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This study explored the potential therapeutic efficacy of GSY] in attenuating asthma symptom severity and aimed to determine the
immunomodulatory mechanism of GSYJ. A mouse model of chronic asthma induced by repeated Dermatophagoides pter-
onyssinus (Der p) challenge was established. In addition, 30 minutes before Der p challenge, the mice were orally administered
GSY]J (1 g/kg). The mice were sacrificed to evaluate inflammatory cell infiltration, collagen deposition in the lung, total IgE in
serum, and expression profiles of various cytokines in bronchoalveolar lavage fluid (BALF) and various genes in lung tissue.
Furthermore, 30 minutes after the addition of GSY] to RAW264.7 cell cultures, 100 ng/ml LPS was added to evaluate the effect of
the drug on the LPS-induced expression of genes, proteins, and transcription factors. GSYJ may regulate transcription factors
(cJUN/IRF3/NF-xB) to decrease the expression of IL-1f3, IL-6, RANTES, and iNOS in macrophages and affect the IL-12, IFN-y,
IL-5, and IL-6 levels in the BALF of mice to relieve asthma symptoms, such as inflammatory cell infiltration, hyperresponsiveness,
and increased serum total IgE levels. Therefore, GSY] has the potential to be developed into a drug treatment for chronic asthma.

1. Introduction

Asthma is characterized by chronic inflammation, airway
hyperresponsiveness (AHR), and mucus secretion [1, 2].
Approximately 300 million people have asthma in the world,
resulting in spending of billions of dollars in healthcare [3].
Approximately 53% of patients with asthma had a history of
asthma attacks in the previous year, and 42% of patients had
not attended school for more than one day or had not
worked for a period of time due to worsening symptoms [4].

Currently, effective asthma prevention strategies or
known cures are not available [5, 6]. When inhaled corti-
costeroid use is discontinued, the effects on asthma rapidly
disappear [6]. In addition, inhaled corticosteroids affect
linear growth, cataracts, bone density, bruises, and adrenal
function [7]. Although inhaled corticosteroids often de-
crease asthma-related mortality, the prevalence of asthma is
still increasing [8]. Clearly, new asthma drugs are needed to
overcome the limitations of current treatments.

GSY]J is composed of four herbs: Cinnamomum cassia
Presl., Rehmannia glutinosa Libosch., Lycium chinense Mill.,
and Cuscuta australis R. Br. C. cassia Presl., also known as
Jou Kuei (Chinese name: %), is widely cultivated in
China. The dry bark of C. cassia Presl. is an important food
flavor and possesses antimicrobial, anti-inflammatory, an-
titumor, and antidiabetic properties [9]. R. glutinosa
Libosch. is also known as Shan Zhu Yu (Chinese name: Ziith
H). It exerts anti-inflammatory, hypoglycemic, angiogenic,
and hepatoprotective effects [10]. C. australis R. Br. is known
as Yu Si Zi (Chinese name: Z&#4F), and its seeds have been
shown to contain mainly kaempferol and astragalin. In
addition, C. australis R. Br. has been shown to exert hep-
atoprotective and antioxidant effects on acetaminophen-
induced hepatotoxicity in rats [11]. C. australis R. Br. has
been used as a tonic to treat urinary complaints, such as
frequent wurination and involuntary ejaculation [12].
L. chinense Mill., also known as Gou Qi Zi (Chinese name:
FIFEF), possesses antioxidant activity. Gou Qi Zi exerts
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antiaging, immunomodulatory, antifatigue, and antitumor
effects [13]. In the present study, we show that the oral
administration of GSY] reduces asthma symptoms.

Macrophages are located throughout human tissues and
are responsible for degrading and processing foreign objects
and dead cells. In addition, macrophages rapidly change
their functions and recruit more macrophages in response to
signals from the local microenvironment [14]. At the same
time, macrophages are the most abundant white blood cells
in the respiratory tract and are essential for regulating the
immune response. Macrophages are the key to the devel-
opment of allergic asthma. They promote inflammation and
are accompanied by goblet cell hyperplasia, fibrosis and lung
injury [15]. Macrophages in the lungs also secrete many
factors that stimulate contraction of airway smooth muscle
and degradation of ECM, leading to airway remodeling [15].
On the other hand, lung macrophages produce cytokines
and chemokines to recruit Th2 cells, eosinophils, and ba-
sophils to the lungs, subsequently aggravating the severity of
the disease [15]. Therefore, research designed to improve the
function of macrophages will provide new strategies for the
treatment of asthma.

2. Materials and Methods

2.1. Mice and Reagents. All animal experiments and
healthcare comply with the regulations of the Institutional
Animal Care and Use Committee of China Medical Uni-
versity (No. 2019-112). Six- to eight-week-old male mice
(BALB/c) had no specific pathogens (National Laboratory
Animal Center of the Republic of China). Ether was used to
extract the Der p (Allergon, Sweden).

2.2. GSYJ Preparation. GSY] was prepared from four
common Chinese herbal medicines at a specific weight ratio
(Table 1). Dr. Chin-Jen Wu, a Quality Assurance Manager
from Kaiser Pharmaceutics Co., Ltd., identified the origin of
the plant. The total amount of herbs used in this study was
360 g. All herbs were decocted twice with 2.52L and 1.8 L of
water for 1 hour. GSYJ was dissolved in deionized water and
stored at —20°C.

2.3. Identification and Determination of the Contents of GSY]
Compounds. A 1mg/ml standard (Sigma) solution was
dissolved in methanol (HPLC grade, Merck). All standards
were mixed, and methanol was used for serial dilution. All
samples were stored at 4°C before use. The mixed standards
were serially diluted to obtain different concentrations and
then were used for plotting standard curves. Each sample
solution was subjected to protein precipitation with 2x the
volume of methanol and centrifuged at 15000xg for 10
minutes. Then, the supernatant was diluted 10x with
methanol, vortex mixed, and passed through 0.22 ym filter
paper before injection. The optimized mass spectrometry
parameters and HPLC conditions were similar to those of a
previous study [16] (Figure 1).
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2.4. Allergen Challenge and Airway Inflammation Assessment.
As described in a previous study [16], mice were repeatedly
challenged with Der p (1 mg/ml, 50 ul) for a period of 6
weeks (seven times at 1-week intervals). The daily dose for a
70 kg clinical adult patient is 6 g of the Chinese medicinal
formula, and the human dose converted for mice is 1 g/kg
(the dosage for mice: 6g of GSYJ/70kg (human) x
12.7 =1.089 g/kg micel the dose ratio from human to mice is
12.7) [16]. Mice in the GSY] group were orally administered
1 g/kg GSYJ 30 minutes before the intratracheal adminis-
tration of Der p. Mice in the PBS group were orally ad-
ministered water and challenged with PBS. BALF and serum
sample collection, cytospin preparation, and the method
used to count total leukocytes were similar to those de-
scribed in a previous study [16].

2.5. Measurement of Airway Hyperresponsiveness. The
whole-body plethysmograph (Buxco Electronics, Inc., Troy,
NY) has been used in accordance with the AHR manu-
facturer’s protocol. Mice were exposed in different doses of
nebulized methacholine (Sigma-Aldrich, St. Louis, MO) for
3 minutes, and the Penh value was measured.

2.6. ELISA. The IL-1B, IL-5, IL-6, and IL-12 levels were
measured using Ready-SET-Go! ELISA (eBioscience, San
Diego, CA), RANTES, and IFN-y levels were measured
using DuoSet! ELISA (R & D Systems, Abingdon, UK) and
IgE levels were measured using an ELISA kit (BD Phar-
mingen) according to the manufacturers’ protocols. Der
p-specific antibodies were measured in a similar manner as
IgE levels using 2 ug/ml Der p antigen instead of the capture
antibody and biotinylated rat anti-mouse IgG1 or IgG2a/2b
mAb (2 yg/ml; BD Pharmingen). After the completion of the
color reaction, the result was scanned and recorded by using
an ELISA recorder at ODys,.

2.7. Collagen Analysis. One hundred milligrams of mouse
lung tissue were homogenized in liquid nitrogen, and the
homogenized lung tissue was extracted with 2ml of HBS.
Collagen in the supernatant was collected and quantified
using a Sircol Collagen Assay kit (Biocolor, Belfast, UK).

2.8. Macrophage (RAW264.7) Culture and Gene and Protein
Expression Analyses. RAW264.7 cells (Bioresource Collec-
tion and Research Center, Hsin-Chu, Taiwan) were cultured
with a medium (high-glucose DMEM (Gibco, Grand Island,
NY, USA), 10% FBS, and 1% P.S.) in an atmosphere con-
taining 5% CO, at 37°C. RAW264.7 cells were pretreated
with various concentrations of GSYJ in the presence or
absence of 100 ng/ml LPS. The cells were harvested at the
indicated time points for quantitative PCR and western
blotting. Cell supernatants were collected for ELISA and NO
measurements.

2.9. Semiquantitative RT-PCR. The extraction of total RNA,
reverse transcription of total RNA, and real-time PCR
procedure were performed using methods similar to those
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TaBLE 1: GSYJ medicinal material combinations and doses.

TCM materia medica Botanical family Botanical nomenclature Plant part Amount (g)
1. Gou Qi Zi (1842 F) Solanaceae Lycium chinense Mill. Fruit 8
2. Shan Zhu Yu (B ) Scrophulariaceae Rehmannia glutinosa Libosch. Root 4
3. Yu Si Zi (B&#F) Convolvulaceae Cuscuta australis R. Br. Seed 4
4. Jou Kuei (R#E) Lauraceae Cinnamomum cassia Presl. Cortex 2
Total amounts — — — 16
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FIGURE 1: LC-MS analysis of the concentrations of the following compounds in GSY]J concentration of the compounds in GSYJ:
(a) chlorogenic acid, (b) ursolic acid, (c) oleanolic acid, (d) S-sitosterol, and (e) catalpol (unit: ng/GSY] ex. 1 mg) and (f) content of the

compounds.

described in a previous study [16]. f-Actin and GAPDH
were used as controls for lung tissue and RAW264.7 cells,
respectively. The gene-specific primers were as follows:
B-actin, 5-GGA AAT CGT GCG TGA CA-3’, and 5-CAC
AGG ATT CCA TAC CCA AG-3%;1IL-6, 5-CTT CAC AAG
TCG GAG GCT TA-3’, and 5-TTG GTA GCA TCC ATC
ATTTCT TT-3%;IL-1B3,5- CTG TCC TGT GTA ATG AAA
GAC G -3, and 5-TGC TCT GCT TGT GAG GT -3}
RANTES, 5-AGA AGT GGG TTC AAG AAT ACA T -3,
and 5-GGA CCG AGT GGG AGT AG -3’; and inducible
nitric oxide synthase (iNOS), 5-GAG ACG GAT AGG CAG
AGA TT -3, and 5-GAG GAG CTG ATG GAG TAG -3’

2.10. Western Blotting. The collected RAW264.7 cells
(1.5 x 10° cells/well) were lysed with lysis buffer (50 mM Tris
(pH 8.0), 5mM EDTA (pH 8.0), 150 mM NaCl, 0.1% SDS,
1% NP-40, and protease inhibitor cocktail. The concentra-
tion of protein was quantified using the Bradford analysis
method (Bio-Rad). Proteins were mixed with SDS sample
buffer (Invitrogen, Carlsbad, CA) and then separated on 9%
SDS-PAGE gels. The SDS-PAGE gel, PVDF membrane, and
filter paper were correctly stacked in the electrophoresis
transfer tank, and the proteins were transferred at 130 V for
1 hour. The PVDF membrane was washed with PBST 3 times
for 5 minutes, and a properly diluted primary antibody (Cell



Signaling Technology, Boston, MA, USA) in PBST was in-
cubated with the membrane at 37°C for 1 hour. The
membrane was washed with PBST 3 times for 10 minutes.
An HRP-conjugated secondary antibody was added and
reacted for 1 hour at 37°C, and the membrane was washed
with PBST 3 times for 10 minutes. Finally, protein was
detected with an ECL Kkit.

2.11. NO Level. Fifty microliters of the cell supernatant or
standard (0.1 M sodium nitrite) and 50 ul of the solution
(0.1% sulfanilamide in 5% phosphoric acid) were added to
96-well plates, and the mixture was reacted for 10 minutes in
the dark. After 10 minutes, 50ul of a 0.1% N-1 naph-
thylethylenediamine dihydrochloride solution was added
and reacted for 10 minutes in the dark. The OD was sub-
sequently measured at 540 nm.

2.12. Immunofluorescence Staining. RAW264.7 cells were
incubated with LPS and different concentrations of GSY]J for
60 min, fixed with 4% paraformaldehyde for 20 minutes, and
then, permeabilized with 0.2% Triton-X for 20 minutes. The
cells were incubated with the primary anti-NF-xB/p65 an-
tibody (Santa Cruz Biotechnology Inc. Dallas, TX, USA),
Alexa Fluor 488-conjugated secondary antibody, and DAPI
for 1 hour each at room temperature. Fluorescence was
observed under a fluorescence microscope (original mag-
nification, x40; Leica Microsystems, Wetzlar, Germany).

2.13. Statistical Analysis. The differences between each
group were analyzed by Student’s t-test. A P value <0.05 was
considered significant.

3. Results

3.1. Effects of GSY] on Inhibiting AHR and Airway Inflam-
mation in a Mouse Model of Chronic Asthma. Dyspnea is a
characteristic symptom and one of the causes of death in
patients with asthma. Therefore, new asthma drugs should
relieve dyspnea. We tested the effects of GSYJ on AHR and
inflammation in a repetitive Der p challenge model. We
measured methacholine-induced Penh values as an indicator
of AHR to bronchoconstriction in live mice. The Penh values
of mice in the Der p group were higher than those in the PBS
group. In the GSY]J group, the Penh value of the maximum
dose of methacholine was significantly lower than that in the
Der p group (Figure 2(a)). Moreover, macrophages were the
main cells present in the BALF of mice in the PBS group, and
no eosinophils were detected. Mice in the GSYJ group had
significantly lower numbers of total cells, lymphocytes,
macrophages, and eosinophils than mice in the Der p group
(Figure 2(b)).

3.2. The Effects of GSY] on Serum Total IgE, Der p-Specific IgG1,
and Der p-Specific 1gG2a/2b Antibodies. Patients with
asthma present increased total serum IgE levels, which are a
major symptom of asthma. We assayed the serum levels of
total IgE, Der p-specific IgG1, and Der p-specific IgG2a/2b
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antibodies. Mice in the Der p group had significantly higher
antibody levels than those in the PBS group. However, the
serum levels of total IgE and Der p-specific IgG1 were
significantly lower in the GSYJ group than in the Der p
group. In addition, the level of Der p-specific IgG2a/2b
antibodies was slightly higher in mice in the GSY] group
than in mice in the Der p group (Figure 3).

3.3. Immunoregulatory Effect of GSY] on Der p-Induced
Changes in the Cytokine Levels in BALF. Many clinical trials
have shown that TCM relieves asthma symptoms by reg-
ulating cytokine levels [17]. As shown in Figure 4, signifi-
cantly lower levels of IL-5 and IL-6 were detected in mice
from the GSYJ group, and the levels of IL-12 and IFN-y were
significantly higher than in mice in the Der p group.

3.4. Immunoregulatory Effect of GSY] on Der p-Induced Gene
Expression of Cytokine and Chemokine in Lung Tissues.
After obtaining an understanding of the effects of GSYJ on
asthma symptoms, we further studied the effects of GSYJ on
lung gene expression profiles. Expression levels of the IL-1p,
IL-6, and RANTES mRNAs were markedly higher in the Der
p group than those in the PBS group. The GSY] group mice
showed significantly lower expression levels of the IL-1f3, IL-
6, and RANTES mRNAs than mice of the Der p group
(Figure 5).

3.5. The Effects of GSY] on Der p-Induced Collagen Deposition
and iNOS Levels in the Lung Tissue. One characteristic
feature of asthmatic airways is matrix deposition in sub-
epithelial regions of the airway. We measure total collagen
levels to evaluate the effect of GSY] on matrix deposition
within the lung tissue. The quantities of total collagen were
markedly lower in the GSY]J group than in the Der p group
(Figure 5). Based on this finding, the GSY] treatment re-
duced collagen deposition in the allergic airway. In addition,
iNOS levels were lower in mice in the GSYJ group than in
mice in the Der p group.

3.6. Effects of GSY] on LPS-Induced Changes in the mRNA and
Protein Levels of Immune Response-Associated Genes in
RAW264.7 Macrophages. Macrophages amplify the in-
flammatory response by recruiting inflammatory cells. We
speculated that the GSY] treatment reduces the total number
of cells in the BALF (Figure 2(b)), which might be related to
the immunoregulatory activity of GSY]J.

RAW?264.7 cells were pretreated with GSYJ for 30
minutes. The subsequent analysis showed a significant, dose-
dependent decrease in the expression of the IL-6, IL-1p,
iNOS, and RANTES mRNAs and proteins after GSYJ
treatment (relative to LPS treatment alone; Figure 6). In
addition, lower NO levels were detected after the GSY]J
treatment than after the LPS treatment (Figure 6(c)).

3.7. GSY] Affected the Expression of Transcription Factors in
RAW264.7 Macrophages. After LPS stimulation, macro-
phages activate three transcription factors, NF-xB, AP-1
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(MyD88-dependent pathways), and IRF3 (MyD88-inde-
pendent pathways) to transmit signals [18]. GSY] inhibits
the expression of the IL-1f3, IL-6, RANTES, and iNOS
mRNAs in LPS-induced macrophages. Therefore, we ex-
amined whether GSY]J inhibited the expression of these
genes by regulating the transcription factors JUN, IRF3, and
p65. GSY]J significantly reduced the ratio of phosphorylated
and unphosphorylated JUN and IRF3 (Figure 7(a)) and the
expression of p65 in the nucleus (Figure 7(b)).

4, Discussion

Ethnopharmacological and traditional medicine uses more
than 400 medicinal plants to inhibit and relieve the
symptoms and progression of asthma and allergic disorders
[19]. In the present study, we combined four medicinal
materials with a new herbal cocktail for treating asthma. We
used a mouse model of chronic asthma induced by repeated
Der p challenge to confirm that GSYJ relieved AHR, cell
infiltration in the lungs, and the amount of total IgE in serum
(Figures 2 and 3). We used a macrophage cell line
(RAW264.7) to explore the immunomodulatory mecha-
nisms of GSY]J.

Many clinical trials have shown that TCM regulates
cytokine production and reduces IgE levels. IL-5 is more
specifically involved in the development and maturation,

activation, survival, and migration of eosinophils [20].
Therefore, two main approaches have been developed:
blocking circulating cytokines and interfering with IL-5
receptor alpha on eosinophils. Currently, three drugs are
available to interfere with the action of IL-5: mepolizumab,
benralizumab, and reslizumab [20]. The results of those drug
clinical trials showed that patients with asthma had reduced
exacerbation rates, an improved quality of life, decreased use
of systemic steroids, and good safety [20, 21]. IL-6 is present
at a higher concentration in the serum and BALF of patients
with allergic asthma, and the concentration is negatively
correlated with FEV1. Moreover, the presence of IL-6 in the
lung airways is associated with impaired lung function [21].
Therefore, IL-6 may directly participate in the pathogenesis
of asthma and increase the production of mucus in the lung
airways [22]. Mouse experiments also confirmed that a lack
of IL-6 reduces eosinophilic airway infiltration and allergen-
induced AHR [23]. IL-12 mainly regulates the differentiation
of TH1 cells and inhibits the expansion of TH2 cell clones.
IFN-y is involved in the inhibition of TH2 cells, such as
eosinophil recruitment, bronchial hyperresponsiveness, and
mucous goblet cell hyperplasia. Moreover, IL-12 and IFN-y
inhibit allergic inflammation and IgE synthesis in patients
with asthma [24]. In the present study, the GSY]J treatment
reduced the number of eosinophils in BALF, total IgE levels
in serum, and AHR following Der p treatment (Figures 2 and
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3). Therefore, we speculated that these results were attrib-
uted to the ability of GSYJ to inhibit the expression of the
cytokines IL-6 and IL-5 and increase the expression of the
cytokines IL-12 and IFN-y (Figure 4).

Macrophages play a key role in the development of
allergic asthma. Cytokines and chemokines produced by
macrophages recruit eosinophils, basophils, and TH2 cells
into the lungs. These changes will exacerbate the severity of
the disease [15]. RANTES is constitutively expressed in the
lungs and bronchoalveolar fluid of asthmatic patients. In
addition, the expression of RANTES is related to the severity
of the disease. RANTES mediates the migration and re-
cruitment of eosinophils, neutrophils, and monocytes to the
airways and triggers important events in the inflammatory
response, such as antigen-specific IgE production and AHR.
Moreover, preclinical studies suggest that strategies tar-
geting RANTES and its receptors potentially represent a
therapy for asthma [25]. IL-1/3 induces eosinophils to secrete
the main basic protein (MBP), which further causes airway
smooth muscle to contract and produce mucus. Further-
more, evidence from several animal asthma models has
suggested that treatment with drugs that neutralize IL-1j
reduces AHR, inflammatory cell infiltration, and the levels of
TH2 cytokines [26]. Therefore, we speculated that the im-
munomodulatory effects of GSY] were mediated by the
inhibition of the expression of IL-1f, IL-6, and RANTES in
the RAW264.7 cell line and lungs of mice (Figures 5-7).

Patients with asthma not only exhibit increased ex-
pression of iNOS in airway epithelial cells but also increased
NO levels in exhaled air. In fact, NO is considered an
inflammometer in asthma because its content in exhaled air
(FEno) is proportional to the ratio of bronchial wall

inflammation, eosinophils, or induced sputum eosinophilia
and AHR [27]. Furthermore, iNOS inhibitors exert bene-
ficial anti-inflammatory effects on various acute and chronic
animal inflammation models. Therefore, selective and more
effective iNOS inhibitors and NO donors have been designed
and developed as new therapies for patients with asthma
[28]. In the present study, GSY] inhibited iNOS expression
and NO production in RAW264.7 cells and mouse lungs
(Figures 5-7).

As a result of the wide application of medicinal plant
species in alternative medicine, the phytochemical and
pharmacological properties of these plants have been in-
vestigated. In our recent study, we found that DFSG contains
multiple compounds and exerts multitarget effects, as it
regulates the cytokines IL-12, IFN-y, IL-5, and IL-13
through the coordinated action of its various compounds
[29]. The isolated ingredients of medicinal plants include
steroids, flavonoids, phenylpropanoids, and alkaloids, and
compounds such as catalpol [30], p-sitosterol [31],
chlorogenic acid [32], oleanolic acid [33], and ursolic acid
[34] exert pharmacological antiasthma, immunomodula-
tory, and anti-inflammatory effects, as verified using in vitro
and in vivo bioassays. Therefore, we identified twenty-two
different chemical constituents in GSYJ (data not shown).
One milligram of GSYJ contained 96.25ng of catalpol,
19.5ng of p-sitosterol, 517.5ng of chlorogenic acid,
115.25ng of oleanolic acid, and 178.75ng of ursolic acid
(Figure 1). Therefore, studies investigating the pharmaco-
logical properties of GSYJ compounds with anti-inflam-
matory and anti-AHR activities will enable us to better
understand the potential mechanisms by which GSYJ
ameliorates the symptoms of asthma.
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5. Conclusions

In the present study, we documented immunomodulatory
mechanisms of GSY] that relieve asthma symptoms, in-
cluding AHR, lung inflammatory cell infiltration, and in-
creased serum total IgE levels by regulating the expression of
IL-5, IL-6, IFN-y, IL-12, IL-13, RANTES, and iNOS.
Moreover, the oral administration of a dose of 1 g/kg GSYJ
in mice was based on the conversion the Chinese medicinal
formula dose for patients with asthma for 1 day performed
by a Chinese medicine practitioner. Based on these findings,
GSY]J might be developed as a clinical drug for the treatment
of asthma. Five ingredients were identified in GSY]J, and we
hypothesize that GSY] may contain many pharmacologically
active compounds that exert synergistic effects on multiple
targets to alleviate asthma symptoms.
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