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Introduction

Sinomenine (7,8-didehydro-4-hydroxy-3,7-dimeth-
oxy-17-methylmorphinane-6-one; Figure 1) is the 
principal active component of the plant Sinomenium 
acutum, which has anti-inflammatory and anti-
immune properties that have been used success-
fully for centuries to treat patients with various 
rheumatoid diseases.1 It was recently reported to 
have anticancer,2,3 neuroprotective, and antidia-
betic effects.4,5 Furthermore, pharmacological 
studies have demonstrated that sinomenine has 
significant immunosuppressive, anti-inflamma-
tory, analgesic, and anti-arthritic properties.6,7 In 
addition, sinomenine was shown to inhibit the 
proliferation of fibroblast-like synoviocytes and 
production of pro-inflammatory cytokines in 

rheumatoid arthritis.6,7 These findings indicate that 
sinomenine has potential beneficial clinical effects 
for the treatment several diseases, including rheu-
matism. In addition, sinomenine may be suitable 
for long-term administration and significantly alle-
viate articular symptoms in patients with rheuma-
toid arthritis. An injectable sinomenine formulation 
has been developed and approved in China (Zheng 
Qing Feng Tong Ning injection, approval number 
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Abstract
Mast cells are vital mediators of drug allergy and, therefore, studying the relationship between drug allergy and mast 
cells is essential. Sinomenine is the principal active component of Sinomenium acutum, which has anti-inflammatory and 
anti-immune effects, and is used to treat various rheumatoid diseases. However, allergic responses to sinomenine are 
frequently reported. Therefore, this study assessed the effects of sinomenine on mast cell activation to characterize its 
allergic effects and the underlying mechanisms. Enzyme-linked immunosorbent assay (ELISA), western blot analyses, and 
degranulation assays were performed to measure pro-inflammatory and allergic mediators in P815 cells. The allergenic 
effects of sinomenine were also determined in mice by using active general anaphylaxis (ASA). The results indicated that 
sinomenine induced inositol-1,4,5-trisphosphate (IP3) production and the release of histamine, interleukin (IL)-6, and 
endoplasmic reticulum Ca2+ in P815 cells. Furthermore, sinomenine upregulated the phosphorylation of sarcoma (Src), 
phospholipase C (PLC)-γ1, and IP3 receptor (R). Therefore, sinomenine induced concentration-dependent mast cell 
activation directly in vitro. Furthermore, our in vivo data identified an appropriate intravenous dose that did not induce 
these allergic effects, thereby providing information for the potential safe clinical use of sinomenine.
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Z43020279), and is currently widely used in 
patients.

The widespread use of sinomenine has led to 
frequent reports of its allergenic effects.8 Most of 
these effects have manifested as anaphylactic reac-
tions, and therefore, it is important to focus on this 
adverse effect of sinomenine administration. 
Anaphylaxis consists of a sequence of serious 
symptoms that constitute a clinical emergency and 
recent reports have suggested that it is increasing 
in prevalence.9 A central feature of anaphylaxis is 
the production of immunoglobulin E (IgE) as well 
as its interaction with receptors (mainly FcεRI) 
predominantly on mast cells, which are the key 
effectors that respond to allergens and release vari-
ous mediators. These mediators include histamine, 

proteases (mainly tryptase), mast cell carboxy-
peptidase A3 (CPA3), chymase, platelet activating 
factor (PAF), prostaglandins (PGD2), leukotrienes 
(LTC4), and chemokines. Although mast cells are 
conventionally associated with IgE-mediated aller-
gic responses and disease, there is accumulating 
evidence indicating that they are a crucial compo-
nent of the innate immune system.10 Furthermore, 
anaphylaxis is one of the most widespread adverse 
events associated with the injection of traditional 
Chinese medicines.11,12

P815 cells are derived from the mouse mastocy-
toma cell line, which does not express the FcεR 
and, therefore, can be activated independent of the 
IgE pathway.10 Calcium ions are essential for MC/B 
activation and degranulation. PLCγ hydrolyzes 

Figure 1.  Structure and effects of sinomenine on P815 cell viability and degranulation. (a) Structure of sinomenine.  
(b) P815 cells were treated with indicated concentrations of sinomenine for 24 h prior to the 3-(4,5-dimethylthiazol-2-yl)-2,5-
(diphenyltetrazolium) bromide (MTT) cell viability assay. Cells were incubated with indicated concentrations of sinomenine for 30 
min prior to assay of (c) released β-hexosaminidase, expressed as a percentage of control, and (d) enzyme-linked immunosorbent 
assay (ELISA) of released histamine, expressed as fold change compared to control cells. Data are mean ± standard error of the 
mean (SEM) of three independent experiments; *P <0.05, **P <0.01, and ***P <0.001 vs. control cells (+, C48/80).
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phosphatidylinositol-4,5-bisphosphate to form sol-
uble inositol-1,4,5-trisphosphate (IP3) and mem-
brane-bound diacylglycerol (DAG). IP3 and DAG 
are second messengers that induce a series of com-
plex modifications of mast cell physiology. The 
binding of IP3 to its receptor causes the “first wave” 
of calcium (Ca2+) mobilization, which is the tran-
sient release of Ca2+ from endoplasmic reticulum 
stores. This in turn induces a prolonged “second 
wave” of Ca2+ release through store-operated cal-
cium entry. The massive entry of Ca2+ is necessary 
for the activation of the nuclear factor kappa-light-
chain-enhancer of activated B cell (NF-κB) tran-
scription factors, and both are crucial for the 
transcription of numerous cytokine genes, includ-
ing IL-6, TNF-α, and IL-13.13,14

Diverse primary genetic and environmental fac-
tors may influence the susceptibility of an individ-
ual to anaphylactic reactions.15 The activation of 
mast cells or basophils initiates a series of bio-
chemical events that result in the release of active 
mediators of the ensuing allergic reactions.12,16 The 
present study is focused on the anaphylactic effects 
of sinomenine, which were investigated using both 
in vitro and in vivo approaches.

Methods

Ethics statement and animals

This study was conducted in strict accordance with 
the recommendations of the Guide for the Care and 
Use of Laboratory Animals, published by the 
National Institutes of Health (NIH), Bethesda, 
MD, USA. The experimental protocols for using 
BALB/c mice were also approved by the Animal 
Ethics Committee of the Xi’an Jiaotong University 
(permit number: XJTU 2011-0045). Furthermore, 
5–6-week-old male BALB/c mice were purchased 
from Xi’an Jiaotong University School of Medicine 
Laboratory Animal Center.

Cell culture

P815 cells were purchased from the American 
Type Culture Collection (ATCC, Manassas, VA, 
USA) and cultured in Dulbecco’s minimal essen-
tial medium (Gibco, UK) supplemented with 10% 
(v/v) heat-inactivated fetal bovine serum (FBS, 
Gibco, UK) and maintained in a 5% CO2 incubator 
at 37°C. When the cells had attained 80% conflu-
ence, they were digested, resuspended in fresh 

medium, and seeded in 96- or 6-well plates or 6-cm 
dishes for the experiments.

Cell viability assay

Exponentially growing cells (5.0 × 103 cells/well) 
were plated into 96-well plates (Coning, NY, 
USA). Twenty-four hours later, the cells were 
incubated in a medium containing different con-
centrations of sinomenine for 48 h at 37°C. Then, 20 
µL of 3-(4,5-dimethylthiazol-2-yl)-2,5-(dipheny- 
ltetrazolium) bromide (MTT) solution (5 g/L) was 
added to each well and incubated for an additional 
4 h at 37°C. The medium was discarded, and 150 
μL of dimethyl sulfoxide was added to dissolve the 
formazan crystals that had formed. Then the 
absorbance of each well was examined at 490 nm 
by using a microplate reader (Bio-Rad, Hercules, 
CA, USA).

Measurements of cytokine and protease levels

The levels of interleukin (IL)-6), tumor necrosis 
factor (TNF)-α, and histamine were determined in 
conditioned cell culture media collected after incu-
bation for 30 min with sinomenine, compound 
48/80 (C48/80, a classical mast cell activator and 
canonical basic secretagogue, Sigma-Aldrich), or 
the vehicle using commercially available enzyme-
linked immunosorbent assay (ELISA) kits accord-
ing to the manufacturers’ instructions.

β-hexosaminidase degranulation assay

Cells were harvested at the exponential growth 
phase, seeded into 96-well plates (2 × 104 cells/
well), incubated at 37°C overnight, and then 
treated with different concentrations of sinome-
nine (25–200 μM) or C48/80 (30 μg/mL). The 
incubation was terminated after 30 min by plac-
ing the plates on ice for 10 min; the conditioned 
medium was collected, centrifuged at 1000 × g 
for 10 min at 4°C, and then the cells were lysed 
in assay buffer containing 1% (v/v) Triton X-100 
(Xi ‘an Kehao Biological Engineering Co., Ltd., 
PR China). The hexosaminidase activity was 
subsequently determined by incubating either 
the conditioned medium or cell lysate with 1 
mM β-hexosamine substrate for 90 min at 37°C. 
The reaction was terminated by adding 0.1 µM 
sodium carbonate (Na2CO3)/sodium bicarbonate 
(NaHCO3), and the absorbance was measured at 
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405 nm by using a microplate reader (Bio-Rad). 
The percentage of β-hexosaminidase released was 
calculated as follows: β-hexosaminidase release 
(%) = absorbance of conditioned medium/(absorb-
ance of blank media + absorbance of blank cell 
lysate) × 100.

Ca2+ influx in P815 cells

P815 cells were loaded with 4 µM fluo-3 AM Ca2+ 
indicator for 20 min at 37°C in Hank’s balanced 
salt solution (HBSS) and incubated further for 40 
min at 37°C after adding 5 volumes of HBSS con-
taining 1% FBS. Then, the cells were washed thrice 
with HBSS, harvested, and centrifuged at 1000 
rpm for 5 min at 4°C; the cell pellet was resus-
pended in HEPES, and then 5 × 104 cells/well were 
plated in 96-well plates. The cells were incubated 
in the presence or absence of sinomenine (0.1–100 
µM) or C48/80 (30 µg/mL) for 1 min and fluores-
cence was measured using a microplate fluorimeter 
at excitation and emission wavelengths of 488 and 
527 nm, respectively.

Active general anaphylaxis in mice

Mice were injected with C48/80 (2.5 mg/kg), 
sinomenine (0.364, 1.82, or 9.10 mg/kg), or the 
vehicle intravenously through the caudal vein com-
bined with 0.4% Evans blue (n = 8 mice/group). 
The animals were euthanized 30 min after this 
challenge, and their ears were removed and pro-
cessed to measure the dye extravasation after the 
dye had been extracted overnight from the ear with 
800 μL of a mixture of acetone-saline (7:3) at 65°C. 
The absorbance was measured at 620 nm.

IP3 and TNF-α levels in mouse serum

Blood samples were collected from mice that were 
administered C48/80 (2.5 mg/kg), sinomenine 
(0.364, 1.82, or 9.10 mg/kg), or the vehicle intrave-
nously via the caudal vein. The serum was obtained 
by allowing the blood to stand at room temperature 
for 30 min, followed by centrifugation for 10 min 
(1000 × g). Serum IP3 and TNF-α levels were 
determined using ELISA kits following the manu-
facturers’ instructions.

Western blot analysis

P815 cells were exposed to different concentra-
tions of sinomenine, C48/80, or the vehicle for  

30 min, and then lysed on ice with radioimmuno-
precipitation assay (RIPA) lysis buffer supple-
mented with 15 mL of protease (Roche) and 
phosphatase inhibitor cocktails. The western blot 
analysis was performed using a previously described 
method.17 The cell lysates were analyzed using pri-
mary antibodies against phosphorylated (p)-Src, 
Lyn, IP3R, p-IP3R, and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH), followed by detection 
using enhanced chemiluminescence. The protein 
band densities were analyzed using the Quantity 
One 1-D analysis software (version 4.4, Bio-Rad).

Statistical analyses

The data are presented as the mean ± standard error of 
mean (SEM) and were statistically analyzed using 
analysis of variance (ANOVA). Two-tailed tests were 
used for two-group comparisons and differences were 
considered statistically significant at P <0.05.

Results

Sinomenine induced degranulation in P815 cells

Following activation, mast cells release preformed 
granule-stored mediators such as histamine and 
β-hexosaminidase, which are known markers of 
this cell type. Therefore, we assess the effect of 
various doses of sinomenine on degranulation by 
evaluating the release of these two granule markers 
in P815 cells. β-hexosaminidase release signifi-
cantly increased in a concentration-dependent 
manner in cells exposed to 0.1, 1, 10, 50, and 100 
μM sinomenine (Figure 1c). In addition, sinome-
nine induced marked histamine release at a low 
concentration (0.1 μM), although this effect tended 
to decrease as the sinomenine concentration 
increased (Figure 1d). These results indicate that 
sinomenine induced cell degranulation in vitro.

Sinomenine increased vessel permeability in 
mice

We investigated the allergenic effects of sinome-
nine in vivo by injecting it or C48/80 intravenously 
into the mice via the caudal vein with or without 
4% Evans blue dye. Treatment with sinomenine 
increased the dye diffusion by 50%, suggesting 
that sinomenine increased ear vessel permeability 
(Figure 2a). ELISA analysis of the mouse serum 
showed that sinomenine increased IP3 and TNF-α 
release at a low dose (0.364 mg/kg) in treated mice. 
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When the dose was increased, the release of TNF-α 
and IP3 was sustained at high levels. Taken together, 
these results indicate that sinomenine may induce 
an allergic response.

Sinomenine enhanced IP3 production and 
intracellular Ca2+ levels in P815 cells

Massive IP3-induced Ca2+ entry is necessary for the 
activation of the NF-κB and NFAT transcription fac-
tors, which are both crucial for the transcription of 
numerous cytokine genes, including IL-6, TNF-α, 
and IL-13. Furthermore, enhanced intracellular Ca2+ 
levels promote degranulation. Therefore, we deter-
mined the effects of sinomenine on IP3 and Ca2+, 
and our data (Figure 3) revealed that it induced sig-
nificant Ca2+ mobilization at high concentrations 
(50 or 100 μM). The highest concentration of 
sinomenine (100 μM) also enhanced IP3 production 
by 91.65 ± 1.21% compared with the control cells.

Effect of sinomenine on P815 cell signaling 
events

IL-6 is a cytokine that plays an important role in 
allergic diseases and the IP3R is a key regulator of 
Ca2+-independent degranulation. IP3R is the recep-
tor of IP3 which activated by PLCγ, when IP3 
binding to its receptor, Ca2+ released from endo-
plasmic reticulum and cell degranulation occurred, 
Lyn also activates Syk tyrosine kinase and several 
adaptor proteins. Syk in turn phosphorylates many 
signaling proteins resulting in a reduced capacity 
to degranulate and to generate cytokines. We inves-
tigated the effect of sinomenine on relevant signal-
ing pathway molecules in P815 cells and found 
that concentration-dependently increased the IP3R 
protein level (Figure 4d) and altered the levels of 
PLCγ and p-Src (Figure 4b and c). Furthermore, 
sinomenine upregulated the protein levels of p-Lyn 
and PLCγ1 as well.

Figure 2.  Allergenic effect of sinomenine in mice. Mice received indicated doses of sinomenine, C48/80 (+), or vehicle (a) plus 
Evans blue dye (0.4%) intravenously via caudal vein and ear images were acquired 1 h later and (b) followed by determination of 
serum inositol-1,4,5-trisphosphate (IP3) and tumor necrosis factor (TNF)-α levels; *P <0.05 and **P <0.01 vs. control group.
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Figure 3.  Effect of sinomenine on inositol-1,4,5-trisphosphate (IP3) release and Ca2+ mobilization in P815 cells. (a) Cells were 
treated with indicated concentrations of sinomenine for 30 min, and IP3 release was measured using enzyme-linked immunosorbent 
assay (ELISA) and expressed as fold change compared to control cells. (b) Cells were treated with indicated concentrations of 
sinomenine, vehicle, or C48/80 (+) for 1 min prior to intracellular Ca2+ measurement using fluo-3 AM. Data are expressed as 
change in fluo-3 AM fluorescence; *P <0.05 and **P <0.01 vs. control cells.

Figure 4.  Effect of sinomenine on Lck-Yes novel tyrosine kinase/phospholipase C-γ/inositol 1,4,5, triphosphate receptor (Lyn/
PLCγ/IP3R) pathway in P815 cells Cells were treated with indicated concentrations of sinomenine for 30 min. (a) Western blot 
bands of target proteins. Levels of (b–d) phosphorylated (p)-Src, PLCγ, and IP3R after treatment with sinomenine and (e) secreted 
interleukin (IL)-6. Data are mean ± standard error of the mean (SEM) of three independent experiments; *P <0.05, **P <0.01, and 
***P <0.001 vs. control cells.
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Discussion

Mast cells are the primary effectors of allergic 
reactions and, therefore, have critical roles in the 
development of allergenic diseases. These cells 
secrete histamine as well as various inflammatory 
and immunomodulatory substances that are pro-
duced during anaphylactic reactions. The present 
study confirmed the in vitro and in vivo allergic 
effects of sinomenine in P815 mast cells. When 
IgE binds to its FcεRI receptor on mast cells, 
aggregation occurs, which activates Lyn and then 
Syk tyrosine kinase is subsequently phosphoryl-
ated, leading to mast cell activation.12,18,19 For our 
in vitro study, we utilized P815 mast cells to deter-
mine the effect of sinomenine on non-FcεR-
mediated activation of mast cells because these 
cells do not express the FcεR.10 We showed that 
sinomenine directly induced cell degranulation and 
release of pro-inflammatory mediators including 
β-hexosaminidase and histamine, concentration-
dependently. Furthermore, the western blot analy-
sis showed that sinomenine upregulated the 
phosphorylation of Ca2+ influx-related proteins, 
including Src, PLCγ, and IP3R. Therefore, the 
sinomenine-induced mast cell activation was initi-
ated by Ca2+ upregulation. Following IgE-mediated 
mast cell activation, phosphorylated Syk further 
phosphorylates numerous signaling proteins, 
which are required for assembling the membrane-
localized signaling networks. This includes PLCγ, 
which hydrolyzes phosphatidylinositol-4,5-bis-
phosphate to form soluble IP3 and membrane-
bound DAG, which are both second messengers 
that induce a series of complex modifications to 
mast cell physiology.

The binding of IP3 to its receptor causes the “first 
wave” of transient Ca2+ release from endoplasmic 
reticulum stores, which subsequently induces a pro-
longed “second wave” of Ca2+ from the endoplas-
mic reticulum as well as an influx via calcium 
release-activated calcium modulator 1 (ORAI-1) on 
the plasma membrane.16,20,21 This Ca2+ influx sub-
sequently produces eicosanoids and lipid media-
tors.22,23 In addition to the IgE-mediated route, mast 
cells can be activated by exposure to the basic 
secretagogue, C48/80,24 which we used in our in 
vivo investigations to confirm the allergic effect of 
sinomenine in mice, where it enhanced blood ves-
sel permeability and dose-dependently increased in 
serum IP3 and TNF-α levels.

In conclusion, these findings demonstrated that 
sinomenine was directly bound to the mast cell 
membrane and activated Lyn and Syk, which trig-
gered the PLCγ-mediated IP3 production. 
Furthermore, cytoplasmic free IP3 bound to the 
endoplasmic reticulum IP3R, triggering Ca2+ 
release, which resulted in mast cell degranulation 
and the release of the anaphylactic mediators, 
β-hexosaminidase and histamine. Therefore, our 
study provided evidence of the allergenic effects of 
sinomenine, identified an appropriate intravenous 
dose that did not induce allergic effects, and dem-
onstrated the possible underlying mechanisms 
mediating these actions in P815 mast cells, thereby 
providing information for the potential safe clini-
cal use of sinomenine.
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