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Abstract: Atopic dermatitis (AD) is a chronic and allergic skin disease, however, there is no cure for
the disease. Many studies have shown anti-AD potentials of red ginseng, while red ginseng marc
(RGM) remained after the ginseng extraction is discarded as industrial waste. However, it is recently
reported that RGM, particularly fermented RGM (fRGM), still contains the bioactive properties.
Thus, anti-allergic effects of fRGM were examined in 2,4-dinitrochlorobenzene-induced AD-like
mice model. The model was topically treated with distilled water (control), dexamethasone, or
fRGM for six weeks. The treatments of fRGM alleviated the skin lesions and reduced serum IgE
levels, compared with the control. The fRGM also reduced skin levels of lipid peroxidation and
superoxide anion, however, increased glutathione contents, with down-regulated gene expressions
for inflammatory mediators. The histopathological analyses demonstrated that fRGM suppressed
the epidermal thickening, collagen deposition, and inflammatory cell and mast cell infiltration,
which involved the anti-inflammatory, anti-oxidant, and anti-apoptotic effects. Further, fRGM sup-
pressed hypertrophic changes and inflammatory responses in the spleen and lymph node. The ben-
eficial effects were observed in the dexamethasone and fRGM groups, however, the antioxidant
effects were evident only in the fRGM treatments. These provide useful information for developing
fRGM as therapeutic sources for AD.
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1. Introduction

Atopic dermatitis (AD) is a chronic or chronically relapsing inflammatory skin dis-
ease that affects individuals of all ages, from childhood (15% — 20%) to adulthood (1% —
3%) worldwide [1]. The clinical symptoms are characterized by skin dryness, pruritus,
erythema, scaling and eczematous inflammation. The pathogenesis involves imbalanced
immune responses to various allergens and defective skin barriers, which elevate immu-
noglobulin (Ig) E levels and activate T cells, particularly type 2-helper T cells (Th2), den-
dritic cells, mast cells and eosinophils [2]. Consequently, the allergic reactions stimulate
production of Th2-derived cytokines and chemokines, leading to an increase in the release
of Thl-derived pro-inflammatory cytokines including tumor necrosis factor (TNF)-«, in-
terferon (IFN)-y and various interleukins (IL) families, with elevated immune cell
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infiltrations in the skin lesions [3,4]. The incidence of AD is continuously increasing, pos-
ing a public health problem with declining quality of life in the patients and increasing
healthcare burden [5]. The treatment options include topical corticosteroids (i.e., dexame-
thasone), calcineurin inhibitors, antihistamines, antibiotics and phototherapy [6]. How-
ever, they are limited to the symptom management, and some of them can be often inef-
fective or have adverse effects in the long-term use, such as immune suppression, hyper-
glycemia and skin atrophy [7]. Thus, there is an unmet need to develop safe and effective
treatments for AD.

Red ginseng (the steamed root of Panax ginseng C.A. Meyer) is a traditional medicine
primarily used to treat various diseases including inflammatory skin diseases in Korea,
China and Japan [8]. There have been many reports regarding the anti-allergic effects of
red ginseng [9]. Furthermore, topical treatment with red ginseng has shown anti-AD ef-
fects in animal models by alleviating skin lesions and reducing IgE levels and production
of the relevant inflammatory mediators [10-14]. Clinical studies also support the anti-AD
effects by showing improved clinical symptoms following the reduction in serum IgE lev-
els [15,16]. In particular, ginsenosides including Rb1, Rb2, Rg3 and Rh1 amongst com-
pounds belonging to red ginseng, are believed to be responsible for the anti-AD effects
via immune-modulating and anti-inflammatory pathways [2,17,18].

Red ginseng marc (RGM) is a byproduct of red ginseng extraction, and it is usually
treated as an industrial waste. However, increasing demand for the red ginseng among
patients finding more effective medications has aroused interests in the recycling of RGM.
In this context, recent studies have shown evidences supporting the immunomodulatory,
anti-inflammatory, antioxidant and anticancer effects of RGM, despite the small contents
of bioactive components such as ginsenosides, polyphenols and flavonoids [19-22]. Fur-
thermore, the fermentation process of red ginseng and RGM has been reported to enhance
the bioactive properties in AD [9]. Fermented RGM contains a greater proportion of gin-
senosides, Rg2, Rg3 and Rh2 than the non-fermented RGM, which enhances its antioxi-
dant activities and incidental favorable effects [23,24]. Our previous study has shown that
topical treatment of RGM extracts fermented with a complex of microorganisms promotes
hair growth [25]. The fermented RGM contained crude ginsenosides (1.7 mg/g) and poly-
phenols (9.8 mg/g), and the antioxidant activities were more than those of non-fermented
form. The detected ginsenosides were as following: Rb1 (0.6 mg/kg), Rb2 (0.9 mg/kg), Rb3
(1.8 mg/kg), Re (1.9 mg/kg), Rd (3.5 mg/kg), Re (3.1 mg/kg), Rf (3.9 mg/kg), Rg2 (12.1
mg/kg), Rg3 (9.6 mg/kg), Rh1l (17.9 mg/kg). Thus, anti-allergic effects of the fermented
RGM were examined in 2,4-dinitrochlorobenzene (DNCB)-induced AD-like mice model.

2. Materials and Methods

2.1. Reagents and antibodies

Dexamethasone, DNCB, o-phthalaldehyde, and nitroblue tetrazolium (NBT) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). The following antibodies were used:
rabbit antibodies against cleaved caspase-3 (Cas-3, #9661) and cleaved poly(ADP-ribose)
polymerase (PARP; #9545) from Cell Signaling Technology (Danvers, MA, USA); rabbit
antibodies against 4-hydroxynonenal (4-HNE; #ab46545) and matrix metalloprotease
(MMP)-9 (#ab38898) from Abcam (Cambridge, UK); rabbit antibody against nitrotyrosine
(NT) from Millipore Corp. (#06-284, Billerica, CA, USA); rabbit antibodies against induci-
ble nitric oxide synthase-2 (iNOS; #sc-651) and IL-1(3 (#sc-7884), and mouse antibody
against TNF-a (#sc-52746) from Santa Cruz Biotechnology (Santa Cruz, CA, USA); goat
antibodies against IFN-y (#AF781) and IL-2 (#BAF1815) from R&D System (Minneapolis,
MN, USA).

2.2. Preparation of fermented RGM

Fermented RGM was provided by Punggi Ginseng Farming Corp. (Yeongju, Korea),
and used as same lot number as that used in our previous study [25]. Briefly, 6-year-old
Korean red ginseng was extracted by boiling in distilled water (DW) for 3 h at 80 °C, and
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the remaining RGM was dried and grinded. The RGM was fermented with the effective
microorganisms containing Lactobacillus casei, Saccharomyces cerevisiae and Rhodobacter cap-
sulatus (Ever Miracle™, Ever Miracle Co., Ltd., Jeonju, Korea) at 45 °C for 15 days, and
extracted by boiling three times in DW for 3 h at 80 °C. Then, the extracts (fRGM) were
lyophilized, and the yield efficiency was determined to be 40.5%. The ginsenoside com-
ponents (Rgl, Re, Rf, Rg2, Rh1, Rb1, Rc, Rb2, Rb3, Rd, Rg3, and Rh2), sugars and polysac-
charides were analyzed using an Agilent 1100 HPLC system with an Agilent C18 column
under the corresponding standard curves. The fRGM was dissolved in DW, and stored at
4 °C until use.

2.3. Animals

All animal experiments were conducted according to the national regulations of the
usage and welfare of laboratory animals, and approved by the Institutional Animal Care
and Use Committee of Daegu Haany University (Approval No.: DHU2015-020). Six-week-
old female SKH-1 hairless mice were obtained from Orient Bio Inc. (Seongnam, Korea).
Animals were housed in a temperature (20 — 25 °C)- and humidity (50% — 55%)-controlled
room with a light / dark cycle of 12 / 12 h. Feed and water were provided ad libitum.

2.4. Induction of AD-like lesions and treatments

After two-week acclimatization, mice were divided into six groups (n =8 / group):
one normal (Intact) and five AD-like model groups. The AD-like model was induced by
DNCB dissolved in a mixture of acetone and olive oil (3:1) as a vehicle, as described pre-
viously [26]. Briefly, 1% DNCB was topically applied to the dorsal skin daily for a week,
followed by challenging with 0.5% DNCB three times a week for four weeks. The model
was topically treated with DW (AD Con), dexamethasone at 10 mg/ml (DEXA), or fRGM
at 400, 200 and 100 mg/ml (fRGM400, fRGM200 and fRGM100, respectively), daily for fur-
ther six weeks. The Intact group was applied by the vehicle without DNCB, and treated
with DW. All topical treatments were applied in a volume of 200 pl. The mice were eu-
thanized using CO: gas after all treatments, and the bloods and tissues of the skin lesion,
spleens and left submandibular lymph nodes were collected.

2.5. Gross assessment of skin severity and scratching

Skin severity and scratching were assessed by a trained observer blinded to the
groups, as described previously [26,27]. Skin severity was scored as 0 (no symptoms), 1
(mild), 2 (moderate), and 3 (severe) for pruritus/itching, erythema/hemorrhage, edema,
excoriation/erosion and scaling/dryness. Scratching was monitored for 30 min as follows:
one scratching motion was defined as one or more back-and-forth motions of the hind
paw directed toward contacting the dorsal area, ending with either licking or placing back
the hind paw on the floor.

2.6. Assessment of total serum IgE and splenic cytokines

Serum IgE and splenic cytokines were assessed using enzyme-linked immuno-
sorbent assay (ELISA) kits (BD Bioscience, San Jose, CA, USA, for IgE and TNF-a; MyBi-
oSource, Inc., San Diego, CA, USA, for IL-13 and IL-10), as described previously [26].
Splenic cytokines were normalized to the protein content. All levels were examined in
duplicate using standard curves with a plate reader (Tecan, Mannedorf, Switzerland).

2.7. Antioxidant activities

Skin levels of glutathione (GSH), malondialdehyde (MDA) and NBT reduction were
determined, as described previously [26]. For GSH, skin homogenates were mixed with
30% trichloroacetic acid, and centrifuged. The supernatant was incubated with 1 mg/mL
o-phthalaldehyde for 15 min, and measured using standard curves with a fluorescence
spectrophotometer (RF-5301PC, Shimadzu Corp., Tokyo, Japan) (kexc = 350 nm; kem = 420
nm). For MDA, the homogenates were mixed with 10% trichloroacetic acid, and centri-
fuged. The supernatant was incubated with 0.67% thiobarbituric acid for 15 min at 100 °C,
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and assessed at 535 and 572 nm. For NBT reduction, the homogenates were incubated
with 1 mg/mL NBT for 1 h at 37 °C, and the precipitates were solubilized in a mixture of
2 M potassium hydroxide and dimethyl sulfoxide. The reduction of NBT to formazan was
measured at 600 nm.

2.8. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA from skin tissue was extracted using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA), as described previously [26]. The RNA concentration and quality were
determined using a CFX96™ Real-Time System (Bio-Rad, Hercules, CA, USA), and the
contaminating DNA was removed using recombinant DNase I (Ambion, Austin, TX,
USA). The cDNA was processed with a high-capacity cDNA reverse transcription kit (Ap-
plied Biosystems, Foster City, CA, USA), and amplified using primers for TNF-a, IL-4, IL-
5 and IL-13 (listed in Table S1). The expression was normalized to that of glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

2.9. Histopathology and immunohistochemistry

Histopathology and immunohistochemistry were performed, as described previ-
ously [26]. Tissue sample was fixed in 10% formalin, and paraffin-embedded. The serial
sections (at 4 pm) were stained with hematoxylin and eosin (H&E), Masson’s trichrome
and toluidine blue. For immunohistochemical analysis, following antigen retrieval, the
sections were treated with 3% H20: in methanol for 30 min, and then with a blocking
solution for 1 h. The sections were incubated with primary antibodies against Cas-3
(1:400), TNF-a and NT (1:200), and PARP, 4-HNE, MMP-9, iNOS, IL-1§, IL-2 and IFN-y
(1:100), overnight at 4 °C. Next day, they were incubated with a biotinylated secondary
antibody and ABC reagents (Vector Lab., Burlingame, CA, USA) for 1 h, and visualized
using a peroxidase substrate for 3 min. Sections omitting primary antibodies were used
as the negative control. The cell or fibers showing more than 30% of immunoreactivities
were regarded as positive. The results were analyzed using an iSolution image analysis
program (IMT i-solution Inc., Vancouver, BC, Canada) by a histopathologist blinded to
the groups.

2.10. Statistical analysis

All data are expressed as the mean + standard deviation (SD). Homogeneity of vari-
ances was examined by the Levene test. Kinetic changes in skin severity, scratching and
body weight were examined by two-way analysis of variance (ANOVA) with main factors
for the groups and the weeks measured, and the weeks were treated as repeated meas-
urements. The other data were examined by one-way ANOVA. The multi-comparison
among the groups was examined by Tukey and Dunnett T3 post-hoc tests in cases of equal
and non-equal variances, respectively. The results were described focused on multi-com-
parisons between the AD Con and fRGM groups. Statistical significance was set at p <0.05.

3. Results

3.1. Effects on AD-like skin lesions and serum levels of IgE

Severe skin lesions with dryness, slime and scab were observed in the AD Con group,
however, they were attenuated in the DEXA and fRGM groups, particularly in the higher
dose group (Figure la). Kinetic changes of the skin severity and scratching behaviors
showed significant main effects for the groups and the weeks measured (p < 0.01, Figure
1b and 1c). There were also significant interactions between the groups and weeks (p <
0.01). The post-hoc tests revealed significant increases in the severity scores and scratching
numbers in the AD Con group compared with the Intact (p < 0.01). However, the skin
severities were significantly reduced in the DEXA at 1 to 6 weeks post-treatment (WPT),
in the fRGM400 and fRGM200 at 2 to 6 WPT, and in the fRGM100 at 3, 4 and 6 WPT,
compared with the AD Con (p < 0.05). The scratching was reduced in the DEXA at2 to 6
WPT, in the fRGM400 at 3, 5 and 6 WPT, and in the fRGM200 at 6 WPT (p < 0.05). Body
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weights were not different among the groups (Figure 1d). Following all treatments, serum
levels of IgE were significantly different among the groups (p < 0.01, Figure 1e). The levels
were higher in the AD Con group compared than in the Intact; however, they were re-
duced by 40.8%, 65.8%, 72.9% and 81.1% in the DEXA, fRGM400, fRGM200 and fRGM100

groups, respectively, compared with the AD Con (p <0.05).
a) Intact AD Con DEXA fRGM400 fRGM200 fRGM100

—eo—Intact —o— ADCon —¥—DEXA ——fRGM400 —=—fRGM200 —1— fRGM100

b) c)
16 750 t
o« 2
[0 [0]
£ 12 8 600
] 5
[= 8 c 450
S 2
@ £ 300
c 4 g
2 S 150
T T T T T T T 0 T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Weeks post-treatment Weeks post-treatment
d) e)
34 250 +
C 200
2 32 . f=
5 B 150
‘© 30 ! =
2 g = g w100
=1 P >
5 NN ﬂ
26 T T T T T T T 0
o 1 2 3 4 5 6 < 000“ (,j\P‘ bss“ »\00
Wt ?«

Weeks post-treatment

Figure 1. Effects on AD-like symptoms and production of IgE. (a) Representative images for the skin
lesions. (b) Skin severity scores. (c) Scratching numbers. (d) Body weight changes. (e) Serum levels
of IgE. Values are represented as the means * standard deviations (SDs). t: p < 0.05 vs. the Intact
group; **: p < 0.01 and *: p < 0.05 vs. the AD Con. *a, *b, *c and *d: p < 0.05 in the DEXA, in the
DEXA and fRGM400, in the DEXA, fRGM400 and fRGM200, and in the DEXA and all fRGM groups
vs. the AD Con.

3.2. Effects on skin antioxidant activities and production of inflammatory mediators

Skin levels of GSH, MDA and NBT reduction were significantly different among the
groups (p < 0.01, Figure 2a-c). The GSH contents were lower in the AD Con than in the
Intact; however, it was increased in the fRGM400 and fRGM200 compared with the AD
Con group (p < 0.01). Conversely, while the levels of MDA and NBT reduction were in-
creased in the AD Con compared with the Intact, they were reduced in all of the fRGM
groups compared with the AD Con (p < 0.05). However, the levels for GSH, MDA and
NBT were not different between the AD Con and DEXA groups. Skin expressions of
mRNA for TNF-a, IL-4, IL-5 and IL-13 were also significantly different among the groups
(p <0.01, Figure 2d). The expressions were significantly higher in the AD Con than in the
Intact (p < 0.05); however, the expressions of TNF-a, IL-4 and IL-5 were significantly re-
duced in the DEXA, fRGM400 and fRGM?200, and the IL-13 was reduced in the DEXA and
all of the fRGM groups, compared with the AD Con (p < 0.05).
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Figure 2. Effects on antioxidant activities and production of inflammatory mediators in skin lesions.
(a-c) Levels of glutathione (GSH), malondialdehyde (MDA) and nitroblue tetrazolium (NBT) reduc-
tion. (d) Relative mRNA expressions for tumor necrosis factor (TNF)-a, interleukin (IL)-4, IL-5 and
IL-13 to GAPDH in the skin lesion. Values are represented as the means + SDs. {: p <0.01 and t: p <
0.05 vs. the Intact group; **: p <0.01 and *: p <0.05 vs. the AD Con.
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Figure 3. Effects on the lymphoid organs and the production of inflammatory cytokines. (A) Repre-
sentative images of the spleen and lymph node (LN). (B) Relative weights of the spleen and LN to
the body weights. (C-E) Splenic levels of tumor necrosis factor (TNF)-«, interleukin (IL)-1p and IL-
10. Values are represented as the means * SDs. t: p <0.05 vs. the Intact group; **: p <0.01 and *: p <
0.05 vs. the AD Con.

3.3. Effects on lymphoid tissues in AD-like model

The spleen and lymph nodes were enlarged in the AD Con group, while their sizes
were relatively reduced in the DEXA and fRGM groups (Figure 3a). The absolute weights
of the spleen and lymph node and the relative weights to the body weights were signifi-
cantly different among the groups (p < 0.01, Figures 3b and S1). The absolute and relative
weights were significantly increased in both organs in the AD Con compared with the
Intact (p <0.01). However, the weights were reduced in the spleen of the DEXA and fRGM
groups and in the lymph nodes of the DEXA, fRGM400 and fRGM200, compared with the
AD Con (p <0.05). The splenic levels of TNF-a, IL-1(3 and IL-10 were significantly different
among the groups (p < 0.01, Figure 3c- e). The levels were significantly higher in the AD
Con than in the Intact (p < 0.05). However, compared with the AD Con, the TNF-a were
reduced in the DEXA and fRGM400; the IL-1f3 were reduced in the DEXA, fRGM400 and

do0i:10.20944/preprints202202.0131.v1


https://doi.org/10.20944/preprints202202.0131.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 February 2022 d0i:10.20944/preprints202202.0131.v1

fRGM200; the IL-10 were reduced in the DEXA and fRGM groups (p < 0.05). There were
no significant differences in the TNF-a levels in the DEXA and fRGM400, and in the IL-

1B and IL-10 levels in the DEXA, compared with those in the Intact group.
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Figure 4. Histopathological changes in AD-like skin lesions. (A) Representative images in
stains of H&E, Masson’s trichrome (MT) for collagen deposition and toluidine blue for
mast cells. In H&E stains, the upper shows the epidermis (EP) and dermis (DE), and the
lower is the high-magnified DE. (B-C) The EP thickness (um), collagen deposition
(%/mm?), number of inflammatory (IF) cells and mast cells in the DE (x10 cells/mm?). Val-
ues are represented as the means + SDs. 1: p <0.01 and t: p <0.05 vs. the Intact group; **:
p <0.01 vs. the AD Con.

3.4. Histopathological changes in AD-like skin lesions

The skin lesions were severe with epidermal thickening, increased dermal infiltration
of the inflammatory cells and mast cells, and collagen deposition in the AD Con group;
however, they were mild in the DEXA and fRGM groups (Figure 4a). Indeed, the epider-
mal thickness, collagen areas and the number of inflammatory cells and mast cells were
significantly different among the groups (p <0.01, Figure 4b and 4c). They were increased
in the AD Con compared with the Intact (p < 0.05). However, compared with the AD Con,
the epidermal thickness and number of inflammatory cells and mast cells were reduced
in the DEXA and fRGM groups (p < 0.05), and the collagen area was reduced only in the
fRGM400 and fRGM200 (p < 0.01). There were no differences in the epidermal thickness
of the DEXA and fRGM400 and the collagen areas of the fRGM400, compared with those
of the Intact. Inmunoreactivities for Cas-3, PARP, NT, 4-HNE, MMP-9, IEN-y, iNOS,
TNEF-a, IL-1p3 and IL-2 were evident in the AD Con group; however, they were attenuated
in the DEXA and fRGM groups (Figure 5a). The immunostained cells were significantly
different among the groups (p < 0.01, Figure 5b and 5c). The immunostained cells were
more in the AD Con than in the Intact; however, they were significantly fewer in the
DEXA and fRGM groups than in the AD Con (p < 0.05). There were no differences in the
PARP-positive cells in the fRGM400, NT- and IL-2-positive cells in the DEXA and
fRGM400, IFN-y-positive cells in the DEXA, compared with those in the Intact group.
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Figure 5. Immunohistochemistry in AD-like skin lesions. (A) Representative images in im-
munostains for cleaved caspase-3 (Cas-3), cleaved poly(ADP-ribose) polymerase (PARP), nitrotyro-
sine (NT), 4-hydroxynonenal (4-HNE), matrix metalloprotease (MMP)-9, interferon (IFN)-y, induc-
ible nitric oxide synthase-2 (iNOS), TNF-a, IL-1p and IL-2. (B-C) The immunoreactive cells in the
dermis (% in 100 cells or x10 cells/mm?). Values are represented as the means + SDs. t: p <0.05 vs.
the Intact group; *: p <0.05 vs. the AD Con.

3.5. Histopathological changes in the lymphoid organs of AD-like model

The AD Con group showed hypertrophic changes in both spleen and lymph nodes
(Figures 6a and 7a); however, these changes were attenuated in the fRGM groups (Figure
6a). In the spleen, the thickness in the central region and the number of white pulp cells
were significantly different among the groups (p < 0.01, Figure 6b); they were increased in
the AD Con compared with the Intact, however, reduced in the DEXA and fRGM groups
compared with the AD Con (p < 0.05). The thickness was not different in the DEXA and
fRGM400 compared with the Intact. There were no differences in the red pulp cells among
the groups. In the lymph nodes, the total and cortical thickness and the number of follicles
in the cortex were also significantly different among the groups (p < 0.05, Figure 7b); they
were increased in the AD Con compared with the Intact, however, reduced in the DEXA
and fRGM groups except for the cortical thickness of the fRGM100, compared with the
AD Con (p <0.01). In both tissues, the immunoreactivities for IFN-y, iNOS, TNF-a, IL-1f3
and IL-2 were evident in the AD Con, however, they were attenuated in the DEXA and
fRGM groups. The number of immunostained cells was different among the groups in the
spleen and lymph node (p <0.01, Figures 6¢c and 7c); it was increased in the AD Con com-
pared with the Intact, however, reduced in the DEXA and fRGM groups except for the
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splenic TNF-a cells of the fRGM100, compared with the AD Con (p < 0.05). There were no
differences in the immunostaining for IL-1f in the DEXA and fRGM400 and for IL-2 in the
DEXA in the spleen, and for IFN-y in the DEXA and for iNOS in the fRGM400 in the

lymph node, compared with the observations in the Intact.
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Figure 6. Histopathological changes in the spleen of AD-like model. (A) Representative
images in H&E stain and immunostains for IFN-y, iNOS-2, TNF-a, IL-1§ and IL-2 in the
spleen. In H&E stains, the upper showed white pulp (WP) and red pulp (RP, arrows), and
the lower was the high-magnified parenchyma. (B) The splenic thickness in the central
region (mm) and number of the WP and RP cells in parenchyma (cells/mm?). (C) Immu-
noreactive cells in the splenic parenchyma (x10 cells/mm?). Values are represented as the
means + SDs. t: p <0.05 vs. the Intact group; **: p <0.01 and *: p <0.05 vs. the AD Con.
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Figure 7. Histopathological changes in the lymph node of AD-like model. (A) Representa-
tive images in H&E stain and immunostains for IFN-y, iNOS-2, TNF-a, IL-1p and IL-2 in
the lymph node. In H&E stains, the parenchyma in the upper is high-magnified in the
lower. (B) Total and cortical thickness in the central region (mm) and number of the corti-
cal follicles (follicles/mm?). (C) Immunoreactive cells in the parenchyma (x10 cells/mm?).
Values are represented as the means + SDs. }: p <0.01 and t: p <0.05 vs. the Intact group;
**:p<0.01 and *: p < 0.05 vs. the AD Con.

4. Discussion

Patients with AD generally suffer from chronic pruritus, and scratching worsens skin
inflammation by damaging the skin barrier and inducing the production of inflammatory
mediators [28,29]. In this context, inhibition of clinical symptoms is one of the most im-
portant therapeutic strategies for AD. The current AD-like model exhibited AD-like skin
lesions and severe scratching; however, fRGM inhibited the clinical symptoms, along with
reducing the IgE levels. Elevated IgE and IgE-mediated immune responses involve the
characteristic symptoms of AD through allergic inflammation, which are the main hall-
marks of AD pathogenesis [29]. In particular, mast cells are major effector cells related to
IgE-mediated hypersensitivity reactions, and their activation promotes the production of
pro-inflammatory cytokines, together with Th1-derived mediators (i.e., TNF-ct, IFN-y, IL-
13, IL-6, IL-10) [2,30]. Here, histopathological analyses revealed that fRGM improved AD-
like skin lesions by reducing epidermal thickening, collagen deposition and dermal infil-
tration of inflammatory cells and mast cells. The immunohistochemical analyses sug-
gested the antioxidant, anti-inflammatory and anti-apoptotic effects of the fRGM. These
suggest that fRGM still contains the bioactive nutrition involved in anti-AD effects by in-
hibiting the production of IgE and the subsequent inflammatory progression, similarly
with red ginseng even though most of the fRGM is discarded as a byproduct of the red
ginseng extraction.

The atopic immune activation is characterized by a Th2-dominated reaction: Th2 cells
are responsible for IgE synthesis, and predominantly release IL-4, IL-5, IL-10 and IL-13
[3,31]. Among these cytokines, IL-4 and IL-13 activate mast cells and basophils by pro-
moting IgE isotype switching in B cells and Th2 dominance, and IL-5 and IL-10 involve
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eosinophil activation and the infiltration into the skin lesions, which in turn elicit an aller-
gic immune response [3,32]. Subsequently, chronic AD demonstrates Thl-derived media-
tors and tissue remodeling with collagen deposition and dermal thickening, leading to
further production of IgE and inflammatory mediators by recruiting activated immune
cells [30,33]. Here, the AD-like skin lesions up-regulated the mRNA expressions of TNEF-
a and Th2 cytokines including IL-4, IL-5 and IL-13, with increased immunotains for TNF-
a, IFN-vy, IL-1B, IL-2 and iNOS. However, fRGM inhibited the expression of inflammatory
mediators, and resulted in mild fibrosis by reducing collagen deposition and expression
of MMP-9 as a remodeling marker in patients with AD [34]. The allergic inflammatory
response is associated mainly with the activation of intracellular signaling pathways, such
as mitogen-activated protein kinases (MAPKSs) and nuclear factor kappa B (NF-kB) [35].
Red ginseng has been reported to exert anti-inflammatory effects via inhibition of the
MAPK and NF-«kB pathways in AD-like models [36]. RGM, particularly triterpene glyco-
side compounds, has also shown anti-inflammatory effects by targeting the NF-«xB path-
way [21,37]. Further studies are needed to clarify the exact mechanisms by which com-
pounds in the fRGM exert beneficial effects on progression of AD.

The pathophysiology of AD is multi-factorial with immune alteration, skin barrier
dysfunction and environmental factors [38]. Skin barrier dysfunction increases the pene-
tration of allergens and pathogens, leading to immune alteration and further disruption
of the barrier function [38,39]. The secondary lymphoid tissues including the spleen and
lymph nodes are the main regions exposed to various allergens in the chronic stage of AD,
which further differentiates naive T cells into effector T cells, and stimulates B cells to
produce IgE [18,40]. Our DNCB-induced AD-like model showed the hypertrophic
changes of the spleen and lymph node with the increased inflammatory cytokines in pre-
vious and current studies [26]. The changes were involved in hyperplasia of the white
pulp cells of the spleen and follicular cells of the lymph node, probably by increasing leu-
kocytes and differentiating into effector lymphocytes after the induction of DNCB [40].
However, fRGM inhibited the systemic immune activation in both lymphoid tissues by
inhibiting the production of Thl-derived mediators and the development of the germinal
center related to IgE production, suggesting therapeutic potential in chronic AD.

Chronic inflammation of AD elevates free radicals and reactive oxygen and nitrogen
species (RONS), similar to other chronic inflammatory diseases, and RONS-generated re-
gional inflammation can further activate allergic responses [41,42]. Here, fRGM improved
antioxidant capacities in AD-like skin lesions by increasing antioxidants (GSH) and by
reducing lipid peroxidation (MDA and 4-HNE) and superoxide anion, and RONS-in-
duced protein nitration (NT). Natural products generally possess polyphenolic com-
pounds and flavonoids that act as direct free radical scavengers against superoxide anions
and inhibitors of lipid peroxidation [18]. Indeed, fRGM contained the polyphenolic com-
pounds and flavonoids despite the small contents, and the antioxidant activities could be
enhanced via fermentation with effective microorganisms [22,23,43]. Although the DEXA
group had little effect on the skin levels of GSH, MDA and superoxide anions, the potent
anti-inflammatory effects may be involved in reducing the RONS-induced products (NT
and 4-HNE). Furthermore, the immunostaining for apoptotic markers (Cas-3 and PARP)
was reduced in the DEXA and fRGM groups in the AD-like skin lesion, suggesting anti-
apoptosis related to the anti-inflammatory effects rather than antioxidant effects. How-
ever, given that RONS damages DNA and cellular biomolecules, and the most significant
target is the MAPK pathway [44], the antioxidant properties of fRGM may contribute to
additional anti-allergic effects by inhibiting inflammatory responses and apoptotic
changes.

RGM has been considered only a byproduct of ginseng extraction processing; how-
ever, recent studies have focused on using RGM as a functional food in human [43] and
animal [45,46]. Here, topical treatment of fRGM, particularly at higher doses, alleviated
the AD-like lesions by inhibiting IgE production, inflammatory progress and apoptotic
changes with enhanced antioxidant activities, similar with anti-AD effects of red ginseng.
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These results provide useful information for developing good sources for public health
and further increase the market value of RGM in the feed industry.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1: Organ weights of the spleen and lymph node (LN); Table S1:
Primers used for RT-qPCR analysis.
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