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Abstract: (1) Background: The immunostimulatory role of the polysaccharide fraction (KRG-P)
of Korea red ginseng (KRG) was studied in cells. However, its immunomodulatory activity is
unknown. Therefore, we investigated the chemical properties of KRG-P and its intestinal immune
responses in vitro and in vivo. (2) Methods: KRG-P monosaccharide composition and molecular
weight were determined using high-performance liquid and size-exclusion chromatography systems.
Immunoglobulin A (IgA) and «-defensin-1 transcript levels were measured using a SYBR Green
gqRT-PCR; defensin-1, Granulocyte-macrophage colony-stimulating factor (GM-CSF), and IgA protein
levels were determined using Western blotting and ELISA kits. (3) Results: The molecular weight
of KRG-P was estimated to be 106 kDa, and it contained neutral sugar (74.3%), uronic acid (24.6%),
and proteins (1%). In vitro studies of intestinal immunomodulatory activity of KRG-P indicated that
GM-CSF and IgA levels increased in Peyer’s patch cells to higher levels than those obtained with KRG
and induced bone marrow cell proliferation. In in vivo study, oral KRG-P administration to mice
upregulated the expression of x-defensin-1 and IgA in the small intestinal tissue and that of secreted
IgA in the feces. (4) Conclusions: KRG-P contributed to the modulation of intestinal immunity and
maintenance of intestinal homeostasis against intestinal infection.
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1. Introduction

The human body is exposed to foreign materials, such as pathogenic bacteria and viruses,
but it maintains homeostasis through the immune system. The immune system is classified into
primary (the thymus and bone marrow) and secondary lymphoid systems (the spleen, lymph nodes,
and mucosal-associated lymphoid tissue (MALT)) [1,2]. MALT acts as a physical and immunological
barrier against harmful substances and pathogenic bacteria [3]. Gut-associated lymphoid tissue has
the largest MALT area and consists of Peyer’s patches, the lamina propria, and mesenteric lymph
nodes, and Peyer’s patches are known as inductive sites that secrete IgA onto the mucosal surface [4].
B, T, and dendritic cells of Peyer’s patches are activated by antigens entering from the intestinal lumen,
thereby secreting IgA that neutralizes the pathogens, and by producing cytokines, such as GM-CSF
and Interleukine-6 (IL-6), which ultimately contribute to systemic immune activation [5]. In addition,
Paneth cells present in the intestinal epithelium secrete an antimicrobial peptide called x-defensin-1
(Crytidin) after exposure to bacteria, lipopolysaccharide (LPS), lipid A, and muramyl dipeptide [6-8].
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Panax ginseng C.A. Meyer has been widely used as a traditional medicine in East Asian countries
such as Korea, China, and Japan. The pharmacological effects of P. ginseng against cancer [9],
cardiovascular diseases [10,11], and diabetes [12], which are attributed to its active constituents such as
ginsenosides, polyphenols, flavonoids, and polysaccharides, have been reported previously [13,14].

Red ginseng, which results from the heat treatment of white ginseng, has a higher content of
ginsenoside and improved activities than those of white ginseng [15-18]. However, the pharmacological
activities of red ginseng have not been attributed to ginsenosides. Recently, several studies reported that
Korea red ginseng-derived polysaccharides showed immune-enhancing activities such as macrophage
activation, cytokine production mediated by Peyer’s patches, and splenic lymphocyte proliferation
in vitro and in vivo [19-23]. Nonetheless, there are few studies on the effects of polysaccharides from
Korea red ginseng (KRG) on IgA production via Peyer’s patch activation and x-defensin expression for
maintaining intestinal homeostasis in vivo. Therefore, in this study we extracted the polysaccharide
fraction (KRG-P) from Korea red ginseng, analyzed its chemical properties, and investigated its possible
role in intestinal immune activation. Our results indicated that KRG-P contributed to the modulation
of intestinal immunity and the maintenance of intestinal homeostasis against intestinal infection.

2. Materials and Methods

2.1. Materials

The mouse antibodies against x-defensin-1 (ab122848) and (-actin (I-19) were purchased from
Abcam (Cambridge, UK) and Santa Cruz Biotechnologies (Santa Cruz, CA, USA), respectively.
Mouse GM-CSF Quantikine and IgA ELISA kits were provided by R&D Systems (Minneapolis,
MN, USA) and Bethyl Laboratories (Montgomery, TX, USA), respectively. RPMI 1640 medium and
penicillin/streptomycin were obtained from Gibco (Grand Island, NY, USA). Fetal Bovine Serum (FBS)
ATCC 30-2020 was provided by ATCC (Manassas, VA, USA). Slide-A-Lyzer® 20K dialysis Cassettes
G2 were purchased from Thermo Scientific (Waltham, MA, USA). A Corning® 100 um Cell Strainer
was obtained from Corning (Corning, NY, USA).

2.2. Preparation of the Polysaccharide Fraction from Red Ginseng

KRG extract, which has been recognized by the Ministry of Food and Drug Safety (formerly known
as the Korea Food and Drug Administration) as a health functional food [24], was provided by Korea
Ginseng Corporation (Seoul, Korea). KRG was first diluted ten times with purified water and then
four times with ethanol, and the mixture was slowly stirred until precipitation of the polysaccharide
fraction. The precipitate was collected by centrifugation (600x g for 20 min), dissolved in purified water,
and then dialyzed with Slide-A-Lyzer 20K dialysis cassettes (molecular weight cut- off: 20,000 Da) to
remove the ethanol and low-molecular substances and, finally, lyophilized.

2.3. Chemical Properties of KRG-P

The content of neutral sugars in the polysaccharide sample was determined based on the
phenol-sulfuric acid method and using galactose as the standard [25]. The content of acidic sugar
was quantified by m-hydroxybiphenyl using D-galacturonic acid as the standard substance [26].
The Bicinchoninic acid (BCA) method was used for protein quantification, using bovine albumin as the
standard substance [27].

2.4. Determination of KRG-P Monosaccharide Composition and Molecular Weight

The KRG-P monosaccharide composition was determined by using a modified high-performance
liquid chromatography (HPLC) method after pre-column derivatization with 1-phenyl-3-methyl-5-
pyrazolone (PMP). The resulting PMP sugar derivatives were analyzed using the HPLC system
equipped with an Acclaim™ 120 C18 column (Thermo Scientific, Sunnyvale, CA, USA), as described in
previous reports [28,29]. More details about the HPLC system and analytical conditions are described
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in Table 1. The molecular weight of KRG-P was determined by using high-performance size-exclusion
chromatography with the Agilent 1260 Infinity liquid chromatography system (Agilent Technologies,
Santa Clara, CA, USA) equipped with an Asahipak GS series (GS-520, GS-320, and GS-220) linked to
the column (Showa Denko, Co. Ltd., Tokyo, Japan) and a refractive index detector (Agilent 1200 series).
KRG-P was dissolved in distilled water (10 mg/mL, 10 uL) and analyzed using an isocratic buffer (50 mM
ammonium formate buffer, pH 5.5). Molecular weights were determined from a calibration curve
generated by using standard pullulans (P-5, 10, 20, 50, 100, 200, 400, and 800) (Showa Denko Co. Ltd.
Minato-ku, Tokyo, Japan).

Table 1. HPLC analytical conditions to determine polysaccharide fraction (KRG-P)

monosaccharide composition.

Apparatus Liquid Chromatography LC-20AD (Shimadzu Corporation, Kyoto, Japan)
Detector UV/VIS detector (Shimadzu Corporation, Kyoto, Japan) monitored at 245 nm
Column Acclaim™ 120 C18 (Thermo Scientific, Sunnyvale, CA, USA)
Column size 4.6 x 250 mm (5 pm particle size)
Column temperature 30°C
Flow rate 1 mL/min, isocratic elution
Eluent 0.1 M sodium phosphate buffer (pH 6.7): Acetonitrile (82: 18)
Injection volume 10 uL
Integrator Shimadzu data module (Shimadzu Corporation, Kyoto, Japan)
2.5. Animals

Female BALB/c mice (6-8 weeks old) were purchased from Orientbio (Seongnam, Korea) and
housed at 23 + 2 °C with 55% + 10% humidity under a 12/12 h light/dark cycle, with free access to a
standard laboratory diet and water. For in vivo assays, the mice were treated for 10 days with KRG
or KRG-P at 5 or 50 mg/kg by using oral gavage feeding needles. Mice in the normal group were
treated with sterilized distilled water. All animal experiments were performed in accordance with the
instruction of the Ethics Comminttee for Use of Experimental Animals at Gachon University (2020-010).

2.6. GM-CSF and IgA Production Analyses in Peyer’s Patch Cells

BALB/c mice (7 weeks old, female) were sacrificed by cervical dislocation, and the small intestines
were excised and placed on a sterilized paper. Peyer’s patches were dissected out using fine scissors
from the wall of the small intestine and transferred to a Petri dish containing RPMI 1640 medium
with penicillin/streptomycin. The tissues were minced by using a sterilized metal mesh (100 um) to
release immune cells. The cell suspension was filtered with a sterilized cell strainer and cultured on a
cell culture plate at a concentration of 2.0 x 10° cells/well (96-well plate), with RPMI 1640 medium
containing 10% FBS, penicillin/streptomycin, and various concentrations of KRG or KRG-P at 37 °C in
a humidified atmosphere (5% CO,, 95% air). After 5 days, the plate was centrifuged, and GM-CSF and
IgA levels in the supernatants were analyzed using ELISA kits.

2.7. Bone Marrow Cell Proliferation Assay

The proliferating activity of Peyer’s patch-derived bone marrow cells was measured using
the procedure reported previously [30-32]. In brief, mouse bone marrow cells were cultured with
the supernatants collected from Peyer’s patch cells, and with KRG or KRG-P at a concentration of
125, 250, or 500 pg/mL. After 4 days, bone marrow cell proliferation was measured using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-based EZ-Cytox reagent. EZ-Cytox was
added to each well, and the plates were incubated for an additional 2 h. The absorbance was then
measured at 450 nm using the FilterMax F5 microplate reader (Molecular Devices, San Jose, CA, USA).
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2.8. Quantitative RT-PCR

Mouse small intestinal tissues were minced with the TaKaRa BioMasher (Tokyo, Japan) and passed
through a QIAshredder (Qiagen, Hilden, Germany) to reduce the viscosity of the solution. Total RNA
from small intestinal tissues was isolated and purified using the RNeasy Mini kit (Qiagen, Hilden,
Germany) and reverse-transcribed into cDNA by using the RevertAid First Strand cDNA Synthesis kit
(Fermentas, Waltham, MA, USA), according to the manufacturers’ protocols. Quantitative RT-PCR was
performed using a SYBR Green assay (Applied Biosystems, Foster City, CA, USA) and the indicated
primers (Table 2). 3-Tubulin was used as an internal gene control. cDNA amplification and analysis
were performed by using a QuantStudio-3 real-time PCR system (Applied Biosystems).

Table 2. Primer sequences used for quantitative RT-PCR.

Gene Name Forward Primer Reverse Primer
Mouse IgA 5-TGAGCGCTGGAACAGTGGCG-3’ 5-TCAGGGCCAGCTCCTCCGAC-3’
Mouse x-defensin-1 TagMan Mm02524428
Mouse B-tubulin 5-CTCCCAGGTTAAAGTCCTTCAGTA-3’ 5-GCAACATAAATACAGAGGTGGCTA-3’

2.9. Preparation of Tissue Lysate and Immuno-Blotting

To analyze protein expression in the mouse small intestine, the tissue was minced with cold
radioimmunoprecipitation assay buffer (RIPA) buffer (Rockland, Limerick, PA, USA), supplemented
with 1 mM dithiothteitol (DTT) (Merk, Darmstadt, Germany), and diluted with a phosphatase inhibitor
cocktail 2 solution (Merk). After centrifugation, the amount of protein in each supernatant was
quantified, mixed with an SDS sample buffer, and denatured for 5 min at 95 °C. Protein electrophoresis
and transfer as well as membrane development were all performed as described previously [23,24].
Briefly, electrophoresis was performed using 12% Tris-glycine SDS-polyacrylamide gel, and the protein
bands were transferred onto a polyvinylidene difluoride membrane, which was blocked for unspecific
binding of proteins by incubation at room temperature with 5% skim milk. After three washes
with a Tris-Buffered Saline buffer containing 0.1% Tween® 20, the membrane was incubated with
anti-x-defensin-1 or 3-Actin antibodies for 3 h, followed by washes and incubation with a secondary
antibody. The proteins were detected by using the FUSION Solo Vilber Lourmat system (Collégien,
France) with an ECL solution. The intensities of the protein bands were quantified using the Image]J
program and captured images.

2.10. Statistical Analysis

The results were expressed as the mean =+ standard deviation (SD) of duplicate or triplicate
experiments. The results were statistically analyzed with Mann-Whitney using Prism 8 (GraphPad
Software, San Diego, CA, USA).

3. Results and Discussion

3.1. Chemical Composition and Molecular Weight of KRG-P Extracted from KRG

Polysaccharides from commercially available KRG were extracted; the yield of KRG-P was
approximately 25% (w/w %). First, we analyzed the KRG-P chemical properties and monosaccharide
composition (Table 3). KRG-P contained neutral sugars (74.3%), uronic acid (24.6%), and small
traces of proteins (1.0%). The monosaccharide analysis suggested that KRG-P mainly consisted of
glucose (60.5%), galacturonic acid (19.7%), galactose (11.0%), arabinose (6.8%), and rhamnose (1.9%).
The KRG-P monosaccharide chromatogram is shown in Supplementary Figure S1. Next, we determined
the KRG-P molecular weight by using HPLC equipped with a refractive index detector and Asahipak
GS series (GS-520, GS-320, and GS-220) linked columns. As shown in Figure 1, KRG-P yielded three
major peaks with molecular weights of 478, 106, and 25 kDa, respectively.
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Table 3. Monosaccharide composition of KRG-P isolated from KRG-P.

Chemical Property (%) ! KRG-P
Neutral sugar 74.3 +0.03
Uronic acid 24.6 +0.02
Protein 1.0+ 0.05
Component sugar (Mole %)
Rhamnose 19+0.2
Fucose -
Arabinose 6.8+0.1
Xylose -
Mannose -
Galactose 11.0 £ 0.0
Glucose 60.5 + 0.0

Glucuronic acid -

Galacturonic acid 19.7 £ 0.1

! Percentage (%) against the dried crude polysaccharide.
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Figure 1. Molecular weight of KRG-P determined by high-performance size-exclusion chromatography,
using Asahipak GS series GS-520 + GS530 + GS220 linked columns.

3.2. Effects of Intestinal Immunomodulatory Activity Mediated by Peyer’s Patch Cells

Peyer’s patch-mediated intestinal immunity-enhancing activities of polysaccharides have been
previously reported [21,30-32]. Thus, first we investigated the in vitro stimulatory activities of KRG and
KRG-P on Peyer’s patch cells, which play a central role in the intestinal immune system. As shown in
Figure 2A, KRG-P-treated Peyer’s patch cells strongly secreted GM-CSF in a concentration-dependent
manner. However, KRG treatment did not affect GM-CSF production by Peyer’s patch cells. LPS was
used as a positive control for GM-CSF production. IgA production by Peyer’s patch cells increased
after treatment with 500 ug/mL KRG or KRG-P; nevertheless, only the last increase was statistically
significant. Groups treated with lower concentrations of these compounds did not experience a change
in IgA production (Figure 2B).

Next, we investigated bone marrow cell proliferation mediated by Peyer’s patch cells
after treatment with KRG or KRG-P. The supernatants from Peyer’s patch cells incubated with
KRG-P for 4 days significantly promoted ex vivo bone marrow cell proliferation (Figure 2C).
The augmented bone marrow cell proliferation correlated with GM-CSF production by KRG-P,
suggesting that KRG-P stimulated Peyer’s patch cells to produce cytokines, and consequently induced
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bone marrow cell proliferation. Collectively, these results indicated that KRG-P may stimulate
intestinal immunomodulation.
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Figure 2. Effect of Korean red ginseng (KRG) and KRG-P on the immunomodulatory activity of
intestinal Peyer’s patch cells. (A,B) In vitro GM-CSF and IgA production by Peyer’s patch cells
was stimulated by KRG and KRG-P. Peyer’s patch cells (2.0 x 106/mL) were treated with KRG and
KRG-P in a 96-well plate for 4 days. The concentrations of GM-CSF and IgA in the Peyer’s patch cell
supernatants were determined using ELISA kits. Lipopolysaccharide (LPS) was used as a positive
control. Data are presented as the means + SD of three independent experiments. (C) Bone marrow cell
proliferation was induced by Peyer’s patches cells after treatment with KRG or KRG-P. Peyer’s patch cells
(2.0 x 10° cells/well) were treated with KRG or KRG-P in a 96-well plate for 4 days. The supernatants
collected from these wells were added to the bone marrow cells (3.0 x 10° cells/well) for 5 days. LPS was
used as a positive control for bone marrow cell proliferation. Data are presented as the means + SD of
three independent experiments. * p < 0.05 vs. the normal group. **p < 0.01 vs. the normal group.

3.3. Effects of KRG and KRG-P Oral Administration on Mouse IgA Production

Based on the in vitro results, we investigated the in vivo intestinal immunomodulation activity of
KRG and KRG-P. According to our previous report [26], activation of innate immune cells, such as natural
killer (NK) cells and macrophages, was confirmed after oral administration of natural polysaccharides
at 5-50 mg/kg to mice. Therefore, in this experiment, KRG or KRG-P was orally and daily administered
to BALB/c mice for 10 days at 5 and 50 mg/kg. During the oral administration of KRG or KRP-P,
we measured the bodyweight of each mouse every 2-3 days. As shown in Figure 3A, the bodyweight
of the normal group slightly increased, and that of the KRG or KRG-P group showed similar patterns.
These results indicated that KRG or KRG-P treatment did not affect the bodyweight of mice (Figure 3A).

Next, to verify the modulating activity of KRG or KRG-P on the intestinal immune system,
we measured IgA production in mouse feces on days 6 and 11 after oral administration. On the 6th
day, IgA production increased in all treatment groups, but not significantly, compared with that in
the normal group (Figure 3B). However, on the 11th day, secreted IgA levels significantly increased
in the KRG-P-treated group in a dose-dependent manner, and in the KRG-treated group only at the
concentration of 50 mg/kg (Figure 3C). In addition, to confirm IgA secretion in feces, we measured
IgA mRNA expression levels in the jejunum region of the intestinal tissue. As shown in Figure 3D,
the KRG-P-treated group (5 and 50 mg/kg) exhibited a significant increase in IgA mRNA levels.
Collectively, oral administration of KRG-P augmented IgA production in feces and intestinal tissue;
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meanwhile, KRG administration produced a slight increase in IgA production. These results suggested
that polysaccharides, rather than ginsenosides, of red ginseng may affect IgA production in mice.
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Figure 3. Effects of oral administration of KRG and KRG-P on mouse IgA production. (A) Five BALB/c
mice per group were orally and daily administered with the indicated doses of KRG or KRG-P for
10 days. Bodyweight was estimated every two or three days. (B,C) Mouse fecal samples were collected
on days 5 and 11 and analyzed for IgA expression by using mouse ELISA assays. (D) The mice were
sacrificed at 11 days after oral treatment, and tissues from the jejunum region of the small intestine
were then collected. Intestinal IgA mRNA levels were measured using gRT-PCR. Data are presented as
the means + SD of three independent experiments. * p < 0.05 vs. the normal group. **p < 0.01 vs. the
normal group.

3.4. Effects of KRG and KRG-P Oral Administration on Intestinal Mouse a-Defensin-1 Expression

Paneth cells, present in the intestinal epithelium, produce and secrete x-defensin, lysozyme,
and proinflammatory mediators that play a role in maintaining intestinal homeostasis [6,7]. Therefore,
we determined the protein levels of x-defensin-1, an antimicrobial and antiviral peptide, in the intestinal
tissues of mice orally administered KRG or KRG-P. As shown in Figure 4A, x-defensin-1 protein
expression in the jejunum markedly increased after oral administration of 5 and 50 mg/kg KRG-P
compared with that in the control group, and after 50 mg/kg KRG administration, which showed
a slight increase. KRG-P and KRG administration increased the mRNA expression of x-defensin-1
compared with the control group (Figure 4B). In most of the 50 mg/kg KRG-P-treated mice, the mRNA
and protein levels of x-defensin-1 significantly increased (Figure 4B). Meanwhile, the observed increase
in x-defensin-1 mRINA levels was not statistically significant in the group receiving 5 mg/kg compared
with that in the normal group. These results suggested that oral administration of KRG-P may have
better protective activity against intestinal infections than KRG.
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Figure 4. Effects of oral administration of KRG and KRG-P on «-defensin-1 expression in mouse
intestinal tissues. BALB/c mice were orally administered the indicated doses of KRG or KRG-P daily
for 10 days. (A) e a-defensin-1 protein levels were determined by immunoblotting with the specific
antibody. Actin was used as a loading control. The bar chart displays the intensity of a-defensin-1
after normalizing with that of $-actin by using Image] software. (B) a-defensin-1 mRNA levels were
determined by using qRT-PCR. An actin gene was used as a housekeeping gene for normalization.
Data are presented as the means + SD of three independent experiments. *p < 0.05 vs. the normal group.

4. Conclusions

The intestinal tract is exposed to foreign substances, such as food and pathogenic bacteria.
Therefore, maintaining homeostasis in the intestine is particularly important for the defense mechanism
of the body. Peyer’s patches, an important organ of the intestinal tract, contains specialized M
cells in the epithelium that uptake antigens from the intestinal lumen. These antigens activate
B-lymphocytes in the Peyer’s patch, which secrete IgA to prevent mucosal infections. In this study,
we first confirmed that KRG-P stimulated Peyer’s patch cells to produce GM-CSF and IgA and induced
bone marrow cell proliferation ex vivo (Figure 2). Recently, Kim et al. reported that x-amylase-
and amyloglucosidase-treated polysaccharides (non-starch-like fraction) isolated from KRG induced
the significant production of IL-6 and GM-CSF by Peyer’s patches [21]. Yu et al. reported that hot
water-extracted crude polysaccharide fraction isolated from Atractylodes lancea DC showed bone
marrow cell proliferation activity mediated by Peyer’s patches [31]. Furthermore, we showed that
oral administration of KRG-P (5 and 50 mg/kg) increased IgA secretion in mouse feces on day 11
(Figure 3C); mRNA expression of IgA also increased in the 50 mg/kg-treated group (Figure 3D).
These results suggested that polysaccharide fractions can stimulate Peyer’s patch immune cells and
produce cytokines and IgA. IgA is mainly produced by Peyer’s patches and plays a central role in
protection against pathogens and homeostatic regulation of the intestine. Thus, our results showed
that KRG-P has intestinal immune stimulatory activity. Moreover, we showed that protein and mRNA
expression levels of x-defensin-1 were significantly increased by oral administration of 50 mg/kg
KRG-P (Figure 4). These results suggested that KRG-P possessed protection activity against intestinal
infection and maintained homeostasis of the intestinal lumen through activation of intestinal immunity.
Future studies should focus on the effects of KRG-P on the expression of intestinal tight junction
proteins, such as E-cadherin, ZO-1, and occludin, that are related to the regulation of intestinal barrier
permeability and changes of the microbiome.
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Author Contributions: M.-S.S. conceived and designed the experiments; D.H.P. performed the experiments;
M.-S.S. and G.S.H. analyzed the data; D.H.P. and M.-S.S. wrote the paper; B.H. proofed the technical content.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the 2018 grant from the Korean Society of Ginseng, funded by the Korean
Ginseng Corporation.

Conflicts of Interest: The authors declare that there are no conflicts of interest.

References

1.  Owen, J.A,; Punt, J.; Stranford, S.A. Kuby Immunology; WH Freeman: New York, NY, USA, 2013.

2. Sminia, T.; Wilders, M.; Janse, E.; Hoefsmit, E. Characterization of non-lymphoid cells in Peyer’s patches of
the rat. Immunobiology 1983, 164, 136-143. [CrossRef]

3.  Kagnoff, M.F. Mucosal immunology: New frontiers. Immunol. Today 1996, 17, 57-59. [CrossRef]

4. Mowat, A.M.; Viney, ].L. The anatomical basis of intestinal immunity. Immunol. Rev. 1997, 156, 145-166.
[CrossRef]

5. Hara, S.; Sasaki, T.; Satoh-Takayama, N.; Kanaya, T.; Tachibana, N.; Kim, K.S.; Surh, C.D.; Ohno, H.
Dietary antigens induce germinal center responses in Peyer’s patches and antigen-specific IgA production.
Front. Immunol. 2019, 10, 2432. [CrossRef]

6.  Ayabe, T.; Satchell, D.P; Wilson, C.L.; Parks, W.C.; Selsted, M.E.; Ouellette, A.]. Secretion of microbicidal
a-defensins by intestinal Paneth cells in response to bacteria. Nat. Immunol. 2000, 1, 113-118. [CrossRef]

7.  Ayabe, T,; Satchell, D.P,; Pesendorfer, P.; Tanabe, H.; Wilson, C.L.; Hagen, S.]J.; Ouellette, A.J. Activation of
Paneth cell a-defensins in mouse small intestine. J. Biol. Chem. 2002, 277,5219-5228. [CrossRef]

8. Nakamura, K.; Sakuragi, N.; Takakuwa, A.; Ayabe, T. Paneth cell x-defensins and enteric microbiota in
health and disease. Biosci. Microbiota Food Health 2015. [CrossRef]

9.  Wong, A.S.; Che, C.-M.; Leung, K.-W. Recent advances in ginseng as cancer therapeutics: A functional and
mechanistic overview. Nat. Prod. Rep. 2015, 32, 256-272. [CrossRef]

10. Irfan, M.; Kwak, Y.-S.; Han, C.-K.; Hyun, S.-H.; Rhee, M.H. Adaptogenic effects of Panax ginseng on
modulation of cardiovascular functions. |. Ginseng Res. 2020, 44, 538-543. [CrossRef]

11.  Kim, J.-H. Cardiovascular diseases and Panax ginseng: A review on molecular mechanisms and medical
applications. J. Ginseng Res. 2012, 36, 16. [CrossRef]

12. Yuan, H.-D.; Kim, J.T.; Kim, S.H.; Chung, S.H. Ginseng and diabetes: The evidences from in vitro, animal
and human studies. J. Ginseng Res. 2012, 36, 27. [CrossRef]

13.  Choi, K. Botanical characteristics, pharmacological effects and medicinal components of Korean Panax
ginseng CA Meyer. Acta Pharmacol. Sin. 2008, 29, 1109-1118. [CrossRef]

14. Hyun,S.H.; Kim, S.W.; Seo, HW.,; Youn, S.H.; Kyung, ].S.; Lee, Y.Y.; In, G.; Park, C.-K.; Han, C.-K. Physiological
and pharmacological features of the non-saponin components in Korean Red ginseng. J. Ginseng Res. 2020,
44,527-537. [CrossRef]

15. Lee, S.M.; Bae, B.-S.; Park, H.-W.; Ahn, N.-G.; Cho, B.-G.; Cho, Y.-L.; Kwak, Y.-S. Characterization of Korean
Red Ginseng (Panax ginseng Meyer): History, preparation method, and chemical composition. J. Ginseng Res.
2015, 39, 384-391. [CrossRef]

16. Lee, S.M. Thermal conversion pathways of ginsenoside in red ginseng processing. Nat. Prod. Sci. 2014, 20,
119-125.

17.  Kim, Y.-J.; Yamabe, N.; Choi, P; Lee, ].W.; Ham, ].; Kang, K.S. Efficient thermal deglycosylation of ginsenoside
Rd and its contribution to the improved anticancer activity of ginseng. J. Agric. Food Chem. 2013, 61,
9185-9191. [CrossRef]

18. Choi, P; Park, J.Y;; Kim, T.; Park, S.-H.; Kim, H.-k.; Kang, K.S.; Ham, J. Improved anticancer effect of
ginseng extract by microwave-assisted processing through the generation of ginsenosides Rg3, Rg5 and Rk1.
J. Funct. Foods 2015, 14, 613-622. [CrossRef]

19. Shin, M.-S,; Song, J.H.; Choi, P; Lee, ].H.; Kim, S.-Y.; Shin, K.-S.; Ham, J.; Kang, K.S. Stimulation of innate

immune function by Panax ginseng after heat processing. |. Agric. Food Chem. 2018, 66, 4652-4659. [CrossRef]


http://www.mdpi.com/2073-4360/12/10/2186/s1
http://dx.doi.org/10.1016/S0171-2985(83)80005-9
http://dx.doi.org/10.1016/0167-5699(96)80579-2
http://dx.doi.org/10.1111/j.1600-065X.1997.tb00966.x
http://dx.doi.org/10.3389/fimmu.2019.02432
http://dx.doi.org/10.1038/77783
http://dx.doi.org/10.1074/jbc.M109410200
http://dx.doi.org/10.12938/bmfh.2015-019
http://dx.doi.org/10.1039/C4NP00080C
http://dx.doi.org/10.1016/j.jgr.2020.03.001
http://dx.doi.org/10.5142/jgr.2012.36.1.16
http://dx.doi.org/10.5142/jgr.2012.36.1.27
http://dx.doi.org/10.1111/j.1745-7254.2008.00869.x
http://dx.doi.org/10.1016/j.jgr.2020.01.005
http://dx.doi.org/10.1016/j.jgr.2015.04.009
http://dx.doi.org/10.1021/jf402774d
http://dx.doi.org/10.1016/j.jff.2015.02.038
http://dx.doi.org/10.1021/acs.jafc.8b00152

Polymers 2020, 12, 2186 10 of 10

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Byeon, S.E.; Lee, J.; Kim, J.H.; Yang, W.S.; Kwak, Y.-S.; Kim, S.Y.; Choung, E.S.; Rhee, M.H.; Cho, ]J.Y.
Molecular mechanism of macrophage activation by red ginseng acidic polysaccharide from Korean red
ginseng. Mediat. Inflamm. 2012, 2012, 1-7. [CrossRef]

Kim, H.; Kim, H.-W.; Yu, K.-W.; Suh, H.-]. Polysaccharides fractionated from enzyme digests of Korean red
ginseng water extracts enhance the immunostimulatory activity. Int. J. Biol. Macromol. 2019, 121, 913-920.
[CrossRef] [PubMed]

Li, B; Zhang, N.; Feng, Q.; Li, H.; Wang, D.; Ma, L.; Liu, S.; Chen, C.; Wu, W.; Jiao, L. The core structure
characterization and of ginseng neutral polysaccharide with the immune-enhancing activity. Int. J.
Biol. Macromol. 2019, 123, 713-722. [CrossRef] [PubMed]

Youn, S.H,; Lee, S.M.; Han, C.-K; In, G.; Park, C.-K,; Hyun, S.H. Immune activity of polysaccharide fractions
isolated from Korean Red Ginseng. Molecules 2020, 25, 3569. [CrossRef] [PubMed]

Ministry of Food and Drug Safety of the Republic of Korea. Health Functional Food Code: Ministry of Food
and Drug Safety Notification. 21 December 2016. Available online: https://www.khsa.or.kr/assets/extra/
hfood/01.pdf (accessed on 6 August 2020).

Dubois, M,; Gilles, K.A.; Hamilton, J.K.; Rebers, P.; Smith, F. Colorimetric method for determination of sugars
and related substances. Anal. Chem. 1956, 28, 350-356. [CrossRef]

Blumenkrantz, N.; Asboe-Hansen, G. New method for quantitative determination of uronic acids.
Anal. Biochem. 1973, 54, 484-489. [CrossRef]

Bradford, M.M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem. 1976, 72, 248-254. [CrossRef]

Dai, J.; Wu, Y.; Chen, S.-W.; Zhu, S.; Yin, H.-P.; Wang, M.; Tang, ]. Sugar compositional determination of
polysaccharides from Dunaliella salina by modified RP-HPLC method of precolumn derivatization with
1-phenyl-3-methyl-5-pyrazolone. Carbohydr. Polym. 2010, 82, 629-635. [CrossRef]

Kim, HW.,; Shin, M.-S; Lee, S.J.; Park, H.-R.; Jee, H.S.; Yoon, T.].; Shin, K.-S. Signaling pathways associated
with macrophage-activating polysaccharides purified from fermented barley. Int. J. Biol. Macromol. 2019,
131, 1084-1091. [CrossRef]

Hong, T.; Matsumoto, T.; Kiyohara, H.; Yamada, H. Enhanced production of hematopoietic growth
factors through T cell activation in Peyer’s patches by oral administration of Kampo (Japanese herbal)
medicine,”“Juzen-Taiho-To”. Phytomedicine 1998, 5, 353-360. [CrossRef]

Yu, K.-W,; Kiyohara, H.; Matsumoto, T.; Yang, H.-C.; Yamada, H. Intestinal immune system modulating
polysaccharides from rhizomes of Atractylodes lancea. Planta Med. 1998, 64, 714-719. [CrossRef]

Shin, M.-S.; Yu, K.-W.; Shin, K.-S.; Lee, H. Enhancement of immunological activity in mice with oral
administration of cell wall components of Bifidobacterium bifidum. Food Sci. Biotechnol. 2004, 13, 85-89.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1155/2012/732860
http://dx.doi.org/10.1016/j.ijbiomac.2018.10.127
http://www.ncbi.nlm.nih.gov/pubmed/30340011
http://dx.doi.org/10.1016/j.ijbiomac.2018.11.140
http://www.ncbi.nlm.nih.gov/pubmed/30458191
http://dx.doi.org/10.3390/molecules25163569
http://www.ncbi.nlm.nih.gov/pubmed/32781524
https://www.khsa.or.kr/assets/extra/hfood/01.pdf
https://www.khsa.or.kr/assets/extra/hfood/01.pdf
http://dx.doi.org/10.1021/ac60111a017
http://dx.doi.org/10.1016/0003-2697(73)90377-1
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1016/j.carbpol.2010.05.029
http://dx.doi.org/10.1016/j.ijbiomac.2019.03.159
http://dx.doi.org/10.1016/S0944-7113(98)80017-2
http://dx.doi.org/10.1055/s-2006-957564
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Materials 
	Preparation of the Polysaccharide Fraction from Red Ginseng 
	Chemical Properties of KRG-P 
	Determination of KRG-P Monosaccharide Composition and Molecular Weight 
	Animals 
	GM-CSF and IgA Production Analyses in Peyer’s Patch Cells 
	Bone Marrow Cell Proliferation Assay 
	Quantitative RT-PCR 
	Preparation of Tissue Lysate and Immuno-Blotting 
	Statistical Analysis 

	Results and Discussion 
	Chemical Composition and Molecular Weight of KRG-P Extracted from KRG 
	Effects of Intestinal Immunomodulatory Activity Mediated by Peyer’s Patch Cells 
	Effects of KRG and KRG-P Oral Administration on Mouse IgA Production 
	Effects of KRG and KRG-P Oral Administration on Intestinal Mouse -Defensin-1 Expression 

	Conclusions 
	References

