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In the present study, we examined the inhibitive effect of ginsenoside Rh1 on oxazolone-induced atopic
dermatitis-like skin lesions in hairless mice. Oral administration of ginsenoside Rh1 improved clinical
symptoms, and it was confirmed by histophathological analysis. In ginsenoside Rh1 (20 mg/kg) group, ear
swellings and ear weights were significantly lower than the control group. Moreover, elevation of IL-6 and

total IgE levels in serum were suppressed by ginsenoside Rh1 (20 mg/kg). In addition, ginsenoside Rh1
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(20 mg/kg) significantly increased mRNA expression of IFNvy and Foxp3, and slightly decreased IL-4
expression in draining lymph nodes. The results suggest that ginsenoside Rh1 can alleviate inflammatory
symptoms in atopic dermatitis (AD) by reduction of IgE and IL-6 levels in peripheral blood, increase of Foxp3
expression in draining lymph nodes and suppression of inflammation in skin regions. Indeed, ginsenoside Rh1
exhibited therapeutic possibility in immune disorders.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin disease
characterized by pruritus and relapsing eczematous lesions [1,2]. As in
other allergic diseases, environmental factors play an important role
in the development and manifestations of AD in genetically predis-
posed individuals [3,4]. Although the prevalence of early childhood
infections has decreased in recent years due to declined family size,
improved basic amenities, and enhanced personal cleanliness [5], the
occurrence of allergic diseases has increased in the industrialized
regions such as Europe and North America [6].

Patients with AD tend to have peripheral blood eosinophilia and
increased levels of serum IgE, which are due to the elevated
production of IL-4, IL-5, IL-13 and suppressed production of IFNr by
Ty2 cells [7,8]. IL-4 and IL-13 promote class switching to IgE in B cells
[9,10], while IL-5 is related to the development, activation and
survival of eosinophils [11]. However, IFNy favors Ty1 development
and suppresses production of IgE and proliferation of Tyy2 cells [2]. It is
considered that controlling the balance of Ty1/Ty2 lineages, which is
mainly regulated by IL-4 and IFNv, is critical in the treatment of AD
[12]. On the other hand, the reduced immune suppression by
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regulatory T cells (Tyegs) is regarded as another important mechanism
for immune disorders [13]. The Tregs suppress autoimmune responses
and also improve allergic disorders [14,15]. Indeed, decreased
proportion of T.gs in lymphoid organ is correlated with the
symptoms of AD as well as inflammatory bowel disease (IBD) [15].

Various murine models has been used to research mechanisms or
treatments of AD: spontaneous model using Nc¢/Nga mouse in
conventional environment [16,17]; transgenic models that express
abnormal cytokine levels in mice [18,19]; and induced AD-like models
by repeated challenges with allergens (mite extracts [20-22] or
haptens [23-26]). Of these models, hapten-induced mice models are
advantageous with convenience, reproducibility and low cost [25],
but are not characterized by immunologic, epidermal structural and
biochemical abnormalities. Nevertheless, oxazolone-challenged skin
lesions in hairless mouse induced structural, immunologic and
biochemical similarities with human AD [25].

Ginsenoside Rh1 (Fig. 1), a bioactive component of ginseng, is one
of the widely used traditional herbs in Asia [27]. Ginsenoside Rh1 has
been reported to decrease the mortality due to anaphylaxis in mice
[28]; suppress iNOS expression in IFNy stimulated microglia [29];
inhibit histamine release from rat peritoneal mast cells [27]; and
decrease NO production in murine peritoneal macrophages [30].
However, the therapeutic effect of ginsenoside Rh1 in AD murine
model has not been reported.

In this study, oxazolone challenged hairless mice were used to
evaluate if ginsenoside Rh1 can alleviate AD as determined by clinical
signs, histology, cytokine (IL-4 and IFN<y) and Foxp3 expressions in
draining lymph nodes (DLN), IgE and proinflammatory cytokine (IL-
6) levels in serum.
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Ginsenoside Rh1

Fig. 1. Structure of ginsenoside Rh1.
2. Materials and methods
2.1. Animals

Female hairless mice, 5 weeks old, were purchased from Orient Co.
(Korea) and maintained under SPF (specific pathogen free) conditions
at 23 4 3 °C with 504 10% humidity. The mice were fed a laboratory
rodent diet and water ad libitum with a 12 h/12 h light/dark cycle. All
animal experiments were approved by the Institutional Animal Care
and Use Committee of Seoul National University.

2.2. Induction of AD-like skin lesions

After 1-week adaption, mice were randomly assigned to five
groups (group 1— naive, group 2— control, group 3— predinisolone,
group 4— Rh1 (10 mg/kg), and group 5— Rh1 (20 mg/kg)). Group 2-5
sensitized with 20 pul of 0.5% oxazolone (Sigma, USA) dissolved in
100% ethanol, and the group 1 (naive group) received 100% ethanol
vehicle only that were painted to right ear and dorsal. For the
subsequent seven weeks, the mice were challenged weekly with 60 pl
of 0.1% oxazolone painted to right ear (20 pl) and dorsal (40 pl), while
the naive group painted with 100% ethanol only. The experiment
schedule is summarized in Fig. 2.

2.3. Administration of predinisolone and ginsenoside Rh1

Ginsenoside Rh1 (98%, Cogon, China) was dissolved in vehicle (3%
Tween 80 (Sigma, USA) in PBS) and orally administrated at 10 mg/kg
or 20 mg/kg every day from third week to seventh week, while the
naive group and the control group were given vehicle only.
Predinisolone (99%, Sigma, USA), as a positive control, was also
dissolved in vehicle and administrated at 3 mg/kg daily from third
week to seventh week.

2.4. Evaluation of dermatitis score

Macroscopic assessment of the clinical conditions was evaluated
according to the method described by Matsuoka [20]. Briefly, severity
of clinical signs was determined by the sum of two signs: dryness/
scaling and erosion/excoriation/hemorrhage which were graded by 0
(no symptoms), 1 (mild), 2 (moderate) and 3 (severe).

2.5. Measurement of ear thickness

Four hours after each application of oxazolone, ear thickness of
each mouse was measured with a digital thickness gauge (Mitutoyo
Corp., Japan). Ear thickness was measured three times: at the
beginning of experiment (0 week); before oral administration
(3 week); at the end of oral administration (7 week).

2.6. Histological evaluation

Dorsal skin of each mouse was removed and fixed in 10% formalin.
Fixed tissues were embedded in paraffin and the sections were
stained with H&E and Toluidine blue (Xpath, Korea). Degranulated
mast cells were counted in Toluidine blue staining slides.

2.7. Organ weights

Right ear and total spleen of each mouse were removed and
weighed after sacrifice.

2.8. Total serum IgE levels

Blood samples were collected every week, and the levels of total
serum IgE were measured by IgE ELISA kit (BD Biosciences, USA),
following the manufacturer's instructions.

2.9. Serum IL-6 levels

Blood samples were collected at sacrifice, and the serum was used
to measure the concentration of IL-6. Serum IL-6 was measured by IL-
6 ELISA kit (BD Biosciences, USA) according to the manufacturer's
instructions.

2.10. Quantitative analysis of mRNAs in DLN

Total RNA was extracted from the draining lymph nodes of each
mouse using TRIzol reagent (Invitrogen, USA), and cDNA was
synthesized with reverse transcriptase primed with oligo(dT) primers
(PrimeScript 1st strand cDNA Synthesis Kit, Takara, Japan). Quanti-
tative real-time PCR (SYBR green, Takara, Japan) was performed by
ABI Setpone system (USA), and all the PCR procedurals using the
following conditions: 95 °C for 10 s, 95 °C for 5 s and 60 °C for 30 s up
to 40 cycles.

The following primers were used: murine IL-4 (forward) 5’-ACA
GGA GAA GGG ACG CCA T-3’ and (reverse) 5'-GAA GCC CTA CAG ACG
AGCTCA-3', IFNvy (forward) 5'-TCA AGT GGC ATA GAT GTG GAA GAA-3’
and (reverse) 5'-TGG CTCTGC AGG ATT TTC ATG-3’, Foxp3 (forward) 5’-
CCCATCCCCAGG AGT CTT G-3’ and (reverse) 5'-CCA TGA CTA GGG GCA
CTG TA-3’, and HPRT (forward) 5’-TTA TGG ACA GGA CTG AAA GAC-3’
and (reverse) 5'-GCT TTA ATG TAATCC AGCAGG T-3’. HPRT was used as
an endogenous control [15].

2.11. Statistical analysis

Results are presented as mean + SEM. Statistical significance was
determined by Student's t tests with p<0.05 as a significance level.

Sensitization Challenge Challenge & Oral administraion
o] 1 2 3 4 5 6 7 week
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Fig. 2. Schedule for whole experiment.
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Fig. 3. Clinical severity of AD-like skin lesions. a) Clinical scores were determined by the sum of the dryness/scaling and erosion/excoriation/hemorrhage, and graded as 0 (no
symptoms), 1 (mild), 2 (moderate) and 3 (severe). The score was evaluated before (3 week) and after (7 week) administration of vehicle, predinisolone (3 mg/kg) and Rh1 (10 mg/
kg or 20 mg/kg). The values are the mean+ SEM of six mice. *p<0.05: significantly different from the control group (Student's t-test). b) Skin features of mice at the end of

experiment (7 week). Images are representative of six mice.

3. Results
3.1. AD-like skin lesions

Dermatitis scores evaluated at the beginning (3-week) and at the
end (7-week) of oral administration revealed that predinisolone
(3 mg/kg) did not inhibit the development of AD-like skin lesions
compared with the control group (Fig. 3a). In comparison, ginseno-
side Rh1 significantly improved skin symptoms both at the dose of
10 mg/kg and 20 mg/kg. Dryness/scaling and erosion/excoriation/
hemorrhage were alleviated after Rh1 administration (Fig. 3b).

3.2. Ear swelling and ear weight

Before oral administration at 3 week, no significant differences
were observed in ear swelling among challenged groups. However,
after 4-week's administration, both predinisolone and ginsenoside
Rh1 (10 mg/kg, 20 mg/kg) suppressed ear swellings significantly
(p<0.05, Fig. 4a). Ear weight of ginsenoside Rh1 (20 mg/kg) group
was significantly lower than that of the control group, and it was
lowest in predinisolone group (Fig. 4b).

3.3. Infiltration of inflammatory cells

H&E staining of dorsal skin showed that repeated application of
oxazolone induced infiltration of inflammatory cells. Ginsenoside Rh1
inhibited the infiltration of inflammatory cells significantly at the dose
of 20 mg/kg but less pronounced at 10 mg/kg. Predinisolone did not
exhibit any considerable inhibitory effect (Fig. 5a).

3.4. Degranulation of mast cells

Infiltration and degranulation of mast cells in dorsal skin were
detected in Toluidine blue staining (Fig. 5b). The number of
degranulated mast cells in ginsenoside Rh1 and predinisolone groups
was significantly lower than the control group. Comparing three
treatment groups, high dose (20 mg/kg) of ginsenoside Rh1 was more
effective than the others (Fig. 5c).

3.5. Spleen weight
Predinisolone treatment significantly decreased spleen weight

(p<0.05) compared with naive group, while the other groups
markedly increased spleen weights (Fig. 6).
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Fig. 4. Ear thickness and ear weight. a) Ear thicknesses were measured 4 H after
application of oxazolone in 0, 3 and 7 week. b) Ear weight of each mouse was measured
after sacrifice. Each point represents the mean 4 SEM. Data are from six mice. *p<0.05,
**p<0.01, **p<0.001: significantly different from the control group (Student's t-test).

3.6. IgE levels in serum

Both ginsenoside Rh1 and predinisolone prevented the elevation
of IgE levels from fifth week (Fig. 7a). Compared with the control
group, IgE levels were significantly lower in ginsenoside Rh1 groups in
fifth week. Apparently ginsenoside Rh1 was more effective at the dose
of 20 mg/kg than at 10 mg/kg even though the difference was not
significant after fifth week. On the other hand, predinisolone
significantly decreased IgE concentrations from fifth week to seventh
week.

3.7. Serum IL-6 levels

The elevation of IL-6 concentration in serum was slightly
decreased by 10 mg/kg but inhibited significantly by 20 mg/kg of
ginsenoside Rh1. Predinisolone group exhibited significantly lower
concentration of IL-6 compared with the control group (Fig. 7b).

3.8. Relative mRNA expression of IL-4, IFN'y and Foxp3 in DLN

Ginsenoside Rh1 did not decrease mRNA expression of IL-4, but
increased the expression of [FNy and Foxp3 (p<0.05) at the dose of

20 mg/kg. On the contrary, predinisolone decreased IL-4 expression
and increased Foxp3 expression (p<0.05), while IFNvy expression in
predinisolone group did not differ from that in the control group
(Fig. 8).

4. Discussion

Atopic dermatitis (AD) is a complex inflammatory skin disease
that significantly affects the quality of life of patients whose
peripheral bloods often contain elevated levels of IgE [31,32]. Various
murine models have been used to study the mechanisms of human AD
and investigate preventive measures [20,23,24,26,33-35]. Since
oxazolone-induced skin lesions in hairless mouse exhibited structural,
immunologic and biochemical similarities with human AD [25], we
induced AD-like skin lesions in SKH1 mice by repeated challenges of
oxazolone. Consequently, AD-like skin lesions were observed (Fig. 3)
in company with the progressive increase of total IgE levels in serum
during the period of experiment (Fig. 7a). IgE is known to induce the
degranulation of mast cells and basophils, and participate in the
activation of macrophage/monocytes [36]. Therefore, elevated levels
of IgE render AD individuals susceptible to the manifestation of
inflammatory reactions [12]. Accordingly, reduction of IgE levels may
be a feasible way to treat AD. In this study, the elevation of IgE
concentrations (Fig. 7a) and the symptoms of skin regions (Fig. 3)
were considerably improved by ginsenoside Rh1, suggesting that the
reduction of IgE contributes to the alleviation of skin lesions to a
certain extent.

The regulation of IL-4 and IFNy, is the key point of Ty1/Ty2 balance
and, crucial for the maintenance of Ty cell homeostasis [12]. [FN7y is a
signature cytokine of Ty1 differentiation, suppresses the activity of IL-4
which promotes proliferation of Ty;2 lineages and isotype switching to
IgE [12,36]. PBMCs from AD patients tend to produce increased level of
IL-4 and decreased level of I[FNvy [37,38]. Likewise, repeated challenges
of oxazolone in hairless mice induced elevated expression of IL-4 and
reduced expression of IFNy in DLN (Fig. 8a and b), both of which are
thought to be related to the increased IgE levels in serum [38]. In the
present study, ginsenoside Rh1 did not decrease IL-4 expression
markedly, but promoted the expression of IFNvy in DLN (p<0.05,
Fig. 8a and b). The results demonstrated that inhibition of IgE elevation
by ginsenoside Rh1 might be due to the up-regulation of IFN<y
expression.

Ginsenoside Rh1 has been reported by Park et al. and Kim et al.
[27,28] to inhibit anaphylaxis in mice and decrease histamine release
from rat mast cells. Consistent with these results, ginsenoside Rh1
suppressed the degranulation of mast cells in inflammatory regions in
the present study (Fig. 5¢). Moreover, ginsenoside Rh1 inhibited the
infiltration of inflammatory cells in skin lesions (Fig. 5a). These results
could be explained by the reduction of cell adhesion molecules in
monocytes by ginsenoside Rh1 [39]. Besides, inflammation of ear tissues
was remarkably improved by treatment of ginsenoside Rh1 (Fig. 4),
similarly to the result of Yong-Wook Shin et al. [40]. Taken together, it is
conceivable that ginsenoside Rh1 performs anti-inflammatory effect in
local regions by the inhibition of histamine release from mast cells and
cell adhesion of monocytes to endothelium to some degree.

Interestingly predinisolone did not alleviate the symptoms and
inflammation of AD-like skin lesions despite of IgE and IL-4 down
regulation (Figs. 3, 7a, 8a). Predinisolone group resulted in significantly
lower spleen weight than naive group (Fig. 6), which evidenced that
predinisolone decreased the number of spleenocytes even in the case of
hypersensitivity. Predinisolone, a synthetic corticosteroid drug, sup-
presses the immune response, but comes with many side effects
including elevated susceptibility to infections in patients [41]. In our

Fig. 5. Histology of dorsal skin lesions. a) H&E staining, and b) Toluidine blue staining. Dorsal skin of each mouse was removed and fixed for staining. Images are representative of four
mice. Original magnification x 400. ¢) The number of degranulated mast cells. Mast cells were counted in the slide of Toluidine blue staining at the magnification of x 400. Each point
represents the mean 4 SEM. Data are from four mice. *p<0.05, **p<0.01: significantly different from the control group (Student's t-test).
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Fig. 6. Spleen weight. Spleen weight of each mouse was measured after sacrifice. Each
point represents the mean+SEM. Data are from six mice. *p<0.05, **p<0.01:
significantly different from the naive group (Student's t-test).

result, the spleen weight of predinisolone group was much lower than
that of the naive group, which alludes immune suppression by
predinisolone (Fig. 6). It is evident that decreased lymphocytes number
is not sufficient to suppress the inflammation in the local region. In
contrast, the spleen weight of ginsenoside Rh1 group was higher than
that of the naive group but slightly lower than that of the control group
(notsignificant). The improvement of immune disorders by ginsenoside
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ELISA. Each point represents the mean 4+ SEM. Data are from five to six mice. *p<0.05,
**p<0.01: significantly different from the control group (Student's t-test).
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Fig. 8. Relative mRNA expression of IL-4, IFNy and Foxp3 in DLN. a) IL-4, b) IFNv, and c)
Foxp3. DLN of each mouse was removed then homogenized to isolate mRNAs. Reverse
transcription and real-time PCR were performed to evaluate the relative mRNA
expression in DLN. HPRT was used as an endogenous control. Each point represents the
mean + SEM. Data are from three to six mice. *p<0.05, ***p<0.001, ****p<0.0001:
significantly different from the control group (Student's t-test).

Rh1 may suggest that its mechanism of suppressing immune system
differs from that by predinisolone.

IL-6, a proinflammatory cytokine, is originally known as a B-cell
differentiation factor [42]. In chronic inflammation, IL-6 attracts
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mononuclear cells to the inflammatory site, and then the accumulation
of mononuclear cells increases IL-6 levels in blood. Therefore, IL-6 is
considered to be an effective mediator in chronic inflammation [43]. It
has been reported that IL-6 concentration in peripheral blood was
increased in Nc/Nga mice challenged by Dermatophagoides pteronyssinus
[44], which is consistent with our result that IL-6 levels were elevated
after multiple applications of oxazolone (Fig. 7b). Nevertheless,
ginsenoside Rh1 significantly suppressed the increase of IL-6 in serum
after 4-week's administration (Fig. 7b). Considering IL-6 is an activator
of inflammation in chronic stage, we suggest that IL-6 down regulation
played a role in the alleviation of skin inflammation.

Recently, Tr.gs are considered to be an important regulator in
immune disorders, such as Ty1-mediated IBD and Ty2-mediated AD
[15]. Tregs highly express transcription factor Foxp3, which is
significant for the development and function of Tregs [45]. In this
study, the expression of Foxp3 in DLN was decreased in the control
group, but it was up-regulated significantly by ginsenoside Rhl
(Fig. 8c). The expression and function of Foxp3 have been reported to
be inhibited by IL-6 [46,47], and thus we may speculate that the
reduction of IL-6 levels had affected the elevation of Foxp3 expression.
Consequently, Tegs might have played a role in the tolerance of
immune disorders and improved the inflammatory status of skin in
Rh1 fed mice.

In conclusion, ginsenoside Rh1 alleviated the symptoms of AD-like
skin lesions accompanied with decrease of IgE and IL-6 concentrations
in serum, improvement of inflammation in skin regions, and up-
regulation of Foxp3 expressions in DLN. In addition, our study
presented evidence that ginsenoside Rh1 may be therapeutically
useful as modulator of immune diseases such as AD.

Acknowledgement

This work was supported by the Gangwon Regional Innovation
Agency, Ministry of Knowledge Economy and the Small and Medium
Business Administration, Korea (S1072365). We acknowledge Professor
Won 0. Song, Michigan State University, USA for the general reviews of
the manuscript.

References

[1] Cork M], Danby SG, Vasilopoulos Y, Hadgraft J, Lane ME, Moustafa M, et al.
Epidermal barrier dysfunction in atopic dermatitis. ] Invest Dermatol 2009;129:
1892-908.

[2] Leung DYM, Bieber T. Atopic dermatitis. Lancet 2003;361:151-60.

[3] von Mutius E. The environmental predictors of allergic disease. J Allergy Clin
Immunol 2000;105:9-19.

[4] Lewis-Jones S. Quality of life and childhood atopic dermatitis: the misery of living
with childhood eczema. Int J Clin Pract 2006;60:984-92.

[5] Strachan DP. Hay fever, hygiene, and household size. Br Med ] 1989;299:1259-60.

[6] Emanuel MB. Hay fever, a post industrial revolution epidemic: a history of its
growth during the 19th century. Clin Exp Allergy 1988;18:295-304.

[7] Akdis M, Akdis C, Weigl L, Disch R, Blaser K. Skin-homing, CLA+ memory T cells
are activated in atopic dermatitis and regulate IgE by an IL-13-dominated cytokine
pattern: IgG4 counter-regulation by CLA-memory T cells. ] Immunol 1997;159:
4611-9.

[8] van Reijsen FC, Bruijnzeel-Koomen CAFM, Kalthoff FS, Maggi E, Romagnani S,
Westland JKT, et al. Skin-derived aeroallergen-specific T-cell clones of Th2 phenotype
in patients with atopic dermatitis. ] Allergy Clin Immunol 1992;90:184-93.

[9] Del Prete G, Maggi E, Parronchi P, Chretien I, Tiri A, Macchia D, et al. IL-4 is an
essential factor for the IgE synthesis induced in vitro by human T cell clones and
their supernatants. ] Immunol 1988;140:4193-8.

[10] Punnonen J, Aversa G, Cocks BG, McKenzie AN, Menon S, Zurawski G, et al.
Interleukin 13 induces interleukin 4-independent IgG4 and IgE synthesis and
CD23 expression by human B cells. Proc Natl Acad Sci USA 1993;90:3730-4.

[11] Lopez AL, Sanderson CJ, Gamble JR, Campbell HD, Young IG, Vardas MA.
Recombinant human interleukin 5 is a selective activator of human eosinophil
function. ] Exp Med 1988:167.

[12] Kindt TJ, Goldsby RA, Osborne BA. Immunology. 6 ed. New York: W.H. Freeman
and Company; 2007.

[13] Szegedi A, Barath S, Nagy G, Szodoray P, Gal M, Sipka S, et al. Regulatory T cells in

atopic dermatitis: epidermal dendritic cell clusters may contribute to their local :

expansion. Br ] Dermatol 2009;160:984-93.

[14] Wing K, Sakaguchi S. Regulatory T cells exert checks and balances on self tolerance
and autoimmunity. Nat Immunol 2010;11:7-13.

[15] Kwon H-K, Lee C-G, So J-S, Chae C-S, Hwang J-S, Sahoo A, et al. Generation of
regulatory dendritic cells and CD4+Foxp3+ T cells by probiotics administration
suppresses immune disorders. Proc Natl Acad Sci 2010;107:2159-64.

[16] Matsuda H, Watanabe N, Geba GP, Sperl J, Tsudzuki M, Hiroi ], et al. Development 3
of atopic dermatitis-like skin lesion with IgE hyperproduction in NC/Nga mice. Int

Immunol 1997;9:461-6.
[17] Aioi A, Tonogaito H, Suto H, Hamada K, Ra C, Ogawa H, et al. Impairment of skin

barrier function in NC/Nga Tnd mice as a possible model for atopic dermatitis. Br]

Dermatol 2001;144:12-8.

[18] Chan LS, Robinson N, Xu L. Expression of Interleukin-4 in the Epidermis of
Transgenic Mice Results in a Pruritic Inflammatory Skin Disease: An Experimental
Animal Model to Study Atopic Dermatitis. 2001;117:977-83.

[19] Konishi H, Tsutsui H, Murakami T, Yumikura-Futatsugi S, Yamanaka K-i, Tanaka M,

et al. [L-18 contributes to the spontaneous development of atopic dermatitis-like :

inflammatory skin lesion independently of IgE/stat6 under specific pathogen-free
conditions. Proc Natl Acad Sci USA 2002;99:11340-5.

[20] Matsuoka H, Maki N, Yoshida S, Arai M, Wang ], Oikawa Y, et al. A mouse model of :
the atopic eczema/dermatitis syndrome by repeated application of a crude extract

of house-dust mite Dermatophagoides farinae. Allergy 2003;58:139-45.
[21] Gao XK, Nakamura N, Fuseda K, Tanaka H, Inagaki N, Nagai H. Establishment of

allergic dermatitis in NC/Nga mice as a model for severe atopic dermatitis. Biol :

Pharm Bull 2004;27:1376-81.

[22] Kang ]S, Lee K, Han SB, Ahn JM, Lee H, Han MH, et al. Induction of atopic eczema/ 3
dermatitis syndrome-like skin lesions by repeated topical application of a crude :

extract of Dermatophagoides pteronyssinus in NC/Nga mice. Int Immunopharmacol
2006;6:1616-22.
[23] Matsumoto K, Mizukoshi K, Oyobikawa M, Ohshima H, Tagami H. Establishment of

an atopic dermatitis-like skin model in a hairless mouse by repeated elicitation of 3

contact hypersensitivity that enables to conduct functional analyses of the
stratum corneum with various non-invasive biophysical instruments. Skin Res
Technol 2004;10:122-9.

[24] Lee JH, Jung K-M, Bae I-H, Cho S, Seo D-B, Lee S-], et al. Anti-inflammatory and :
barrier protecting effect of Lithospermum erythrorhizon extracts in chronic

oxazolone-induced murine atopic dermatitis. ] Dermatol Sci 2009;56:64-6.
[25] Man M-Q, Hatano Y, Lee SH, Man M, Chang S, Feingold KR, et al. Characterization of

a hapten-induced, murine model with multiple features of atopic dermatitis: :
structural, immunologic, and biochemical changes following single versus 3¢

multiple oxazolone challenges. ] Invest Dermatol 2007;128:79-86.
[26] Kim T-H, Jung J-A, Kim G-D, Jang A-H, Cho J-J, Park YS, et al. The histone

deacetylase inhibitor, trichostatin A, inhibits the development of 2, 4-dinitro- :
fluorobenzene-induced dermatitis in NC/Nga mice. Int Immunopharmacol :

2010;10:1310-5.

[27] Park E-K, Choo M-K, Han MJ, Kim D-H. Ginsenoside Rh1 possesses antiallergic and 3

anti-inflammatory activities; 2004.

[28] Kim M, Kwon B, Park M, Ji G. Isolation of ginsenoside Rh1 and compound K from :

fermented ginseng and efficacy assessment on systemic anaphylactic shock. Food
Sci Biotechnol 2008 17:000.

[29] Jung J-S, Kim D-H, Kim H-S. Ginsenoside Rh1 suppresses inducible nitric oxide
synthase gene expression in [FN-[gamma]-stimulated microglia via modulation of

JAK/STAT and ERK signaling pathways. Biochem Biophys Res Commun 2010;397: <

323-8.

[30] Park YC, Lee CH, Kang HS, Kim KW, Chung HT, Kim HD. Ginsenoside-Rh1 and Rh2
inhibit the induction of nitric oxide synthesis in murine peritoneal macrophages.
[UBMB Life 1996;40:751-7.

[31] Mark B, Donald YML. Recent insights into atopic dermatitis and implications for
management of infectious complications. ] Allergy Clin Immunol 2010;125:4-13.

[32] Leung DYM, Boguniewicz M, Howell MD, Nomura I, Hamid QA. New insights into
atopic dermatitis. ] Clin Investig 2004;113:651-7.

[33] Joo SS, Won TJ, Nam SY, Kim YB, Lee YC, Park SY, et al. Therapeutic advantages of
medicinal herbs fermented with Lactobacillus plantarum, in topical application and
its activities on atopic dermatitis. Phytother Res 2009;23:913-9.

[34] Oshio T, Sasaki Y, Funakoshi-Tago M, Aizu-Yokota E, Sonoda Y, Matsuoka H, et al.

Dermatophagoides farinae extract induces severe atopic dermatitis in NC/Nga 4

mice, which is effectively suppressed by the administration of tacrolimus
ointment. Int Immunopharmacol 2009;9:403-11.

[35] Jiang], Yamaguchi T, Funakushi N, Kuhara T, Fan P-s, Ueki R. Oral administration of
Yokukansan inhibits the development of atopic dermatitis-like lesions in isolated
NC/Nga mice. ] Dermatol Sci 2009;56:37-42.

[36] Leung DYM. Atopic dermatitis: the skin as a window into the pathogenesis of
chronic allergic diseases. ] Allergy Clin Immunol 1995;96:302-19.

[37] Renz H, Jujo K, Bradley KL, Domenico ], Gelfand EW, Leung DYM. Enhanced IL-4
production and IL-4 receptor expression in atopic dermatitis and their modulation
by interferon-gamma. | Investig Dermatol 1992;99:403-8.

[38] Reinhold U, Pawelec G, Wehrmann W, Herold M, Wernet P, Kreysel HW. -
Immunoglobulin E and immunoglobulin G subclass distribution in vivo and <

relationship to in vitro generation of interferon-gamma and neopterin in patients
with severe atopic dermatitis. Int Arch Allergy Immunol 1988;87:120-6.

[39] Byung Hun Kim-Jae Youl C. Regulatory effect of ginsenosides Rh1 on monocytic
U937 cell adhesion. ] Ginseng Res 2009;33:324-9.

[40] Yong-Wook Shin E-AB, Sung-Soo Kim, Young-Chul Lee, Boo-Young Lee, Dong- 4

Hyun Kim. The effects of ginsenoside Re and its metabolite, ginsenoside Rh1, on

Please cite this article as: Zheng H, et al, Oral administration of ginsenoside Rh1 inhibits the development of atopic dermatitis-like skin
lesions induced by oxazolone in hai..., Int Immunopharmacol (2011), doi:10.1016/j.intimp.2010.12.022

Q1


http://dx.doi.org/10.1016/j.intimp.2010.12.022

8 H. Zheng et al. / International Immunopharmacology xxx (2011) xXx-Xxx

12-o-tetradecanoylphorbol 13-acetate- and oxazolone-induced mouse dermatitis
models. Planta Med 2006;72:376-8.

[41] DaSilva JAP, Jacobs JWG, Kirwan JR, Boers M, Saag KG, Inés LBS, et al. Safety of low
dose glucocorticoid treatment in rheumatoid arthritis: published evidence and
prospective trial data. Ann Rheum Dis 2006;65:285-93.

[42] Ishihara K., Hirano T. IL-6 in autoimmune disease and chronic inflammatory
proliferative disease. Cytokine & Growth Factor Reviews. 13:357-68.

[43] Gabay C. Interleukin-6 and chronic inflammation. Arthritis Res Ther 2006;8:S3.

[44] Yun M-Y, Yang J-H, Kim D-K, Cheong K-J, Song H-H, Kim D-H, et al. Therapeutic
effects of Baicalein on atopic dermatitis-like skin lesions of NC/Nga mice induced
by Dermatophagoides pteronyssinus. Int Inmunopharmacol 2010;10:1142-8.

[45] Ziegler SF. FOXP3: of mice and men. Annu Rev Immunol 2006;24:209-26. 446
[46] Weaver CT, Hatton RD. Interplay between the TH17 and TReg cell lineages: a (co-) 447
evolutionary perspective. Nat Rev Immunol 2009;9:883-9. 448

[47] Samanta A, Li B, Song X, Bembas K, Zhang G, Katsumata M, et al. TGF-p and IL-6 449
signals modulate chromatin binding and promoter occupancy by acetylated 450
FOXP3. Proc Natl Acad Sci 2008;105:14023-7. 451

Please cite this article as: Zheng H, et al, Oral administration of ginsenoside Rh1 inhibits the development of atopic dermatitis-like skin
lesions induced by oxazolone in hai..., Int Immunopharmacol (2011), doi:10.1016/j.intimp.2010.12.022



http://dx.doi.org/10.1016/j.intimp.2010.12.022

	Oral administration of ginsenoside Rh1 inhibits the development of atopic dermatitis-like skin lesions induced by oxazolone...
	Introduction
	Materials and methods
	Animals
	Induction of AD-like skin lesions
	Administration of predinisolone and ginsenoside Rh1
	Evaluation of dermatitis score
	Measurement of ear thickness
	Histological evaluation
	Organ weights
	Total serum IgE levels
	Serum IL-6 levels
	Quantitative analysis of mRNAs in DLN
	Statistical analysis

	Results
	AD-like skin lesions
	Ear swelling and ear weight
	Infiltration of inflammatory cells
	Degranulation of mast cells
	Spleen weight
	IgE levels in serum
	Serum IL-6 levels
	Relative mRNA expression of IL-4, IFNγ and Foxp3 in DLN

	Discussion
	Acknowledgement
	References


