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Korean red ginseng (KRG) and ginsenosides exhibit diverse biological effects, including
anti-inflammatory and anti-allergic. We aimed to investigate the therapeutic effect of
KRG in a murine model of atopic dermatitis (AD) is mediated whether by diminishing the
pruritus or by suppressing the inflammation. Thirty NC/Nga mice were randomly divided to
5 groups. AD-like skin lesions were induced by percutaneous challenge with 2,4,6-trinitro-
1-chrolobenzene (TNCB) on the ears and backs of NC/Nga mice. KRG extract, evening
primrose oil, cyclosporine, and phosphate-buffered saline were administered orally by a
gastric tube. Each study group was also divided into scratching-permitted and scratching-
restricted subgroups to evaluate the impact of scratching behavior on AD. The effects of
KRG and the other agents were assessed by measuring the clinical severity score, ear
thickness, extent of transepidermal water loss (TEWL), number of scratching movements,
total systemic immunoglobulin E (IgE) and interleukin (IL)-31 levels, histologic changes of
cutaneous lesions, and mRNA expression levels of tumor necrosis factor (TNF)-a, interferon
(IFN)-y, thymic stromal lymphopoietin (TSLP), and IL-31. KRG exerts therapeutic effects
against AD by inhibiting the T helper 2 (Th2) mediated inflammation as well as by
diminishing the itching sensation. Moreover, restricting scratching behavior suppresses the
vicious cycle of itching and scratching, thus reducing clinical and systemic inflammation in

our murine model of AD.
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INTRODUCTION

Itching is the most serious clinical symptom and a major diag-
nostic criterion of atopic dermatitis (AD) (1). Itching provokes
the scratch reflex; this reflex is harmful because the itching-scra-
tching cycle aggravates the existing skin lesions (2). Scratching
behavior not only intensifies pruritus, but also further compro-
mises the skin barrier and induces inflammation (3). Control-
ling inflammation and the sensation of abnormal itching are
important for successfully managing AD (4). Several studies
have shown that red ginseng has anti-inflammatory and anti-
allergic properties (5-9). However, few studies have determined
whether red ginseng has an anti-pruritic effect.

We previously examined the effects of systemic administra-
tion of Korean red ginseng (KRG) on a 2,4,6-trinitro-1-chrolo-
benzene (TNCB)-induced model of AD in NC/Nga mice and
found that KRG prevented the development of acute AD-like
lesions and the late onset of chronic AD-like lesions in NC/Nga
mice model (7,8). KRG extract significantly reduced the total
clinical severity score and the level of systemic immunoglobu-
lin E (IgE) in a mouse model of AD. In the chronic stage, oral
administration of KRG not only reduced the T helper 1 (Th1)-

© 2017 The Korean Academy of Medical Sciences.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

mediated response, demonstrated by the reductions in tumor
necrosis factor (TNF)-a and interferon (IFN)-y levels, but also
inhibited regulatory T (Treg) cells and Langerhans cells (LCs)
(7). Oral administration of KRG was found to partially suppress
thymic stromal lymphopoietin (TSLP), dendritic cells (DCs),
and the T helper 2 (Th2) response of early AD-like skin lesions
in NC/Nga mice (8).

The authors attempted to identify whether the therapeutic
effects of KRG on AD is the anti-inflammatory effect on the pri-
mary inflammatory process or is mediated by reducing itching
to decrease the secondary inflammation by itch-scratch cycle
in this experiment. In the present study, we developed a novel
method of protecting the skin from scratching.

MATERIALS AND METHODS

Animals

Thirty SPF NC/Nga female mice (5 weeks old) were purchased
from Charles River Laboratories (Kanagawa, Japan) and housed
at 22°C with a 12 hours light-dark cycle. Food and water were
freely available.
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Induction of AD-like skin lesions

TNCB was purchased from Sigma (St. Louis, MO, USA) and used
to induce AD-like skin lesions as previously described (7,8). Brief-
ly, the abdomen of each mouse was sensitized epicutaneously
with 150 pL of 5% TNCB dissolved in a 4:1 mixture of ethanol
and acetone. On day 7 postsensitization, the dorsal skin and
ears of the mice were challenged with 190 pL of 1% TNCB dis-
solved in a 4:1 mixture of acetone and olive oil. Three days after

Oral administration of drugs

the first challenge, a 1% TNCB solution was repeatedly applied
to the dorsal skin and ears. The study design is summarized in
Fig. 1.

Animal groups and drugs

Thirty mice were divided randomly into 5 groups: AD control,
KRG-treated (KRG), cyclosporine-treated (cyclosporine), eve-
ning primrose oil-treated (EPO), and sham. Each experimental

1% TNCB challenge 2

5% TNCB sensitization 1% TNCB challenge 1
T | | | | | | | |
| | | | | | | | |
Day 0 1 2 3 4 5 6 7 8 9 10

Baseline monitor of
scratching behavior

2 hr after TNCB challenge
- Monitor of scratching behavior
- Measurement of ear thickness & TEWL
- Skin biopsy

Fig. 1. Summary of the study design.
TNCB = 2,4,6-trinitro-1-chrolobenzene, TEWL = transepidermal water 10ss.

Thirty NC/Nga mice

v

Divided to five experimental groups
(Six mice in each group)

« Sham group
:PBS 2 mL

- KRG-treated group
: 200 mg/kg KRG with TNCB challenge

« EPO-treated group
: 50 mg/kg EPO with TNCB challenge

« Cyclosporine-treated group
: 2.5 mg/kg cyclosporine with TNCB challenge

« AD control group
: PBS 2 mL with TNCB challenge

v

Each group divided to two sub-groups
(Three mice in each sub-group)

« The first subgroup (scratching-permitted) o
« The second subgroup (scratching-restricted)

l

2 hr after TNCB challenge
- Monitor of scratching behavior
- Measurement of ear thickness & TEWL
- Skin biopsy
- Blood collection and sacrifice

VR R > o

Fig. 2. Description of mouse experiment and gross view of mice. (A) Animal groups. (B) A custom-designed plastic chamber affixed to scratching-restricted mice backs before

starting the experiment.

TNCB = 2,4,6-trinitro-1-chrolobenzene, PBS = phosphate-buffered saline, KRG = Korean red ginseng, EPO = evening primrose oil, AD = atopic dermatitis.
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group consisted of 6 mice. The AD control and sham group re-
ceived 0.2 mL phosphate-buffered saline (PBS). The KRG, cy-
closporine, and EPO groups were orally administered 200 mg/
kg KRG, 2.5 mg/kg cyclosporine, and 50 mg/kg EPO for 10 days,
respectively and they did not received PBS. The AD control, KRG,
cyclosporine, and EPO groups was applied TNCB on the back
and ears. The sham group received only PBS (0.2 mL) by a gas-
tric tube without TNCB challenge.

Each study group was divided into 2 subgroups (Fig. 2A). Mice
in the first subgroup (scratching-permitted) were allowed to
freely scratch their TNCB-induced AD-like dorsal lesions. In
contrast, mice in the second subgroup (scratching-restricted)
were prevented from scratching their skin via a custom-designed
plastic chamber affixed to their backs before starting the experi-
ment (Fig. 2B). Each subgroup consisted of 3 mice. The scratch-
ing-restricted subgroups are designated with the “@” symbol
after the drug names in the figures.

The KRG extract was manufactured from the roots of a 6-year-
old fresh ginseng plant (Panax ginseng Meyer). The ginseng was
harvested in the Republic of Korea by the Korea Ginseng Cor-
poration (Seoul, Korea). The resultant KRG extract was analyzed
via high-performance liquid chromatography. The KRG extract
contained major ginsenosides, including -Rgl: 1.79 mg/g, -Rb1:
7.44 mg/g, -Rgl1+Rb1: 9.23 mg/g, -Rg3S: 1.39 mg/g, —Re:1.86
mg/g, —Rc: 3.04 mg/g, -Rb2: 2.59 mg/g, -Rd: 0.91 mg/g, -Rf:
1.24 mg/g, -Rh1: 1.01 mg/g, and -Rg2S: 12.04 mg/g, in addition
to other minor ginsenosides. Cyclosporine (Cipol-N*®) was pur-
chased from Chong Kun Dang (Seoul, Korea); EPO (Evoprim®)
was obtained from Dalim Biotech (Seoul, Korea).

Measurement of spontaneous scratching behavior

AD-like skin lesions and scratching behavior were induced by
repeated application of TNCB solution onto the ears and backs
of NC/Nga mice as previously described (7,8). Baseline sponta-
neous scratching movements were obtained by recording the
scratching movements on the abdomen for 2 hours after TNCB
sensitization (day 6). On days 7 and 10, scratching behavior was
monitored by video for 2 hours after 1% TNCB challenge on the
ears and back. The number of scratching movements after chal-
lenge was compared with baseline measurements.

Measurement of total clinical severity score and ear
thickness

The severity of AD was evaluated by scoring clinical signs and
symptoms as previously described (7,8). The total clinical se-
verity score was defined as the sum of the scores for erythema/
hemorrhage, edema, excoriation/erosion, and scaling/dryness
on the following scale: 0 (none), 1 (mild), 2 (moderate), and 3
(severe). Assessment was performed by an investigator who was
blinded to group assignment. Ear thickness was measured us-
ing a dial caliper (Kori Seiki MFG, Tokyo, Japan) on day 0 to ob-
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tain a baseline measurement and then again on days 7 and 10
after TNCB challenge on the ears and back.

Measurement of transepidermal water loss (TEWL)

TEWL was assessed on the dorsal skin of the NC/Nga mice us-
ing a VapoMeter instrument (Delfin Technologies, Kuopio, Fin-
land). TEWL was measured at baseline (day 0) and on days 7
and 10.

Tissue samples and histopathologic examination

On days 7 and 10, 4 mm punch biopsies were performed on the
backs of mice and tissue samples were also excised from each
ear. The samples were fixed in 4% paraformaldehyde (PFA) for
hematoxylin and eosin (H & E) and toluidine blue staining. Sec-
tions were evaluated at x 400 magnification in 3 consecutive
microscopic fields for quantitative analysis.

Reverse transcription-polymerase chain reaction (RT-PCR)
The expression levels of various mRNA transcripts were deter-
mined by RT-PCR using the following primers: TNF-a (forward:
5’-CAGGCGGTGCCTATGTCTC-3, reverse: 5'-CGATCACCCC-
GAAGTTCAG-TAG-3'), TSLP (forward: 5'-ACTGCAACTTCAC-
GTCAATTACG-3, reverse: 5-TTGCTCGAACTTAGCCCCTTT-
3), Interleukin (IL)-31 (forward: 5'-ATACAGCTGCCGTGTTT-
CAG-3 reverse: 5'-AGCCATCTTATCACCCAAGAA-3'), and IFN-y
(forward: 5’-TACACACTGCATCTTGGCTTTG-3, reverse: 5'-CTT-
CCACATCTATGCCACTTGAG-3'). RT-PCR analysis was perform-
ed on an Applied Biosystems 7900HT Fast RT-PCR System (Ther-
mo Fisher Scientific Inc., Waltham, MA, USA). Reactions were
set up in a total volume of 20 pL using 0.5 pL of cDNA and 10 pL
of FastStart Universal SYBR Green Master Mix (Roche, Mannheim,
Germany). For amplification, the samples were heated to 50°C
for 2 minutes, to 95°C for 10 minutes, and then subjected to 40
of the following thermocycles: 95°C for 30 seconds, 60°C for 30
seconds, and 72°C for 30 seconds.

Enzyme-linked immunosorbent assay (ELISA)

Blood samples were collected from the retro-orbital plexus us-
ing heparinized glass capillary tubes at the end of the experiment.
Serum was obtained by centrifugation and stored at —20°C until
use. Serum concentrations of total IgE and IL-31 were determin-
ed using a mouse IgE ELISA kit (Bethyl, Montgomery, TX, USA)
and a mouse IL-31 ELISA kit (R & D Systems, Minneapolis, MN,
USA), respectively, according to the manufacturers’ instructions.

Statistical analysis

The significance of differences among experimental groups was
examined using Student’s t-test and analysis of variance (ANO-
VA). Treatment group comparisons were evaluated using ANO-
VA. For subgroup comparison in each group and comparison
of the KRG group and other groups we used the Student’s t-test.
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All calculations were performed in SPSS v19.0 (SPSS Inc., Chi-
cago, IL, USA) and all values are expressed as mean + standard
error of the mean (SEM). P values less than 0.05 were consid-
ered statistically significant.

Ethics statement
The animal care, handling and experimental procedures were
carried out in accordance with a protocol approved by the Ani-
mal Care and Use Committee of Catholic University in Korea
(CIMH-2013-010).

RESULTS

KRG, EPO, and cyclosporine effectively suppressed
AD-like symptoms are evoked by TNCB challenge

AD-like symptoms such as erythema, edema, excoriation, dry-
ness, and scaling appeared after sensitization and percutane-
ous challenge with TNCB on the backs and ears of NC/Nga mice.
Total clinical severity scores of the KRG, EPO, cyclosporine, and
AD control groups were significantly increased compared with
those of the sham group on days 7 and 10 (P < 0.001). Moreover,
total clinical severity scores were significantly elevated in the
AD control group compared with the sham, KRG, EPO, and cy-
closporine groups on day 7 and compared with the sham, KRG,
and cyclosporine groups on day 10 (P < 0.001; Fig. 3A). System-
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ic administration of KRG, effectively suppressed clinical symp-
toms compared with the EPO group on day 7 (3.00 + 0.26 vs.
4.00 + 0.37, P = 0.049) and compared with the EPO and cyclo-
sporine groups on day 10 (7.00 + 0.37 vs. 10.00 + 0.37, P < 0.001
and 7.00 + 0.37 vs. 8.00 + 0.26, P = 0.049, respectively). Clinical
severity scores were also significantly higher in the scratching-
permitted subgroups on day 10 in both the KRG and EPO groups
(7.67 £ 0.33vs.6.33 + 0.33, P = 0.047 and 10.67 + 0.33vs. 9.33 +
0.33, P = 0.047, respectively). In general, clinical severity scores
tended to be higher in the scratching-permitted subgroups than
in the scratching-restricted subgroups, although these differenc-
es were not always statistically significant.

KRG treatment reduces scratching behaviors in TNCB-
induced NC/Nga mice
We monitored the scratching behavior of each group to deter-
mine the effect of each agent on pruritus. To clinically evaluate
the extent of pruritus, we monitored scratching movements at
baseline before TNCB challenge (day 6) and for 2 hours after
TNCB challenge (days 7 and 10). This approach was based on a
previous study by Inagaki et al. (10) showing that most scratch-
ing movements occurred in the first hour after initial 2,4-dini-
trofluorobenzene (DNFB) challenge and in the first 2 hours af-
ter the ninth challenge.

The number of scratching movements increased over time
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Fig. 3. Comparison of therapeutic effects of KRG, EPO, and cyclosporine. (A) Total clinical severity score. (B) Scratching counts. (C) The ear thickness. (D) TEWL of back. All group

values are expressed as mean+SEM.

KRG = Korean red ginseng, EPO = evening primrose oil, TEWL = transepidermal water loss, SEM = standard error of the mean, ANOVA = analysis of variance, AD = atopic

dermatitis.

*P < 0.05 compared with the AD control group (n = 6; ANOVA). TP < 0.05 compared with the KRG group (n = 6, t-test).
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after the first TNCB challenge. The sham (4.00 + 0.45), KRG (22.17
+1.17), EPO (24.33 + 1.63), and cyclosporine (28.67 + 0.84) groups
exhibited significantly less scratching movements compared
with the AD control group (37.00 + 3.11) on day 7 after the first
percutaneous challenge of TNCB (sham, KRG, and EPO P < 0.001,
and cyclosporine P = 0.019; Fig. 3B). On day 7, the KRG group
had significantly lower scratching counts compared to the EPO
group (P = 0.001). On day 10, KRG mice exhibited fewer scratch-
ing movements (33.17 + 1.35) compared to EPO (41.67 + 3.10)
and cyclosporine (42.50 + 2.29) mice (P = 0.041 and P = 0.006,
respectively). These results suggest that systemic administra-
tion of KRG has anti-pruritic effects in our mouse model of AD.
Significant differences were also observed between the 2 AD
subgroups on day 7 (scratching permitted subgroup 43.33 + 2.60
vs. scratching-restricted subgroup 30.67 + 1.20, P = 0.012) and
in the 2 EPO subgroups group on day 10 (scratching permitted
subgroup 48.33 + 2.08 vs. scratching-restricted subgroup 35.33
+1.86, P = 0.010). The number of scratching movements was
also lower in other scratching-restricted subgroups, although
these differences were not significant.

Treatment with KRG and cyclosporine significantly
reduces ear thickness

The mean ear thickness increased over time from day 0 to day
10 after initial TNCB application. Ear thickness of the KRG (0.27
+0.01 cm) and cyclosporine (0.27 + 0.02 cm) groups was sig-
nificantly decreased on day 7 compared with the AD control
group (0.34 + 0.03 mm; P = 0.017 and P = 0.020, respectively;
Fig. 3C). Thus, both KRG and cyclosporine exert anti-inflam-
matory effects when administered systemically. Significant dif-
ferences were also observed between the 2 AD subgroups on
day 7 (scratching-permitted subgroup 0.32 + 0.01 mm vs. scratch-
ing-restricted subgroup 0.36 + 0.01 mm, P = 0.031). No signifi-
cant differences were observed between the scratching-permit-
ted and scratching-restricted subgroups within the sham, KRG,

Sham ] ) KRG

EPO, and cyclosporine groups on day 7 and within all groups
on day 10, presumably because the ears were not protected from
scratching.

KRG treatment prevented TEWL increase

We measured TEWL on the backs of NC/Nga mice on day 0 (base-
line), day 6 (before the first TEWL challenge), day 7 (2 hours af-
ter the first TEWL challenge), and day 10 (2 hours after the sec-
ond TEWL challenge) using a VapoMeter instrument (Delfin
Technologies). TEWL increased over time from day 0 to day 10
after initial TNCB application. The KRG group (48.02 + 1.26 g/
m?*h) exhibited significantly reduced TEWL compared with the
AD control group (60.17 + 5.29 g/m*h) on day 10 (P = 0.049; Fig.
3D). EPO and cyclosporine treatments did not have any signifi-
cant effect on TEWL increase. No significant differences were
observed in TEWL between the scratching-permitted and scrat-
ching-restricted subgroups.

Histopathologic analysis of KRG treatment on TNCB-
induced AD-like skin lesions

After repeated application of TNCB, excessive epidermal hyper-
plasia, hyperkeratosis, epidermal parakeratosis, marked leuko-
cyte infiltration in the dermis, and dermal edema were observed
on the backs and ears of mice in the AD control groups. Oral ad-
ministration of KRG, EPO, and cyclosporine effectively reduced
these epidermal changes and dermal infiltrations (Fig. 4).

The KRG (19.67 + 1.71) and cyclosporine (18.00 + 2.27) groups
exhibited significantly reduced mast cell infiltration on the back
compared with the AD control group (28.00 + 2.50; P = 0.043
and P = 0.011; Table 1). EPO mice (20.67 + 0.80) exhibited less
mast cell infiltration on the back compared with the AD control
group, but this was not significant (P = 0.092). Cyclosporine was
more effective for reducing mast cell infiltration than either KRG
or EPO, but this difference was not significant (P = 0.973 and
P =0.868, respectively). No significant differences were observed

Cyclosporing. -

] ) Cyclosporine " _AD ontrol
¥ k ;’h‘-‘ﬂm& ‘4
piid ) A B ’ i T : {

r“*,- 3 '

Fig. 4. Histopathologic evaluation after repeated application of TNCB on the back of NC/Nga mice. (A) H & E staining, x 200. (B) Toluidine blue staining, x 200 for mast cell in-

filtration.

TNCB = 2,4,6-trinitro-1-chrolobenzene, KRG = Korean red ginseng, EPO = evening primrose oil, H & E = hematoxylin and eosin, AD = atopic dermatitis.
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Table 1. Numbers of mast cells and mRNA expression of TNF-a, TSLP, IL-31 and IFN-y in TNCB-induced skin lesions, and serum levels of IgE and IL-31 by ELISA

No. of mast cells mRNA expression change ELISA (serum)
Subject group (at x 400
magnification) TNF-a TSLP IL-31 IFN-y IgE, ng/mL IL-31, pg/mL

Sham group 17.6 £ 2.25* 1.30 £ 0.40 1.49 + 0.31 0.48 £0.12 259 £ 0.77+1 3.82 +£1.38*" 541,58 £ 39.07*"
KRG group 19.67 £ 1.71* 7.47 £3.35 19.30 £ 7.09 5.82 £ 2.64 31.37 £ 6.50 102.90 £ 8.79*  1,524.18 £ 75.49*
EPO group 20.67 £ 0.80 16.88 + 7.98 8.64 £+ 4.00 6.58 + 3.61 30.64 + 3.49 109.51 £ 3.97*  1,602.99 £+ 113.67*
Cyclosporing group ~ 18.00 £ 2.27* 11.50 £+ 5.45 2197 £ 1575 589 £ 2.85 26.91 £ 10.69 132.23 + 9.08*"  2,041.25 + 147.39"
AD control group 28.00 £ 2.50 22.84 +3.66"  35.89 + 4.98 7.31 £ 2.66 49.82 £ 10.17 168.30 + 9.98"  2,241.29 + 80.41"

Quantification of serum IgE and IL-31 levels by ELISA after collection of blood samples from the retro-orbital plexus; All group values are expressed as means + SEMs.

ELISA = enzyme-linked immunosorbent assay, TNF = tumor necrosis factor, TSLP = thymic stromal lymphopoietin, IL = interleukin, IFN = interferon, IgE = immunoglobulin E,
KRG = Korean red ginseng, EPO = evening primrose oil, AD = atopic dermatitis, SEM = standard error of the mean, ANOVA = analysis of variance.

*ANOVA, P < 0.05 compared with the AD control group. ft-test, P < 0.05 compared with the KRG group.

between scratching-permitted and scratching-restricted sub-
groups.

Effects of KRG on TNCB-induced upregulation of TNF-q,
IFN-y, TSLP, and IL-31 mRNA expression in AD-like skin
lesions

TNF-a is a proinflammatory cytokine that initiates inflamma-
tion in the acute phase of AD by recruiting inflammatory cells
to the lesion (11). mRNA expression of TNF-a was reduced by
KRG (7.47 + 3.35), EPO (16.88 + 7.98), and cyclosporine (11.50
+ 5.45) treatment compared to the AD control group (22.84 +
3.66). KRG treatment significantly suppressed mRNA expres-
sion of TNF-a compared to AD control group (P = 0.011; Table
1). TNF-a mRNA expression was lower in the scratching-restrict-
ed subgroups, although these differences were not significant.

TSLP is produced by keratinocytes and activates DCs to stim-
ulate naive T cells to produce Th2 cytokines (12). TSLP mRNA
expression was reduced by EPO treatment (8.64 + 4.00) com-
pared with the AD control group (35.89 + 4.98) to a greater ex-
tent than it was by KRG (19.30 + 7.09) and cyclosporine (21.97

+15.75) treatments, but these differences were not significant

(P =0.182; Table 1). TSLP mRNA expression tended to be lower
in the scratching-restricted subgroups, although this difference
was only significant in the AD control group (46.25 + 3.44 vs.
25.53 +2.20, P = 0.007).

IL-31 is upregulated in both lesional and nonlesional skin in
AD and also induces a severe itching sensation and dermatitis
in transgenic mice (13). The extent of scratching correlates with
the expression of IL-31 mRNA (14). IL-31 mRNA levels of the
KRG (5.82 + 2.64), EPO (6.58 + 3.61), and cyclosporine (5.89 +
2.85) treatment groups were not significantly lower than that of
the AD control group (7.31 + 2.66; Table 1). IL-31 mRNA levels
of the cyclosporine subgroups varied significantly, however (11.35
+3.30vs.0.42 + 0.18, P = 0.030).

IFN-y is a characteristic Th1-type cytokine that is reduced in
acute AD and promotes chronic inflammation (11). mRNA lev-
els of IFN-y were similar between the KRG (31.37 + 6.50), EPO
(30.64 + 3.49), and cyclosporine (26.91 + 10.69) groups; more-
over, the AD control group exhibited a statistically similar IFN-y

684  http://jkms.org

mRNA level (49.82 + 10.17; Table 1). The IFN-y mRNA levels of
the cyclosporine subgroups varied significantly (47.22 + 12.33
vs. 6.59 + 2,57, P = 0.032).

KRG and EPO prevents the elevation of systemic IgE levels
in mice with TNCB-induced AD

Decreased systemic IgE elevation was observed in the KRG (102.90
+8.79), EPO (109.51 + 3.97), and cyclosporine (132.23 + 9.08)
treatment groups compared with the AD control group (168.30
+9.98; P < 0.001, P < 0.001, and P = 0.002, respectively; Table 1).
The KRG treatment more effectively suppressed systemic IgE
elevation than cyclosporine treatment (P = 0.043). No signifi-
cant differences were observed between any of the scratching-
permitted and -restricted subgroups.

KRG effectively prevents the elevation of systemic IL-31
levels in mice with TNCB-induced AD

IL-31 is mainly produced by Th2 cells, and some evidence indi-
cates that IL-31 production correlates with the severity of pruri-
tus and inflammation in the context of AD (13,15). We evaluat-
ed serum IL-31 levels using ELISA and IL-31 mRNA expression
levels in cutaneous tissue via RT-PCR. The increase in systemic
IL-31 was significantly reduced by oral administration of KRG
(1,524.181 + 75.490) and EPO (1,602.99 + 113.67) compared with
the AD control group (2,241.29 + 80.41; P < 0.001 and P = 0.001,
respectively), although cyclosporine (2,041.25 + 147.39) did not
have a significant effect (Table 1). KRG and EPO controlled se-
rum IL-31 elevation more effectively than cyclosporine (t-test,
P =0.010 and P = 0.035, respectively), The overall systemic IL-
31 levels in the scratching-restricted subgroups were lower than
those in the scratching-permitted subgroups, but this difference
was not significant.

DISCUSSION
A range of studies have shown the diverse biological effects of
Panax ginseng (5-9,16). We previously examined the anti-inflam-

matory effects of systemic administration of KRG on a TNCB-
induced model of AD in NC/Nga mice and found that KRG pre-
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vented the development of acute AD-like lesions and late-onset
chronic AD-like lesions (7,8). As an extension of this previous
research, we evaluated the anti-pruritic effect as well as the an-
ti-inflammatory effect of systemic KRG in a murine model of AD.

Clinical severity score, number of scratching movements, ear
thickness, and TEWL were measured to evaluate the macrosco-
pic effects of KRG, EPO, and cyclosporine. Systemic administra-
tion of KRG, EPO, and cyclosporine significantly reduced TNCB-
induced clinical signs and symptoms. KRG was more effective
than EPO on day 7 and more effective than EPO and cyclospo-
rine on day 10. Compared to the AD control group, KRG and
cyclosporine mitigated ear swelling and ear thickness up to day
7. These results indicate the clinical anti-inflammatory effects
of systemic KRG.

The KRG group exhibited significantly less TEWL elevation
compared with the AD control group on day 10. This was con-
sistent with our previous study (8). Cho et al. (8) showed that 6
hours after TNCB application, KRG- and cyclosporine-treated
groups had lower TEWL values compared to the AD control group.
In this study, we observed a correlation between scratching move-
ments and TEWL changes. KRG, EPO, and cyclosporine treat-
ment all reduced the number of scratching movements, with
KRG being the most at day 10. Thus, we presumed that TEWL
changes correlated with protection against mechanical stimuli
(scratching) and anti-the inflammatory effects of systemic KRG.

Samukawa et al. (16) demonstrated that topical application
of tacrolimus and red ginseng extract (RGE) significantly inhib-
ited scratching behavior in a DNFB induced AD mouse model,
whereas dexamethasone did not. Topical RGE also significantly
reduced DNFB-induced nerve growth factor expression and nerve
fiber extensio. In addition, topical application of RGE suppressed
histamine-induced scratching behavior (16). In the present study
as well as our previous studies, KRG was administered via a sys-
temic method, not topically. Our previous demonstrated that
oral administration of KRG suppresses the expression of pro-
tein gene product 9.5 and substance P in nerve fibers (7). In this
study, the systemic KRG, EPO, and cyclosporine groups all ex-
hibited reduced scratching behavior compared with the AD con-
trol group after initial TNCB challenge. KRG suppressed scrat-
ching behaviors more effectively than EPO on day 7 and more
effectively than EPO and cyclosporine on day 10. This finding
suggests that systemic administration of KRG has an anti-pru-
ritic effect in this mouse model of AD. In the present study, we
divided each study group into 2 subgroups to evaluate the clini-
cal and systemic effects of the itching-scratching cycle in our
AD mouse model. Clinical severity scores were higher in the
scratching-permitted subgroups on day 10, especially in the KRG-
and EPO-treated groups. These results imply that the itching-
scratching cycle exacerbates skin lesions in AD and restriction
of scratching behavior might be an effective approach for pre-
venting this vicious cycle in patients with AD.
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In the present study, histopathological analysis also revealed
that KRG administration markedly reduced the extent of epider-
mal hyperplasia, hyperkeratosis, parakeratosis, and dermal in-
filtration of leukocytes. In addition, KRG and cyclosporine treat-
ment reduced mast cell infiltration in the back and cyclosporine
treatment was most effective. This finding is consistent with a
previous study reporting that cyclosporine inhibits mast cell
degranulation and the release of inflammatory mediators (17).
In AD, mast cells are sensitized by IgE and modulate the differ-
entiation of naive T cells and induce Th2 polarization (11). Ele-
vated levels of IgE autoantibodies also correlated with early on-
set of disease, intense pruritus, and bacterial infection relapse
(18,19). TNCB -induced elevation of serum IgE was also signifi-
cantly lowered by KRG, EPO and cyclosporine treatment. KRG
was more effective than cyclosporine in suppressing total IgE
elevation. These results were suggesting that systemic adminis-
tration of KRG has anti-allergic effects and oral KRG might re-
duce the severity of AD lesions and prevent progression to re-
spiratory atopy.

TNEF-o is one of proinflammatory cytokines and responses to
environmental damage and inflammation (20). Systemic ad-
ministration of KRG significantly suppressed TNF-o mRNA ex-
pression compared to the AD control group. Kim et al. (6) showed
that topical KRG as well as 0.05% betamethasone significantly
suppressed TNCB-induced TNF-o. mRNA expression in NC/Nga
mice. Other previous studies showed that systemic KRG treat-
ment also effectively suppressed TNF-a mRNA expression in
atopic mouse model (7,8). Thus, systemic administration of KRG
was effective to reduce production of TNF-a from keratinocyte.
EPO inhibited TSLP mRNA expression most effectively, although
this was not significant. This result is similar with our previous
study, which showed that oral administration of EPO effectively
reduced total IgE level and mRNA expression of TSLP (8). EPO
is a natural source of gamma-linolenic acid (GLA), and GLA is
converted to dihomo-GLA (DGLA) in humans. Dietary DGLA
supplementation induced prostaglandin D1 (PGD1) produc-
tion by mast cells in a mouse study (21). PGD1 suppressed IgE
mediated degranulation and TSLP gene expression in keratino-
cytes and topical application of PGD1 also reduced scratching
behavior in an AD mouse model (21). These results confirm those
of our previous study and this study, in that oral administration
of EPO was effective for reducing clinical symptoms, scratching
movements, serum IgE, and IL-31 levels in a mouse model of AD.

KRG and EPO significantly reduced the serum level of IL-31
compared to the AD control group. IL-31 secretion was similar
to the observed scratching patterns (14), suggested that KRG
and EPO exerted more potent anti-pruritic effects, as demon-
strated by their dampening of the scratching behavior and sys-
temic IL-31 levels compared with cyclosporine. Oral adminis-
tration of cyclosporine also had an anti-pruritic effect on day 7,
but it did not significantly alter the serum IL-31 level. We hy-
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pothesize that the anti-pruritic effect of cyclosporine is mainly
due to its suppression of histamine release by mast cells. Since
the mechanism of action of KRG is different from immunosup-
pressants such as cyclosporine, concurrent use of KRG and cy-
closporine could be synergistic. Systemic IL-31 levels in the scratch-
ing-restricted subgroups were lower than those in the scratch-
ing-permitted subgroups. This finding suggests that scratching
behavior and serum IL-31 levels may have a cyclic feed-forward
relationship.

There are several limitations to our study. First, this is a pilot
study evaluating the anti-pruritic and anti-allergic effects of sys-
temic KRG for AD. Thus, future animal studies with larger sam-
ple sizes and human research will be needed to confirm these
findings. Second, we focused on mouse scratching behavior
than previous our study, and used a novel chamber for scratch-
ing restriction. There have been several observational studies
about scratching behavior in mice, but there have been few ex-
periments using scratching restriction. In addition, we used in-
direct values such as scratching movement counts and serum
IL-31 levels for objective evaluation of pruritus, which have been
used in prior studies (13-15,22). To evaluate the role of mechan-
ical injury due to scratching in AD and its relation to anti-pru-
ritic effects in humans, further studies are needed.

In summary, we confirmed the anti-pruritic and anti-allergic
effects of KRG in a NC/Nga mice model. KRG decreased clini-
cal signs and symptoms and the number of scratching move-
ments; the mechanism of these effects may be a reduction in
mast cell infiltration and/or suppression of systemic IL-31 and
IgE. Second, KRG protected skin barrier function as indicated
by TEWL elevation. Third, KRG exert anti-inflammatory effects
by reducing the mRNA levels of TNF-a and by histopathologic
findings such as a markedly diminished extent of epidermal
hyperplasia, hyperkeratosis, parakeratosis, and dermal infiltra-
tion of leukocytes and mast cells. Thus, proactive systemic ad-
ministration of KRG may effectively reduce early allergic sensi-
tization and suppress the Th2 response. Restriction of scratch-
ing in the early stages could also help prevent the itching-scratch-
ing cycle, thus reducing clinical and systemic inflammation.
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