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Abstract

Ginsenoside Rh1 (Rhl) has anti-inflammatory effects in asthma mice, but the
underlying mechanism remains unclear. BALB/c mice were sensitized and challenged
with ovalbumin (OVA) to construct asthma model. Mice received Rh1 or Tiotropium
Bromide 0.5 h before OVA challenge. Airway morphology and airway remodeling
were assessed by HE staining and Masson’s trichrome staining, respectively. Th1/Th2
cytokines in serum or BALF were measured by ELISA kits. Rhl significantly
alleviated the lung resistance and airway resistance, and reduced the number of total
inflammation cells, eosinophils, neutrophils, and lymphocytes in BALF of the
asthmatic mice. The morphological changes and collagen deposition of airway were
also reduced by Rhl in asthmatic mice. The increase of Eotaxin, IL-4, IL-5, 1L-13,
and IL-33 and the decrease of IL-12 and IFN-y in both BALF and setum of OVA
exposed mice were reversed by Rh1. Rhl attenuates OVA-induced asthma.in the mice

model by regulating Th1/Th2 cytokines balance.
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Introduction

Bronchial asthma (asthma) is a common chronic inflammatory airway disorder.
Statistics shows that about 300 million people suffer from asthma worldwide, and this
number is expected to reach 400 million by 2025(Berair and Brightling, 2014).
Asthma has high morbidity and mortality and imposes a huge economic burden on
patients and society (Berair and Brightling, 2014). Currently available drugs for
asthma can only control symptoms and prevent exacerbations, rather than cure the
disease(Pepper et al., 2017). Therefore, it is meaningful to find a promising therapy
method.

Variable airway obstruction and airway hyperresponsivenes (AHR) are the main
characteristics of asthma(Boulet and Boulay, 2011, Gordon and R., 2008). AHR refers
to the excessive responses of the airway to bronchoconstrictive stimuli ‘including
physical stimuli, chemical stimuli and biological stimuli(Lauzon and Martin, 2016).
Although the pathogenesis of asthma is still unknown, studies haye shown that the
main biochemical and pathological changes in asthma ar¢ systemic and local
(respiratory) immuno-inflammatory response disorders(Baptist and Busse, 2018). The
most common disorder in asthma is non-specificlairway inflammatory response(Mims,
2015), which is dominated by eosinophils,” neutrophils, lymphocytes and their
secreted inflammatory mediators as well as eytokine responses(Shi et al., 2011, Mims,
2015, Holgate, 2012). These inflammatory cells recruited in lung tissue will cause
morphological changes. Besides; airway remodeling is also found in asthma(Yang et
al., 2016). Some reports™found that anti-IgE therapies attenuated airway
remodeling(Ojiakuetal., 2017, Murphy et al., 2010), indicating that IgE may play an
important role“in asthma. Studies have also found that asthma was closely related to
abnormal differentiation and function of Thl and Th2 cells, as well as increased
expression of secondary inflammatory cytokines and maladjustment of
immunemodulatory mechanism(Shi et al., 2011, Liang et al., 2017). Th1 cells mainly
secrete 1L-2, IL-12, and IFN-y which mediate cellular immunity, while Th2 cells
secrete 1L-4, IL-5, and IL-13 that mediate humoral immunity(Wei and Sheng Li,

2018). These cytokines can affect the level of IgE and immunoreaction(Nath et al.,
3
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2007, Punnonen et al., 1997). Rebuilding Th1/Th2 cytokines balance was also
reported as a possible treatment for asthma(Anatriello et al., 2019). Thus, research on
the regulation of Th1/Th2 cytokines may help develop a promising asthma therapy.
Ginseng is a herb derived from the roots of several plants, mainly including

Korean or Asian Ginseng (Panax ginseng), Siberian Ginseng (Eleutherococcus
senticosus), and American Ginseng (Panax quinquefolius)(Kiefer and Pantuso, 2003).
Ginseng is widely used as a traditional medicine due to its regulation of immune
function, exercise performance and so on, from which dozens of effective monomer
components have been isolated (Feng et al., 2015, Hou et al., 2014). Among these
effective components, Ginsenoside Rb1, Rg3, compound K are reported to havetan
anti-asthmatic effect(Ren et al., 2019, Guo et al., 2017, Chen et al., 2015, Lee et al;,
2016). Ginsenoside Rhl also exerts obvious anti-inflammatory,“antioxidant,
anti-tumor, immunomodulatory effects, as well as a positive effect, onythe nervous
system(Tam et al., 2018, Hou et al., 2014). In this study, we built an asthma model in
mice by Ovalbumin (OVA) exposure, and then studied(ithe \effect and underlying
mechanism of Rh1 in asthma model mice.
Materials and methods
Experimental animals and experimental.protocols

Forty female BALB/c mice (speeific pathogen-free, inbred) were bought from a
commercial company (Guangzhou Sebiona biological technology Co. LTD, China,
http://www.sebiona.com), which’were 7 weeks old and weighed 20-30 g. Before the
experiment, the mice were acelimatized for 7 days under the following conditions: 50
+ 10% relative humidity, 22 + 1 °C, and a 12 h light/dark cycle, and they were given
free access to rodent laboratory chow and tap water.
Ethics Statement

Thiswtesearch was approved by the Committee of Experimental Animals of
Hangzhou Hospital of Traditional Chinese Medicine (approval number:
HZ2019091322). All animal experiments were performed in the Hangzhou Hospital
of Traditional Chinese Medicine in compliance with the guidelines of China Council

on Animal Care and Use. Measurements were taken to minimize pain and discomfort
1
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of the animals during the whole experiment. The mice were sacrificed after the
experiment.
Sensitization, challenge, and treatment of mice

BALB/c mice were evenly divided into 4 groups: Control group, OVA group,
OVA+Tio group, and OVA+Rh1 group. Mice were subjected to OVA sensitization and
challenges and received treatment with Tiotropium Bromide (Tio, H20140933,
Boehringer Ingelheim Pharma GmbH & Co. KG,
https://www.boehringer-ingelheim.cn) or Rh1 (purity>97%, cat. no. A0240, Chengdu
Must Bio-Technology Co., Ltd., China, http://www.cdmust.com/index.aspx). Rh1 was
extracted from the root of Panax ginseng. Briefly, animals were immunized“by
intravenous injection of a solution containing 20 ug of OVA (A003049-001, Shanghai
Sangon Biotech Co., Ltd, China, https://www.sangon.com) and“2" mg of
aluminumhydroxide (20001060, Sinopharm Chemical Reagent “Co.%Ltd, China,
https://www.reagent.com.cn) on the 1 and 7™ days. Seven days after the last
sensitization, mice were exposed to the ultrasonic atomizéd 2% OVA solution for 30
min. The exposure was given three times a week for 6 weeks.

The sensitized mice in the OVA+Tio group were administered 0.1 mmol/L Tio
nasal drops 0.5 h before being challenged. As\pointed out in Li’s research, 100 mg/kg
Ginsenoside Rh2, a similar homologous compound to Rh1, attenuates allergic airway
inflammation in a murine model of jasthma(Li et al., 2015), and therefore, the
sensitized mice in the OVA # Rh1 group were orally given 100 mg/kg Rh1 (Rh1 was
dissolved in 0.1% dimethyl sulfoxide) before being challenged. The ten mice in the
Control group were sensitized and challenged with saline.

Assessment of airway hyperresponsiveness in asthmatic mice

Accordingte Meng’s study(Meng et al., 2018), AHR tests were performed by the
forced~oscillation technique. Airway responsiveness of mice was determined by
increasing the doses of inhaled methacholine (Mch). Briefly, mice were anesthetized
by~intraperitoneally injection of 50 mg/kg pentobarbital sodium 24 h after the final
OVA challenge. Then a catheter was inserted into mouse trachea and mechanically

ventilated by the FlexiVent (scireq, Canada). First, the baseline was measured. Then
5
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the atomized Mch solution was used to test the lung function of asthmatic mice. The
concentration of Mch increased gradually in the order of 3.125, 6.25, 12.5, 25, 50, and
100 mg/mL. Each concentration was tested for 5 min, followed by a 3-min rest. Data
were collected per minute. At last, the lung resistance (LR, cm H,O/ml/s) and airway
resistance (AR, cm H,O/ml/s) were plotted as functions of Mch at different doses.
Sample preparation

Twenty-four hours after the final allergen challenge, broncho alveolar lavage
fluid (BALF), serum and lung tissue were collected. Mice were anesthetized by
intraperitoneal injection of 50 mg/kg pentobarbital sodium. BALF collection was
performed as described in a previous report(Sethi and Naura, 2018). Briefly,~the
thoracic cavity of mice was opened and the upper part of the trachea was cannulated.
The lung of mice was washed twice with 1 mL of cold phosphate-buffered jsaline
(PBS, pH 7.4) (P1022, Solarbio). The collected BALF was centrifugedy(3000xg, 10
min) at 4 °C. Cell pellet was re-suspended by PBS for cell ‘counting, and the
supernatant was stored at —80 °C. Blood was collected from the eyeballs of mice and
centrifuged (3000 g, 10 min, 4 °C) to separate serum as described previously(Luo et
al., 2014). The mice were euthanized by intraperitoneal injection of 150 mg/kg
pentobarbital sodium, and the lungs were hatvested immediately. Euthanasia was
confirmed successful when the mice{metithe criteria below: arrest of pulse and
breathing, loss of corneal reflex, and disapparance of respiratory sounds and heartbeat
sounds upon examination withya stethoscope. Briefly, the mice’s chest was opened,
and the lung was separated andwashed by distilled water.
Detection of totaly inflammatory cells and differential cells (neutrophils,
eosinophils, and lymphocytes) in the BALF of asthmatic mice

Total mflammatory cells and differential cells (neutrophils, eosinophils, and
lymphoeytes) in the BALF of asthmatic mice were counted according to Sethi’s
study(Sethi et al., 2019), with slight modification. Briefly, the cell pellet re-suspended
solution was diluted to an appropriate concentration. Then the total inflammatory cells
were counted by a Blood cell counter (AMQAX1000, Invitrogen, America). The

numbers of differential cells (neutrophils, eosinophils, and lymphocytes) in BALF
6
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were measured by the Diff-Quick stain kit (G1541, Solarbio). Briefly, the BALF cell
pellet re-suspended solution was smeared on a slide. After being dried naturally in the
air, the slide was fixed with Diff-Quick Fixative for 20 s. Then the slide was
successively stained with Diff-Quik I for 10 s and with Diff-Quik II for 20 s. During
each staining, the slide was shaken vertically 2-3 times. At last, the slide was observed
under the microscope and counted by the Blood cell counter, followed by washing
with water. The purple cells were lymphocytes, the cells with gray-blue cytoplasm
and purple nucleus were monocytes, and those appearing pink to clear with many
large red to orange granules in the cytoplasm and blue nucleus were Eosinophils.
Observation of airway morphology in asthmatic mice

Fresh lung tissue was fixed with 4% formaldehyde, paraffin-embedded, and cut
into 5 pm sections. Then the sections were stained with Hematoxylin&Eosin (H&E)
Staining Kit (G1120, Solarbio) in accordance with Fang’s study(Fang.and Ping).
Briefly, the paraffin was removed from the sections using xylene (X112051, Aladdin).
After this, the sections were successively processed with thight{concentration alcohol,
low concentration alcohol, and distilled water, followed*by 5 min of staining with
Hematoxylin Dye. After being washed by<running water, the sections were
differentiated by the Differentiation Fluid for 30 'seconds. Then the sections were
soaked in tap water for 15 min and in.Eosin‘Dye for 2 min. Subsequently, the sections
were washed by running water, ré-dehydrated with pure alcohol, and transparentized
by xylene. At last, the trangparent sections were dripped with Canada gum, covered
with cover glass and sealeduntil the gum dried slightly, and then the mice lung tissue
samples were imagedat 100x or 200x under the microscope.
Measurement‘of IgE and cytokines in BALF and serum from asthmatic mice

The total™IgE, OVA-specific IgE, Thl cytokines (IL-12, IFN-y), and Th2
cytokines«(Eotaxin, IL-4, IL-5, IL-13, IL-33) in serum or BALF were measured by
ELISA Kkits. The total IgE in serum was quantified by an anti-mouse IgE ELISA kit
(ab157718, Abcam, England). OVA-specific IgE was measured by the OVA-specific
IgE ELISA kit (439807, BioLegend, Inc., USA, https://www.biolegend.com). The

cytokines were correspondingly measured by an IL-12 ELISA kit (SEKM-0013,
7
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Solarbio), an IFN-yELISA kit (SEKM-0031, Solarbio), Eotaxin (SEKM-0073,
Solarbio), an IL-4 ELISA kit (SEKM-0005, Solarbio), an IL-5 ELISA kit
(SEKM-0006, Solarbio), an IL-13 ELISA kit (SEKM-0014, Solarbio), and an IL-33
ELISA kit (SEKM-0028, Solarbio).

ELISA was performed following the procedure provided by the manufacturer.
Briefly, an appropriate number of antibody coated well strips were removed. For
measurement of OVA-specific IgE, the 96-well plate was pre-coated with OVA, and
all reagents were equilibrated to room temperature (30 min). Then all the reagents,
samples, and standards were prepared as instructed. The standards or samples were
added to each well and incubated at room temperature for 30 min. After aspirating-and
washing each well 4 times, the prepared horseradish peroxidase (HRP) labeled
secondary detector antibody was added into the wells. After incubation at)room
temperature for 30 min, each well was subjected to another 4 rounds of aspiration and
washing. Chromogen Substrate Solution was added into each.well to stop the
interaction and the color development at 450 nm was recotded'by a microplate reader
(Multiskan ~ Sky, = Thermo  Fisher  Scientific\ *=(China) Inc.,  China,
https://www.thermofisher.com/cn/zh/home.html)immediately.

Quantification of airway remodeling in asthmatic mice

Airway remodeling was assessed-as reported in a previous study(Cui et al., 2019).

The lung tissue was stained with Masson’s trichrome (G1340, Solarbio). Briefly,
paraffin sections were dewaxed,and dehydrated, and then washed with tap water and
distilled water in turn. The nucleus was dyed with Weigert Hematoxylin for 5-10 min,
followed by differentiation in acidic ethanol differentiation solution for 10 s and
washing with-distilled water. Then the sections were processed with Masson Blue
Liquer 5-15\s-and dyed with Fuchsin Acid Solution for 5-10 min. After washing the
sections=with Weak Acid Solution for a while, 1% Phosphomolybdic Acid Solution
was, used to treat the sections for 1-2 min. Without washing, the sections were dyed
directly with Aniline Blue Dye for 1-2 min. At last, the sections were washed for a
moment with Weak Acid Solution, followed by 95% ethanol and anhydrous ethanol

dehydration , xylene transparentization, and neutral gum sealing. Then the sections
8
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were observed under the microscope at 100 x or 200 x. The blue or light green area
should be collagen fiber while the red area should be the muscle or the cytoplasm.

The proportion of the area stained with Masson’s trichrome was calculated to
assess the extent of subepithelial fibrosis. The Masson’s trichrome positive area was
quantified by using the previously determined color threshold for Masson’s trichrome.
Then the area between the airway basal membrane and the airway adventitia was
outlined and quantified. Subepithelial collagen deposition was expressed as collagen
(Masson’s trichrome positive) area relative to the total measured area.

Statistical Analysis

Each experiment was repeated at least 3 times. All statistics was analyzed with
SPSS 18.0 (Chicago, USA). One-way ANOVA followed by Tukey's. multiple
comparisons test was used to compare the difference between groups:\Results are
expressed as mean +standard deviation (SD). Statistical significance wasiidentified as
P<0.05.

Results
Rh1 alleviated AHR in OVA-induced asthma model mice

BALB/c mice were induced by OVA to build an asthma model and then treated
with Rhl. Then forced oscillation technique'wasjused to analyze lung mechanics in
mice. Fig. 1A exhibited the structure of Rh1ly, whose chemical formula was C3sHg,09.
Fig. 1B showed the modeling¢ and administration processes that we used to
successfully construct a moeuse/asthma model. The data in Fig. 1C and Fig. 1D
showed that the LR and”’AR"generated by Mch (from 0 to 100 mg/ml) administration
increased as the coneentration of Mch increased, respectively. According to Fig. 1C,
the LR of mice,in the OVA group was significantly greater than that in the Control
group under, freatments with 25 mg/ml, 50 mg/ml and 100 mg/ml Mch (P<0.01,
P<0:0015=P<0.001). The LR in the OVA+Tio group and the OVA+Rh1 group was
significantly lower than that in the OVA group under 25 mg/ml Mch treatment,
(P<0.01), and the difference was more obvious when the dose of Mch was 50 mg/ml
or 100 mg/ml (P<0.001).

As show in Fig. 1D, the AR of mice in the OVA group was significantly greater
9
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than that of Control group mice under 12.5 mg/ml Mch treatment (P<0.05), and the
difference was more obvious when the dose of Mch was 25 mg/ml, 50 mg/ml or 100
mg/ml (P<0.01, P<0.001, P<0.05). Data in Fig. 1D suggested that the AR of mice in
the OVA+Tio group was significantly lower than that of OVA group mice under 12.5
mg/ml Mch treatment (P<0.05), and the difference was more obvious when the dose
of Mch was 25 mg/ml, 50 mg/ml or 100 mg/ml (P<0.01, P<0.001, P<0.001). Besides,
the AR of mice in the OVA+Rh1 group was significantly lower than that of OVA
group mice under 25 mg/ml Mch treatment (P<0.05), and the difference was more
obvious when the dose of Mch was 50 mg/ml or 100 mg/ml (P<0.01, P<0.001).

It could be concluded from the above results that both pretreatment with Tio-and
oral feeding of Rh1 could reverse the increases in LR and AR in OVA-induced/asthma
mice.

Rh1 alleviated OVA-induced airway inflammatory cell recruitment. in asthma
model mice

Total BALF cells and differential BALF cells (eosinophils, neutrophils, and
lymphocytes) were counted to evaluate the effect of Rhl"on airway inflammation. As
illustrated by Fig. 1E, the number of total inflammatory cells in the OVA group was
significantly higher (P<0.001) than that in_the”Control group, while the numbers of
total inflammatory cells in the OVA+Tio group and the OVA+Rh1 group were both
significantly lower (P<0.001) than thatin'the OVA group. As shown in Fig. 1F-H, the
numbers of eosinophils, neutrephils, and lymphocytes in the OVA group were
significantly larger (P<0.001)"than those in the Control group, while the numbers of
the three cells in the @QVA+Tio group and the OVA+Rh1 group were both significantly
smaller (P<0:001) than that in the OVA group. All these results mean that Rhl
alleviated OVA=induced airway inflammatory cell recruitment.

Rhl~alleviated airway morphological changes and serum IgE level increase in
OVA-induced asthma model mice

We performed H&E staining of airway tissue to investigate the changes in

airway morphology. The results (Fig. 2A) showed that mice challenged with OVA in

the OVA group had a smaller airway compared with those in the Control group,
10
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suggesting that OVA exposure enhanced lung tissue inflammation. By contrast, the
airway size of mice in the OVA+Tio group and the OVA+Rh1 group was greater than
that of OVA group mice (Fig. 2B-C). This indicates that the inflammation in the
OVA+Tio group and the OVA+Rh1 group was reduced by Tio and Rhl, respectively.

The levels of total IgE and OVA-specific IgE in serum were measured by ELISA
kits. We found that the levels of total IgE (Fig. 2B) and OVA-specific IgE (Fig. 2C) in
serum of OVA group mice were significantly augmented compared with those in the
Control group (P<0.001). However, the levels of total IgE and OVA-specific IgE in
serum of mice in the OVA+Tio group and the OVA+Rh1 group were significantly
decreased compared with those in the OVA group (P<0.001). This means that both
Tio and Rhl reduced the levels of total IgE and OVA-specific IgE in serum of the
OVA-induced asthma mice.
Rh1 alleviated airway remodeling in OVA-induced asthma modelnmice

Airway remodeling in asthma was observed by Masson’s trichtome staining. The
area of peribronchial trichrome staining (Masson’s trichtome(positive) in the OVA
group was larger than that in the Control group (Fig.™3), while the OVA-induced
increase in the Masson’s trichrome positive area was reversed by Rhl and Tio.
Quantitative analysis also confirmed these results (Fig. 3). The airway of asthmatic
mice in both the OVA+Tio group and4he OVA+Rh1 group showed significantly less
collagen deposition compared with OVA group mice (P<0.001, P<0.01, Fig. 3).
Collectively, the above findirngs,indicate that Rh1 attenuates airway remodeling in the
mouse asthma model.
Rh1 regulated the concentration of Th1/Th2 cytokines in BALF and serum of
OVA-induced‘asthma model mice

Compared'with the Control group, significantly higher concentrations of Eotaxin
(Fig#4A)-1L-4 (Fig. 4B), IL-5 (Fig. 4C), IL-13 (Fig. 4D) and IL-33 (Fig. 4E) yet
significantly lower concentrations of IL-12 (Fig. 4F) and IFN-y (Fig. 4G) were
detected in BALF from asthmatic mice in the OVA group (P<0.001). Fig. 4 also
illustrated that in BALF from asthmatic mice in the OVA+Tio group or the OVA+Rh1

group, the levels of IL-4, IL-5, IL-13, IL-33, and Eotaxin were significantly decreased
11
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yet those of IL-12 and IFN-y were significantly increased, as compared with the OVA
group (P<0.001). These results mean that Rh1 reversed the increase in Eotaxin, 1L.-4,
IL-5, IL-13, and IL-33 levels and the decrease in IL-12 and IFN-y levels in the BALF
of OVA exposed mice.

Eotaxin (Fig. 4H), IL-4 (Fig. 41), IL-5 (Fig. 4J), IL-13 (Fig. 4K), and IL-33 (Fig.
4L) presented significantly higher levels in the serum of OVA group mice than in that
of Control group mice (P<0.001). However, the levels of these cytokines in the
OVA+Tio group and the OVA+Rh1 group were significantly lower than those in the
OVA group (P<0.001). Oppositely, IL-12 (Fig. 4M) and IFN-y (Fig. 4N) levels in the
serum of OVA group mice were significantly lower than those in the Control group
(P<0.001). On the contrary, the serum of mice in the OVA+Tio group. and the
OVA+Rh1 group exhibited significantly increased levels of IL-12 (Fig."4M) and
IFN-y (Fig. 4N), compared with the OVA group (P<0.001).

In summary, the increase of Eotaxin, IL-4, IL-5, IL-13, and IL-33, and the
decrease of IL-12 and IFN-y in both BALF and serum of OVA exposed mice were
significantly reversed by Tio and Rhl (P<0.001), whichsmeans that Rhl can also
regulate the concentration of Th1/Th2 cytokinesdike Tio.

Discussion

In this study, Rhl significantly alleviated the AHR in the OVA exposed
asthmatic mice. At the same time; the concentrations of total inflammation cells and
differential inflammation .cells;  which included eosinophils, neutrophils, and
lymphocytes, were also”down=regulated by Rhl. The changes in airway remodeling
and collagen deposition Jof asthma mice were reversed by Rhl. Both IgE and
OVA-specific“IgE in BALF of the OVA-induced asthma model mice were
significantly, down-regulated by Rh1. The increase of Eotaxin, IL-4, IL-5, IL-13, and
IL-33;7and-the decrease of IL-12 and IFN-y in both BALF and serum of OVA exposed
asthmatic mice were reversed by Rh1l.

AHR is a common characteristic of asthma(Boulet and Boulay, 2011).
Ginsenoside Rh2 was reported to inhibit AHR(Li et al.). In our research, homogenous

materials Rh2 and Rh1 also alleviated the AHR challenged by Mch, indicating that
12
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Rh1l may be a promising therapeutic drug for asthma. Besides, Rh1 was reported to
affect immune cells and regulate the immune system(Tam et al., 2018). Here, we also
found that Rhl significantly reduced the numbers of total inflammatory cells,
eosinophils, neutrophils, and lymphocytes in in BALF. This means that Rhl
attenuated inflammation. In addition, Rh1 may have an anti-asthmatic effect, for it
alleviated AHR and inhibited inflammation cell recruitment. Considering that asthma
is also characterized by airway narrowing in morphology(Nishimoto et al., 2017),
reducing morphological changes should be an anti-asthmatic therapy. IgE is reported
to have a central role in the pathogenesis of allergic asthma(Djukanovic et al., 2016,
Geha et al., 2003), and IgE targeted biological therapies for severe asthma have been
developed and approved(Oishi and Matsunaga, 2018, Patel and Sur, 2017). Thus,
regulating the level of IgE may be key to the anti-asthmatic effect of"'Rh1. To test
Rh1’s anti-asthmatic effect, we studied changes in morphology and\IgE.level in the
asthmatic mice. We found that Rh1 inhibited morphological changes in OVA-induced
asthmatic mice, which is consistent with its inhibitory effect on inflammation cell
recruitment. We also found that Rhl reversed the increase\of IgE and OVA-specific
IgE in OVA-induced asthma. These results confirmed Rhl’s anti-asthmatic effect.
Previous studies reported that anti-IgE therapies might influence airway remodeling
by attenuating its progress or reversing long-term changes(Ojiaku et al., 2017,
Murphy et al., 2010). In this study, Rh1 could reduce collagen deposition and inhibit
airway remodeling in the OVA=induced asthma model mice, which is in accordance
with the result that Rhl dectreased the level of IgE. Thus, IgE level is a key factor
involved in the attenuating effect of Rh1 on asthma. Airway remodeling is caused by
chronic inflammation for a repetitive cycle of injury and repair in the airway
wall(Yang et al; 2016). Subepithelial fibrosis is a feature of airway structural
changes(Berair and Brightling, 2014, Bourdin et al., 2012). Hence, the anti-asthmatic
effectiof Rh1 was further proved by its inhibition on airway remolding and collagen
deposition.

Th1 and Th2 cells, as well as secondary inflammatory cytokines, are related to

asthma(Shi et al., 2011, Liang et al., 2017). Interfering with Th1/Th2 cytokines can
13
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attenuate the asthma-induced inflammation and airway remodeling (Anatriello et al.,
2019). Besides, IL-5 targeted biological therapies for severe asthma have been
developed and approved(Oishi and Matsunaga, 2018). We found that Rhl increased
the levels of Thl cytokines (IFN-y, IL-12) and decreased those of Th2 (Eotaxin, IL-4,
IL-5, IL-13, IL-33) cytokines in BALF and serum of asthmatic mice. Previous studies
also revealed that Rh1 regulated CD4+ T cell activation and Th1/Th2 balance(Feng et
al., 2015, Wang et al., 2000, Zhang Chun-jing et al.), which thus corresponds the
regulating effect of Rh1 on Th1/Th2 cytokines to its anti-asthmatic effect. However,
how Rhl attenuates asthma has not been studied, and the roles of Th1/Th2 cytokines
in the attenuating effect of Rh1 on asthma remain unclear. In the present study, Rhl
inhibited the increases in the concentrations of Eotaxin, IL-4, IL-5, IL-13, and IL-33,
and reversed the decrease of IL-12 and IFN-y in both BALF and Sserum of
OVA-induced mice. These results indicated that Rhl regulated Th1/Th2.balance in
asthma mouse.

The immune response is controlled by CD4-positive (CD4+) T cells that are
activated by antigen presenting cells (APC) and differentiate into distinct subsets of
effector Th cells, including Thl, Th2, Th17, and iTreg (Zhu et al., 2010). Previous
report also showed that Rh1 modulates CD4+7T cells activation and Th1/Th2 balance
(Feng et al., 2015). Thus, Rh1 may influence, APC and then activate differentiation of
CD4-positive (CD4+) T cells inte Th subsets. However, how Rhl exert its effects on
Th1/Th2 cytokines balance in asthina is unclear, which requires further investigations.

This study did not probe“into the molecular mechanism underlying the imbalance
of Th1/Th2 cytokines, and therefore, the relative RNA level should be focused on in
future study. Besides, Rh1’s anti-asthmatic effect should be studied in the human
body.

In=conclusion, Rh1 has an anti-asthmatic effect by inhibiting AHR, reduces
airway,inflammation cell recruitment and IgE level, attenuates airway morphological
changes and inhibits airway remodeling, and the possible underlying mechanism lies

in the regulation of Th1/Th2 cytokines balance. Our results suggest that Rh1 might be
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a promising therapeutic approach for asthma. However, its anti-asthmatic effect still

needs to be further investigated in future research.

Competing interests

The authors declare no conflicts of interest.

Funding
This work was supported by the Zhejiang Provincial Natural Science Foundation

of CHINA[Y20H290003].

Acknowledgements

Not applicable

Authors’ contributions

Substantial contributions to conception and design: Qiang Li

Data acquisition, data analysis and interpretation:*€hunmiao Zhai, Guodong
Wang, Jia Zhou, Weiguang Li, Liquan Xie, Zhanli Shi

Drafting the article or critically revising it'for important intellectual content: All
authors

Final approval of the versionto be published: All authors

Agreement to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of the work are appropriately investigated and

resolved: All authors

Availiability of-Data and Materials

The—analysed data sets generated during the study are available from the

corresponding author on reasonable request.

15

120z aunp 20 uo Jasn joodJaAlT jo Austealun Aq #166829/6609802/9dd/£601 0L /10p/a]0e-80UBAPE/qqq/WOo0 dNo olWwapese//:sdiy wolj papeojumoq



References

ANATRIELLO, E., CUNHA, M., NOGUEIRA, J., CARVALHO, J. L., S, A. K,
MIRANDA, M., CASTRO-FARIA-NETO, H., KELLER, A. C. & AIMBIRE,
F. 2019. Oral feeding of Lactobacillus bulgaricus N45.10 inhibits the lung
inflammation and airway remodeling in murine allergic asthma: Relevance to
the Th1/Th2 cytokines and STAT6/T-bet. Cellular Immunology, 341, 103928.

BAPTIST, A. P. & BUSSE, P. J. 2018. Asthma Over the Age of 65: All's Well That
Ends Well. J Allergy Clin Immunol Pract, 6, 764-773.

BERAIR, R. & BRIGHTLING, C. E. 2014. Asthma therapy and its effect on airway.
remodelling. Drugs, 74, 1345-69.

BOULET, L. P. & BOULAY, M. E. 2011. Asthma-related comorbidities. Expert Rev
Respir Med, 5, 377-93.

BOURDIN, A., KLEIS, S., CHAKRA, M., VACHIER, 1., PAGANIN, F, GODARD,
P. & CHANEZ, P. 2012. Limited short-term steroid \responsiveness is
associated with thickening of bronchial basement membrane in severe asthma.
Chest, 141, 1504-1511.

CHEN, T., XIAO, L., ZHU, L., MA, S., YAN, T. & JI, H. 2015. Anti-Asthmatic
Effects of Ginsenoside Rb1 in a Mouse Model of Allergic Asthma Through
Relegating Th1/Th2. Inflammation, 38, 1814-22.

CUL J., XU, F,, TANG, Z., WANG, W.,HU, L. L., YAN, C., LUO, Q., GAO, H., WEI,
Y. & DONG, J. 2019, Bu-Shen-Yi-Qi formula ameliorates airway remodeling
in murine chronic.asthma by modulating airway inflammation and oxidative
stress in the'lung. Biomed Pharmacother, 112, 108694.

DJUKANOVIC, R.,,HANANIA, N., BUSSE, W. & PRICE, D. 2016. IgE-mediated
asthma®New revelations and future insights. Respir Med, 112, 128-9.

FANG*&-PING 2014. Immune Modulatory Effects of IL-22 On Allergen-Induced
Pulmonary Inflammation. Journal of Allergy & Clinical Immunology, 131,
ABI191.

FENG, Y., WANG, C., CHENG, S., WANG, X., MENG, X,, LI, L., DU, J, LIU, Q.,

GUO, Y., MENG, Y., CHENG, B. & LING, C. 2015. Ginsenoside Rhl
16

120z Bunf 20 Uo Jasn [0odiaAlT Jo Alsieniun Aq 11.66829/660984Z/A9A/€60 1 0 1/10p/a[o1E-80UBAPE/(qQ/LL0S"dNO DIWaPEDE//:SA)Y WO PEPEojuMOQ



Improves the Effect of Dexamethasone on Autoantibodies Production and
Lymphoproliferation in MRL/lpr Mice. Evid Based Complement Alternat Med,
2015, 727650.

GEHA, R. S., JABARA, H. H. & BRODEUR, S. R. 2003. The regulation of
immunoglobulin E class-switch recombination. Nat Rev Immunol, 3, 721-32.

GORDON & R., B. 2008. Asthma History and Presentation. Otolaryngologic Clinics
of North America, 41, 375-385.

GUO, S., CHEN, Y., PANG, C., WANG, X., QL J., MO, L., ZHANG, H., AN, H. &
ZHAN, Y. 2017. Ginsenoside Rbl, a novel activator of the TMEMI6A
chloride channel, augments the contraction of guinea pig ileum. Pflugers Aveh;
469, 681-692.

HOLGATE, S. T. 2012. Innate and adaptive immune responses in asthma. "Nat Med,
18, 673-83.

HOU, J., XUE, J., LEE, M., YU, J. & SUNG, C. 2014. Long-term_administration of
ginsenoside Rh1 enhances learning and memory by, promoting cell survival in
the mouse hippocampus. Int J Mol Med, 33, 234-40:

KIEFER, D. & PANTUSO, T. 2003. Panax ginseng. Am Fam Physician, 68, 1539-42.

LAUZON, A. M. & MARTIN, J. G. 2016./Airway hyperresponsiveness; smooth
muscle as the principal actor. F1000Res, 5.

LEE, I. S., UH, I, KIM, K. S., KIM, Ki H., PARK, J., KIM, Y., JUNG, J. H., JUNG,
H.J. & JANG, H. J.2016. Anti-Inflammatory Effects of Ginsenoside Rg3 via
NF-kappaB Pathway“in* A549 Cells and Human Asthmatic Lung Tissue. J
Immunol Resp2016, 7521601.

LI, L., PIAO, H., ZHENG, M., LIN, Z., CHOL Y. & YAN, G. 2015. Ginsenoside Rh2
attenuates  allergic airway inflammation by modulating nuclear factor kB
activation in a murine model of asthma. Molecular Medicine Reports.

LIANG, P, PENG, S., ZHANG, M., MA, Y., ZHEN, X. & LI, H. 2017. Huai Qi
Huang corrects the balance of Thl/Th2 and Treg/Thl7 in an
ovalbumin-induced asthma mouse model. Biosci Rep, 37.

LUO, Q. L., NURAHMAT, M., LI, M. H., SUN, J., CHEN, M. X, LIU, F., WEL, Y. &
17

120z aunp 20 uo Jasn joodJaAlT jo Austealun Aq #166829/6609802/9dd/£601 0L /10p/a]0e-80UBAPE/qqq/WOo0 dNo olWwapese//:sdiy wolj papeojumoq



DONG, J. C. 2014. Pharmacological investigation of a HPLC/MS
standardized three herbal extracts containing formulae (Bu-Shen-Yi-Qi-Tang)
on airway inflammation and hypothalamic-pituitary-adrenal axis activity in
asthmatic mice. Phytomedicine, 21, 1439-50.

MENG, X., SUN, X., ZHANG, Y., SHI, H., DENG, W., LIU, Y., WANG, G., FANG,
P. & YANG, S. 2018. PPARgamma Agonist PGZ Attenuates OVA-Induced
Airway Inflammation and Airway Remodeling via RGS4 Signaling in Mouse
Model. Inflammation, 41, 2079-2089.

MIMS, J. W. 2015. Asthma: definitions and pathophysiology. Int Forum Allergy
Rhinol, 5 Suppl 1, S2-6.

MURPHY, P., HILLMAN, T. & RAJAKULASINGAM, K. 2010. Therapeutic targets
for persistent airway inflammation in refractory asthma.”™ Biomed
Pharmacother, 64, 140-5.

NATH, P, LEUNG, S. Y., WILLIAMS, A. S., NOBLE, A., XIE, S., MCKENZIE, A.
N. & CHUNG, K. F. 2007. Complete inhibition of allergic airway
inflammation and remodelling in quadruple” IL=4/5/9/13-/- mice. Clin Exp
Allergy, 37, 1427-35.

NISHIMOTO, K., KARAYAMA, M., INUI; N4 MORI K., KONO, M., HOZUMI, H.,
SUZUKI, Y., FURUHASHI K3 ENOMOTO, N., FUJISAWA, T,
NAKAMURA, Y., WATANABE, H. & SUDA, T. 2017. Relationship between
fraction of exhaled” mnitric) oxide and airway morphology assessed by
three-dimensional CTanalysis in asthma. Sci Rep, 7, 10187.

OISHI, K. & MATSUNAGA, K. 2018. Three-step algorithm for biological therapy
targetedigE and IL-5 in severe asthma. Immun Inflamm Dis, 6, 374-376.
OJIAKU, Cy, A%YOO, E. J. & PANETTIERI, R. A., JR. 2017. Transforming Growth
Factor betal Function in Airway Remodeling and Hyperresponsiveness. The

Missing Link? Am J Respir Cell Mol Biol, 56, 432-442.

PATEL, T. R. & SUR, S. 2017. IgE and eosinophils as therapeutic targets in asthma.

Curr Opin Allergy Clin Immunol, 17, 42-49.

PEPPER, A. N., RENZ, H., CASALE, T. B. & GARN, H. 2017. Biologic Therapy
18

120z Bunf 20 Uo Jasn [0odiaAlT Jo Alsieniun Aq 11.66829/660984Z/A9A/€60 1 0 1/10p/a[o1E-80UBAPE/(qQ/LL0S"dNO DIWaPEDE//:SA)Y WO PEPEojuMOQ



and Novel Molecular Targets of Severe Asthma. J Allergy Clin Immunol Pract,
5, 909-916.

PUNNONEN, J., YSSEL, H. & DE VRIES, J. E. 1997. The relative contribution of
IL-4 and IL-13 to human IgE synthesis induced by activated CD4+ or CD8+ T
cells. J Allergy Clin Immunol, 100, 792-801.

REN, S., LIU, R., WANG, Y., DING, N. & LI, Y. 2019. Synthesis and biological
evaluation of Ginsenoside Compound K analogues as a novel class of
anti-asthmatic agents. Bioorg Med Chem Lett, 29, 51-55.

SETHI, G. S. & NAURA, A. S. 2018. Progressive increase in allergen concentration
abrogates immune tolerance in ovalbumin-induced murine model of chronic
asthma. Int Immunopharmacol, 60, 121-131.

SETHI, G. S., SHARMA, S. & NAURA, A. S. 2019. PARP inhibition by olaparib
alleviates chronic asthma-associated remodeling features via, modulating
inflammasome signaling in mice. [lUBMB Life, 71, 1003-1013.

SHI, Y. H., SHI, G. C., WAN, H. Y., JIANG, L. H., AL, X.Y., ZHU, H. X., TANG, W.,
MA, J. Y., JIN, X. Y. & ZHANG, B. Y. 2011 Coeexistence of Th1/Th2 and
Th17/Treg imbalances in patients with.allergic asthma. Chin Med J (Engl),
124, 1951-6.

TAM, D. N. H., TRUONG, D. H.,, NGUYEN, T. T. H.,, QUYNH, L. N., TRAN, L.,
NGUYEN, H. D., SHAMANDY, B. E., LE, T. M. H,, TRAN, D. K., SAYED,
D., VU, V. V., MIZUKAMI, S., HIRAYAMA, K. & HUY, N. T. 2018.
Ginsenoside Rh1: A™Systematic Review of Its Pharmacological Properties.
Planta Med; 84, 139-152.

WANG, Y., WANG, B. X., LIU, T. H.,, MINAMI, M., NAGATA, T. & IKEJIMA, T.
2000, Metabolism of ginsenoside Rgl by intestinal bacteria. II. Immunological
activity of ginsenoside Rgl and Rh1. Acta Pharmacol Sin, 21, 792-6.

WELB: & SHENG LI, C. 2018. Changes in Th1/Th2-producing cytokines during
acute exacerbation chronic obstructive pulmonary disease. J Int Med Res, 46,
3890-3902.

YANG, Z. C., Y1, M. J,, SHAN, Y. C., WANG, C., RAN, N, JIN, L. Y., FU, P., FENG,
19

120z aunp 20 uo Jasn joodJaAlT jo Austealun Aq #166829/6609802/9dd/£601 0L /10p/a]0e-80UBAPE/qqq/WOo0 dNo olWwapese//:sdiy wolj papeojumoq



X. Y, XU, L. & QU, Z. H. 2016. Targeted inhibition of Six1 attenuates
allergic airway inflammation and remodeling in asthmatic mice. Biomed
Pharmacother, 84, 1820-1825.

ZHANG CHUN-JING, LI SHU-YUAN, ZHAO RONG-JIE & ZHENG-LIN, Z. 2017.
Effects of ginsenoside Rhl on expression of inflammatory factors in mouse
asthma model. Chinese Journal of Pathophysiology, v.34, 175-179.

ZHU, J., YAMANE, H. & PAUL, W. E. 2010. Differentiation of effector CD4 T cell

populations (*). Annu Rev Immunol, 28, 445-89.

20

120z dunp 20 Uo Jasn [00dioAIT Jo Aisieniun Ad 1 66829/6609BAZ/GAA/E60 |0 L/10P/S[0ILE-20UBAPE/GGQ/W0D dNO OIWapeoe)/:SdY WO pOPEOUMOQ



== Control
== OVA

' Sk 1 ol T & dmesnieo)
B OVA+Tio
OVA+Rh1 190 mgllkg Rh "
Sensitize: :
20 pg OVA+2 mg Al(OH),
l 0.2 mL Saline l l 0.2 mL Saline l
| ! ! f -
Day 1 7 14 53 54
N t
- : | ! [
HO— OH Sensitize: - )
0.2 mL Saline Sacrifice
C 6 - Control ok 55 - control
-=- OVA -=~ OVA ol
—+— OVA+Tio OVA+Tio

IS

OVA+Rh1 OVA+Rh1

[}

Airway resistance U
>
t

Lung resistance
(cm H,0/mLJs)
(cm H,0/mUs)

T T T T T T T T T T T T T T
0 3126 626 125 26 60 100 0 3125 625 125 25 50 100

Mch (mg/mL) Mch (mg/mL)
Ejao F:r 31 G: 341 pd H’-'Tz.o
2 ok E E E ]
s 2 = % %
% 30 x 21 X 21 X145
g w w W
3 Fe 3 Fe
m 20 g 1" ﬂcl 1.1 c 1.0 T
c £ £ Ann
I T © aan @ e 8 e
310 a1 — £ 01 o 0.5
= 2 0.02 $0.05 g
3 3 3 g
L) & 0.00 2 0.00 300
o \ A o \ A o \ ° Q& o \g ° Q&
& O FE & O F & & O
o o S o s o

Figure 1 Ginsenoside Rhl alleviates airway hyperresponsiveness and inflammation
cell recruitment in ovalbumin (OVA)-induced .asthma model mice. (A) Structure of
Ginsenoside Rhl. (B) Experimental protocol for establishment of OVA-induced
asthma mice model. (C, D) Airway resistance and lung resistance of mice that inhaled
0-100 mg/ml methacholine (Mch), were measured by forced oscillation method. (E)
The number of total inflammatery cells in the broncho alveolar lavage fluid (BALF)
of mice was measured by Blood Cell Counter. (F-H) The numbers of eosinophils,
neutrophils, and lymphocytes in the BALF of mice were measured by a Quick-Diff
Stain kit. Dataare shown as mean = SD. N=10 mice /group. *P<0.05, **P<0.01,
*#%Pp<0,001, JOVA group vs. Control group. "P<0.05, "P<0.01, ""P<0.001,
OVA#Tie=group or OVA+Rh1 group vs. OVA group.
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Figure 3. Ginsenoside Rhl alleviates ovalbumin (OVA)-induced airway remodeling (&
and collagen deposition in OVA-induced asthma model mice. (Left part) Masson’s@

trichrome stained lung tissue of mice was observed with a microscope (100x%, 2

(Right part) Subepithelial collagen deposition(%) in mice airway was assessed

Masson’s trichrome staining. Data are shown as mean + SD. N=

*P<0.05, **P<0.01, ***P<0.001, OVA group vs. Control group. *

MAP<0.001, OVA+Tio group or OVA+Rh1 group vs. OVA group.

23

$o

/group.

~P<0.01,

120z dunp 20 uo Jasn [0odieArT Jo AsioAuN AQ ¥166829/6609BGZ/GGA/E601 0 L/10P/aIOILIE-80UBADE/QQ/WO0"dNO-OlWaPEdE//:SANY WO} POpPEojumod



A 200 - B 200 C 20 D 300
jry .
E by by 3 b
3 150 E 150 = g 200 = E
g | 2 2200
] g = 150 u
5 100 Aan AAA =100 =] 3 aan
- T & AMAaan 3 100 A aan T
s £ T £ T E 100
§ 50 3 %0 2 50 2
] 2
0 0 0 0
R\ SR S & 0 & S & 0 & R\ P R
&S & F S & T FE S & O F S
s & S s o S
E 20 " F oo G 100
e I by
E 150 E E 80
2 2
2 nn ann 2400 ana A £
% 00 T Y T Y T
3 3 g 4
c = foivid £
£ £ 200 £ xr
3 50 < Z
2 2 g 2
0 0 0
S ¥ o & S W o O IR\ PN
o°°¢ s v"/\ & d,e“ o 4‘:" & oo“ o 4‘;"\ &
S S s &
H _ 404 - I s J 150 K 800
-l
E I - = =
2 30 £ E sk E
& 220 2100 2
AAA =
g 20 ArA § =T E E
€ aa o T 8 2 2
= < 10 £ 50 £
= 10 ®
g : 5 3
5 2
0- [} [}
R\ P ™ R\ P R &
& PSP e K\ v"« o8 P
& °~\ K\ (¢ NS\ o <
L 2s0- M 2 N 1000-
o Ak jry -
E 200- 520 AAA A E 800-
4 k=3 2
£ 150 15 T £ 600+
H AAA 3 2
- 2 - N -
i i R
= S >
3 50 35 £ 2007
0- 0 0-
o v o0 N > o N R\ P N
o\( 04 4\’?« ’8'9 o&‘o 047' v’Q ;é“ <,°“ o 3’1\ v?@.o
s o © Y &% s o

Figure 4. Ginsenoside Rhl regulates the concentration of Th1l/Th2 cytokines in
broncho alveolar lavage fluid (BALF) and serum of ovalbumin-induced asthma model
mice. (A) Eotaxin level in BALF from mice was measured by the ELISA kit. (B) IL-4
level in BALF from mice was measured by the ELISA kit. (C) IL-5 level in BALF
from mice was measured by the ELISA kit. (D) IL-13 level in BALF from mice was
measured by the ELISA kit. (E) IL-33 level in BALF from mice was measured by the
ELISA kit. (F) IL-12 level in BALF from mice was measured by the ELISA kit. (G)
IFN-y level in BALF from mice was measured by the ELISA kit. (H) Eotaxin level in
serum of mice was measured by the ELISA kit. (I) IL-4 level in serum of mice was

measured by the ELISA kit. (J) IL-5 level in serum of mice was measured by the
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ELISA kit. (K) IL-13 level in serum of mice was measured by the ELISA kit. (L)
IL-33 level in serum of mice was measured by the ELISA kit. (M) IL-12 level in
serum of mice was measured by the ELISA kit. (N) IFN-y level in serum of mice was
measured by the ELISA kit. Data are shown as mean = SD. N=10 mice /group.
*P<0.05, **P<0.01, ***P<0.001, OVA group vs. Control group. ~P<0.05, "P<0.01,
MAP<(.001, OVA+Tio group or OVA+Rh1 group vs. OVA group.
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Graphical abstract caption.

Ginsenoside Rhl attenuates ovalbumin-indueed asthma by regulating Th1/Th2

inflammatory cell
recruitment »1:

IgE, OVA-specific IgE 1,
collagen deposition 1,

Th1 cytokines T

Th2 cytokines l

cytokines balance, indicating a promising therapeutic approach for asthma.
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