] Ginseng Res 43 (2019) 635—644

Contents lists available at ScienceDirect

*KSG
21

Journal of Ginseng Research

journal homepage: http://www.ginsengres.org

Research Article

Fermented red ginseng and ginsenoside Rd alleviate ovalbumin-
induced allergic rhinitis in mice by suppressing IgE, interleukin-4, and
interleukin-5 expression

Hye In Kim %", Jeon-Kyung Kim ", Jae-Young Kim !, Myung Joo Han?,

Dong-Hyun Kim "*

T Neurobiota Research Center and Department of Life and Nanopharmaceutical Sciences, College of Pharmacy, Kyung Hee University, Seoul, Republic of

Korea
2 Department of Food and Nutrition, Kyung Hee University, Seoul, Republic of Korea

Check for
‘ updates

ARTICLE INFO

ABSTRACT

Article history:

Received 22 October 2018
Received in Revised form

25 February 2019

Accepted 27 February 2019
Available online 7 March 2019

Keywords:
Allergic rhinitis
Fermentation
Ginsenoside Rd
Gut microbiota
Red ginseng

Background: To increase the pharmacological effects of red ginseng (RG, the steamed root of Panax
ginseng Meyer), RG products modified by heat process or fermentation have been developed. However,
the antiallergic effects of RG and modified/fermented RG have not been simultaneously examined.
Therefore, we examined the allergic rhinitis (AR)-inhibitory effects of water-extracted RG (WRG), 50%
ethanol-extracted RG (eRG), and bifidobacteria-fermented eRG (fRG) in vivo.
Methods: RBL-2H3 cells were stimulated with phorbol 12-myristate-13-acetate/A23187. Mice with AR
were prepared by treatment with ovalbumin. Allergic markers IgE, tumor necrosis factor-o, interleukin
(IL)-4, and IL-5 were assayed in the blood, bronchoalveolar lavage fluid, nasal mucosa, and colon using
enzyme-linked immunosorbent assay. Mast cells, eosinophils, and Th2 cell populations were assayed
using a flow cytometer.
Results: RG products potently inhibited IL-4 expression in phorbol 12-myristate-13-acetate/A23187-
stimulated RBL-2H3 cells. Of tested RG products, fRG most potently inhibited IL-4 expression. RG
products also alleviated ovalbumin-induced AR in mice. Of these, fRG most potently reduced nasal al-
lergy symptoms and blood IgE levels. fRG treatment also reduced IL-4 and IL-5 levels in bronchoalveolar
lavage fluid, nasal mucosa, and reduced mast cells, eosinophils, and Th2 cell populations. Furthermore,
treatment with fRG reduced IL-4, IL-5, and IL-13 levels in the colon and restored ovalbumin-suppressed
Bacteroidetes and Actinobacteria populations and ovalbumin-induced Firmicutes population in gut
microbiota. Treatment with ginsenoside Rd significantly alleviated ovalbumin-induced AR in mice.
Conclusion: fRG and ginsenoside Rd may alleviate AR by suppressing IgE, IL-4, IL-5, and IL-13 expression
and restoring the composition of gut microbiota.

© 2019 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

symptoms are principally caused by allergic and inflammatory
mediators released from mast cells (MCs), basophils, eosinophils,

Allergic rhinitis (AR) is a common inflammatory disease,
which occurs in the nose by the overreaction of allergens. The AR
prevalence is estimated to be up to 10% of the world population.
AR is triggered in the nasal membrane by environmental aller-
gens interacting with IgE [1,2]. Although not fatal, irritable
symptoms, including itching, sneezing, and nasal congestion,
reduce the quality of life in patients with AR [3,4]. These

lymphocytes, and epithelial cells, which are engaged in innate
and adaptive immunities [5—7]. Moreover, IgE, interleukin (IL)-4,
and IL-5 expressions are extremely upregulated in patients with
AR, whereas IL-10 expression is downregulated [8,9]. Among
these immune cells, MCs, eosinophils, dendritic cells (DCs), and
macrophages are activated by the stimulation with the complex of
IgE and allergens and secrete tumor necrosis factor (TNF)-a, IL-4,
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IL-5, and histamine. These stimulate the adaptive immune cells
including T lymphocytes and differentiate naive CD4" T cells into
effector T cells such as T helper Type 1 (Th1), Th2, Th17, and
regulatory T (Treg) cells [10]. MCs release histamine and cyto-
kines such as TNF-q, IL-4, and IL-5, triggering acute and chronic
allergic responses [11]. Of these allergic mediators, IL-4 and IL-5
promote Th2 cell differentiation, induce IgE production from B
lymphocytes, and activate eosinophils, whereas IL-10 stimulates
Treg cell differentiation and suppresses Th2 cell activation and IgE
expression [12,13]. To remit AR, H; receptor antagonists, corti-
costeroids, antileukotrienes, and decongestants are frequently
used [14]|. However, these treatments can evoke adverse side
effects.

Red ginseng (RG, the steamed root of Panax ginseng Meyer,
family Araliaceae) is frequently used as a functional food and
herbal medicine for the therapy of cancer, allergic and inflam-
matory disorders, and diabetes [15,16]. Its major constituents are
ginsenosides, which exhibit antitumor, antiinflammatory, anti-
allergic, and antidiabetic effects [15—18]. These ginsenosides
including ginsenosides Rb1 and Rb2 suppressed compound
48/80—induced itching behaviors and inflammation [19,20].
However, these ginsenosides are transformed to ginsenosides Rd,
F2, and compound K by gut microbiota or fermentation
[18,21,22]. These transformed ginsenosides such as ginsenosides
Rd and compound K show biological activities more potently
than parental ginsenosides. Therefore, to enforce the pharma-
cological effects of RG, many kinds of RG modified by heat pro-
cess or fermentation have been developed [22—24]. For example,
compound K—rich RG fermented by bifidobacterial lysate atten-
uates the nasal congestion in patients with rhinitis [25]. How-
ever, the difference between the anti-AR effects of RG and
fermented RG (fRG) is not examined.

In the preliminary study, RG inhibited IL-4 expression in
phorbol  12-myristate-13-acetate  (PMA)/A23187-stimulated
RBL-2H3 cells. Moreover, when RG was orally administered, a
main constituent absorbed into the blood was ginsenoside Rd
[26,27]. Herein, to understand the pharmacological effects of
various RG products, we examined anti-AR effects of water-
extracted RG (WRG), 50% ethanol-extracted RG (eRG), fRG, and
their main constituent ginsenoside Rd in mice with ovalbumin-
induced AR.

2. Materials and methods
2.1. Materials

Ovalbumin, PMA, A23187, and dexamethasone were pur-
chased from Sigma (St. Louis, MO, USA). Enzyme-linked immu-
nosorbent assay (ELISA) kits for IL-4, IL-5, and TNF-a were
supplied from R&D Systems (Minneapolis, MN, USA). The ELISA
kit for IgE was purchased from Invitrogen (Waltham, MA, USA).
Protease inhibitor and phosphatase inhibitor cocktails were
purchased from Roche Applied Science (Mannheim, Germany).
The fecal DNA isolation kit was purchased from Qiagen (Hilden,
Germany). phycoerythri (PE)-conjuaged anti—Siglec-F, and
allophycocyanin (APC)-conjuaged anti-F4/80, PE-conjugated anti-
FceRla, APC-conjugated anti-CD117, PE-conjugated anti—IL-4,
peridinin chlorophyll protein complex (PerCP)-conjuaged anti-
CD4, and fixation/permeabilization buffer were purchased from
BioGems International Inc. (Westlake Village, CA, USA).
Fluorescence-activated cell sorting (FACS) lysing solution was
purchased from Becton Dickinson (San Jose, CA, USA). RG prod-
ucts (eRG, fRG, and wRG) were purchased or prepared according
to the method used by Kim et al [27] (Supplement Table 1 and

Supplement Fig. 1). Ginsenoside Rd was prepared according to
the method used by Bae et al [28].

2.2. Culture of RBL-2H3 cells

Cells were cultured in an atmosphere of 95% air/5% carbon di-
oxide at 37°C in Dulbecco modified eagle medium (DMEM), which
contained 1% antibiotic—antimycotic solution and 10% fetal bovine
serum. To examine the effects of RG products and ginsenoside Rd
on IL-4 expression, the cells (3 x 10° cells/mL) were incubated with
PMA (50 nM)/A23187 (1 uM) in the addition or absence of RG
products (10 pg/mL) and ginsenoside Rd (10 uM) for 18 h, lysed
with lysis buffer, and centrifuged (10,000 g for 5 min) according to
the modified method used by Chen et al. [29]. IL-4 levels were
measured in the supernatant by the ELISA kit.

2.3. Animals

BALB/c mice (female, 6 weeks old, 19—21 g) were purchased
from Orient Bio Inc. (Seoul, Korea). The mice were kept in wire
cages in a ventilated room of the animal laboratory (temperature,
20—22°C; humidity, 50 + 10%; and light, 07:00—19:00; not specific
pathogen—free) approved by the Association for Assessment and
Accreditation of Laboratory Animal Care International, fed a stan-
dard laboratory diet, and allowed to take water ad libitum. All
experiments were carried out according to the Kyung Hee Univer-
sity Guidelines for Laboratory Animals Care and Use and approved
by the Committee for the Care and Use of Laboratory Animals at the
university (IRB No. KHUASP(SE)-17-104).

2.4. Preparation of ovalbumin-induced AR mice

Mice with AR were manipulated according to the modified
method used by Oh et al [30]. Briefly, the mice were randomly
separated. Each group consisted of eight mice. The mice were
sensitized by intraperitoneally injecting ovalbumin (20 pg, dis-
solved in 2 mg/200 pL of aluminum potassium sulfate solution) on
the 1% and 14" day and intranasally treated by daily dropping
ovalbumin (10 pL into the nostril [10 mg/mL], dissolved in saline)
from the 26 to 28™ day. Test agents (vehicle, saline; eRG, 50 mg/kg
of eRG per-oral (p.o.); fRG, 50 mg/kg of fRG p.o.; wRG, 50 mg/kg of
WRG p.o.; Rd, 20 mg/kg of ginsenoside Rd p.o.; and Dx, 1 mg/kg of
dexamethasone intraperitoneally (i.p.)) were orally gavaged once a
day from the 26t to 30t day. The control group was given saline
instead of RG products and ovalbumin. On the 31°t day, the mice
were intranasally treated with ovalbumin (10 pL into the nostril [10
mg/mL], dissolved in physiological saline) and counted for AR be-
haviors (symptom score indicates number of rubbing and scratch-
ing of the nose, ear, and eyes for 10 min) [31].

2.5. Hisotological examination

Noses were fixed overnight in 50 mM phosphate buffer (pH 7.4)
containing 4% paraformaldehyde, frozen in optimal cutting tem-
perature solution, cut into 10-um section using a cryostat, stained
with hematoxylin and eosin (H&E), and then observed under a light
microscope [32].

2.6. Analysis of eosinophils, MCs, and Th2 cells in the
bronchoalveolar lavage fluid using a flow cytometer

The mice were sacrificed and incised over the larynx, and
bronchoalveolar lavage fluid (BALF) was taken out thrice using 3 mL
of complete media, centrifuged (5000 g, 5 min), suspended in fix-
ation/permeabilization solution, and incubated for 5 min. Specific
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R monoclonal antibodies (1 pug/100 pL: PE-conjugated antibody for
o Siglec-F and APC-conjugated antibody for F4/80 to measure eo-
b sinophils, PE-conjugated antibody for FceRlo. and APC-conjugated
§ antibody for CD117 to measure MCs, and PE-conjugated antibody
E for IL-4 and PerCP-conjugated antibody for CD4 to measure Th2
g cells) were added to the samples (2 x 10° cells/mL) and treated at
© 4°C for 45 min in the dark [31]. The stained cells were treated with
z the fixation buffer, lysed with the FACS lysing solution, washed,
= suspended in FACS buffer, and counted using a flow cytometer.
O
<
S 2.7. Enzyme-linked immunosorbent assay
&)
‘:’ For the determination of cytokines and IgE, the nasal mucosa
2 and colon were minced with a homogenizer, lysed in 1 mL of lysis
; buffer, which contained 1% protease inhibitor cocktail and 1%
(= phosphatase inhibitor cocktail, on ice. The nasal mucosa and colon
oo E homogenates and BALF were centrifuged (15,000 g, 4°C, 15 min for
o 2 E 5. the nasal mucosa and colon and 5000 g, 5 min for BALF) [32]. Levels
I 2C S 2 of TNF-a, IL-4, and IL-5 in the supernatants of tissue homogenates
2 E § g and BALF and IgE, IL-4, and IL-5 in the sera, which were obtained
§ 3 § § E E from bloqd by centr.ifugation (1,500 g, 15 min), were assayed using
< . <E ‘i g commercial ELISA Kits.
58283 §
9 E é § g § 2.8. Quantitative polymerase chain reaction
<O 't
E E E E E O Quantitative polymerase chain reaction for Firmicutes, Bacter-
2ESGE E a oidetes, d/y-Proteobacteria, and Actinobacteria was performed
R R with total DNA(100 ng) purified from the feces in a Takara thermal
cycler using SYBER premix (Takara Bio Inc., Tokyo, Japan) [33].
Thermal cycling was performed at 95°C for 30 s with 35 cycles of
& denaturation at 95°C for 5 s and amplification at 63°C for 30 s.
f,: Expression of genes was computed relatively to bacterial rRNA,
G using Microsoft Excel (Redmond, WA, USA). The primers were
g prepared in Macrogen (Seoul, Korea), as shown in Table 1.
S Quantitative polymerase chain reaction for IL-13 and glyceral-
- dehyde 3-phosphate dehydrogenase was performed with total DNA
§ (100 ng) purified from the colons in a Takara thermal cycler using
S SYBER premix [27]. Thermal cycling was performed at 95°C for 30 s
5 with 50 cycles of denaturation at 95°C for 5 s and amplification at
5 72°C for 30 s. Expression of genes was computed relatively to
% glyceraldehyde 3-phosphate dehydrogenase, using Microsoft Excel.
< The primers were prepared in Macrogen, as shown in Table 1.
<
o 2 2.9. Statistics
< <
om K o , o
:8 ; = /.\ll.data val_ues. obtamgd are 1nd1cated_a§ mean =+ standiard
SExE kY deviation. The significant difference was statistically analyzed using
EYOE 2 one-way analysis of variance followed by Duncan’s multiple range
oo o test (P < 0.05).
< O <« =
SCEEs g |y
g 5 § 8 2 |8 3. Results
o0 é g
Gicse 3 |$ N .
» p 8 Lu? § o ;; 3.1. fRG and ginsenoside Rd inhibited the expression of IL-4
5329 G |3 in RBL-2H3 cells
U ~Q $ o 5 alg
8SEE8sEL|2 L . .
NN g RBL-2H3 cells are similar to the function of primary M_Cs a}nd
£ basophils [34]. PMA/A23187 promotes MC and basophil activation
’:’: and upregulate the secretion of allergy-related factors [29,35].
< k= Therefore, PMA/A23187-stimulated RBL-2H3 cells are frequently
Z § used for the study of MC-mediated allergic responses. First, in order
8 g 5 g to evaluate the inhibitory effects of RG products in vitro against MC-
888z Y mediated AR, we examined the effects of wRG, eRG, and fRG on the
22 Jé % - & ::O expression of IL-4 in PMA/A23187-stimulated RBL-2H3 cells
,UE_ g g g ; ET:J g (Fig. 1A). Treatment with PMA/A23187 significantly increased IL-4
3 expression while RG treatments suppressed PMA/A23187-induced
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Fig. 1. Effects of wRG, eRG, fRG, and ginsenoside Rd on IL-4 expression in PMA/A23187-induced RBL-2H3 cells. (A) Effects of wRG, eRG, and fRG. (B) Effects of ginsenoside Rd. RBL-
2H3 cells were stimulated with PMA/A23187 in the presence of fRG, eRG, wRG (10mg/mL), or ginsenoside Rd (10 mM) for 18 h. Data are shown as box plots (n=4). Means with the
same letters are not significantly different (p<0.05). eRG, ethanol-extracted RG; fRG, fermented RG; IL, interleukin; RG, red ginseng; Veh, vehicle;wRG, water-extracted RG.

Fig. 2. Effects of WRG, eRG, and fRG on the nasal allergic symptoms and allergic rhinitis (AR) marker expression in the nasal mucosa and blood of mice with ovalbumin (OVA)-induced AR.
(A) Effects on (a) the nasal allergy symptoms, (b) nasal IL-4 levels, and (c) IL-5 levels. (B) Effects on blood (a) IL-4, (b) IL-5, and (c) IgE levels. (C) Histological examination of nasal tissues,
stained with H&E. Cytokine and IgE levels were measured using ELISA kits. The control group was treated with vehicle instead of OVA and test agents. Test agents (vehicle, wRG [50 mg/kg/
day], eRG [50 mg/kg/day], fRG [50 mg/kg/day], or dexamethasone [Dx, 1 mg/kg/day]) were administered orally (for wRG, eRG, and fRG) or intraperitoneally (for Dx) daily for 5 days for
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treating mice with OVA-induced AR. Data are shown as box plots (n = 8). Means with the same letters are not significantly different (p < 0.05).

AR, allergic rhinitis; ELISA, enzyme-linked immunosorbent assay; eRG, ethanol-extracted RG; fRG, fermented RG; H&E, hematoxylin and eosin; IL, interleukin; RG, red ginseng; Veh,

vehicle; wRG, water-extracted RG.
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Fig. 3. Effects of wRG, eRG, and fRG on Th2 cells, eosinophils, and mast cells populations and IL-4, IL-5, and TNF-a. levels in the BALF of mice with ovalbumin (OVA)-induced AR. (A)
Effects on (a) Th2 cells, (b) mast cells, and (c) eosinophils. The populations of cells were measured by FACS. (B) Effects on (a) IL-4, (b) IL-5, and (c) TNF-a levels. Cytokine levels were
measured using ELISA kits. The control group was treated with vehicle instead of OVA and test agents. Test agents (vehicle, wRG [50 mg/kg/day], eRG [50 mg/kg/day], fRG [50 mg/kg/
day], or dexamethasone [Dx, 1 mg/kg/day]) were administered orally (for wRG, eRG, and fRG) or intraperitoneally (for Dx) daily for 5 days for treating mice with OVA-induced AR.
Data are shown as box plots (n = 8). Means with the same letters are not significantly different (p < 0.05).

AR, allergic rhinitis; ELISA, enzyme-linked immunosorbent assay; eRG, ethanol-extracted RG; FACS, fluorescence-activated cell sorting; fRG, fermented RG; H&E, hematoxylin and

eosin; IL, interleukin; RG, red ginseng; Veh, vehicle; wRG, water-extracted RG.

IL-4 expression. Of these treatments, fRG treatment most potently
suppressed IL-4 expression. Furthermore, ginsenosided Rd, a main
constituent of fRG, also potently inhibited IL-4 expression (Fig. 1B).

3.2. fRG alleviated ovalbumin-induced AR in mice

Then, we examined the antiallergic effect of RG on mice with
ovalbumin-induced AR. Treatment with ovalbumin showed nasal
allergy symptoms such as sneezing and nose scratching. Further-
more, ovalbumin treatment increased nasal IL-4 and IL-5 levels
(Fig. 2). However, treatment with RG significantly alleviated
ovalbumin-induced nasal allergy symptoms and reduced nasal IL-4

and IL-5 expression. Among the tested RG products, fRG treatment
most potently suppressed nasal IL-4 and IL-5 expression. fRG
treatment also suppressed ovalbumin-induced dilation of nasal
epithelial cells, assessed by histological examination.

Ovalbumin treatment also increased MCs, eosinophils, and Th2
cell populations in the BALF (Fig. 3). However, treatment with RG
products suppressed ovalbumin-induced populations of MCs,
eosinophils, and Th2 cells. Of these, fRG treatment most potently
reduced MCs, eosinophils, and Th2 cell populations. Furthermore,
fRG treatment suppressed ovalbumin-induced IL-4 and IL-5
expression in the BALF. fRG treatment also suppressed ovalbumin-
induced IL-4, IL-5, and IgE levels in the blood.
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Fig. 4. Effects of WRG, eRG, and fRG on myeloperoxidase (MPO) activity and IL-4, IL-5, and IL-10 expression in the colon and gut microbiota population in the feces of mice with
ovalbumin (OVA)-induced AR. (A) Effects on (a) myeloperoxidase activity, (b) IL-4, (c) IL-5, (d) IL-13, and (e) TNF-a expression. Cytokines were measured using ELISA kits. (B) Effects
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mg/kg/day]) were administered orally (for wRG, eRG, and fRG) or intraperitoneally (for Dx) daily for 5 days for treating mice with OVA-induced AR. Data are shown as box plots

(n = 8). Means with the same letters are not significantly different (p < 0.05).

AR, allergic rhinitis; ELISA, enzyme-linked immunosorbent assay; eRG, ethanol-extracted RG; FACS, fluorescence-activated cell sorting; fRG, fermented RG; H&E, hematoxylin and
eosin; IL, interleukin; RG, red ginseng; TNF-a, tumor necrosis factor-o; Veh, vehicle; wRG, water-extracted RG.

To understand the effect of RG on gut microbiota compo-
sition and allergic cytokine expression in the colon, we
investigated its effect on gut microbiota population, colonic IL-
4, IL-5, and IL-13 expression, and myeloperoxidase activity in
mice with ovalbumin-induced AR (Fig. 4). Ovalbumin treat-
ment significantly increased Firmicutes population and
reduced Bacteroidetes and Actinobacteria populations. How-
ever, RG treatments reduced Firmicutes population and
increased Bacteroidetes and Actinobacteria populations,
resulting in the decrease of Firmicutes-to-Bacteroidetes (F/B)
ratio. Of RG products, fRG significantly increased Bacteroidetes
and Actinobacteria populations and reduced Firmicutes popu-
lation. Dexamethasone, a positive agent, increased the

population of Actinobacteria, not Bacteroidetes, and suppressed
the population of Firmicutes. Ovalbumin treatment also
increased colonic IL-4, IL-5, and IL-13 expression in the colon,
whereas RG treatment significantly inhibited ovalbumin-
induced expression of IL-4, IL-5, and IL-13. Furthermore, RG
treatment suppressed myeloperoxidase activity in the colon. Of
these, fRG treatment most potently suppressed myeloperox-
idase activity and IL-4, IL-5, and IL-13 expression.

3.3. Ginsenoside Rd alleviated ovalbumin-induced AR in mice

Thereafter, to understand whether ginsenoside Rd, which was
the most abundantly absorbed ginsenoside in mice orally treated
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Fig. 5. Effect of ginsenoside Rd on the nasal allergy symptoms and allergic rhinitis (AR) biomarker expression in the nasal mucosa and blood of mice with ovalbumin (OVA)-induced
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ELISA, enzyme-linked immunosorbent assay; IL, interleukin; Veh, vehicle.

with wRG or fRG [32], could alleviate AR in vivo, we examined the
effect of ginsenoside Rd on mice with ovalbumin-induced AR.
Ginsenoside Rd treatment significantly attenuated ovalbumin-
induced nasal allergy symptoms and reduced nasal IL-4 and IL-5
levels in the nasal mucosa (Fig. 5A). Ginsenoside Rd treatment
also suppressed ovalbumin-induced IL-4 and IL-5 expression in the
blood (Fig. 5B). Furthermore, ginsenoside Rd treatment reduced
ovalbumin-induced populations of MCs, eosinophils, and Th2 cells
(Fig. 6A). Ginsenoside Rd treatment suppressed ovalbumin-
induced IL-4 and IL-5 expression in BALF (Fig. 6B). Moreover,
ginsenoside Rd treatment reduced ovalbumin-induced IgE levels in
the blood. Ginsenoside Rd treatment significantly suppressed
ovalbumin-induced myeloperoxidase activity and IL-4, IL-5, and IL-
13 expression in the colon and increased ovalbumin-suppressed
fecal Bacteroidetes population (Fig. 7).

4. Discussion

Ginseng, including RG (steamed ginseng), exhibits a variety
of pharmacological properties, including anticancer, anti-
allergic, antiinflammatory, and antipruritic effects [15,16]. The
main bioactive components of ginseng are ginsenosides and
polysaccharides [18]. RG is prepared by steaming fresh ginseng.
Steaming partially transforms the constituents of ginseng,
particularly ginsenosides [18,23]. Fresh and white ginsengs
contain ginsenosides Rb1, Rb2, and Rc as main constituents,
whereas the main constituents of RG are ginsenosides Rb1 and
Rg3. Jeong et al [36] reported that RG decreased airway

resistance, eosinophil population in BALF, and blood IgE levels
in rodents with ovalbumin-induced asthma. Kim and Yang [37]
reported that RG suppressed airway hyperresponsiveness by
suppressing T cells and eosinophil infiltration, their cytokine
secretion, and blood IgE levels in mice with ovalbumin-
sensitized asthma. Lee and Cho [38] reported that RG
reduced IgE levels and increased Foxp3™ T cell populations in
NC/Nga mice. Babayigit et al [39] reported that oral adminis-
tration of RG prevented chronic airway remodeling in a murine
asthma model. Jung et al [25] reported that bifidobacterial
lysate—treated RG, which was not fermented with live bifido-
bacteria, attenuated allergic syndrome in patients with AR.
These results suggest that RG can reduce IgE level and increase
Treg cell population, resulting in the attenuation of asthma
and AR. However, the difference in antiallergic activities be-
tween RG and fRG was not examined.

In the present study, we found that fRG potently inhibited IL-4
expression in PMA/A23187-stimulated RBL-2H3 cells, which
exhibit the immune function such as allergen-induced MCs [29].
These results suggest that fRG can alleviate MC-mediated AR. We
also observed that ovalbumin-treated mice exhibited AR symptoms
and increased Th2 cell population and IL-4, IL-5, IL-13, and IgE
expression, as previously reported [40,41]. Furthermore, the in-
duction of AR by ovalbumin treatment altered gut microbiota
composition: it increased the Firmicutes population and reduced
Bacteroidetes and Actinobacteria populations. These findings sug-
gest that allergen-induced allergic diseases can be companied by
the disturbance of gut microbiota including the increased ratio of
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AR, allergic rhinitis; ELISA, enzyme-linked immunosorbent assay; FACS, fluorescence-activated cell sorting; IL, interleukin; TNF-a, tumor necrosis factor-o;; Veh, vehicle.

Firmicutes to Bacteroidetes. However, treatment with RG products,
particularly fRG, inhibited the expression of IL-4 and IL-5 in the
nasal mucosa, BALF, and blood of mice. fRG also suppressed the
infiltration of eosinophils, MCs, and Th2 cells into the BALF of mice
with ovalbumin-induced AR. In the in vitro study, RG products,
particularly fRG, inhibited the expression of IL-4 in RBL-2H3 cells
stimulated by PMA/A23187. These findings suggest that this fRG can
inhibit the activation of eosinophils and MCs and differentiation
into Th2 cells by suppressing the expression of IL-4, IL-5, and IL-13
in the immune cells. fRG also reduced IgE levels in the blood and
nasal allergy symptoms. Furthermore, fRG suppressed the expres-
sion of IL-4, IL-5, and IL-13 in the colon and BALF. fRG significantly
increased ovalbumin-suppressed Bacteroidetes and Actinobacteria
populations and reduced ovalbumin-induced Firmicutes popula-
tion: fRG-induced Bacteroidetes and Actinobacteria populations
were inversely proportional to the IL-4, IL-5, and IL-13 expression in
the colon and BALF, whereas the Firmicutes population was directly
proportional. These findings suggest that fRG may alleviate AR by
regulating gut immunity and microbiota composition.

Many studies have suggested that the immunomodulating
components of RG should be ginsenosides and polysaccharides
[15,18,42]. Ginsenosides, which are main constituents of RG,
have antiallergic activities in murine asthma and atopic disease
models [43—47]. Ginsenosides, including ginsenoside Rd, also
inhibited inflammation in vitro and in vivo by inhibiting the
activation of NF-«kB and increased immunological adjuvant
activity by inducing the expression of interferon (IFN)-vy, IL-2,
IL-4, and IL-10, which are Th1 and Th2 cytokines [45,47,48].
Bae et al [46,49] reported that treatment of mice with ginse-
noside Rb1 or its metabolite CK suppressed IgE—antigen

complex-induced passive cutaneous anaphylaxis by suppress-
ing the expression of IL-4 and TNF-a and activation of NF-kB.
Ginsenoside Rgl enhanced the development of Th2 cells from
the naive CD4™ T cells in murine splenocytes by increasing the
expression of IL-4, a Th2-specific cytokine [44]. CK inhibited
the expression of cyclooxygenase (COX)-2 and inducible nitric
oxide synthetase (iNOS) in macrophages stimulated by LPS and
in mice with 2,3,4-trinitrobenzene sulfonic acid (TNBS)- or
lipopolysaccharide (LPS)-induced inflammation [50]. CK
increased the DC development from monocytes by increasing
the expression of IFN-y and proliferation of Th1 cells [45,50].
CK suppressed the T cell activation and increased naive T and
Treg cell populations in the spleens of rats with adjuvant-
induced arthritis [47,48]. Ginseng polysaccharides enhanced
Th1 function in the irradiated mice while Th2 cell response
was interfered [42]. These findings suggest that ginsenosides
including ginsenoside Rd can regulate innate and adaptive
immune responses: they inhibited monocyte activation,
inflammation, and hypersensitivity, activated Th1 cell activa-
tion, and increased Treg cell differentiation and DC maturation.
Polysaccharides mainly induce macrophage and Th1 cell acti-
vation. Moreover, polysaccharides are not easily absorbed
compared with saponins. In addition, when RG was orally
administered, the protopanaxadiol-type component highly
absorbed into the blood was ginsenoside Rd, followed by
ginsenosides Rg3, CK, and F2 in rodents. Therefore, pharma-
cological activities of RG can be dependent on the absorbed
level of ginsenoside Rd. Moreover, the absorbed ginsenoside
Rd level was significantly higher in the blood of mice orally
gavaged with fRG than in those with RG, whereas the absorbed
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Fig. 7. Effect of ginsenoside Rd on myeloperoxidase (MPO) activity and IL-4, IL-5, IL-10, and IL-13 expression in the colon and gut microbiota population in the feces of mice with
ovalbumin (OVA)-induced AR. (A) Effects on (a) myeloperoxidase activity, (b) IL-4, (c) IL-5, (d) IL-13, and (e) TNF-a expression. IL-4, IL-5, and TNF-a levels were measured using
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were administered orally daily for 5 days for treating mice with OVA-induced AR. Data are shown as box plots (n = 8). Means with the same letters are not significantly different

(p < 0.05).

AR, allergic rhinitis; ELISA, enzyme-linked immunosorbent assay; IL, interleukin; qPCR, quantitative polymerase chain reaction; TNF-a, tumor necrosis factor-o; Veh, vehicle.

Rg3 level was not different [27]. Moreover, in the present
study, ginsenoside Rd potently suppressed ovalbumin-induced
nasal AR symptoms, IL-4, IL-5, and IL-13 expression,
and MCs, eosinophils, and Th2 cell populations and restored
ovalbumin-induced disruption of gut microbiota composition
in mice with ovalbumin-induced AR. Ginsenoside Rd also
inhibited IL-4 expression in PMA/A23187-induced RBL-2H3
cells in vitro. These findings suggest that the anti-AR activ-
ities of fRG may be dependent on those of highly absorbed
ginsenoside Rd, which may directly suppress allergic
responses and the indirect regulation of gut immunity through
the modification of gut microbiota composition in the intestine
before the absorption of fRG constituents.

In conclusion, fRG and ginsenoside Rd may alleviate AR by
suppressing IgE, IL-4, IL-5, and IL-13 expression and restoring the
composition of gut microbiota.
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