 

brown algae family, grows widely in China, Sakhalin, 

and the east and south coasts of Korea, and has been 

consumed by Korean coastal residents as an appetite 

stimulant since ancient times11-13. Studies conducted 

to date using S. confusum include the effect of 

Fucoidan in suppressing UVB-induced changes in the 

skin barrier of human keratinocytes, the anticancer 

effect of polysaccharide, and the anti-obesity and 

body fat reduction effects, but there is still minimal 

research using the extract of S. confusum. Therefore, 

this study aimed to confirm the anti-atopic activity of 

S.confusum ethanol extracts, explore data for the 

development of treatments for atopic diseases, and 

verify the applicability of these extracts as functional 

material. 

 

Materials and Methods 
 

Reagent 

Fetal Bovine Serum (FBS), penicillin/streptomycin 

were purchased from Hyclone (UT, USA), RPMI 

1640 was purchased from Gibco BRL (Eggenstein, 

Germany). The olive oil, 2,4- Dinitro chlorobenzene 

(DNCB), dexamethasone (DEX), and MTT were 

purchased from Sigma (MO, USA). Mouse ELISA 

kits were used by BD Bioscience (CA, USA). 
 

Preparation of ethanolic extracts of S. confusum (SCEE) 

S. confusum collected from Yeonhwa-ri, Gijang, 

Busan was washed with fresh water, freeze-dried and 

grinded. The S. confusum powder was suspended  

in 95% ethanol and extracted for 24 hours.  

The supernatant was taken by centrifugation, and  

the residue was additionally extracted twice. The 

supernatant was concentrated with a vacuum 

concentrator and dried at room temperature. 
 

Animals 

A 5-week-old male, BALB/c mouse was purchased 

from Orient Bio (Orient Co., Gyeong-gi, Korea).  

The mice were used in the experiment after 

undergoing a preliminary breeding period for one 

week in an animal breeding room where a 

temperature of 20±2℃, humidity of 50±10%, and a 

12-hour light/dark cycle was maintained.  
 

Atopic dermatitis induction and SCEE treatment   

The mice were divided into 4 groups (n=5): Non-

treat, DNCB-only, DNCB with DEX, and DNCB with 

SCEE groups. The back of a 6-week-old male 

BALB/c mouse was cleanly removed and left for  

24 hours to heal fine wounds and soothe the skin.  

200 μL of 1% (w/v) DNCB dissolved in an 

acetone:olive oil (3:1) was administered a week at 

two-day intervals. After 1 week, 200 μL of  

0.3% (w/v) DNCB solution was applied once a day, 

and at 12-hour intervals, DEX (0.01%) and SCEE  

(10, 50 mg/mL) were applied once a day. 200 μL at a 

time was evenly applied to the same area for 2 weeks.  

The mice were sacrificed 21 days after DNCB 

application (Fig. 1).   

Visual evaluation was performed starting 0 day 

after application of the test substance using a method 

generally used for clinical visual evaluation in  

AD. The evaluation items were divided into 

lichemification, erosion, edema & excoriation, 

erythema, pruritus & dry skin, and the severity of AD 

was expressed as the total score of each of the five 

items. Each item was scored as none (0), mild (1), 

moderate (2), and severe (3) and then added to give a 

score ranging from a minimum of 0 to a maximum of 

15 points per day. Then, the scores for each week 

were added to show the change in the total evaluation 

score over the three weeks.   
 

Blood analysis and plasma isolation   

The mice were anesthetized with diethyl ether, and 

approximately 1.0 mL of blood was collected from 

the aorta using a disposable syringe. The collected 

blood was shaken in an EDTA tube and then  

analyzed using a HEMAVET HV950 Multispecies 

 
 

Fig. 1 — Schematic diagram of plan. 
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Hematologic Analyzer (Drew Scientific, CT, USA). 

Plasma was separated by centrifugation and used for 

ELISA.  
 

Splenocyte isolation and culture 

Male BALB/c mice were anesthetized and 

sacrificed with diethyl ether, and then the spleen was 

aseptically removed. The spleen was washed  

with 10% FBS-RPMI medium and disrupted using a 

tissue grinder and then passed through a cell  

strainer to separate only the cell suspension. RBC 

lysis buffer (Tris-buffered ammonium chloride; 

0.87% (w/v) NH4Cl, pH 7.2) was added on cell 

suspension to remove erythrocytes. After removing 

the RBC lysis buffer by centrifugation, each 

splenocytes suspension was seeded in a 48-well plate 

(2 × 106cells/mL) and cultured in a 5% CO2 incubator 

at 37°C for 72 hours.    
 

Measurement of cytokine secretion  

The contents of cytokines (IL-4, -5, -10, IgE,  

TNF- α, or IFN-γ) of splenocytes and plasma were 

measured using an ELISA kit following the 

manufacturer′s instruction. Absorbance was measured 

at a wavelength of 490 nm using a microplate reader.  
 

Statistical analysis   

Statistical processing for all results was performed 

using SAS software (SAS Institute Inc., NC, USA), 

followed by analysis of variance using one-way 

ANOVA, and significance testing between survey 

items using Duncan's multiple range test. All data are 

expressed as mean ± S.D. and means between letters 

above bars are significantly different (P< 0.05). 

 

Results 
 

Visual evaluation of atopic dermatitis 

In the first week of treatment with DNCB alone, 

lichenification, erythema, hematoma, and hemorrhage 

appeared at the application site in all experimental 

groups except the control group (Fig. 2A). In both 

groups, the DNCB with DEX or SCEE, when the test 

substance was continuously applied for 1 week, the 

dermatitis of the affected area recovered to some 

extent compared to the DNCB-only group. Moreover, 

clinical symptoms were almost completely recovered 

in the 3rd week when the test substance was applied 

continuously for 2 weeks. In addition, to confirm the 

severity of AD in DNCB-treated mice, the total 

clinical severity score was measured according to the 

AD clinical visual evaluation method (Fig. 2B). The 

increased score after treatment of DNCB was 

significantly reduced in the 2nd and 3rd weeks by 

applying DNCB and SCEE compared to the DNCB-

only group. 
 

Whole blood analysis   

To determine whether the application of SCEE is 

involved in the production of inflammatory cells 

related to AD, blood collected from the aorta was 

analysed. As a result (Table 1) it was confirmed that 

total white blood cells (WBCs), including neutrophils, 

eosinophils, monocytes, and lymphocytes in mice 

blood, increased in the DNCB-only group. On the 

other hand, in the experimental group which SCEE 

was applied, it was shown that the total WBCs was 

decreased, and the levels of lymphocytes and 

eosinophils were significantly reduced as well. 
 

 
 

Fig. 2 — Clinical effects of SCEE on clinical skin features (A) and total clinical score (B) of DNCB-applied atopic dermatitis-like skin 

lesion of BALB/c mice (n=5). Normal, Negative control; DNCB, DNCB and vehicle; DNCB+DEX, DNCB and dexamethasone; 

DNCB+SCE10, DNCB and SCEE 10 mg/mL; DNCB+SCE50, DNCB and SCEE 50 mg/ mL. 
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Determination of the content of total IgE and cytokines in 

plasma   

Compared to DNCB-only group, IgE was 

significantly decreased in the DNCB with SCEE 

groups (Fig. 3A). The level of TNF-α was 

significantly increased in the DNCB-only group but 

decreased in the DNCB with SCEE groups (Fig. 3B). 

In the case of IL-10, the amount of secretion was low 

in the DNCB-only group but the DNCB with SCEE 

groups were elevated (Fig. 3C).  
 

Secretion of cytokines in splenocytes   

The secretion of IL-4 was significantly increased in 

the DNCB-only group, but it was reduced in the 

DNCB with SCEE groups (Fig. 4A). The IL-5 was 

significantly increased in the DNCB-only group, but 

respectively decreased in the DCNB with SCEE 

groups (Fig. 4B). Moreover, a lower secretion amount 

of IFN-γ was confirmed in the DNCB-only group, but 

it was significantly higher in the DNCB with SCEE 

groups (Fig. 4C). 

 

Discussion 

Activation of CD4+ T cells results in the generation 

of two distinct subsets: Th1 and Th2 cells14. Th1 cells 

are responsible for the production of IL-2 and IFN-γ, 

while Th2 cells produce IL-4, 5, 6, and 1315. In atopic 

dermatitis (AD), memory Th2 cells targeting specific 

tissues induce the migration and infiltration of T 

lymphocytes expressing skin-homing receptors, 

thereby promoting skin inflammation and lesion 

development16. IL-4, a representative cytokine of  

Th2 cells, plays a central role in B cell proliferation 

and differentiation, ultimately increasing IgE 

production17,18. Elevated levels of IgE subsequently 

activate mast cells, contributing to the exacerbation of 

AD symptoms. Moreover, IL-5 is closely associated 

with eosinophilia, and increased eosinophils levels are 

linked to further IgE production and symptom 

aggravation19.  

Clinically, AD is characterised by severe itching, 

epidermal desquamation, erythema, and psoriasis 

lesions, which often follow a pattern of chronic 

relapse show chronic relapse20. Clinical visual scoring 

is a commonly used and objective method to evaluate 

the severity of AD. In this study, we observed that the 

clinical score in mice were reduced following the 

application of SCEE, a result consistent with previous 

findings where natural products such as tuna heart 

ethanol extract, chamomile, lavender, and sandalwood 

oil improved AD symptoms in murine models.  

Table 1 —In vivo analysis of white blood cells levels in mice whole blood 

Cells Normal range Normal DNCB DNCB+DEX DNCB+SCEE 10 mg/kg DNCB+SCEE 50 mg/kg 

WBCs 1.8-10.7 2.48 ± 0.17d 7.66 ± 1.52a 5.65 ± 0.94b 4.47 ± 0.82c 4.41 ± 0.44c 

Neutrophils 0.1-2.4 0.67 ± 0.24b 2.5 ± 0.24a 2.28 ± 0.53a 1.93 ± 0.48a 1.98 ± 0.67a 

Lymphocytes 0.9-9.3 1.73 ± 0.31d 5.57 ± 0.19a 2.62 ± 0.55c 3.45 ± 1.07b 3.23 ± 0.55bc 

Eosinophils 0.0-0.2 0.15 ± 0.10b 0.94 ± 0.32a 0.1 ± 0.00b 0.07 ± 0.05b 0.08 ± 0.05b 

Monocytes 0.0-0.2 0.32 ± 0.08c 0.9 ± 0.09a 0.65 ± 0.02b 0.43 ± 0.15c 0.83±0.33ab 
 

 
 

Fig. 3 —In vivo regulatory effect of SCEE on the production of 

total IgE (A), TNF-α (B), and IL-10 (C) in SCEE and DNCB-

applied BALB/c mice plasma (n=5). 
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In atopic skin lesions, Th2 cells activation leads to 

the recruitment and infiltration of inflammatory cells. 

Monocytes, which circulate in the bloodstream, 

migrate to sites of inflammation and differentiate into 

macrophages capable of phagocytosis21. Neutrophils, 

the most abundant white blood cells, play a pivotal 

role in mediating tissue destruction in inflammatory 

conditions. Eosinophils, which are elevated in type 1 

allergic reactions including AD, are correlated with 

disease severity and IgE levels. In our study, 

administration of SCEE significantly reduced total 

white blood cell counts, particularly neutrophils  

and eosinophils, suggesting an anti-inflammatory  

effect that may underlie the observed clinical 

improvement 22.  

Following sensitisation to specific antigens, 

patients with AD exhibit heightened activation of 

various immune cells, including macrophages, B 

cells, and keratinocytes. B cells are particularly 

elevated in AD and are responsible for the increased 

levels of both specific and total IgE detected in 

patients′ blood20. IgE binds to mast cells, triggering 

histamine release via an IgE-dependent mechanism. 

Histamine contributes to intense itching, and 

persistent scratching can cause skin damage and 

secondary infection, exacerbating inflammation18. 

Keratinocytes further amplify inflammation by 

producing pro-inflammatory cytokines such as IL-4, 

IL-6, and TNF-α. Among these, TNF-α promotes the 

expression of Th2 cytokines, cell proliferation, and 

necrosis during early AD, and facilitates the 

recruitment of neutrophils to lesion sites. Conversely, 

IL-10, a potent anti-inflammatory cytokine secreted 

by Treg cells and lymphocytes, suppress the 

production of IgE, Th2 cytokine, and TNF-α 23. Our 

findings suggest that SCEE ameliorates AD 

symptoms by reducing the levels of pro-inflammatory 

cytokines and IgE while enhancing IL-10 expression 

in serum.  

The cells are differentiated into Th1 and Th2 

subsets, which produce IFN-γ/IL-2 and IL-4/IL-5, 

respectively. IFN-γ, predominantly secreted by Th1 

cells, regulates delayed-type hypersensitivity 

reactions, whereas IL-4 promotes class switching to 

the IgE isotype by stimulating B cells20. In acute AD, 

an imbalance is observed where Il-4, IL-5, and IL-13 

are upregulated, and IFN-γ is markedly decreased24. 

This Th2-biased cytokine profile is implicated in 

enhanced IgE production. Previous studies on 

hydrolyzed celery extract and Gracillin have 

demonstrated that increased Th2 cytokine production 

is positively correlated with elevated serum IgE 

levels25. IL-5 also contributes to AD severity by 

inducing eosinophilia and stimulating histamine 

secretion by basophils. Conversely, IFN-γ plays an 

immunomodulatory role by interfering with IL-4-

derived class switching and suppressing Th2 cell 

proliferation. Elevated IFN-γ levels are therefore 

associated with symptom alleviation in AD, 

reinforcing the importance of restoring Th1/Th2 

balance.  

Taken together, our results demonstrate that  

S. confusum ethanolic extract (SCEE) effectively 

alleviates atopic dermatitis symptoms in a murine 

model by modulating key immunological parameters. 

SCEE reduced the infiltration of inflammatory cells 

 
 

Fig. 4 —In vivo regulatory effect of SCEE on the production of 

total IL-4 (A), IL-5 (B), IFN-γ (C) in SCEE and DNCB-applied 

BALB/c mice splenocytes (n=5). 
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such as eosinophils and neutrophils, suppressed pro-

inflammatory cytokines including IL-4, IL-5, and 

TNF-α, and elevated anti-inflammatory cytokines 

such as IL-10 and IFN-γ. These results suggest that 

SCEE ameliorates AD through restoration of Th1/Th2 

balance and downregulation of IgE-mediated immune 

response. Given its efficacy and natural origin, SCEE 

has strong potential as a functional material for the 

development of alternative therapeutics for atopic 

dermatitis. 
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