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Abstract When ginsenoside Rg5, a main component isolated
from red ginseng, was incubated with three human fecal
microflora for 24 h, all specimens showed hydrolyzing activity:
all specimens produced ginsenoside Rh3 as a main metabolite,
but a minor metabolite 33,12p-dihydroxydammar-21(22),24-
diene (DD) was observed in two specimens. To evaluate the
antiallergic effect of ginsenoside Rg5 and its metabolites, the
inhibitory effect of ginsenoside Rg5 and its metabolite ginsenoside
Rh3 against RBL-2H3 cell degranulation, mouse passive
cutaneous anaphylaxis (PCA) reaction induced by the IgE-
antigen complex, and mouse ear skin dermatitis induced by
12-O-tetradecanoilphorbol-13-acetate (TPA) were measured.
Ginsenosides Rg5 and Rh3 potently inhibited degranulation
of RBL-2H3 cells. These ginsenosides also inhibited mRNA
expression of proinflammatory cytokines IL-6 and TNF-o. in RBL-
2H3 cells stimulated by IgE-antigen. Orally and intraperitoneally
administered ginsenoside Rg3 and orally administered ginsenoside
Rg5 to mice potently inhibited the PCA reaction induced by
IgE-antigen complex. However, intraperitoneally administered
ginsenoside Rg5 nearly did not inhibit the PCA reaction. These
ginsenosides not only suppressed the swelling of mouse ears
induced by TPA, but also inhibited mRNA expression of
cyclooxygenase-2, TNF-a, and IL-4 and activation of transcription
factor NF-kB. These inhibitions of ginsenoside Rh3 were more
potent than those of ginsenoside Rg5. These findings suggest that
ginsenoside Rg5 may be metabolized in vivo to ginsenoside Rh3
by human intestinal microflora, and ginsenoside Rh3 may improve
antiallergic diseases, such as rhinitis and dermatitis.
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Ginseng (the root of Panax ginseng C.A. Meyer, family
Araliaceae) is frequently taken as a traditional medicine in
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Asian countries [31]. The major components of ginseng are
ginsenosides, which contain an aglycone with a dammarane
skeleton. The main components of raw ginseng are
ginsenosides Rb1, Rb2, Re, and Rf [35]. When the ginseng
is steamed and dried, it is called red ginseng or heat-
processed ginseng [17, 18]. Its main constituents are
ginsenosides Rg3, Rg5, and Rkl, transformed from
protopanaxadiol ginsenosides by steaming to prepare red
ginseng or heat-processed ginseng. These ginsenosides have
been reported to exhibit various biological activities [5, 15],
including antiinflammatory action [25, 37], antiallergic [8,
24] and antitumor effects [20, 36]. The pharmacological
actions of these ginsenosides have been explained by their
biotransformation by human intestinal bacteria [1, 8, 36].
For example, ginsenoside Rg3 is transformed to ginsenoside
Rh2 by human intestinal microflora [2]. The biotransformed
ginsenoside Rh2 exhibited more potent antiallergic effects, such
as antipassive cutaneous anaphylaxis, and antiinflammatory
effects, such as biosynthesis of prostaglandin, than ginsenoside
Rg3. However, studies on the metabolism of ginsenoside
Rg5 and its pharmacological effects have not been thoroughly
studied, although ginsenoside Rg5 is a main component
with ginsenoside Rg3 in red ginseng.

In the present study, we isolated ginsenoside Rg5 from
red ginseng, incubated it with human intestinal (fecal)
microflora, isolated its metabolite ginsenoside Rh3, and
investigated their antiallergic effect in the mouse passive
cutaneous anaphylaxis (PCA) reaction induced by IgE and in
mouse ear dermatitis induced by 12-O-tetradecanoilphorbol-
13-acetate (TPA).

MATERIALS AND METHODS

Materials

" TPA, Dulbecco’s modified Eagle medium (DMEM), p-

nitrophenyl-N-acetyl-B-p-glucosaminide, anti-dinitrophenol
(DNP)-IgE, DNP-human serum albumin (HSA), Evans blue,
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disodium cromoglycate (DSCG), azelastine, and betamethasone
were purchased from Sigma Co. (St. Louis, MO, U.S.A.).
Antibody for p65 or p50 subunits of NF-xB was purchased
from Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
U.S.A.). Protein assay kit was purchased from Bio-Rad
Laboratories Inc. (Hercules, CA, U.S.A.). TRI reagent was
purchased from Molecular Research Center Inc. (Cincinnati,
OH, U.S.A)).

Isolation of Ginsenoside Rg5 and its Metabolites by
Human Intestinal Microflora

Fresh human feces (5 g) were suspended in 100 ml of
anaerobic dilution medium [4, 26], centrifuged at 500 xg
for 10 min, and the resulting supernatant was centrifuged
at 10,000 xg for 30 min and washed twice with the same
medium. The resulting precipitate (intestinal microflora
fraction) was suspended in 200 ml of the same medium
containing 150 mg of ginsenoside Rg5 (purity, >90%),
isolated according to a previous method [14], anaerobically
incubated for 24 h at 37°C, and extracted with EtOAc. This
EtOAc fraction was chromatographed on a silica gel
column using CHCL,-MeOH (20:1) to isolate ginsenoside
Rh3 (35 mg; purity, >90%) as a main metabolite and
3B,12B-dihydroxydammar-21(22),24-diene as a minor
(2 mg, purity, >80%) product. The purity of isolated
ginsenosides (Fig. 1) was assayed by HPLC [Hitachi HPLC
system: column, Lichrosorb NH, (25x0.4 cm, 5 mm, Merck
Co.); elution solvent, mixtures of solvent A (acetonitrile/
water/isopropanol=80:5:15) and solvent B (acetonitrile/
water/isopropanol=80:20:15); gradient profile of solvent A
to solvent B, from 70:30 to 0:100 for 0-20 min and
from 0:100 for 20—40 min; Detector, ELSD 800 (Alitech
Associates Inc., Deerfield, IL, U.S.A.)].

R
Ginsenoside Rg5 Glc-Gle-
Ginsenoside Rh3 Glc-
3,12 -Dihydroxydammar-21(22),24-diene H

Fig. 1. Structure of ginsenosides Rg5 and Rh3.

Ginsenoside Rg5: white powder, mp 186-188, FAB-MS
m/z=768 (M™Y".

Ginsenoside Rh3 [13]: white powder, mp 158-161, FAB-
MS m/z=605 (M™Y.
3B,12p-Dihydroxydammar-21(22),24-diene (DD) [23]:
white powder, FAB-MS m/z=442 (M"")"

Assay of Metabolic Activity of Ginsenoside Rg5S by
Fecal Microflora and Isolated Bacteria from Human
Feces

The reaction mixture containing 5 ml of 1 mM ginsenoside
Rg5, 2.5 ml of the above fecal microflora (or intestinal
bacterial) suspension (0.5 g wet weight/ml), and 2.5 ml
of the anaerobic dilution medium [4] was anaerobically
incubated for 24 h at 37°C. The reaction mixture (0.5 ml)
was periodically taken out, adjusted to pH 2 with
0.I N HCI, extracted with EtOAc, evaporated, and
assayed by TLC [TLC plates, silica gel 60F,;, (Merck
Co., U.S.A)); developing solvent, CHCl; - MeOH-H,O
(65:35:10 v/v, lower phase)]. The plates were stained
by spraying with MeOH-H,SO, (95:5 v/v), followed
by heating. The stained TLC plates were then analyzed
by a TLC scanner (Shimadzu model CS-9301PC, Tokyo,
Japan). Intestinal bacteria were isolated as previously
reported [4].

Activity Assay of B-Hexosaminidase Released from
RBL-2H3 Cells Stimulated by IgE with DNA-HSA

The inhibitory activity of test ginsenosides against the
release of PB-hexosaminidase from RBL-2H3 cells was
evaluated according to Choo et al. [8].

Assay of Cytokine mRNA Expressions in RBL-2H3
Cells Stimulated by IgE with DNA-HSA by Reverse
Transcription-Polymerase Chain Reaction (RT-PCR)
The test agents were added, after RBL-2H3 cells pretreated
with IgE had been stimulated with DNP-HSA for 1 h and
then incubated for 20 min in the CO, incubator and then
DNP-HSA-treated for 40 min. RT-PCR analysis for RBL-
2H3 cells treated with test agents and/or IgE with DNP-
HSA was performed by the modified method of Matsuda
etal. [19].

Animals

The male SD rats (180-220 g) and female ICR mice (20—
25 g) were supplied from Orient Experimental Animal
Breeding Center (Seoul, Korea). All animals were housed
in wire cages at 20-22°C and 50+10% humidity, fed
standard laboratory chow (Orient Experimental Animal
Breeding Center, Seoul, Korea), and allowed water ad
libitum. All procedures relating to animals and their care
conformed to the international guidelines Principles of
Laboratory Animals Care (NIH publication no. 85-23,
revised 1985).



Assay of Histamine Release from Rat Peritoneal
Exudate Cells Induced by Compound 48/80

Histamine released from rat peritoneal exudate cells induced
by compound 48/80 was assayed using the method of
Choo et al. [8].

PCA Reaction

An IgE-dependent cutaneous reaction was measured
according to the method of Choo et a!. [8]. Male ICR mice
(25-30 g) were injected intradermally with 50 pl of anti-
DNP IgE (10 pg) into each of two dorsal skin sites that had
been shaved 48 h earlier. The sites were outlined with a
water-insoluble red marker. Forty-eight hours later, each
mouse received an injection of 200 ul of 3% Evans blue
PBS containing 200 pg of DNP-HSA via the tail vein. Test
agents were orally or intraperitoneally 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. After
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).

TPA-Induced Dermatitis
TPA-induced dermatitis was measured according to the
previous method of Park et al. [22]. Each group contained
6 ICR mice (20-25g). TPA (3 pug/20 ul acetone) was
applied to the inner and outer surfaces of the mouse ear
every day for 3 days to induce dermatitis. Test agents
dissolved in an oil-based vehicle were topically applied to
the same ear (1 and 10 ng/20 pl) at 1 and 12 h after TPA
treatment. Normal group received vehicle alone. Control
group received TPA and vehicle. On the third day, test
agents were treated 1 h after TPA treatment. The thickness
of mice ears was measured using a Digimatic Micrometer
(Mitsutoyo Co., Tokyo, Japan), 3 h after final treatment
with test agents.

Ear tissue extract for RT-PCR analysis was performed
according to the modified method of Shin et al. [32].

Statistical Analysis

All the data were expressed as mean+standard deviation,
and statistical significance was analyzed by one-way
ANOVA followed by the Student-Newman-Keuls test.

RESULTS

Metabolism of Ginsenoside Rg5 by Human Intestinal
Microflora

To investigate the metabolites of ginsenoside Rg5 produced
by human intestinal microflora, ginsenoside Rg5 was
anaerobically incubated with a human fecal microflora for
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24 h, and the metabolites were then extracted with EtOAc,
purified by silica-gel column chromatography, and identified.
Two metabolites, one major and one minor, were observed
from the TLC. From instrumental analyses, the main
metabolite was identified to be ginsenoside Rh3, and the
minor was DD.

When ginsenoside Rg5-hydrolyzing activity in three
samples of human feces was preliminarily assayed, all
specimens showed hydrolyzing activity: all specimens
produced ginsenoside Rh3 as a main metabolite, but
the minor metabolite DD was observed in two specimens
(data not shown). The average activities transforming
ginsenoside Rg5 to ginsenoside Rh3 and DD were 0.42+
0.28 and 0.02+0.01 nmol/h/mg wet weight of fecal bacteria,
respectively (Fig. 2A). When ginsenoside Rg5 was incubated
with the most potent ginsenoside Rg5-hydrolyzing fecal
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Fig. 2. Metabolism of ginsenoside Rg5 by human intestinal
microflora.

A. The activity transforming ginsenoside Rg5 to ginsenoside Rh3 and DD.
Human fecal suspension was prepared and its activity was assayed
according to Materials and Methods. Transforming activity of ginsenoside
Rg5 to ginsenoside Rh3 or 3B,12B-dihydroxydammar-21(22),24-diene
(DD) was calculated from total transformed ginsenoside Rh3 and DD.
Rh3, the activity transforming ginsenoside Rg5 to ginsenoside Rh3; DD,
the activity transforming ginsenoside Rg5 to DD. B. Time course of
ginsenoside Rg5. The metabolites were assayed according to Materials and
Methods. @, ginsenoside Rg5; M, ginsenoside Rh3; a, DD.
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Table 1. Transforming activity of ginsenoside Rg5 by intestinal
bacteria isolated from human feces.

Transforming activity”

(nmol/h/mg)

Ginsenoside Rh3 DD
Bacteroides stercoris HJ-15 0.51 0.02
Bacteroides fragilis JY-6 0.25 0.01
Eubacterium A-44 0.22 -
Lactobacillus acidophilus 1-2 -° -
Streptococcus faecium S-9 0.01 -
Bifidobacterium longum H-1 0.38 -
Bifidobacterium breve K-110 0.02 -

*Isolated bacteria were cultured in GAM broth and collected according to
Materials and Methods. Transforming activity of ginsenoside Rg5 to
ginsenoside Rh3 or 3B,12B-dihydroxydammar-21(22),24-diene (DD) was
calculated from total transformed ginsenoside Rh3 and DD according to
Materials and Methods.

"Not detectable.

specimen for 24 h and periodically assayed for metabolites
(Fig. 2B), ginsenoside Rg5 began to be mainly transformed
to ginsenoside Rh3, and subsequently produced DD after
9 h incubation. A major metabolite was ginsenoside Rh3,
with DD as a minor product, after 24 h incubation.

Among the isolated intestinal bacteria, Bacteroides
stercoris HJ-15 and Bifidobacterium longum H-1 most
potently transformed ginsenoside Rg5 to ginsenoside Rh3
(Table 1).

Inhibition of Ginsenosides Rg5 and Rh3 on Degranulation
and Cytokine Production of RBL-2H3 Cells

In the preliminary experiment, red ginseng inhibited PCA
reaction in vivo. Therefore, to evaluate in vitro whether its
main and genuine ginsenoside Rg5 and its metabolite Rh3
possess antiallergic activity, their inhibitory effects on -
hexosaminidase release from RBL-2H3 cells induced by
IgE with antigen were examined (Table 2). Ginsenosides

Table 2. Inhibitory effect of ginsenosides on the release of B-
hexosaminidase from RBL-2H3 cells induced by IgE with DNP-
HSA and histamine from rat peritoneal mast cells by compound

48/80.

1C,, (mM)
Agent -
RBL-2H3 cells  Peritoneal mast cells

Red ginseng® >0.2 0.05
Ginsenoside Rg5 0.09 0.12
Ginsenoside Rh3 0.04 0.02
Azelastine 0.02 0.02
DSCG 0.50 0.57

Histamine released by compound 48/80 and B-hexosaminidase activity
released from RBL-2H3 cells induced by IgE with DNP-HSA were
82.7+4.4% and 75.0+8.8%, respectively.

*Final concentration unit of red ginseng BuOH extract was mg/ml.

All values are mean+SD (n=3).

1 2 3 4 5 6 7
IgE (0.5 pg/ml} - + + + + + +
G-Rg5 (uM) - - 10 50
G-Rh3 (uM) - - . - 10 50
Dexa (pM) - - - - . . 5

Fig. 3. Effect of ginsenosides RgS and Rh3 on cytokine mRNA
expression levels of RBL-2H3 cells induced by IgE with DNP-
HSA. RBL-2H3 cells pretreated with IgE were stimulated with
DNP-HSA for 1 h and treated with ginsenosides Rg5 or Rh3 for
20 min at the CO, incubator.

Bovine serum was added and then incubated for 40 min. RT-PCR analysis
for RBL-2H3 cells treated with tested agents and/or IgE with DNP-HSA
was performed. G-Rg5, ginsenoside Rg5; G-Rh3, ginsenoside Rh3; Dexa,
dexamethasone.

Rg5 and Rh3 potently inhibited B-hexosaminidase release
of RBL-2H3 cells induced by IgE with antigen, with 1Cs,
values of 0.09 and 0.04 mM, respectively. These ginsenosides
also potently inhibited histamine release of peritoneal mast
cells induced by compound 48/80, with IC,, values of 0.12

- and 0.02 mM, respectively. The degranulation inhibitory

activities of ginsenoside Rh3 against rat peritoneal mast and
RBL-2H3 cells was more potent than those of ginsenoside
Rg5.

Whether ginsenosides Rg5 and Rh3 inhibited mRNA
expressions of cytokines IL-4, IL-6, and TNF-o. in RBL-2H3
cells stimulated by IgE with DNP-HSA was investigated by
using RT-PCR analysis (Fig. 3). IgE with antigen significantly
induced mRNA expression of these cytokines. However,
ginsenosides Rg5 and Rh3 with IgE antigen inhibited
mRNA expression of IL-6 and TNF-a.. The ginsenosides
Rg5 and Rh3 at a dose of 0.05mM inhibited mRNA

~expression of TNF-a and IL-6 by 17% and 34%, and 19%

and 43%, respectively.

Inhibition of Ginsenosides Rg5 and Rh3 on PCA
Reaction

To evaluate the in vivo antiallergic activity of ginsenosides
Rg5 and Rh3, the PCA reaction in mice was induced by
the intradermal injection of IgE, where these ginsenosides
were administered orally or intraperitoneally 60 min prior
to challenge with DNP-HSA antigen, and the inhibitory
potency of the PCA reaction was measured (Table 3). Orally
administered ginsenosides Rg5 and Rh3 potently inhibited
the PCA reaction. Intraperitoneally administered ginsenoside
Rh3 also significantly inhibited the PCA reaction. However,
intraperitoneally administered ginsenoside Rg5 showed
weak inhibition against the PCA reaction. The inhibitory
potency of intraperitoneally administered ginsenosides was
stronger than that of orally administered ones.



Table 3. Inhibitory effect of ginsenosides against PCA reaction.

Dose Inhibition (%)
Agent (mg/kg) -
p.o. Lp.
Saline - 0 0
Red ginseng BuOH extract 100 3244.8° ~f
Ginsenoside Rg5 10 58+4.8° 31£7.7°
25 67+5.8%%¢ 42+59°
Ginsenoside Rh3 10 62+6.2%  65+7.9
25 7546.8%  73£10.5°
DSCG 25 15+3.9° -
Azelastine 10 88+8.8°  95+].2¢

All agents were administered p.o. or i.p. prior to antigenin challenge.
Values are expressed as means+SD (n=5).

**“Items with the same letter are not significantly different in each column.
“Not determined.

Inhibition of Ginsenosides Rg5 and Rh3 on TPA-
Induced Mouse Ear Dermatitis

To evaluate the inhibitory effect of ginsenosides Rg5 and
Rh3 against contact dermatitis, their effect in TPA-induced
mouse ear dermatitis was measured (Fig. 4). When TPA was
applied to the mouse ear, erythema (reddening of the skin)
and edema were observed. Ear thickness measured as an
index of skin inflammation increased at 48 h to 209%.
Betamethasone used as a positive agent at a dose of 10 mg/
mouse ear potently suppressed ear swelling with a suppressive
rate of 78%. Ginsenosides Rg5 and Rh3 at a dose of 10 mg/
mouse ear also potently suppressed ear swelling and their
suppressive rates were 57% and 77% on the third day,
respectively. For histopathological analysis, we excised the
ear at the third day and stained it with hematoxylin-eosin.
These ginsenosides improved the swelling induced by the
application with TPA (data not shown). Ginsenoside Rh3
showed more potent inhibition than ginsenoside Rg5.

0.3

Ear thickness (mm)
o
N

0.1

NOR CON  Rg5-1 Rg5-10 Rh3-1

Rh3-10 BT

Fig. 4. Effects of ginsenosides Rg5 and Rh3 on the thickness of
mice ears induced by TPA.

NOR, vehicle alone (normal); CON, TPA alone treated control; Rg5-1,
1 ng/20 ul ginsenoside Rg5; Rg5-10, 10 pg/20 ul ginsenoside Rg5; Rh3-1,
I pg/20 pl ginsenoside Rhi; Rh3-10, 10 mg/20 ml ginsenoside Rhl; BT,
10 pg/20 pl betamethasone. Values represent means+S.D. for six mice.
#Significantly different from the normal control group (#P<0.05).
*Significantly different from the control group (*P<0.05; **P<0.001).
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Fig. 5. Effect of ginsenosides Rg5 and Rh3 on mRNA expressions
of COXs and cytokines in TPA-induced mouse ear dermatitis.

1, Vehicle alone-treated normal group; 2, oxazolone alone-treated control
group; 3, 1 pug ginsenoside Rg5 with oxazolone; 4, 10 pg ginsenoside Rg5
with oxazolone; 5, 1 pug ginsenoside Rh3 with oxazolone; 6, 10 pg
ginsenoside Rh3 with oxazolone; 7, 10 ug betamethasone with oxazolone.

Effect of Ginsenosides Rg5 and Rh3 on Expression of
COXs and Cytokines Induced by TPA

The effect of ginsenosides Rg5 and Rh3 in mRNA expression
levels of COX-1, COX-2, and cytokines of mouse ear
dermatitis induced by TPA was investigated by using RT-
PCR analysis (Fig. 5). TPA significantly induced COX-2
mRNA expression, but did not induce that of COX-1. The
application of these ginsenosides in TPA-stimulated mice
did not affect COX-1 mRNA expression, but potently inhibited
mRNA levels.of COX-2. TPA also significantly induced
mRNA expression of TNF-a and IL-4. Ginsenosides Rg5
and Rh3 also inhibited the mRNA expression of TNF-o
induced by TPA. The ginsenosides also inhibited mRNA
expression of 1L-4. The ginsenoside Rh3 more potently
inhibited these mRINA expression levels than ginsenoside
Rg5. When the effect of these agents on a transcription
factor NF-«B, which modulates inflammatory reactions
[14], was examined to further dissect the antidermatitic
mechanism of ginsenosides Rg5 and Rh3, electrophoretic
mobility shift assay showed that ginsenosides Rg5 and Rh3
significantly repressed the NF-kB DNA-binding activity in
TPA-induced mouse ear dermatitis (data not shown).

DISCUSSION

Mast cells and basophils are well-known as a critical
participant in the various biologic processes including
allergic diseases [7,27, 34, 38]. These cells express on
their surface membrane receptors with high affinity and
specificity for IgE. The interaction of multivalent antigens
with surface-bound IgE initiates a series of biochemical
events that culminates in the release of histamine and the
production of cytokines, which store within their numerous
cytoplasmic granules as biologically potent inflammatory
mediators, and causes allergic diseases, such as anaphylaxis
and rhinitis. Anti-histamines, steroids, and immunosuppressants
have been using against allergic diseases [29, 30, 33].
However, improving these diseases is too difficult.
Therefore, traditional herbal medicines have been advanced
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for allergic diseases, and its effectiveness has received
increasing attention [6, 39].

Many researchers have focused on ginsenosides as
antiallergic components in ginseng. The antiallergic actions
of these ginsenosides have been explained by their
biotransformation by human intestinal bacteria [1, 2]. For
example, when ginsenoside Rg3 were transformed to
ginsenoside Rh2 by human intestinal microflora, the
biotransformed ginsenoside Rh2 exhibited the potent
antiallergic effects [2]. Ginsenoside Rg5 is a main component
with ginsenoside Rg3 in red ginseng. Nevertheless, the
antiallergic effect of ginsenoside RgS has not been studied.

In the present study, we isolated ginsenoside Rg5 from
red ginseng and its main metabolite ginsenoside Rg3
produced by the incubation with intestinal microflora, and
evaluated the antiallergic effects. First, ginsenoside Rg5
weakly inhibited the degranulation of RBL-2H3 cells and
rat peritoneal mast cells. However, ginsenoside Rh3, which
is a metabolite of ginsenoside Rg5 by human intestinal
bacteria, potently inhibited it, as potently as azelastine.
Neither of these ginsenosides inhibited the activation of
hyaluronidase, nor scavenged the superoxide anion (data
not shown), although some antiallergic agents have been
found to be inhibitors of hyaluronidase and scavengers of
active oxygen species [9, 11]. The ginsenosides Rg5 and
Rh3 did not exhibit antihistamine action (data not shown).
In previous reports, ginsenosides such as compound K
and ginsenoside Rh2 prevented perturbation of the lipid
membrane caused by compound 48/80 [8, 24]. Therefore,
these reports suggest that the inhibitory action of these
ginsenosides such as ginsenoside Rh3 on the degranulation
of mast cells may be due to its ability to protect celis
from the cytolytic response induced by IgE with antigen or
compound 48/80. Furthermore, these ginsenosides inhibited
cytokine biosynthesis of IL-6 and TNF-a in RBL-2H3
cells induced by IgE with DNP-HSA. These results suggest
that ginsenosides may regulate the degranulation and
cytokine biosynthesis of mast cells and basophils, which
causes allergic diseases.

We also evaluated their antiinflammatory effects on a
TPA-induced mouse ear dermatitis model. The treatment
of TPA was accompanied by substained swelling and
redness, as previously reported [22]. COX-2, which is a
marker of acute inflammatory disease, was also induced.
Ginsenosides Rg5 and Rh3 significantly reduced sustained
swelling (thickness) of mice ears induced by TPA. The
ginsenosides Rg5 and Rh3 not only inhibited the mRNA
expression of COX-2, but also the activation of NF-xB
transcription factor, which is an upstream modulator of
COX-2 gene expression in the mouse ear [10, 12]. Furthermore,
the ginsenoside Rh3 significantly inhibited TNF-a and 1L-4
mRNA expression. These results suggest that ginsenosides
Rg5S and Rh3 can improve inflammatory skin disorders,

such as contact dermatitis or psoriasis, by the regulation of
COX-2 and TNF-a produced by macrophage cells and
IL-4 produced by Th2 cells. The inhibitory effect of
ginsenoside Rh3 was more potent than that of ginsenoside
Rg5. Nevertheless, the effect of ginsenoside Rg5 may be
similar to that of ginsenoside Rh3, because ginsenoside
Rg5 was metabolized to ginsenoside Rh3 by human
intestinal microflora.

Orally administered ginsenosides Rg5 and Rh3 and
intraperitoneally administered ginsenoside Rh3 inhibited mouse
PCA reaction induced by IgE. However, intraperitoneally
administered ginsenoside Rg5 exhibited weak inhibition
against the PCA reaction. In addition, if ginseng is
administered orally, its protopanaxadiol ginsenoside Rg5
can be easily metabolized to ginsenoside Rh3. However,
ginsenoside Rg5 was not metabolized to ginsenoside Rh3
in rat liver homogenate (data not shown). These results
suggest that ginsenoside Rg5 may not be metabolized to
ginsenoside Rh3 in tissues such as liver, when it was
intraperitoneally administered. Therefore, the in vitro
biological effect of ginsenoside Rg5 is different to the in
vivo administered one. Based on these findings, we believe
that the inhibitory effect of orally administered ginsenoside
Rg5 may be due to the ginsenoside Rh3 metabolized by
intestinal microflora and the metabolized ginsenoside Rh3
can improve [gE-induced allergic diseases such as rhinitis
and asthma.
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