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Abstract. Cervus nippon mantchuricus extract, known 
as nok-gol (NGE) in Korean, is useful for the treatment of 
various inflammatory diseases, including bone resorption and 
neutropenia. However, NGE has not been widely investigated, 
and its efficacy and safety remain to be fully elucidated. In 
the present study, histological analysis, blood analysis, reverse 
transcription‑semi‑quantitative polymerase chain reaction 
analysis and enzyme‑linked immunosorbent assays were 
performed to verify the inhibitory effect of NGE on atopic 
dermatitis (AD) in BALB/c mice and on inflammatory effects 
in HMC‑1 human mast cells. NGE suppressed the development 
of AD in mice, and decreased the infiltration of inflammatory 
cells, mast cells and CD4+ T cells into AD skin lesions. NGE 
also decreased leukocyte levels induced by 2,4‑dinitrochlo-
robenzene (DNCB). NGE alleviated AD‑like inflammatory 
symptoms in mice by suppressing the production of CD4+ 
T cells. NGE downregulated the mRNA expression of inflam-
matory cytokines induced by DNCB. It also decreased the 
serum immunoglobulin E concentration and inflammatory 
cytokine levels in DNCB‑treated BALB/c mice. The in vitro 
experiments demonstrated that NGE reduced the phorbol 
12‑myristate 13‑acetate + ionomycin‑induced expression of 
pro‑inflammatory cytokines interleukin (IL)‑4, IL‑13, tumor 
necrosis factor-α, and IL‑6 in HMC‑1 cells. Taken together, 
the results of the present study indicated that NGE suppressed 
the progression of DNCB‑induced AD in BALB/c mice and 

reduced inflammatory effects in HMC‑1 cells. This suggests 
that NGE may be a useful drug for the treatment of AD.

Introduction

Atopic dermatitis (AD) is a common chronic skin disorder that 
can have a significant impact on the human population world-
wide. AD precedes the development of allergic disorders, 
including asthma, rhinitis and food allergy (1,2). The patho-
genesis of AD has been largely attributed to abnormalities in 
the adaptive immune system. All AD conditions are character-
ized by elevated peripheral eosinophilia counts and increased 
serum immunoglobulin E (IgE) levels (3,4). Proliferating 
T helper (Th) cells that develop into effector T cells differentiate 
into two major subtypes of cells, known as Th1 and Th2 cells. 
Th1 cells are the host immune effectors against intracellular 
bacteria and protozoa. Th1 cells are triggered by interleukin 
(IL)‑12, and their effector cytokines are interferon‑γ and IL‑2. 
Th2 cells are the host immune effectors against extracellular 
parasites, including helminths. They are triggered by IL‑4 and 
IL‑2, and their effector cytokines are IL‑4, IL‑5, IL‑9, IL‑10, 
IL‑13 and IL‑25. Peripheral eosinophilia is associated with 
Th2 cytokines, including IL‑4 and IL‑13, which are involved 
in AD and other allergic disorders. IL‑4 and IL‑13 are essential 
in the initial phase of tissue inflammation and in the increased 
expression of adhesion molecules on endothelial cells (5). 
These two cytokines are also responsible for the differentia-
tion of allergen‑specific Th2 cells and the class switching of 
activated B cells to IgE‑producing cells. The balance of the 
earliest determined CD4+ T helper cell subsets, Th1 and Th2, 
is important in allergic and autoimmune diseases.

Eosinophils are important in the pathogenesis of allergic 
diseases, including asthma (6,7) and AD (8,9). Their role in 
the occurrence of tissue damage during the chronic phase of 
the disease is particularly significant. IgE mediates mast cell 
activation, which results in the release of preformed histamine 
and inflammatory mediators, including chemokines and cyto-
kines (10). In AD skin lesions, CD4+ T cells, eosinophils, mast 
and dendritic cells are markedly increased in the dermis; these 
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cytokines promote Th2‑type T cell responses (11) and are found 
in skin lesions during the acute phase of AD (12). However, 
Th1 cells are also involved. In addition, regulated immune 
responses are accompanied by a combination of Th2 and Th1 
responses during the chronic phase of AD (12). AD triggers the 
production of pro‑inflammatory cytokines, including tumor 
necrosis factor (TNF)-α and macrophage‑derived cytokines 
(IL‑6) (13). Therefore, the acute and chronic phases of AD are 
characterized by the marked infiltration of cells, particularly, 
cd4+ T cells, into the region of skin involved (14).

BALB/c mice exhibit traits similar to those noted in AD, 
including an increased level of IgE and chronic dryness. These 
mice are generally adopted as animal experimental models for 
AD. In addition, this is supported by the effects of 2,4‑dini-
trochlorobenzene (DNCB) sensitization on the production of 
Th1 cytokines and Th2 cytokines (15). DNCB is an organic 
compound with the formula (O2N)2c6H3Cl. It is a yellow solid 
that is soluble in organic solvents. DNCB induces a type IV 
hypersensitivity reaction in almost all individuals exposed to 
it, therefore, it is used medically to assess T cell activity in 
patients. This diagnostic test is useful in immunocompromised 
patients. DNCB can also be used to treat warts, however, DNCB 
can cause contact dermatitis. Previous studies have indicated 
that contact allergens can be discriminated from respiratory 
sensitizers on the basis of cytokine production in the lymph 
nodes of BALB/c mice (16,17). Cervus nippon mantchuricus 
extract, which is a deer bone extract known as nok‑gol (NGE) 
in Korean, is one of the most famous Korean traditional 
medicines; NGE has been widely used as a bone nutrient. In 
our previous study, it was found that NGE alleviated neutro-
penia and activated macrophages in vivo and in vitro (18). In 
previous studies, it has also been found that the oral adminis-
tration of NGE is useful for the treatment of memory loss (19) 
and bone resorption (20), as an anti‑aging treatment (21), for 
the activation of macrophages (22), enhancement of immune 
system activity (23), and the control of various inflammatory 
diseases (24‑26). It has been confirmed that NGE is effec-
tive against a variety of inflammatory diseases, therefore, it 
is expected to be effective for inflammatory skin diseases, 
including AD.

The aim of the present study was to examine whether NGE 
suppresses the progression of AD‑like skin inflammation in 
BALB/c mice. Skin thickness measurements and histological 
evaluation, in addition to the estimation of leukocyte levels, 
proinflammatory cytokine mRNA levels, and serum total IgE 
and cytokine levels, were assessed in the study. The results 
showed that NGE significantly inhibited DNCB‑induced 
AD‑like skin inflammation in BALB/c mice. In addition, 
the anti‑inflammatory effects of NGE on human mast cells 
were investigated. For this purpose, the cells were stimulated 
with phorbol 12‑myristate 13‑acetate (PMA) + ionomycin 
to produce proinflammatory cytokines. PMA is a diester of 
phorbol and a potent tumor promoter often used in biomedical 
investigations to activate the signal transduction enzyme 
protein kinase C (PKC). The effects of PMA on PKC result 
from its similarity to one of the natural activators of classic 
PKC isoforms, diacylglycerol. PMA is a small molecule 
drug. Ionomycin is an ionophore produced by the bacterium 
Streptomyces conglobatus. It is used to increase the intracel-
lular level of calcium (ca2+) and as a tool for understanding 

ca2+ transport across biological membranes. It is also used 
to stimulate the intracellular production of the following 
cytokines: Interferon, perforin, IL-2 and IL-4, usually in 
conjunction with PMA (27). These cytokines are important 
in the inflammatory response (27). The results of the present 
study demonstrated that NGE inhibited the development of 
DNCB‑induced AD‑like symptoms, suggesting that NGE may 
be a useful therapeutic drug for the treatment of AD.

Materials and methods

NGE preparation. The NGE was prepared by Nongshim 
Corporation (Seoul, Korea), and contained 88.8% crude 
protein, 1.9% crude fat, 2.2% crude ash and 3.0% moisture. 
The total ganglioside content as sialic acid in the extract was 
0.09%. The total amino acid and free amino acid contents in 
the extract were 922.5 and 8.21 mg/g, respectively. NGE, as a 
water‑extracted white powder, was dissolved in water for the 
in vivo and in vitro experiments. Further information on the 
NGE production process can be requested from the company 
(http://nongshim.co.kr).

Cell culture. The HMC‑1 human mast cells were purchased 
from the Korea Cell Line Bank (Seoul, Korea). The cell line 
was grown in Iscove's modified Dulbecco's medium (Welgene, 
Daegu, Korea) supplemented with heat‑inactivated 10% fetal 
bovine serum (FBS; Welgene) and 1% Penicillin‑Streptomycin 
solution (1X; Welgene) in a 5% CO2 incubator at 37˚C.

Cell viability assay. The HMC‑1 cells (1x104 cells/well) 
were plated in 96‑well culture plates and incubated for 24 h. 
Subsequently, the HMC‑1 cells were treated with 5 ng/ml PMA 
and 500 ng/ml ionomycin (Sigma, EMD Millipore, Billerica, 
MA, USA) in the presence or absence of various concentrations 
of NGE (5, 25, 100, 250, 500, and 1,000 mg/ml). Following 
24 h of incubation, 10 µl of WST solution was added to each 
well of the plate, and the plate was incubated in the dark at 
37˚C for an additional 1 h. The optical density was measured 
at 450 nm using an enzyme‑linked immunosorbent assay 
(ELISA) plate reader (Versa Max; Molecular Devices LLC, 
Sunnyvale, CA, USA).

Animals. Male, 6‑week‑old BALB/c mice (20±2 g) were 
purchased from Orient Bio, Inc. (Sungnam, Korea). The mice 
were randomized into three groups: Vehicle (saline), DNCB, 
and DNCB + NGE, each comprising six mice. All mice were 
maintained in a pathogen‑free environment and allowed free 
access to food and water; they were maintained on a 12‑h 
light/dark cycle at a temperature of 24˚C. All procedures 
performed on the mice were approved by the Animal Care 
Center of Kyung Hee University [approval no. KHUASP 
(SE)‑16‑095]. All methods were performed in accordance 
with the relevant guidelines and regulations. At the end of the 
experiment, the mice were sacrificed by CO2 inhalation, and 
cardiac blood was collected.

Sensitization and treatment. The procedure for the induction 
of AD‑like skin lesions is shown in Fig. 2A. For this purpose, 
the dorsal skin of the mouse was shaved and coated with 100 µl 
of 2% DNCB in 1x1 cm patches. At 1 week post‑sensitization, 
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the dorsal skin was challenged with 100 µl of 0.2% DNCB 
solution twice per week (first and fourth day of each week). 
The NGE was administered orally to the mice for 2 weeks 
following sensitization with DNCB. Following the final appli-
cation of NGE, the mice were sacrificed, and immunological 
and histological assessments were performed. The method 
was performed as described previously (28).

Determination of skin thickness and spleen weight. The 
thickness of the dorsal skin was measured with digital cali-
pers (Mitutoyo, Kawasaki, Japan) prior to sacrifice. For each 
mouse, three different sites on the dorsal skin were measured 
randomly, and the measurements were averaged. The entire 
spleen was removed from the mice following sacrifice and was 
weighed.

Histological observation. A section of the skin biopsies was 
fixed in 4% paraformaldehyde and embedded in frozen section 
compound (Surgipath FSC22 Clear Leica Biosystems GmbH, 
Wetzlar, Germany) on dry ice. Skin sections measuring 20 µm 
in thickness were cut and stained with hematoxylin and eosin 
(H&E) to visualize inflammatory cells (neutrophils and 
mononuclear cells) or with toluidine blue to visualize mast 
cells, and were examined under light microscopy (Olympus 
Corporation, Tokyo, Japan). The numbers of mast cells and 
inflammatory cells were counted in 10 regions of high‑power 
fields at x400 magnification.

Immunohistochemistry. The expression of CD4+ lympho-
cytes was detected by immunohistochemical analysis using 
a mouse monoclonal anti-cd4+ antibody (cat. no. SC‑7219; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA). The skin 
sections were hydrated. Following microwave treatment, the 
sections were treated with 3% hydrogen peroxide in PBS for 
15 min to inhibit the endogenous peroxidase activity of the 
blood cells. The sections were blocked with 5% bovine serum 
albumin (Sigma, EMD Millipore) in PBS for 1 h at room 
temperature. The skin sections were incubated with the mouse 
monoclonal cd4+ antibody (1:100 dilution) overnight at 4˚C 
and subsequently incubated with a biotinylated anti‑mouse 
IgG secondary antibody (1:50 dilution; Vectastain ABC kit; 
cat. no. PK‑6102; Vector Laboratories, Inc., Burlingame, CA, 
USA) for 1 h at room temperature. The sections were treated 
with avidin‑biotin horseradish peroxidase (HRP) complex 
(Vectastain ABC kit; cat. no. PK‑4000; Vector Laboratories, 
Inc., Burlingame, CA, USA) for 30 min at 4˚C and finally 
stained with diaminobenzidine tetrachloride (DAB) as a 
substrate. The slides were mounted with an aqueous mounting 
solution (Permount; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and cover‑slipped. All the sections were analyzed 
using a ZEISS Scope A1 light microscope (Carl Zeiss AG, 
Oberkochen, Germany), and images were captured using a 
digital video camera.

Blood analysis. Whole blood samples were collected by 
cardiac puncture. The blood was placed in Vacutainer™ tubes 
containing EDTA (BD Biosciences, San Jose, CA, USA) 
by centrifugation (200 x g, 20 min, 4˚C). Anticoagulated 
blood was processed to determine the hematological param-
eters of white blood cells (WBCs), lymphocytes, monocytes, 

eosinophils, basophils and neutrophils in a HEMAVET 950 
hematology system (Drew Scientific, Inc., Dallas, TX, USA) in 
accordance with the manufacturer's recommendations.

ELISA. The total IgE levels in the serum of the mice were deter-
mined by sandwich ELISA using the BD Pharmingen mouse 
IgE and human ELISA sets (BD Biosciences, San Diego, CA, 
USA). Briefly, the plates were coated with capture antibody 
in ELISA coating buffer (Sigma, EMD Millipore) and incu-
bated overnight at 4˚C. The plates were then washed with 
PBS‑Tween‑20 (0.05%) and subsequently blocked (10% FBS 
in PBS) for 1 h at 20˚C. Serial dilutions of standard antigen or 
sample in dilution buffer (10% FBS in PBS) were added to the 
plates, and the plates were incubated for 2 h at 20˚C. Following 
washing, biotin‑conjugated anti‑mouse IgE (1:500 dilution) 
and streptavidin‑HRP conjugate (1:250 dilution) were added 
to the plates, and the plates were incubated for 1 h at 20˚C. 
Finally, tetramethylbenzidine substrate solution was added to 
the plates for 15 min incubation in the dark, and a 2N H2SO4 
solution was added to terminate the reaction. The optical densi-
ties were measured at 450 nm on an automated ELISA reader 
(VersaMax; Molecular Devices LLC). The levels of IL‑10 and 
IL‑12 in the plasma and the levels of IL‑4, IL‑13, TNF‑α and 
IL‑6 in the cell line were also measured by sandwich ELISA 
using the BD Pharmingen mouse and human ELISA sets. The 
subsequent procedure followed the same protocol described 
above.

Reverse transcription‑semi‑quantitative polymerase chain 
reaction analysis. The cells were harvested by centrifugation 
(500 x g, 20 min, 4˚C) and the pellet was washed with ice‑cold 
PBS. RNA was isolated from the cells using the Easy‑Blue 
RNA extraction kit (iNtRON Biotech, Sungnam, Korea) 
according to the manufacturer's protocol. The isolated RNA 
content was measured using a NanoDrop ND‑1000 spectro-
photometer (NanoDrop Technologies, Inc., Wilmington, DE, 
USA). Total cellular RNA (2 µg) from each sample was reverse 
transcribed using a cDNA synthesis kit (Takara Bio, Inc., Otsu, 
Japan). The sqPCR analysis was performed with a 20‑µl reac-
tion mixture consisting of DNA template, each gene‑specific 
primer at a concentration of 10 pM, 10X Taq buffer, 2.5 mM 
dNTP mixture, and 1 unit of Taq DNA polymerase (Takara Bio, 
Inc.). PCR was performed according to the instructions of the 
Takara Taq kit as follows: Pre‑DNA denaturation at 95˚C for 
3 min; and 30 cycles of DNA denaturation at 95˚C for 45 sec; 
annealing for 40 sec at 56˚C; elongation at 72˚C for 50 sec. The 
PCR reaction was performed using a SimpliAmp Thermal 
Cycler (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The PCR products were subsequently separated using agarose 
gel electrophoresis [5% (w/v)] and were stained with ethidium 
bromide at room temperature for 5 min. All experiments were 
performed in triplicate. The relative optical density ratio was 
calculated using ImageJ software (version 1.42q; National 
Institutes of Health, Bethesda, MD, USA) with GAPDH as an 
internal control. The primer sequences used for human and/or 
mouse IL-4, IL-6, TNF-α and GAPDH are shown in Table I.

Statistical analysis. All experimental results were expressed 
as the mean ± standard deviation or the mean ± standard 
error of the mean of at least three separate tests. P<0.05 was 
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considered to indicate a statistically significant difference 
and P<0.05, <0.01, and <0.001 have been assigned respective 
symbols in figures. Statistical significance was determined 
using a one‑way analysis of variance followed by Tukey‑Kramer 
multiple comparisons post‑tests to analyse differences between 
groups. Statistical analyses were performed using PRISM 
software (version 5.0; GraphPad Software Inc., La Jolla, CA, 
USA.).

Results

NGE inhibits the agonist‑induced production of cytokines 
in HMC‑1 cells. Mast cell mediators, including tryptase and 
histamine, contribute to the induction of pruritus in AD (29). 
In the present study, the viability of HMC‑1 cells was exam-
ined following treatment with various concentrations of 
NGE (Fig. 1A). NGE did not induce any cytotoxicity in HMC‑1 
cells over a 24‑h period. The PMA + ionomycin‑mediated 
stimulation of HMC‑1 cells has been shown to significantly 
increase the production of cytokines and chemokines (27). The 
present study examined the role of NGE in the suppression of 
cytokine expression in HMC‑1 cells. NGE cotreatment signifi-
cantly reduced the agonist‑stimulated production of IL‑4, 
IL‑13, TNF‑α and IL‑6 in the HMC‑1 cells (Fig. 1B). Further 
experiments were performed to determine whether NGE regu-
lates the expression of cytokines at the transcriptional level. 
RT‑qPCR analysis showed that the mRNA levels of IL‑4, 
IL‑6 and TNF‑α were induced by agonist treatment and were 
decreased by NGE cotreatment in HMC‑1 cells (Fig. 1C). In 
particular, treatment with NGE in a concentration of 250 µg/ml 
reduced the levels of IL‑4 and IL‑6 to the control levels. These 
results suggested that NGE regulates proinflammatory cyto-
kine production in HMC‑1 cells.

NGE suppresses the development of AD in BALB/c mice. 
Following the application of DNCB to the skin of mice to 
induce an acute allergic reaction, NGE was administered orally 
for 2 weeks at a regular time every day. The level of toxicity 
and the body weight was measured twice a week to determine 
the degree of stress caused by the NGE treatment (Fig. 2A). 
Body weight and food intake were also monitored throughout 
the study. As a result, it was found that the mice in the vehicle 
group (n=6) were higher in weight compared with those in 
the DNCB‑treated (n=6) or NGE‑treated (n=6) groups. It was 
also found that the mice in the DNCB‑treated group did not 
exhibit any changes in food intake but exhibited a marginal 
decrease (15%) in body weight compared with those in the 
vehicle‑treated group (Fig. 2C). To investigate the effects of 
NGE on DNCB‑induced AD‑like symptoms in BALB/c mice, 
skin lesions were examined and the skin thickness and spleen 
weight were measured. It was found that DNCB induced AD 
in BALB/c mice (Fig. 2B). In addition, the skin thickness 
was gradually increased in the DNCB‑treated BALB/c mice 
compared with that in the non‑DNCB‑treated mice, whereas 
NGE markedly attenuated the DNCB‑induced increase in 
skin thickness (Fig. 2D). Similarly, the spleen weight of the 
DNCB‑treated BALB/c mice was heavier than that of the mice 
in the vehicle group, whereas NGE significantly decreased 
the DNCB‑induced increase in spleen weight (Fig. 2E). These 
finding suggested that NGE alleviated DNCB‑induced AD.

NGE decreases the infiltration of inflammatory cells, mast 
cells and CD4+ T cells into AD skin lesions. To determine 
whether NGE decreases the infiltration of inflammatory 
cells (neutrophils and mononuclear cells) into AD skin 
lesions, H&E staining of skin sections was performed 
following topical administration of NGE. The infiltration 

Table I. Sequences of primers for polymerase chain reaction analysis.

Primer type Primer name Primer sequence

Mouse IL‑6 F: 5'‑CAAGAGACTTCCATCCAGTTGC‑3'
  R: 5'‑TTGCCGAGTTCTCAAAGTGAC‑3'
 IL‑4 F: 5'‑TCGGCATTTTGAACGAGGTC‑3'
  R: 5'‑GAAAAGCCCGAAAGAGTCTC‑3'
 TNF-α F: 5'‑ATGAGCACAGAAAGCATGATC‑3'
  R: 5'‑TACAGGCTTGTCACTGGAATT‑3'
 GAPDH F: 5'‑GAGGGGCCATCCACAGTCTTC‑3'
  R: 5'‑CATCACCATCTTCCAGGAGCG‑3'
Human IL‑6 F: 5'‑AACCTTCCAAAGATGGCTGAA‑3'
  R: 5'‑CAGGAACTGGATCAGGACTTT‑3'
 IL‑4 F: 5'‑TGCCTCCAAGAACACAACTG‑3'
  R: 5'‑CTCTGGTTGGCTTCCTTCAC‑3'
 TNF-α F: 5'‑TGAGCACTGAAAGCATGATCC‑3'
  R: 5'‑ATCACTCCAAAGTGCAGGAG‑3'
 GAPDH F: 5'‑CGTCTTCACCACCATGGAGA‑3'
  R: 5'‑CGGCCATCACGCCACAGTTT‑3'

IL, interleukin; TNF‑α, tumor necrosis factor-α; F, forward; R, reverse.
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of inflammatory cells into the epidermis and dermis of 
mice in the DNCB group was observed, whereas topical 

NGE decreased the infiltration of inflammatory cells into 
the skin (Fig. 3A). Subsequently, toluidine blue staining 

Figure 1. Effect of NGE on HMC‑1 cells with PMA + ionomycin. (A) HMC‑1 cells were treated with various concentrations of NGE for 24 h following pretreat-
ment with vehicle (left panel) or with PMA + ionomycin (right panel) for 1 h. Following treatment, cell viability was measured using a WST assay. (B) Levels of 
IL‑4, IL‑13, TNF‑α and IL‑6 in cell culture supernatants were measured via enzyme‑linked immunosorbent assay. HMC‑1 cells were stimulated with 5 ng/ml 
PMA + 500 ng/ml ionomycin for 1 h and treated with varying concentrations of NGE for 24 h. (C) mRNA levels of IL‑4, TNF‑α and IL‑6 were measured by 
RT‑sqPCR analysis in the treated HMC‑1 cells. The bar graphs show quantitation of the RT‑sqPCR data; data are presented as the mean ± standard error of 
the mean. ###P<0.001, compared with the untreated group; **P<0.01 and ***P<0.001, compared with the PMA + ionomycin‑stimulated group. NGE, nok‑gol; 
PMA, phorbol 12‑myristate 13‑acetate; Ion, ionomycin; RT‑sqPCR, reverse transcription‑semi‑quantitative polymerase chain reaction; IL, interleukin; TNF‑α, 
tumor necrosis factor-α.
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was performed for mast cell visualization. The repeated 
cutaneous application of DNCB increased the dermal mast 
cell number. However, this effect was significantly suppressed 
by NGE (Fig. 3B). Immunocytochemistry was performed to 
measure the intracellular level of cd4+ T cells. It was found 
that DNCB increased the number of CD4+ T cells, whereas 
NGE decreased the number of CD4+ T cells in the epidermis 
and dermis (Fig. 3C). These results indicated that NGE 
treatment significantly decreased the number of inflammatory 
cells, mast cells and CD4+ T cells, compared with DNCB 
treatment (Fig. 3D‑F).

NGE decreases the levels of leukocytes induced by DNCB. 
To investigate whether cutaneous NGE administration can 

decrease the levels of inflammatory cells, leukocyte levels 
in cardiovascular blood samples were measured using a 
HEMAVET 950 hematology system. It is known that WBCs, 
neutrophils, lymphocytes, monocytes, eosinophils and baso-
phils are activated in the blood of patients with AD (17,30). 
In particular, eosinophils have been shown to be present in 
the majority of patients with AD, and they are correlated with 
disease activity (31). NGE significantly decreased the numbers 
of WBCs, basophils, monocytes, neutrophils, eosinophils and 
lymphocytes induced by DNCB (Fig. 4).

NGE administration downregulates the mRNA expression 
of inflammatory cytokines induced by DNCB. In the histo-
logical analysis, the repeated cutaneous application of DNCB 

Figure 2. Effect of NGE on DNCB‑induced atopic dermatitis. (A) BALB/c mice were sensitized with sequential applications of DNCB, and NGE was then 
orally administered every day for 2 weeks. (B) Comparison of skin manifestations in BALB/c mice in the normal and experimental groups. The BALB/c mice 
were sensitized with 100 µl of DNCB in acetone applied to the skin. (C) Changes in body weight and food intake during treatment with NGE. The values are 
expressed as the mean ± standard error of the mean (n=6). (D) Dorsal skin thickness and (E) spleen weight of BALB/c mice orally administered NGE following 
DNCB application. ##P<0.01 and ###P<0.001, compared with the vehicle group. *P<0.05 and ***P<0.001, compared with the DNCB‑stimulated group. NGE, 
nok‑gol; DNCB, 2,4‑dinitrochlorobenzene.
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increased dermal mast cell numbers and CD4+ T cell numbers, 
and this effect was suppressed by oral administration of NGE. 
Activated mast cells and CD4+ T cells secrete various chemo-
kines and cytokines, including IL‑4, IL‑6 and TNF‑α. To 
examine whether NGE decreases the inflammatory response, 
RT‑qPCR analysis was performed to measure the mRNA 
expression of IL‑4, IL‑6 and TNF‑α in the Ad-like skin 
lesions (Fig. 5). The oral administration of NGE significantly 
suppressed the mRNA expression of IL‑4, IL‑6 and TNF‑α 
in the AD‑like skin lesions. These results indicated that NGE 
downregulated the DNCB‑induced mRNA expression of 
inflammatory cytokines.

NGE decreases the serum IgE concentration and inflam‑
matory cytokine levels (IL‑10 and IL‑12) in DNCB‑treated 
BALB/c mice. To obtain a better understanding of the mecha-

nisms underlying the anti‑inflammatory activity of NGE, 
the IgE and levels of inflammatory cytokines in serum were 
measured by ELISA. The hyperproduction of IgE is a major 
characteristic of AD, and patients with AD often exhibit 
elevated levels of total and allergen‑specific IgE antibodies 
in their serum. As shown in Fig. 6, the total level of IgE was 
markedly elevated in the DNCB‑treated group compared 
with that in the vehicle group. However, the increase in 
the serum level of IgE induced by DNCB was significantly 
decreased by NGE treatment. In addition, the repeated topical 
application of DNCB significantly increased the levels of 
IL‑10 and IL‑12 in mouse serum, whereas NGE significantly 
inhibited this increase. These results demonstrated that NGE 
suppressed the DNCB‑induced elevation of IgE and inflam-
matory cytokine levels, thereby leading to the inhibition of 
skin inflammation.

Figure 3. Effect of NGE on inflammatory cell, mast cell and CD4+ T cell infiltration into the dorsal skin of DNCB‑induced BALB/c mice. (A) Dorsal 
skin sections were stained with hematoxylin and eosin. Inflammatory cells (neutrophils and mononuclear cells) are indicated by the purple spots (arrows). 
(B) Dorsal skin sections were stained with toluidine blue. Mast cells are indicated by the purple spots (arrows). (C) Dorsal skin sections were stained with 
diaminobenzidine tetrachloride. CD4+ T cells are indicated by the brown spots (arrows). The numbers of stained (D) inflammatory cells, (E) mast cells, 
and (F) CD4+ T cells were counted and are shown graphically. The sections were evaluated using a microscope (original magnification, x400). The data are 
presented as the mean ± standard error of the mean. ###P<0.001, compared with the vehicle group; ***P<0.001, compared with the DNCB‑stimulated group. 
NGE, nok‑gol; DNCB, 2,4‑dinitrochlorobenzene.



HONG et al:  NGE SUPPRESSES DNCB‑INDUCED ATOPIC DERMATITIS2968

Discussion

In the present study, the effect of NGE on DNCB‑induced AD 
in BALB/c mice was investigated. AD was induced by the 
repeated alternative application of DNCB. DNCB is the most 
important allergen associated with AD, and BALB/c mice 
offer a useful model, exhibiting AD‑like skin lesions and an 
elevated level of blood IgE in response to DNCB (15‑17). AD 
is regarded as a Th2‑associated inflammatory disease of the 
skin characterized by eosinophil recruitment, inflammatory 
mediator release, and IgE production. IgE molecules bind to 
their surface receptors on mast cells, causing the release of 
mediators that recruit inflammatory cells and stimulate the 
secretion of cytokines, including IL‑4 and IL‑13, which are 
considered to drive disease pathology in patients with AD (32). 
The oral administration of NGE suppressed the development 
of AD in BALB/c mice, alleviating the AD‑like symptoms. 
NGE markedly attenuated the DNCB‑induced increase in 
skin thickness and spleen weight. Histopathological analysis 
revealed that NGE decreased the infiltration of inflammatory 
cells, mast cells and CD4+ cells into AD skin lesions.

Mast cells are critical for the induction of allergic diseases, 
including AD (29,33). Mast cells are localized in several 
tissues, and the activation of mast cells induces the release of 
histamine, tryptase and proinflammatory cytokines in tissues, 
resulting in allergic responses (34,35). Mast cells are activated 
by the binding of allergen‑bound IgE to the FcεRI receptor (36). 
In the present study, NGE inhibited IgE‑mediated mast cell 
activation, resulting in suppression of the expression of proin-
flammatory cytokines in mice with DNCB‑induced AD and 
mast cell activation. Notably, although PMA treatment was 
an effective inducer of chemokine transcripts in HMC‑1 cells, 
treatment with PMA + ionomycin has been shown to be inef-
fective for inducing chemokine expression in T cells (37,38). 
The present study found that NGE markedly downregulated 
the mRNA expression of IL‑4, IL‑6 and TNF‑α in HMC‑1 
cells exposed to PMA + ionomycin, indicating that NGE alle-
viates several AD symptoms by controlling the transcriptional 
expression of Th2 cytokines. In addition, analysis via ELISA 
in HMC‑1 cells revealed that NGE inhibited the production of 
IL‑4, IL‑13, TNF‑α and IL‑16 induced by PMA + ionomycin. 
These results suggested that NGE has an anti‑allergy effect. 

Figure 4. Effects of NGE on blood components. Blood was analyzed using the HEMAVET blood analysis system. The data are presented as the mean ± stan-
dard error of the mean. ##P<0.01 and ###P<0.001, compared with the vehicle group; *P<0.05, **P<0.01 and ***P<0.001, compared with the DNCB‑stimulated 
group. NGE, nok‑gol; DNCB, 2,4‑dinitrochlorobenzene; WBC, white blood cell.
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Of note, cd4+ T cell subsets are involved in the pathogenesis 
of several diseases (39). CD4+ T cells generate cytokines that 
can stimulate other T cell effectors and enhance antibody 
production by B cells (40). CD4+ T cells are also key factors 
in allergic inflammatory diseases. Th2 cells produce IL‑4, 
which induces B cell activation and antibody class switching 
to IgE; the increased production of IL‑4 or induction of the 
IL‑4 signaling pathway causes allergic diseases (41).

NGE was shown to decrease the levels of leukocytes 
induced by DNCB. Eosinophils are involved in the pathology 
of allergic diseases, particularly AD (9,42). The elevated eosin-
ophil count is associated with inflammation and a change in 
eosinophil cell number may be a result of disease. In addition, 
NGE downregulated the mRNA expression of inflammatory 
cytokines induced by DNCB. NGE also decreased the serum 
IgE concentration and inflammatory cytokine levels in the 
DNCB‑treated BALB/c mice.

The most common side effect associated with ointment 
treatment is a sensation of mild to moderate skin burning 

at the site of ointment application. It has been reported that 
the long‑term use of corticosteroids results in treatment 
resistance (43,44). The currently used medications include 
antihistamines, steroids and immunosuppressants, however, 
these medications show various limitations in treatment 
efficacy (6). Therefore, the identification of novel compounds 
which effectively treat AD is urgently required.

With the aim of developing an appropriate treatment 
agent for AD using a natural substance, the present study 
performed an in vivo experiment using BALB/c mice to assess 
the anti‑AD effect of NGE. The results showed that NGE 
suppressed DNCB‑induced AD in the BALB/c mice. As a 
herbal medicine, NGE may not have substantial side effects 
when used to treat AD.

In conclusion, the present study revealed for the first time, 
to the best of our knowledge, that NGE, which is derived from 
an anti‑inflammatory traditional medicine, alleviates AD‑like 
inflammatory symptoms in mice by suppressing the production 

Figure 6. Effect of NGE on DNCB‑induced plasma IgE and cytokine levels. 
Blood samples were collected, and the plasma was isolated. The plasma 
levels of IgE, IL‑10, and IL‑12 in the indicated groups were measured using 
an enzyme‑linked immunosorbent assay. The data are presented as the 
mean ± standard error of the mean. ###P<0.001, compared with the vehicle 
group; **P<0.01 and ***P<0.001, compared with the DNCB‑stimulated group. 
NGE, nok‑gol; DNCB, 2,4‑dinitrochlorobenzene; IgE, immunoglobulin E; 
IL, interleukin.

Figure 5. Effect of NGE on DNCB‑induced mRNA expression of pro-
inflammatory cytokines in BALB/c mice. The mRNA levels of IL‑4, 
IL‑6, IL‑13 and TNF‑α in AD‑like skin lesions were measured by reverse 
transcription‑polymerase chain reaction analysis. The data are presented 
as the mean ± standard error of the mean. ###P<0.001, compared with the 
vehicle group; ***P<0.001, compared with the DNCB‑stimulated group. NGE, 
nok‑gol; DNCB, 2,4‑dinitrochlorobenzene; IL, interleukin; TNF‑α, tumor 
necrosis factor-α.
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of cd4+ T cells, mast cells, eosinophils and proinflammatory 
cytokines. These results suggest that NGE may be a useful 
drug for the treatment of AD.
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