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Antiallergic and Antipsoriatic Effects of Korean Red Ginseng
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Abtract : Antiallergic and antipsoriatic effects of Korean Red Ginseng (KRG steamed root of Panax ginseng C.A. Meyer,
Family Araliaceae) were measured. Orally administered KRG water extract potently inhibited passive cutaneous ana-
phylaxis (PCA). KRG water extract also showed the potent inhibition in oxazolone-induced mouse dermatitis, and sup-
pressed mouse ear swelling by 39% at 16 days at a dose of 0.1%. KRG water extract reduced the levels of mRNA of
cyclooxygenase (COX)-2, IL-1B, TNF-o and [FN-y increased in oxazolone-applied mouse ears, however, did not inhibit
that of IL-4. KRG water extract also inhibited iINOS and COX-2 mRNA expression level of RAW264.7 cell induced by
lipopolysaccharide. Based on these findings, we suggest that KRG can improve atopic and contact dermatitis by the reg-
ulation of IL-1B and TNF-a produced by macrophage cells and interferon-y produced by Thl cells.
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INTRODUCTION

Korean Red Ginseng (KRG, the steamed root of Panax
ginseng C.A. Meyer, family Araliaceae) is frequently
used as a crude substance taken orally in Asian countries
as a traditional medicine. The major components of raw
ginseng are ginsenosides, which contain an aglycone with
a dammarane skeleton.""” Many kinds of saponins, such
as ginsenosides Rb1, Rb2, Rc¢ and Rf, have been isolated.
The ginsenosides Rg3, Rf and Rh2 are genuine saponins
in KRG and heat-processed ginseng™. Ginsenosides Rg3
and Rh2 were produced from protopanaxadiol ginsenos-
ides by steaming to prepare red ginseng.” These ginseno-
sides have been reported to show various biological
activities including anti-inflammatory activity, antialler-
gic, endothelium-independent aorta relaxation and anti-
tumor effects.®™® Particularly, Sugiyama et al. reported
that ginsenoside Rg3 suppressed histamine release from
mast cells due to stimulation with compoumd 48/80 in
vitro'®, and ginsenoside Rb1 and Rc also inhibited partly
the release histamine and leukotrienes during the activa-
tion of guinea pig lung mast cells in vitro'D. We also
reported the antiallergic and anti-inflammatory effect of
ginsenoside Rh1, antiallergic and passive cutaneous ana-
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phylaxis reaction (PCA)-inhibitory effects of compound K
(20-0-B,-D-glucopyranosyl-20(S)-protopanaxadiol) and
antiallergic effect of ginsenoside Rh2'>'4), However, anti-
allergic and antipsoriatic effects of KRG have not been
thoroughly studied.

Therefore, PCA reaction-inhibitory, antiallergic and
antiposiatic effects of KRG water extract were measured.

MATERIALS AND METHODS

Materials

p-Nitrophenyl-N-acetyl-B-D-glucosaminide, Freund's
complete adjuvant, anti-dinitrophenol (DNP)-IgE, DNP-
human serum albumin (HSA), Evans blue, disodium cro-
moglycate (DSCQG), trichloroacetic acid, and betametha-
sone, were purchased from Sigma Chemical Co. (U.S.A).
RG water extract was donated from KT&G (Korea).

Animals

Female ICR mice (20-22 g) were supplied from Orient
Charles River experimental animal breeding center
(Korea). All animals were housed in wire cages, fed with
usual laboratory chow (Orient Charles River feed produc-
tion Co.) and water ad [ibitum.

Passive Cutaneous Anaphylaxis (PCA) Reaction
An IgE-dependent cutaneous reaction was measured
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according to the previous method of Katayama et al.'”
The male ICR mice (25-30 g) were injected intradermally
with 10 pg of anti-DNP IgE into each of two dorsal skin
sites that had been shaved 48h earlier. The sites were out-
lined with a water-insoluble red marker. Forty-eight hours
later each mouse received an injection of 200 pl of 3%
Evans blue PBS containing 200 pg of DNP-HSA via the
tail vein. The test agents were administered 1 h prior to
DNP-HSA injection. Thirty min after DNP-HSA injection,
the mice were sacrificed and their dorsal skins were
removed for measurement of the pigment area. Afier
extraction with 1 ml of 1.0 N KOH and 4 ml of a mixture
of acetone and 0.6 N phosphoric acid (13:5), the amount of
dye was determined colorimetrically (the absorbance at
620 nm).

Contact Hypersensitivity

An oxazolone-induced dermatitis was measured accord-
ing to the previous method of Fujii et al.'®. Female ICR
mice were sensitized by application of 100 ul of 1.5%
oxazolone in ethanol to the abdomen. Then a total of 20
ul of 1% oxazolone in a mixture of acetone and olive oil
{(4:1) was applied to both sides of the mouse ear every 3
days starting from 7 days after sensitization. Ear thickness
was measured using a Digimatic Micrometer (Mitsutoyo
Co., Tokyo, Japan) 72 h afier each application of the
cxazolone, test agents were applied in a total volume of
20 pl to both sides of the ear 30 min before and 3 h after
each application of oxazolone

RT-PCR Analysis

Ear tissue extract for RT-PCR analysis were performed
by the modified method of Chi et al.'”. Briefly, ears were
excised 6 h after the last application of oxazolone, freezed
in liquid nitrogen and homogenized by a mortar and pes-
tle prechilled in liquid nitrogen.

Total RNA was extracted by using TRI reagent according
to the manufacturer’s instructions, and treated with RNase-
fiee DNase. The concentration of RNA content was deter-
mined by measuring the absorbance at 260 and 280 nm and
stored at -70°C until RT-PCR analysis. The RT-PCR was
performed with AccPower® RT/PCR Premix (Bioneer,
Seoul, Korea). The primers were designed as described by
UniSTS database: COX-1, forward primer 5’-CTTTTATC-
CTCCCAGGATTTGG-3 and reverse primer 5’-GCTAA-
ATACTTTGACACCGG-3’ (product size 231 bp); COX-2
(UniSTS 254306), forward primer 5’-TGTATCCCCCCA-
CAGTCAAAGACAC-3 and reverse primer 5’-GTGCTC-
CCGAAGCCAGATGG-3’ (product size 146 bp); IL-1p
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forward primer 5’-ATGGCAACTGICCCTGAACT-3 and
reverse primer 5’-GICGTTGCTTGICTCTCCTT-3’ (prod-
uct size 508 bp); IFN-y (UniSTS 160031), forward primer
5’-CTTTAACAGCAGGCCAGACA-3’ and reverse primer
5’-GCGAGTTATTTGTCATTCGG-3" (product size 144
bp); IL-4 (UniSTS 143568), forward primer 5’-CCGAT-
TATGGTGTAATTTCCTATGCTG-3’ and reverse primer
5’GGCCAATCAGCACCTCTCTTCCAG-3’ (product size
111 bp); tumor necrosis factor (TNF)-o (UniSTS
209165), forward primer 5’-GATTTTATTTGITTAAAA-
GCAGATATC-3’ and reverse primer 5’-CATCCTAAG-
TCTACACAGGATCT-3’ (product size 206bp); GAPDH
(UniSTS 225899), forward primer 5’-ACCACAGIC-
CATGCCATCAC-3’ and reverse primer 5’-TCCACCAC-
CCTGTITGCTGTA-3’ (product size 452 bp). The ampli-
fication was performed at 94°C for 30 - 60 s, and 49 -
62°C for 30 - 40 s, and 72°C for 30 - 60 s with 30 cycles
for COX-1, IL-13, TNF-a and GAPDH, and 32 cycles for
other genes, in 20 pl reaction mixture. The RT-PCR prod-
ucts were electrophoresed on 2% agarose gel in TBE
buffer, stained with ethidium bromide and photographed
under UV light. The GAPDH gene was used as an internal
control. The signal intensity of each RT-PCR product was
estimated by Shimazu 9301-PC scanner (Tokyo, Japan).

Histopathological Study

Mouse ears were excised 72 h after the last application
of oxazolone and fixed in 10%-buffered formalin solu-
tion, embedded in paraffin by standard methods, cut into
5-um sections, stained with hematoxylin-eosin, and then
assessed under light microscopy.

Culture of RAW264.7 Cells and Immunoblot

Immunoblot analyses of the INOS, COX-2 and NF-kB
were performed according to the method of Ishihara er
al.'® The RAW 264.7 cells were plated in 60 mm culture
dishes (3x10° cells), KRG and LPS (1 pg/ml) added to
the culture medium, and the cells incubated at 37°C for 6 -
20 h. The cells were lysed on ice for 15 min in an hypo-
tonic buffer, containing 10 mM Tris (pH 8.0), 1.5 mM
MgCl,, 1 mM DTT, 0.1% NP-40, 5 pg/ml pepstatin A
and 5 ug/ml aprotinin, and centrifuged at 12000xg and
4°C for 15 min. The supernatant was used as the cytosol
fraction for the immuoblot assays for the iNOS and COX-
2 protein expressions. The pelleted nuclei fractions for the
Immunoblot assays of the NF-kB protein expression were
resuspended in the extraction buffer, containing 10 mM
Tris (pH 8.0), 50 mM KCl, 300 mM NaCl, 1 mM dithio-
threitol, 5 pg/ml pepstatin A and 5 pg/ml aprotinin, and
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then lysed on ice for 30 min. The lysed nuclei fraction
was centrifuged at 12000xg and 4°C for 30 min. Protein
expression levels of COX-2, iNOS, NF-kB and B-actin of
the cell lysates (40 pg) were analyzed by the above
immunoblot method.

Statistics

All the data were expressed as the mean + S.E., and sta-
tistical significance was analyzed by one way ANOVA
followed by Student-Newman-Keuls test.

RESULTS

Inhibition of KRG on PCA Reaction

PCA reaction in mice was induced by the intradermal
injection of anti-DNP-HSA and KRG water extract was
administered orally 60 min prior to challenge with DNP-
HSA antigen and their inhibitory potency of PCA reaction
was measured (Table 1). KRG water extract potently
inhibited PCA reaction, and at doses of 100 and 500 mg/
kg inhibited PCA reaction by 62 and 90%, respectively. It
was more potent than DSCG, a commercial agent. How-
ever, when KRG was treated in RBL-2H3 cells induced
by IgE, it did not inhibit the degranulation of RBL-2H3
cells (data not shown).

Table 1. Inhibitory effect of KRG and DSCG on PCA reaction

Group Dose Inhibition
(mg/kg) (%)
100 32+4.8
KRG water extract
500 61+£5.1
Disodium cromoglycate 100 37+0.2

All agents were administered p.o. or ip. prior to challege with
antigen. Each experiment consisted of 6 observations.

Inhibition of KRG on Ear Thickness of Oxazolone-
induced Mouse Ear Dermatitis

Therefore, we measured the effects of KRG on
oxazolone-induced dermatitis mouse model by topical
administration (Fig. 1). The ear applied with oxazolone to
sensitized mice caused erythema (reddening of the skin),
edema and/or induration, and sometimes abrasion. When
ear thickness was measured as an index of skin inflamma-
tion, it increased as application was repeated, and reached
its maximum 16 days after sensitization. Betamethasone
used as a positive agent at concentration of 0.05%
potently suppressed ear swelling with a suppressive rate
of 78% at 16 days. The suppressive rate of KRG at doses
of 0.1% was 39% at 16 days. For histopathological anal-
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Fig. 1. Effects of KRG on the Ear Thickness of Mice Induced by
"Oxazolone. O, vehicle alone (normal) control;, @,
oxazolone alone treated control; M, 0.1% KRG; &,
0.05% betamethasone. Values represent means S.E.D.
for six mice. *Significantly different from the oxazolone
treated (control) group (*P<0.05). *Significantly different
from the oxazolone treated (control) group (*£<0.05).

ysis, we excised the ear at 16 days and stained it with
hematoxylin-eosin (Fig. 2). The ear applied with
oxazolone swelled so dramatically that the entire section
could not be shown. KRG improved the ear injured by the
application with oxazolone.

Effect of KRG on mRNA Levels of COXs and Some
Cytokines in Oxazolone-induced Mouse Ear Derma-
titis

The effect of KRG in mRNA levels of COX-1 and
COX-2 of mouse ear dermatitis induced by oxazolone
was investigated by using RT-PCR analysis (Fig. 3A).
Oxazolone significantly induced mRNA levels of COX-2,
however, did not induce that of COX-1. When KRG was
treated in oxazolone-stimulated mouse, it did not affect
the COX-1 mRNA level. KRG inhibited mRNA leveis of
COX-2. The effect of KRG in mRNA levels of TNF-a
and IL-1f, which are produced by macrophage or mono-
cyte, and IFN~y and IL-4, which are by Th1 and Th2 cells,
respectively, was also measured by using RT-PCR analy-
sis (Fig. 3B). Oxazolone significantly induced these
mRNA levels of TNF-a, IL-1B3, IFN-y and IL-4. KRG
inhibited IL-1B, IFN-y and TNF-oo mRNA levels, how-
ever, did not reduce IL-4 mRNA level.

Effect of KRG on iINOS and COX-2 Protein Expression
and NF-kB Activation in LPS-induced RAW264.7 Cells
Whether KRG could affect the iNOS and COX-2 pro-
tein expressions was also examined. Stimulation of the
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Fig. 2. Histopathological pictures of mouse ear after repeated
application of oxazolone with or without KRB. Mouse
ears were excised 72 h after the last application of
oxazolone and stained with hematoxylin-eosin. As a
negative control, mice were only sensitized with 1.5%
oxazolone to obdomen followed by no application to the
ear (A). 1 % Oxazolone was applied to both sides of the
ear every 3 days starting from 7 days after sensitization,
and vehicle (ethanol) (B). 0.1% KRG (C) or 0.05%
betamethasone (D) was applied to the ear 30 min before
and 3 h after each application of oxazolone.

RAW 264.7 cells with LPS resulted in accumulation of
the iNOS and COX-2 proteins, as determined by immu-
noblot analysis (Fig. 4). KRG reduced these levels, com-
pared with the control cells stimulated with LPS.
Therefore, the effect of KRG on the activation of the
nuclear transcription factor, NF-kB, which induced both
iNOS and COX-2, was also investigated. The NF-kB in
the nuclei fraction was activated by LPS. However, the
KRG inhibited the activation of the NF-kB in LPS-stim-
ulated RAW 264.7 cells. The amounts of NF-kB protein
correlated with the reduced accumulation of the iNOS and
COX-2 proteins.

DISCUSSION

Allergic diseases such as asthma, allergic rhinitis, atopic
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Fig. 3. Effects of KRGS on COX-1, COX-2, IL-1, 1L-4, INF-y,
TNF-a and GAPDH mRNA Expression Levels in
Oxazolone-induced Mouse Ear Dermatitis. A), RT-PCR
products; (B), Relative density of RT-PCR products
(COX-1, COX-2, IL-1B, IL-4, INF-y or TNF-o/GAPDH).
1, normal control; 2, treated oxazoloe alone; 3, treated
with 0.1% KRG with oxazolone; 4, treated 0.05%
betamethasone with oxaxolone.

dermatitis and food allergy afflict up to 20% of the human
population in most countries'”. The etiology of allergy
reactivity is based on IgE-medicated pharmacological
processes of a variety of cell populations such as mast cell
and basophils*. Degradation of mast cells and basophils
with antigen-crosslinked IgE releases histamine, prostag-
landins, leukotrines and cytokines affecting lymphocytes,
macrophages, eosinophils and neutrophils. Finally cytok-
ine-induced reaction causes tissue damages such as
chronic dermatitis or psoriasis. Therefore, antiallergic
agents with antiinflammatory or antipsoriatic actions may
be beneficial drugs for allergic diseases.

KRG potently inhibited PCA reaction induced by IgE
and contact dermatitis treated by oxazolone. Nevertheless,
when KRG was treated in RBL-2H3 cells induced by IgE,
it did not inhibit the release of B-hexosamindase from
RBL-2H3 cells (data not shown). This result suggests that
KRG almost did not contain active ginsenosides and, if its
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iNOS epidermal hyperplasia as reported by Fujii et al.'®. Inter-
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Fig. 4. Effects of KRGS and Its Ginsenosides in iNOS, COX-2
and NF-kB Protein Expression Levels of RAW264.7
Cells Induced by Lipopolysaccharides. (A), Immunob-
lot; (B), Relative density of immunoblots (iNOS, COX-
2 or NF-kB/B-Actin). 1, normal control; 2, treated LPS
alone; 3, treated 20 mg/ml KRG with LPS; 4, treated 4
mg/ml KRG with LPS; 5, treated 4 mg/ml betamethasone
with LPS.

saponins are orally administered, the ginsenosides may be
metabolized by intestinal microflora and express the anti-
PCA reaction like the previous reports”'?. We also con-
firmed that KRG did not exhibit the significant antihista-
mine effect against guinea pig ileum (data not shown),
although Tachikawa er al. reported that ginsenoside Rg3
weakly inhibited histamine-induced ileum contractions of
guinea-pig'?.

By our previous reports , ginsenoside Rhl, com-
pound K and ginsenoside Rh2 showed more potent mem-
brane stabilizing effect than those of DSCG, a commercial
agent. These results suggest that the inhibitory action of
these ginsenosides on the release of P-hexosamindase
may be due to protection of the cytolytic response by anti-
gen-IgE and these ginsenosides after all showed the most
potent inhibitory activity on PCA reaction.

Contact dermatitis was accompanied by sustained
swelling, predominant epidermal hyperplasia and marked
infiltration of inflammatory cells consisting of monocytes,
granulocytes and macrophages, but not eosinophils. In the
present study, the oxazolone-induced dermatitis was also

12-14)

which is an acute marker of acute inflammatory disease
were induced. COX-2, an inducible isoform of COX, is
upregulated in skin inflammation and carcinogenesis.
Hernandez et al. reproted that cylcooxygenase (COX)-2
was induced in angiogenesis-related diseases such as
rtheumatoid arthritis and psoriasis®’. KRG significantly
inhibit sustained swelling (thickness) of mice ear induced
by oxazolone as well as mRNA levels of COX-2. KRG
significantly inhibited those of TNF-a. and IL-1B pro-
duced by macrophages. KRG also inhibited the increase
of oxazolone-induced interferon-y produced by Thl cells,
but did not inhibit the increase of IL-4 mRNA level pro-
duced by Th2 cells. KRG also inhibited protein expres-
sion of iINOS and COX2 and activation of NF-kB in
RAW264.7 cells induced by LPS. Based on these find-
ings, we suggest that KRG can improve chronic and
inflammatory skin disorders contact dermatitis or psoria-
sis by the regulation of TNF-a, and 1L-1f produced by
macrophage cells and interferon-y produced by Thi cells.

Based on these findings, KRG may show extensive
antiallergic and antipsoriatic activity properties and these
ginsenosides can be a candidate for the therapeutic agent
for allergy.
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