European Journal of Pharmacology 886 (2020) 173415

& >

FI. SEVIER

European Journal of Pharmacology

journal homepage: www.elsevier.com/locate/ejphar

Contents lists available at ScienceDirect

Full length article

Paeoniflorin inhibits IgE-mediated allergic reactions by suppressing the

Check for
updates

degranulation of mast cells though binding with FceRI alpha subunits

Yongjing Zhang, Shiling Hu, Shuai Ge, Jue Wang, Langchong He -

School of Pharmacy, Xi’an Jiaotong University, Xi'an, China

ARTICLE INFO

Keywords:
Paeoniflorin
IgE-mediated allergy
Mast cells

FceRI antagonist

ABSTRACT

Paeoniflorin (PF), a monoterpene glycoside isolated from the aqueous extract of the Chinese herb Radix Paeoniae
Alba, has been used for treating various inflammatory diseases. In this study, we aimed to investigate the anti-
allergic activities of PF. The anti-anaphylactic activity of PF was investigated using mast cell (MC) degranulation
assay as well as Ca®" influx in vitro and skin swelling and extravasation assays in vivo. The results showed that PF
inhibited MC degranulation (histamine release from 74.5 + 4.95 ng/ml to 58.7 + 6.06 ng/ml) and Ca" influx
challenged by DNP-BSA in vitro. In addition, PF reduced the degree of swelling and Evans blue exudation in mice
paws. Furthermore, PF dose-dependently reduced serum inflammatory mediator release in mice sensitized with
ovalbumin for 48 h by inhibiting MC degranulation. Molecular docking study revealed that PF bound better with
the o subunit of FceRI than with the p subunit. SPR revealed that PF had a strong affinity interaction with FceRI o
subunit and the Kp value was (7.08 £+ 0.97) e—6 M. Our findings revealed that PF inhibited anaphylactic re-
sponses in vivo and in vitro, and it can be considered a novel FceRI inhibitor for preventing MC-related allergic

diseases.

1. Introduction

The incidence of allergic diseases is increasing worldwide(Peden,
2018; Shimanaka et al., 2017). Allergic diseases are characterized by
increased isotype switching of B cells and T helper 2 cells, resulting in
the production of IgE antibodies against specific allergens(Johansson,
2016; Eckl-Dorna et al., 2018). MCs play a vital role in promoting
IgE-mediated allergies(Espinosa and Valitutti, 2018). The crosslinking
of high-affinity IgE receptor (FceRI) and immunoglobulin E (IgE) on MC
surface triggers secretory granules, which are filled with inflammatory
mediators that induce multiple biological activities(Oettgen and Burton,
2015; Yip et al., 2016). IgE-dependent allergic reaction is usually called
“Type I reaction”(Wang et al., 2018). Type I reaction can be severe and
pose a theat of death(Simons and Sheikh, 2013). Although the mecha-
nism of IgE-mediated allergy has been studied for long and some anti-IgE
therapies are in practice(MacGlashan, 2012), there is still no drug tar-
geting FceRI.

Paeoniflorin (PF), the main effective component found in Radix
Paeoniae Alba, has been used as a traditional Chinese medicine for
treating inflammation for centuries(Xin et al., 2019). It has been shown
to possess extensive pharmacological activities(Hu et al., 2018; Zhao

et al., 2019). PF modulates the functions and activation of immune cells,
decreases the production of inflammatory mediators, and restores
abnormal signaling pathways(Zhang and Wei, 2020; Li et al., 2018; Liu
et al., 2019). There is a study reported that PF could ameliorate RA
(theumatoid arthritis by inhibiting the mTOR, Rho kinase, and NF-«xB
signaling pathways and decreasing the expression of LIFR and ASPN
proteins(Zhai et al., 2018). PF can balance immune cell subsets by
inhibiting abnormally activated cell subsets and restoring regulatory cell
subsets. Fei et al. 2019 suggested that PF accumulates in the intestine
and primarily modulates Thl and Th17 responses in the mesenteric
lymph nodes and Peyer’s patches, rather than in the spleen, to exert
anti-arthitis effects. Therefore, PF has been used in the treatment of
various diseases(Wang and Cheng, 2018; Circu et al., 2017; Shao et al.,
2019; Shou et al., 2019; Zhao et al., 2018), including asthma, cerebral
infarction, psoriasis, nephitis, arthitis, and diabetic inflammation.

PF may serve as an FceRI inhibitor. In the present study, we aimed to
investigate the inhibitory effects of PF on allergic reactions both in vitro
and in vivo and the underlying mechanism.
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2. Materials and methods
2.1. Drugs and reagents

PF (purity >98%) Lot: 1711601, was supplied by Chengdu Pufei De
Biotech Co. Ltd. (Chengdu, Sichuan, China). Anti-DNP-specific IgE,
DNP-streptomycin, albumin from chicken egg white, FITC-avidin, p-
nitrophenyl N-acetyl-B-D-glucosamide and Triton X-100 were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Fluo-3, AM ester, and F-127
were procured from Biotium (California, USA). Tyrode’s solution buffer
(6.954 g/1 NaCl, 0.353 g/1 KCl, 0.282 g/1 CaCly, 0.143 g/1 MgSOy4, 0.162
g/1 KHoPO4, 2.383 g/1 HEPES, 0.991 g/1 glucose, and 1 g/1 BSA, pH 7)
was prepared fresh on the day of use and filter with 0.22 mm membrane.
All aqueous solutions were prepared using ultrapure water produced by
MK-459 Millipore Milli-Q Plus ultra-pure water system.

2.2. Animals

Adult male C57BL/6 mice (18-22 g) were purchased from the
Experimental Animal Center of Xi’an Jiaotong University (Xi’an, China).
Animals were free access to water, fed a standard dry chow twice a day,
and housed in individual cages in a large colony room, with a room
temperature of 20-25 °C and a relative humidity of 40% on a 12 h light/
dark cycle. The mice were randomly divided into the following groups (6
mice per group): blank, control, and the experimental group. All ex-
periments involving equal treatments in animals were conducted by
experimenters who were blinded to the conditions.

2.3. Ethics statement

This study was carried out in strict accordance with the recommen-
dations in the Guide for the Care and Use of Laboratory Animals from the
National Institutes of Health. The experimental protocols for using mice
were approved by the Animal Ethics Committee at Xi’an Jiaotong Uni-
versity, Xi’an, China (Permit Number: XJTU, 2011-0045).

2.4. Cell lines

The Laboratory of Allergic Disease 2 (LAD2) human MCs were kindly
provided by A. Kirshenbaum and D. Metcalfe (NIH, USA). Cells were
maintained in StemPro™-34 medium supplemented with 10 ml/L
StemPro nutrient supplement, 1:100 penicillin-streptomycin, 2 mM L-
glutamine, and 100 ng/ml human stem cell factor in 5% CO; at 37 °C.
Cells maintained at a density of 2 x 10° cells/ml.

2.5. Cytotoxicity assay

Cell viability was determined using Cell Counting Kit assays (7 Sea,
China). LAD2 cells were seeded into 96-well plates at a density of 5 x
103 cells per well and then treated with 10 pl of PF at concentrations (0,
1, 10, 100, 500, and 1000 uM) for 24 h. Next, 10 pl of Cell Counting Kit
solution was added to each well followed by the incubation for 2 h.
Further, the relative cell viability was assessed by the detection of the
absorbance at 450 nm using a microplate reader (Bio-Rad, Carlsbad, CA,
USA). Survival rate of LAD2 cells was calculated as

[(ODTrczucd - ODB]ank)/(ODComrol - ODBlank)] x 100% (1)

2.6. The f-hexosaminidase release assay

LAD2 cells were seeded into 96-well plates and incubated with 2 pg/
ml of DNP-IGE for at 37 °C and 5% COx, for 24 h. The culture medium was
then replaced with 50 pl per well of Tyrode’s solution containing
different concentrations of PF (10, 100, 500 uM), and incubated for 30
min at 37 °C in 5% COs,. Blank groups were treated with Tyrode’s so-
lution alone under the same incubation conditions. The plates were
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centrifuged at 200xg for 5 min at 4 °C and buffer removed. 50 pl of
Tyrode’s solution containing 4 pg/ml DNP-streptomycin was added to
the PF-treated cells and control group. Equal volume of Tyrode’s solu-
tion was added to blank group. Cells were lysed with 0.1% Triton X-100
in Tyrode’s solution to analyze the total p-hexosaminidase content. The
B-hexosaminidase released into the supernatants and in cell lysates was
quantified by hydrolysis of p-nitrophenyl N-acetyl-B-D-glucosamide in
0.1M citric acid/sodium citrate buffer (pH 4.5) for 90 min at 37 °C. The
reaction was stop by adding stop buffer (0.1M NayCOs: 0.1M NaHCO3 =
9:1, pH 11). The absorbance was measured at 405 nm using a microplate
spectrophotometer and the percentage of p-hexosaminidase release was
calculated.

IC50 value was calculated by the inhibition ratio of f-hexosamini-
dase release which caused by different concentration of PF.

2.7. Histamine release assay

The 1 x 10 LAD2 cells per well were incubated with 2 pg/ml of
DNP-IgE for at 37 °C and 5% CO, overnight. The culture medium was
removed, and 100 pl indicated concentrations PF (0, 10, 100, and 500
pM) prepared by Tyrode's solution containing 4 pg/ml DNP-
streptomycin was added, only Tyrode’s solution was added in blank
group. Cells were incubated for 30 min at 37 °C with 5% CO,. The 96-
well plate was centrifuged at 200xg for 5 min at 4 °C, and the buffer
was removed. Histamine release assay was carried out using the
LC-ESI-MS/MS method, with a HILIC column (Venusil HILIC, 2.1 mm x
150 mm, 3 pm, Agela Technologies, Tianjin, China). Isocratic elution
buffer was made up with acetonitrile-water containing 0.1% formic acid
and 20 mM ammonium formate (77:23, v/v), using at a flow rate of 0.3
ml/min for eluting the histamine. Histamine2HCI was used as an interior
label.

2.8. Intracellular Ca>* mobilization assay

The incubation buffer consisted of 0.5 pl Fluo-3, 2 pl Pluronic F-127
and 997.5 pl CIB. Different concentrations of PF (0, 10, 100, and 500
pM) were prepared in incubation buffer, an incubation buffer without PF
was used as a blank group. LAD2 cells were pre-treated with 2 ng/ml
DNP- IgE at 37 °C and 5% CO3 for 24 h. LAD2 cells were washed twice
with CIB followed by the addition of the required incubation buffer.
After 30 min incubation, the cells were washed twice with CIB and
plated into a 96-well plate for the calcium imaging. The cells were
magnified 120 times, and one photo per second was obtained under blue
light for the calcium imaging. Cells were identified as responding if the
[Ca?*] rose by at least 50% after the DNP- streptomycin were injected.

2.9. Chemokine release assay

The 1 x 10 LAD2 cells per well were incubated with 2 pg/ml of
DNP-IgE for at 37 °C and 5% CO3 overnight. The culture medium was
removed, and 100 pl indicated concentrations PF (0, 10, 100, and 500
pM) prepared by Tyrode’s solution containing 4 pg/ml DNP-
streptomycin was added, only Tyrode’s solution was added in blank
group. Cells were incubated for 6 h at 37 °C with 5% CO,. 5-HT, MCP-1,
IL-8 and TNF-a ELISA Kits were purchased from Excell Bio Co., Ltd.
(Beijing, China) and finished according to the provided instructions.

2.10. Hind paw swelling and extravasation

Adult male C57BL/6 mice were sensitized with 200 pg/kg OVA 48 h
ago, then given PF (0, 0.625, 1.25, and 2.5 mg/kg) by gavage. Mice were
anaesthetized with an intraperitoneal(i.p.) injection of 80 mg/kg 1%
pentobarbitalum natricum 30 min later. Mice were injected intrave-
nously (i.v.) with 0.2 ml of 0.4% Evans blue in saline. A Vernier caliper
was used to measure the thickness of the paw. 5 pl OVA (100 pg/ml) in
saline was injected into the left paw 5 min later, and saline only was
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injected into the right paw as blank control. After 15 min, paw thickness
was measured again and recorded. Paw tissues were collected, dried for
12 h at 50 °C, then weighed. Evans blue was extracted in 500 pl acetone:
saline = 7:3 at 37 °C. Tissues were cut up and then centrifuged for 20
min at 3000 rpm. The supernatant was equally distributed in 150 pl
aliquots into 96-well plate, and the OD was read at 620 nm using a
spectrophotometer.

2.11. Avidin staining

Adult male C57BL/6 mice were sensitized with 200 pg/kg OVA 48 h
ago, then given PF (0, 0.625, 1.25, and 2.5 mg/kg) by gavage. Anaes-
thetized mice by pentobarbitalum natricum were injected with 5 pl of
100 pg/ml OVA saline in the left paw 30 min later; saline was used as
blank control. The injection site on the skin in paw was excised, washed
with PBS, and fixed with 4% formaldehyde for 48 h at room temperature
and subjected to avidin staining 15 min later.

After staining, the slides were dried at 37 °C for 30 min and pre-
incubated in the blocking solution [10% normal goat serum (v/v), 0.2%
Triton X-100 (v/v) in PBS, pH 7.4] for 2 h at 25 °C, followed by incu-
bation with 1/500 FITC-avidin for 45 min. Sections were washed three
times with PBS, and a drop of Fluoro-mount G (Southern Biotech, AL.
USA) was added. Images were taken immediately using an inverted
fluorescence microscope (Nikon, Tokyo, Japan).

2.12. Mouse serum analysis

Adult male C57BL/6 mice were sensitized with 200 pg/kg OVA 48 h
ago, then given PF (0, 0.625, 1.25, and 2.5 mg/kg) by gavage. Mice were
injected with 0.2 ml OVA (100 pg/ml) saline though tail vine30 min
later, only saline was set as a negative control. Blood was collected and
centrifuged to get serum 6 h later. Mouse IL-8, TNF-a and MCP-1 were
analyzed by ELISA Kits (Excell Bio Co., Ltd. Beijing, China). A liquid
chomatography-mass spectrometry (LC-MS) 8040 mass spectrometer
(Shimadzu Corporation, Kyoto, Japan) was used in applying the liquid
chomatography-electrospray ionization-tandem mass spectrometry
(LC-ESI-MS/MS) method.

2.13. Western blot analysis

The 1 x 107 LAD2 cells were incubated with PF (0, 10, 100, and500
pM) for 30 min at 37 °C and 5% CO4, after pre-treated with 2 pg/ml of
DNP-IgE overnight in culture plate. The plate was centrifuged at 200xg
for 5 min at 4 °C, and the buffer was removed. A 4 pg/ml DNP-
streptomycin was added in the PF groups and control group for 30
min. Total proteins from each group were extracted in ice-cold condition
using RIPA lysis buffer containing 10% protease inhibitor and a phos-
phatase inhibitor cocktail (Roche Diagnostics). After 30 min, insoluble
protein lysate was removed by centrifuging the samples at 13,500g for
10 min at 4 °C. The protein concentration was determined using a BCA
Protein Quantification kit according to the manufacturer’s instructions.
The protein in the cell lysates was denatured by boiling the samples for
5 min with a 5 x loading sample buffer from Thermo Fisher Scientific,
Inc. (MA, USA), and equal amounts of protein were separated on a 10%
gel using S.D.S-PAGE (Shaanxi Pioneer Biotech Co., Ltd.). The separated
proteins were transferred onto polyvinylidene fluoride membranes from
Hangzhou Microna Membrane Technology Co., Ltd. (Hangzhou, China)
and blocked by constant stirring with 5% nonfat milk in Tris-buffered
saline (Baihao) containing Tween-20 (TBST; Shaanxi Pioneer Biotech
Co., Ltd.) at room temperature for 2 h. The membranes were then
incubated overnight at 4 °C with the following primary antibodies: anti-
Lyn (1:1000, #2796, Cell Signaling Technology [CST]), anti-
phosphorylated-Lyn (1:1000, #2731, CST), anti- PLCyl (1:1000,
#5690, CST), anti-phosphorylated-PLCy1 (P-PLCy1, Ser1248) (1:1000,
#8713, CST), anti-Erk1/2 (1:1000, p44/42 MAPK (Erkl/2), #9102,
CST), anti-phosphorylated-Erkl/2 (P-p44/42 MAPK (Erk1/2) [Th202/
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Tyr204], 1:1000, #9101, CST), anti-P38 (1:1000, #8690, CST), anti-
phosphorylated-P38 (P-P38, Th180/Tyr182) (1:1000, #4511, CST),
anti-PKC (1:1000, #GR257247-4, Abcam), anti-phosphorylated PKC (P-
PKC, Ser1756) (1:500, #9371, CST), anti-Akt (1:1000, #4691, CST), and
anti-phosphorylated-Akt (P-Akt, Ser473) (1:1000, #4060, CST). The
membranes were then washed thice with TBST at every 10-min interval
and then incubated with secondary antibodies (at a dilution of 1:20,000
in TBST) for 1 h at 37 °C. The membranes were again washed three times
with TBST for 10 min and developed using an enhanced chem-
iluminescence (ECL) kit. A Lane 1DTM transilluminator (Beijing Crea-
tion Science Co., Ltd., Beijing, China) was used to capture the images of
the developed blots, and Image-Pro Plus 5.1 software (Media Cyber-
netics, Inc., Rockville, MD, USA) was used to quantify the protein levels.

2.14. Surface plasmon resonance

For the analysis of SPR, FceRI o subunit protein (50 pg/mL) was fixed
on the Carboxyl sensor chip (Nicoya, Canada) by capture-coupling, the
interaction of FceRI o subunit with the small molecules fixed was
detected by OpenSPR (Nicoya Lifesciences, Waterloo, Canada) at 25 °C.
The binding time and disassociation time were both 250 s, the flow rate
was 20 pl/s. A one to one diffusion corrected model was fitted to the
wavelength shifts corresponding to the varied PF concentration. The
data was retrieved and analyzed with TraceDrawer software. K value
was also calculated.

2.15. Molecular docking

To investigate the interactions between receptor and ligand, molec-
ular docking studies were conducted using the Sulflex-Dock Mode of
Sybyl-X program package (New Tripos International, St. Louis, USA).
The docking model of FceRI (PDB: 2Y7Q) used in the study was based on
the X-ray Diffraction performed by Holdom, M.D. et al. (Holdom et al.,
2011). a and f subunits were extract from the whole receptor structure
respectively. The interact ability of PF with both a and p subunits were
compared by total score, Crash and Polar. PF binding amino acid resi-
dues and the corresponding bond length are marked.

2.16. Statistical analysis

Data are presented as the mean + standard error of mean (S.D.) and
were statistically analyzed using analysis of variance (ANOVA). Two-
tailed tests were used for comparisons between two groups. Differ-
ences were considered significant at P < .05 (*P < .05, **P < .01, ***P <
.001).

3. Results
3.1. PF inhibited IgE-mediated degranulation in mast cells

First, we determined the cytotoxic effect of PF on LAD2 cells. The
effect of PF on MC viability was examined using a Cell Counting kit
assay. At a concentration of 1000 pM, PF showed no significant cyto-
toxity on LAD2 cells (Fig. 1A). Thereafter, based on doses used clinically,
we selected the doses of 10, 100, and 500 pM for investigating the
protective effect of PF against C48/80-induced MC degranulation.

The release of p-hexosaminidase and histamine, which are pre-stored
mediators, was measured to determine whether PF treatment could
inhibit IgE-mediated degranulation of MCs. The release rate of p-hex-
osaminidase was 38.2 & 4.86% (Fig. 1B) and that of histamine was 74.5
+ 4.95 ng/ml (Fig. 1C). Pretreatment of LAD2 cells with the indicated
concentrations of PF showed a dose-dependent inhibitory effect on DNP-
BSA-induced degranulation.
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Fig. 1. PF inhibited IgE-mediated degranulation in LAD2 cells. (A) The toxicity of PF at indicated concentrations for 24 h. PF showed no cytotoxic effect on LAD2
cells. (B) p-hexosaminidase release rate was inhibited after pretreated with PF. Tyrode’s solution was used as a blank. (C) Histamine release was inhibited after
pretreated with PF. Tyrode’s solution was used as a blank group. (Experiments were repeated three times, and data are represented as mean + S.D. And analyzed
using two-tailed unpaired Student’s t-test. Differences were considered significant at * P < .05, **P < .01, and ***P < .005 vs Control), n = 3.

3.2. PF attenuated IgE-mediated calcium ion influx

Increased concentrations of intracellular Ca®* ions can trigger the
degranulation of MCs. MC activation induced Ca®* influx. Pretreatment
with PF inhibited Ca®" influx in a dose-dependent manner (Fig. 2).

3.3. Inhibitory effects of PF on FceRI-mediated signaling pathway

The phosphorylation of Lyn, Akt, and PKC signaling pathways is
important for MG Ca?* influx and degranulation. The results of western
blotting performed after 30 min treatment with PF showed that PF dose-
dependently downregulated the levels of phosphorylated Lyn, Akt, and
PKC in IgE-mediated allergy (Fig. 3 A-F).

3.4. PF inhibited IgE-mediated inflammatory mediators release by
downregulating the phosphorylation of key kinases

Cytokines and 5-HT released from MCs can induce serious inflam-

mation, which triggers severe allergic reactions. We analyzed chemo-
kine release by using ELISA and found that treatment with PF led to a
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significant reduction in the release of IgE-mediated MC inflammatory
mediators, including 5-HT, MCP-1, IL-8, and TNF-« (Fig. 4A). In addi-
tion, the phosphorylation levels of chemokine-related key kinases were
investigated using western blotting. PF was shown to downregulate the
phosphorylation levels of key kinases such as Erk1/2, P38, and PLC
(Fig. 4B-G), which regulate chemokine release by MCs.

3.5. Molecular docking and SPR revealed that PF might be an FceRI
ligand

To investigate the interactions between PF and FceRI, molecular
docking studies were performed using the Surflex-Dock Mode of the
SYBYL-X 2.0 software package. PF has poor lipid solubility and lacks the
ability for direct transmembrane delivery. As the a and f subunits of
FceRI are extracellular fragments and mainly responsible for cross-
linking with IgE, we investigated these two subunits as potential PF
binding sites. The results showed that PF matched the active site of FceRI
o subunit in sphere space field and ribbon models (Fig. 5A-C) and that of
f subunit (Fig. 5E-G). The docking results showed that PF binds to FceRI
a subunit though 5 hydrogen bonds with 5 residues (LYS117, VAL118,
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Fig. 2. PF inhibited calcium influx in LAD2 cells mediated by IgE. (A) LAD2 cells were pretreated with CIB and Fluo-3, then stimulated with 100 ng/ml DNP-BSA,
was used as Control group. (B-D) LAD2 cells were pretreated with different concentrations of PF (10, 100, and 500 pM) to inhibit DNP-BSA induced calcium influx.
From fluorescence intensity curve, PF inhibited calcium influx induced by DNP-BSA in a dose-depend manner. Experiments were repeated three times.
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Fig. 3. PF showed an inhibitory effect on FceRI mediated signaling pathway. PF decreased DNP-BSA induced phosphorylation level rise of Lyn, PKC and Akt in a
dose-dependent manner. When concentration came to 100 puM, the phosphorylation level of all three protein were decreased significantly, compared to control
groups. (Experiments were repeated three times, and data are represented as mean + S.D. And analyzed using two-tailed unpaired Student’s t-test. Differences were

considered significant at **P < .01, and ***P < .005 vs Control), n = 3.
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Fig. 4. PF decreased IgE-mediated key protein phosphorylation and cytokine release in LAD2 cells. (A-F) PF inhibited DNP-BSA induced phosphorylation level rise of
P38, Erk1/2, and PLCy1 dese-dependently. (G-I) PF inhibited key cytokines release closely related to allergic reaction, such as 5-HT, IL-8, TNF-« in a dose-dependent
manner. (Experiments were repeated three times, and data are represented as mean =+ S.D. And analyzed using two-tailed unpaired Student’s t-test. Differences were

considered significant at * P < .05, **P < .01, and ***P < .005 vs Control), n = 3.

TYR131, GLU132, HIS134) and the bond length are 1.91, 1.84, 2.22,
2.01, 1.86 A, respectively. PF bind with § subunit though 3 hydrogen
bonds with 2 residues (ALA329, 1.97, 2.20 A; ALA428, 1.94 A). The total
score, Crash, and Polar were respectively 5.3541, —1.0904, and 4.7132
for the o subunit and 4.4930, —1.7884, and 2.9134 for the f subunit. SPR
revealed that PF had a strong affinity interaction with FceRI o subunit

and the Kp value was (7.08 + 0.97) e—6 M. Based on the information
above, it was considered that PF binds to the extracellular o subunit to
inhibit FceRI activation.
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Fig. 5. PF bind to FceRI protein receptor as seen from molecular docking assay. The docking results showed that PF bind to the FceRI a subunit though 5 hydrogen
bonds with 5 residues (LYS117, VAL118, TYR131, GLU132, HIS134) and the bond length are 1.91, 1.84, 2.22, 2.01, 1.86 10\, respectively (A-C). The f subunit bind
with PF though 3 hydrogen bonds with 2 residues (ALA329, 1.97, 2.20 ./f\; ALA428, 1.94 10\) as shown in (D-F). The total score, Crash, and Polar were respectively
5.3541, —1.0904, and 4.7132 for the o subunit and 4.4930, —1.7884, and 2.9134 for the f§ subunit. SPR revealed that PF had a strong affinity interaction with FceRI
subunit and the Kp value was (7.08 £ 0.97) e—6 M in (G). Based on the information above, it was considered that PF binds to the extracellular o subunit to inhibit

FceRI activation.

3.6. PF inhibited IgE-mediated local inflammatory reactions

A mouse model of ovalbumin (OVA)-induced skin inflammation,
which was previously shown to be IgE-dependent, was used to investi-
gate the anti-anaphylactic effect of DA. The mice were sensitized with
OVA (200 pg/kg) for 48 h. The treatment group was intragastrically
administered different concentrations (0.625, 1.25, and 2.5 mg/kg) of
PF. Five microliters of OVA (100 pg/ml) in saline were injected into the
left hind paws of mice to induce local inflammatory reactions; an equal
volume of saline was injected into the right hind paws as control. The
increase in hind paw thickness and extravasation of Evans blue were
shown to be attenuated in a dose-dependent manner (Fig. 6A-C).

In addition, we analyzed the paw skin sections for degranulated MCs
by avidin staining and found that PF antagonized MCs in vivo to cause
their degranulation (Fig. 6D). PF inhibited MC degranulation in a dose-
dependent manner (Fig. 6E). The inhibitory effect was observed as a
decrease in hemangiectasis, which was caused by the reduction in his-
tamine release. Subsequently, PF treatment dose-dependently decreased
the release of histamine (Fig. 6F) and cytokines, such as IL-8 (Fig. 6G)
and MCP-1 (Fig. 6H), in the serum.

4. Discussion
MCs, which are located at the interface between the environment

and host, play a vital role in the immune system(Huber and Gibbs,
2015). They respond to immunogenic stimuli to initiate host defense and

hypersensitive reactions by releasing proinflammatory mediators such
as histamine and p-hexosaminidase as well as cytokines. Thus, inhibition
of MC activation is of great significance in alleviating allergic symptoms
such as atopic dermatitis, allergic asthma, and urticaria. As FceRI and/or
IgE are required for the activation of MCs by antigens, blocking either of
them can interrupt the effect of antigens(MacGlashan, 2012; Mon-
ino-Romero et al., 2019). A previous study reported that anti-IgE
methods reduced not only IgE concentrations but also FceRI expres-
sion. Anti-IgE monoclonal antibodies, such as omalizumab, have been
widely used in clinical practice(Metz et al., 2017). Omalizumab signif-
icantly reduced IgE levels in serum by binding specifically with IgE.
However, its application is limited because of the high cost and incon-
venience of injection(Metz et al., 2017; Kupczyk and Kuna, 2014). FceRI,
which is present on the surface of MC membrane, is responsible for the
downstream signaling pathway related to MC activation.

PF, a main component of Radix Paeoniae Alba, has been used in
traditional Chinese medicine for its outstanding anti-inflammatory ef-
fects(Xin et al., 2019; Zhang and Wei, 2020). The therapeutic effects of
PF on many diseases, such as arthitis, liver injury, allergic contact
dermatitis, psoriasis, asthma, and autoimmune encephalomyelitis, have
already been reported(Zhao et al., 2019; Li et al., 2018; Zhai et al., 2018;
Wang and Cheng, 2018; Shao et al., 2019; Shou et al., 2019; Havard
et al., 2011). Various signaling pathways are regulated by PF(Xin et al.,
2019), including GPCR, MAPK/NF-kB, PI3K/Akt/mTOR, JAK2/STAT3,
and TGFf/Smad pathways. In addition, PF inhibits the activation, pro-
liferation, and differentiation of B lymphocytes, T lymphocytes,
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Fig. 6. PF inhibited IgE-mediated local allergic inflammation by inhibiting mast cells (MCs) degranulation. Mice were sensitized with OVA 48 h ago. After oral
administration of PF at different concentrations (0.625, 1.25 and 2.5 mg/kg), 100 pg/ml OVA was injected though the tail vein. (A-C) PF reduced the degree of
swelling and Evans blue exudation of mice hind paws induced by OVA in a dose dependent manner. (D) Avidin staining of paw skin. (E) Degranulation rate of MCs in
paw skin. (F-G) Inflammatory mediators including histamine, IL-8, TNF-« in serum were inhibited by PF in a dose dependent manner. There were five mice in each
group. Experiments were repeated three times, and data are represented as mean + S.D. And analyzed using two-tailed unpaired Student’s t-test. Differences were

considered significant at * P < .05, **P < .01, and ***P < .005 vs Control).

macrophages, and DCs.

In the present study, we found that PF significantly decreased IgE-
dependent MC degranulation in a dose-dependent manner both in vitro
and in vivo. The release of cytokines during allergic reactions was also
inhibited by PF. Moreover, PF bound more strongly to the FceRI «
subunit than to the p subunit, resulting in reduced IgE binding and MC
activation. SPR revealed that PF had a strong affinity interaction with
FceRI o subunit and the Kp value was (7.08 + 0.97) e—6 M. Interestingly,
as we found by molecular docking, PF shared the same residuals
(TRY131 and GLU132) with IgE when interacts with a subunit of FceRI.
It suggested that PF can occupy certain residuals in o subunit of FceRI
and have the ability to inhibit IgE bind with FceRI. The interaction of
FceRI and other factors (Lyn and Fyn) can regulate Syk and downstream
signals. Syk regulates the production of inflammatory cytokines by
activating the downstream molecules. To confirm the effects of PF on
MCs, the expression of Lyn, Akt, and PKC proteins was measured. PF
showed an inhibitory effect by downregulating the phosphorylation of
key kinases involved in the regulation of Ca* ion influx and cytokine

synthesis, such as Lyn and PKC and downstream key proteins. In sum-
mary, we have confirmed theoretically and experimentally that PF can
prevent binding of IgE to FceRI o subunit, thereby inhibiting mast cell
activation and allergic reaction. However, how does the receptor change
its conformation and lead to key protein decrease is still unclear.

In our previous work, it was found that PF also antagonized
MRGPRX2, thereby inhibiting pseudo-allergic reaction induced by C48/
80. It is found that pseudo-allergy affected by PF was more obvious
though the experimental results of p-hexosaminidase release and cal-
cium influx. Interestingly, molecular docking simulations of PF in-
teractions with both proteins found that PF and FceRI interactions were
stronger and scored higher. The seemingly contradictory results need
further study.

In conclusion, PF inhibited IgE-mediated allergic action both in vivo
and in vitro. PF binds to the extracellular o subunit to inhibit FceRI
activation and suppress the Lyn/PKC pathway. Thus, PF can be used as a
potential anti-IgE-mediated allergy drug.
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