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Abstract: Mast cells play a very important role in skin allergy and inflammation, including atopic
dermatitis and psoriasis. In the past, it was found that neferine has anti-inflammatory and anti-aging
effects on the skin, but its effect on mast cells has not yet been studied in detail. In this study, we used
mast cells (RBL-2H3 cells) and mouse models to study the anti-allergic and inflammatory effects of
neferine. First, we found that neferine inhibits the degranulation of mast cells and the expression
of cytokines. In addition, we observed that when mast cells were stimulated by A23187/phorbol
12-myristate-13-acetate (PMA), the elevation of intracellular calcium was inhibited by neferine.
The phosphorylation of the MAPK/NF-κB pathway is also reduced by pretreatment of neferine.
The results of in vivo studies show that neferine can improve the appearance of dermatitis and
mast cell infiltration caused by dinitrochlorobenzene (DNCB). Moreover, the expressions of barrier
proteins in the skin are also restored. Finally, it was found that neferine can reduce the scratching
behavior caused by compound 48/80. Taken together, our results indicate that neferine is a very
good anti-allergic and anti-inflammatory natural product. Its effect on mast cells contributes to its
pharmacological mechanism.

Keywords: neferine; natural product; mast cell; dermatitis; itching

1. Introduction

Many studies have confirmed that allergic diseases are the result of not only innate
immune activation, but also adaptive activation. Among them, mast cells play a very
important role in a variety of allergic diseases such as allergic rhinitis, asthma, and allergic
dermatitis. Mast cells express IgE receptors (FcεRI) on their cell membranes, and FcεRI
receptors have high affinity for IgE antibodies [1,2]. When antigen-specific IgE binds
to FcεRI, an interaction takes place and an allergic reaction occurs. The aggregation of
FcεRI can activate receptor tyrosine kinases, initiate downstream reactions, and promote
the phosphorylation of various key proteins (such as mitogen-activated protein kinase;
MAPKs), ultimately leading to the influx of calcium ions (Ca2+), which is a key event in mast
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cell degranulation [3]. The activated mast cells degranulate and release chemical mediators.
These chemical mediators used in allergic reactions can cause inflammation [4], so the
treatment of allergic symptoms involves mast cell degranulation inhibitors. Therefore, the
inhibition of IgE-mediated mast cell degranulation is often used to identify new compounds
to prevent and treat allergic diseases. It has been established that anti-dinitrophenyl (DNP)
IgE antibodies and antigens can induce passive skin hypersensitivity (PCA) reactions
as a typical in vivo model of immediate hypersensitivity and as a research drug for the
potential of anti-antigenic allergies [5,6]. In addition, mast cell degranulation can also
be caused by non-immune stimulants, such as compound 48/80 and A23187. A23187,
calcium ionophore, has long been known to stimulate mast cell secretion with the release
of preformed mediators, such as histamine from their granules, serving as an example [4].
Compound 48/80 is a mixed polymer of p-methoxy-N-methylphenethylamine cross-linked
by formaldehyde, which is widely used for IgE-independent stimulation of mast cells [7,8].
Therefore, appropriate amounts of compound 48/80 and A23187 have been commonly
used as reagents to study the mechanism of allergic reactions. According to statistical
evaluations, about 15–20% of the population suffers from atopic dermatitis. Whether
it is children or adults who suffer from this disease, without proper treatment, atopic
dermatitis can cause psychological distress to patients and burden their family and social
health costs [9]. Unfortunately, there is no suitable treatment method to cure allergic
dermatitis. Current treatment options still avoid disease-causing allergens, and continuous
use of steroids are the gold standard of treatment. The inevitable allergens and the side
effects of drugs have prompted the urgent development of new therapeutic drugs. Natural
compounds isolated from medicinal herbs and plants are potential sources of therapeutic
agents to prevent and treat inflammatory diseases and improve the quality of life for
patients with allergic disorders.

Neferine comes from the lotus core (the embryo of the seed) of the plant Nelumbo
nucifera and is a major bisbenzylisoquinoline alkaloid. There is evidence that neferine
has a wide range of pharmacological properties, such as anti-cancer, anti-oxidant, anti-
inflammatory, and neuroprotective effects, in many diseases [10–15]. Khan et al. found
that neferine produces anti-photoaging effects by inhibiting the UV-mediated increase in
ROS and malondialdehyde (MDA) levels in human keratinocytes and fibroblasts [16,17].
Recently, we found that neferine has potential as an alternative medicine for the treatment
of atopic dermatitis or other skin-related inflammatory diseases [18]. However, whether
neferine plays an anti-skin allergy effect in mast cells still remains uncertain. In this study,
we aimed to investigate the effects of neferine on mast cell-mediated allergic diseases,
using human mast cell lines (RBL-2H3 cells) and a compound 48/80- and DNCB-induced
anaphylaxis mice model.

2. Results
2.1. Neferine Cytotoxicity Test on Rat Mast CelLs (RBL-2H3)

Since rat basophilic leukemia (RBL)-2H3 cells, a histamine-releasing mast cell ana-
logue, are suitable cells to examine the effects of mast cell-mediated inflammation [19], we
used these cells to investigate the anti-allergic effects of neferine. First, we tested whether
neferine can produce cytotoxicity in mast cells. When the cells are pretreated with neferine
from 1 to 30 µM for 24 h, the cell viability of the cells will not be affected by the treatment
of neferine (Figure 1).

2.2. Neferine Reduces the Degranulation Effect of RBL-2H3 Stimulated by Different Activators

RBL-2H3 cells are commonly utilized for in vitro studies of degranulation [20–22].
Stimulation of the RBL-2H3 cells with anti-dinitrophenol (DNP) IgE and DNP-conjugated
human serum albumin (HSA) triggers degranulation. In addition, mast cells are known
to degranulate in response to synthetic compounds, such as compound 48/80 and the
calcium ionophore A23187, and these compounds have been used as convenient reagents
for direct studies of the mechanisms of in vitro allergy responses [23,24]. The results
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showed that the cytoplasm of RBL-2H3 that was not activated by the activator contained
limited secretory granules. Treatment of neferine (10 µM) alone did not affect the activity of
RBL-2H3 (Figure 2A,B). However, the addition of different activators, including compound
48/80, A23187, and anti-DNP/IgE + DNP/HSA, clearly filled the cytoplasm with secretory
granules. Under the electron microscope, it can be seen that there is a large number of
secretory granules in the cytoplasm, and some secretory granules even fuse with the cell
membrane, leading to degranulation (Figure 2C–E). After pretreatment with neferine 10
µM, the secretory granules in the cytoplasm were significantly reduced (Figure 2F–H).
These results indicate that neferine can effectively inhibit the activation and degranulation
of RBL-2H3 stimulated by the activator.
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Figure 1. Cell viability in rat mast cells (RBL-2H3) under different concentrations of neferine treat-
ment. 
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Figure 2. Degranulation of RBL-2H3 cells is induced by different activators and inhibited by neferine. (A) Control group. (B)
RBL-2H3 cells are only treated with 10 µM neferine. (C–E) RBL-2H3 cells are only treated with compound 48/80 10 µg/mL
for 30 min, A23187 10 µM for 10 min, and anti-DNP/IgE (100 ng/mL) for 24 h + DNP/HSA (200 ng/mL) for 1 h. (F–H)
RBL-2H3 cells were pretreated with neferine 10 µM for 20 min and then various activators were added separately. The left
panel is low magnification, and the right panel is high magnification.
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2.3. Neferine Inhibits PMA/A23187-Induced Intracellular Calcium Elevation in RBL-2H3

Calcium ions play the role of secondary messenger in the process of cell activation.
A23187 is the most effective way to increase the penetration of calcium ions through cell
membranes and stimulate the activation of mast cells. Phorbol myristate acetate (PMA)
can activate protein kinase C and increase intracellular calcium ions to enhance the effect
of A23187. The increase in calcium ions in mast cells has also been considered as an
important factor in inducing mast cell activation, so that it affects the degranulation of
mast cells and releases more inflammatory cytokines and chemokines. Therefore, this
study sought to explore whether neferine can inhibit the calcium ion concentration in
RBL-2H3 when it inhibits inflammation. The experimental group was divided into with
or without neferine pretreatment for 20 min, and 1 mM CaCl2 and PMA/A23187 were
added to stimulate and activate RBL-2H3. The experimental results showed that treatment
of RBL-2H3 with different concentrations of neferine alone did not affect the increase in
intracellular calcium ion concentration. In the PMA/A23187-induced Ca2+ influx group,
the intracellular calcium ion concentration increased significantly. RBL-2H3 cells were
pre-treated for 20 min with neferine (3 µM and 10 µM), and the calcium ion concentration
was significantly reduced (Figure 3).
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Figure 3. Neferine inhibits the effect of PMA/A23187 in rat mast cells (RBL-2H3) on the level of
intracellular calcium. The [Ca2+]i elevation induced by PMA/A23187 in rat mast cells (RBL-2H3)
was affected by neferine 3 µM and 10 µM for 20 min. Values represent the mean ± SEM from at least
three experiments. ## p < 0.01 vs. control, ** p < 0.01 vs. negative control, PMA/A23187.

2.4. Neferine Reduced the mRNA Expression of Pro-Inflammatory Cytokines in PMA/A23187
Stimulated by RBL-2H3

The immune response of the skin will increase the number of mast cells in the body,
and the mast cells will then produce pro-inflammatory cytokines and accelerate the progress
of the disease. Pro-inflammatory cytokines, especially TNF-α, IL-6, IL-1β, and IL-8, not
only induce inflammation but also cause leukocyte infiltration, granuloma formation,
and tissue fibrosis. PMA/A23187 acts on mast cells and induces them to produce IL-1β,
IL-6, TSLP, and TNF-α, causing allergy-related inflammation. Therefore, we pre-treated
RBL-2H3 with neferine for 20 min and stimulated with PMA/A23187 for 6 h to detect
whether neferine can down-regulate the mRNA expression of IL-1β, IL-6, TSLP, and TNF-
α. The results showed that in the group treated with neferine alone, the expression of
cytokine mRNA was not affected, and the expression of mRNA in the group that induced
inflammation by PMA/A23187 increased significantly. In the group treated with neferine,
it was observed that the mRNA expression levels of IL-1β, IL-6, TSLP, and TNF-α were
significantly suppressed (Figure 4).
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Figure 4. The effects of neferine on the mRNA expression levels of cytokines in PMA/A23187-stimulated RBL-2H3. RBL-
2H3 cells were pretreated with different concentrations of neferine—1, 3, and 10 µM—for 20 min, and then the cells were
treated with PMA/A23187 (20 nM/1 µM) for 6 h. Total RNA was isolated and mRNA expression level of (A) IL-1β, (B) IL-6,
(C) TNF-α, and (D) TSLP were determined using qPCR. Values represent the mean ± SEM from the three independent
experiments. # p< 0.05, ## p < 0.01 compared with the no-treatment condition, * p < 0.05, ** p < 0.01 compared with the only
TNF-α/IFN-γ treatment condition.

2.5. Neferine Inhibits PMA/A23187-Induced Phosphorylation of MAPK Pathway in RBL-2H3

Previous studies have pointed out that mast cells need to release intracellular calcium
ions to activate MAPK. In addition, the MAPK signaling pathway regulates the expression
of monocytes, T lymphocytes, B lymphocytes, cytokines, and chemokines, and induces
autoimmunity. This mechanism is similar to the activation pathway of PMA/A23187.
In this study, we explored whether neferine can participate in the regulation of MAPK
pathways. We treated different concentrations of neferine (1, 3, and 10 µM) to RBL-2H3 for
20 min and then stimulated with PMA/A23187 for 30 min to induce inflammation. The
results showed that when RBL-2H3 was treated with different concentrations of neferine
alone, the activation of p38, JNK, and ERK proteins was not affected. In the group treated
with PMA/A23187 alone, we found that p38, JNK, and ERK proteins were activated and
have significant phosphorylation. In the group pretreated with neferine, it was observed
that for higher concentrations of neferine, the phosphorylation of p38, JNK, and ERK
proteins was significantly reduced (Figure 5A–C).
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6, (C) TNF-α, and (D) TSLP were determined using qPCR. Values represent the mean ± SEM from the three independent 
experiments. # p< 0.05, ## p < 0.01 compared with the no-treatment condition, * p < 0.05, ** p < 0.01 compared with the only 
TNF-α/IFN-γ treatment condition. 
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ways. We treated different concentrations of neferine (1, 3, and 10 μM) to RBL-2H3 for 20 
min and then stimulated with PMA/A23187 for 30 min to induce inflammation. The re-
sults showed that when RBL-2H3 was treated with different concentrations of neferine 
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2.6. Neferine Inhibits PMA/A23187-Induced Phosphorylation of NF-κB Pathway in RBL-2H3

The expression of pro-inflammatory cytokines depends on the activation of the tran-
scription factor NF-κB in mast cells. When the IκB protein was phosphorylated and de-
graded, NF-κB was released and migrated into the nucleus, binding with its corresponding
DNA responsive elements and promoting the transcription of proinflammatory mediators.
Many cytokines and chemokines were produced, which regulate immune response, differ-
entiation, and inflammation. Therefore, we explored whether pretreatment with neferine
affects protein phosphorylation induced by PMA/A23187. We treated different concen-
trations of neferine (1, 3, and 10 µM) to RBL-2H3. After 20 min, PMA/A23187 stimulated
RBL-2H3 for 1 h or 2 h to induce inflammation. The results showed that treatment of
RBL-2H3 with different concentrations of neferine alone did not affect the phosphorylation
of IκBα and NF-κB. When PMA/A23187 was used for stimulation, a significant increase
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in the phosphorylation of IκBα and NF-κB was observed. In the group pretreated with
neferine, it was found that the phosphorylation of IκBα (Figure 6A) and NF-κB (Figure 6B)
was significantly reduced.
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treated group—and then, after comparison among the groups, the differences were noted. 
We observed that DNCB induced an atopic skin inflammation reaction on the skin of mice. 
After applying DNCB, it was found that the skin of the mice increased redness and scal-
ing. These are all due to abnormal keratinocyte proliferation, infiltration, and aggregation 
of immune cells. The group treated with neferine 3 mg/kg and dexamethasone 0.2 mg/kg 
for four days had alleviated redness. We continued to observe the condition of the dorsal 
skin of the mice up to day 15. Compared with the control group, the DNCB group had 
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number of mast cells aggregated. The mast cells appeared purple when observed under a 
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2.7. Neferine’s Effect on 2,4-Dinitrochlorobenzene (DNCB) Induced Atopic Dermatitis

An animal model for disease research, DNCB is a representative irritant that causes
atopic dermatitis [25]. Our experiment uses 1% dinitrochlorobenzene (DNCB) dissolved
in 75% alcohol to induce the first stage of sensitization response. Neferine (3 mg/kg and
10 mg/kg) and dexamethasone (Dexa, 0.2 mg/kg) dissolved in DMSO were administered
intraperitoneally on the fifth day for ten days. On the 8th, 11th, and 14th days, 0.5% DNCB
was applied as the second stage of inducing inflammation. Mice were divided into four
groups—control group, DNCB group, neferine-treated group, and dexamethasone-treated
group—and then, after comparison among the groups, the differences were noted. We
observed that DNCB induced an atopic skin inflammation reaction on the skin of mice.
After applying DNCB, it was found that the skin of the mice increased redness and scaling.
These are all due to abnormal keratinocyte proliferation, infiltration, and aggregation of
immune cells. The group treated with neferine 3 mg/kg and dexamethasone 0.2 mg/kg
for four days had alleviated redness. We continued to observe the condition of the dorsal
skin of the mice up to day 15. Compared with the control group, the DNCB group had
severely red and swollen skin conditions, and there were dander and wounds that seemed
to be caused by itching and pain. We can find a trend of decreasing degree after treatments
of neferine and dexamethasone (Figure 7A). Toluidine blue stain was used to observe
the number of mast cells aggregated. The mast cells appeared purple when observed
under a microscope. It can be quantitatively shown that many mast cells infiltrated
and accumulated in the dermis in the DNCB experimental group, significantly increased
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compared with the control group. In the group treated with neferine and dexamethasone,
the infiltration, aggregation, and number of mast cells were decreased (Figure 7B,C).
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2.8. Neferine Improves the mRNA Expression of Barrier-Related Molecules after Treatment
of DNCB

The skin-related inflammation caused by AD can cause abnormal skin barrier function.
If the skin barrier is defective, it is easier for antigens or irritants to penetrate the skin
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epidermis and enter the body to induce immune-related reactions. At the same time, the
production of differentiation proteins, including filaggrin, loricrin, and involucrin, will be
suppressed. Therefore, restoring the damaged skin barrier is very important for preventing
and treating AD [26]. In our study, we used neferine to intervene in the animal model
of DNCB-induced atopic dermatitis. After sacrificing mice, the dorsal skin tissue was
grounded for RT-qPCR analysis to evaluate whether neferine can improve the mRNA
expression reduction in filaggrin, loricrin, and involucrin after the treatment of DNCB.
The results showed that the DNCB experimental group had significantly reduced mRNA
expression of filaggrin, loricrin, and involucrin compared to the control group. The mRNA
expression of filaggrin, loricrin, and involucrin was significantly increased in the group
treated with neferine and dexamethasone compared to the DNCB group (Figure 8).
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We further proved that neferine has an anti-allergic scratching effect. We used a mast 
cell degranulation agent, compound 48/80, to induce scratching behavior in BALB/c mice. 
As shown in Figure 9, we found that the treatment of neferine inhibited the scratching 
behavior caused by compound 48/80 (50 μg/site). Repeated administration of lower and 
higher doses of neferine (3 and 10 mg/kg) for 5 consecutive days significantly reduced the 
number of scratches caused by compound 48/80. 

Figure 8. Effect of neferine on barrier-related molecules’ mRNA expression of atopic dermatitis-like phenotype in BALB/c
mice. (A) Filaggrin, (B) loricrin, (C) involucrin. Values represent the mean ± SEM from the three independent exper-
iments. ## p < 0.01 compared with the no-treatment condition, * p < 0.05, ** p < 0.01 compared with the only DNCB
treatment condition.

We further proved that neferine has an anti-allergic scratching effect. We used a mast
cell degranulation agent, compound 48/80, to induce scratching behavior in BALB/c mice.
As shown in Figure 9, we found that the treatment of neferine inhibited the scratching
behavior caused by compound 48/80 (50 µg/site). Repeated administration of lower and
higher doses of neferine (3 and 10 mg/kg) for 5 consecutive days significantly reduced the
number of scratches caused by compound 48/80.
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3. Discussion

The pathogenesis of atopic dermatitis (AD) is not fully understood, but the disease is
mediated by an abnormal immune globulin E (IgE) immune response in skin barrier dys-
function. Among them, mast cells (MC) can cause IgE-mediated allergic diseases, including
AD. When mast cells are activated, they release their membrane-bound cytoplasmic parti-
cles, leading to the release of a variety of molecules. These molecules play an important
role in the pathogenesis of AD and host defense [27]. Because inhibiting mast cell activation
or degranulation helps to regulate various IgE-mediated hypersensitivity reactions, mast
cells are one of the ideal targets for exploring anti-allergic drugs. In our study, mast cells
are degranulated in response to compound 48/80 and the calcium ionophore A23187, and
anti-DNP/IgE + DNP/HSA. We found that neferine effectively inhibited the degranulation
effect of mast cells, showing its anti-allergic reaction. Moreover, the increase in intracellular
calcium and activation of MAPK were inhibited by neferine. Furthermore, the skin mast
cell infiltration caused by DNCB and the scratching behavior caused by compound 48/80
were also reduced. Therefore, the mechanism of neferine’s anti-atopic dermatitis has a
multiple effect in keratinocytes and mast cells.

The cytoplasm of mast cells found in tissues is filled with large, dense particles of
pre-formed inflammatory mediators [28]. The process of releasing these mediators from
the secretory granules in mast cells is called degranulation. Since inhibiting mast cell
degranulation can regulate various IgE-mediated hypersensitivity reactions, mast cells
are one of the ideal targets for exploring anti-allergic drugs [29,30]. Our results show that
neferine has a very good effect on the degranulation of mast cells regardless of the use of
antigen, receptor stimulator, or ionophore. It shows that neferine is a potential anti-allergy
agent (Figure 2).

All pre-stored granules, newly synthesized mediators, and even granules and their
components can be used as MC activation indicators [31]. In addition, the standard method
is the measurement of intracellular Ca2+ concentration. Most of the MC secretagogues
(e.g., antigen, compound 48/80) that have been generally used in the laboratory caused an
increase in the intracellular Ca2+ concentration. In fact, the increase in intracellular Ca2+

concentration can also trigger MC degranulation. Usually, the increase in intracellular
Ca2+ is induced by activating MC with compounds, such as thapsigargin (specifically
block sarco/endoplasmic Ca2+ ATPase, SERCA) pumps and ionophores (i.e., ionomycin
and A23187) [32,33]. Therefore, in the Ca2+-dependent MC activation, the measurement
of Ca2+ influx is also considered as a method to determine MC activation conditions. In
MC research, Fura-2 are widely used for the determination of intracellular Ca2+ changes.
In our experiments, we found that the fluorescence intensity of activated mast cells was
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significantly suppressed after being treated with neferine (Figure 3). Previous reports
indicated that the increase in intracellular Ca2+ concentration was in accordance with
the release of histamine [34]. Therefore, we infer that the release of histamine will also
be inhibited by the treatment of neferine. Further experiments are warranted to verify
this hypothesis.

Mast cells have significantly different functional outputs. These include degranu-
lation, formation of arachidonic acid precursors, chemotaxis, and cytokine production,
and are all dependent on the calcium signals to some extent, regardless of stimulants [32].
Activated MC releases cytokines, which are the main mediators of allergies and inflamma-
tory diseases [35]. The production of cytokines by activated mast cells is the result of the
induction of cytokine gene transcription in these cells. The stimulation of mast cells leads
to the activation of NF-kB and AP-1 and the production of many cytokines [36]. MAPK
cascade-signaling pathways play an essential role in the regulation of the expression of
cytokines. The activation of these pathways through PKC’s activation by PI results in the
activation of various genes, including inflammatory cytokine genes such as IL-1β, IL-6, and
TNFα [37]. Our recent studies have shown that neferine can inhibit the cytokines released
by the activation of keratinocytes. At the same time, we also found that the pathway
activation of MAPK will also be inhibited by the treatment of neferine [18]. In our current
study, we showed that neferine may also reduce the expression of cytokines through the
inhibition of MAPK activation in mast cells (Figures 4 and 5). The activation of NFκB is
also reduced due to the inhibition of MAPK activation (Figure 6).

A number of studies have reported that a variety of cytokines in AD patients are
elevated, leading to skin barrier dysfunction, including cytokines secreted by keratinocytes
and Th2-derived cytokines [38,39]. In addition, it is reported that these secreted cytokines
can also down-regulate the expressions of tight junction (TJ) proteins and terminal dif-
ferentiation genes, including filaggrin (FLG), loricrin (LOR), and involucrin (IVL) [39,40].
(Pro)filaggrin expression is decreased in AD and is reversely associated with MC tryptase
and IL-6 [41]. IL-1β mediates chronic inflammation in mice with an impaired skin bar-
rier [35]. In previous study, it was reported that the expressions of FLG, IVL, and LOR were
downregulated after application of DNCB on the dorsal skin of NC/Nga mice [42,43]. In
the present study, the expressions of FLG, IVL, and LOR were considerably reduced in the
dorsal skin of the control group, which indicated that the epidermal barrier was impaired.
The administration of neferine significantly recovered decreased expressions of FLG, IVL,
and LOR after treatment of DNCB, while neferine administration slightly increased the
expressions of IVL and LOR compared with the control group (Figure 8).

It is known that compound 48/80 is an effective activator of skin mast cells. The skin
response stimulated by compound 48/80 may induce scratching behavior by releasing
histamine from mast cells [44]. Histamine released from activated mast cells plays an
important role in the increase in vascular permeability caused by compound 48/80. During
human pruritus, histamine released from mast cells through various stimuli is also consid-
ered to be an important mediator. Therefore, inhibiting degranulation of mast cells is an
important step in regulating histamine release during scratching behavior. In this study,
compound 48/80 caused effective activation of skin mast cells. However, pretreatment with
neferine significantly reduced the degranulation level of mast cells (Figure 2). These results
indicate that the anti-scratch behavioral effect of neferine may be due to the reduction in
vascular permeability by regulating mast cell degranulation (Figure 9).

It is generally established that AD patients suffer from skin barrier dysfunction, skin
inflammation, or both, so it is difficult to find an appropriate treatment method. Therefore,
combination therapy is usually recommended. Our recent research has proved that nefer-
ine has immunomodulatory function and barrier repair ability. Therefore, an important
feature of neferine in AD treatment in the future is the maintenance of skin function and
improvement of skin hydration and barrier repair. Neferine can also reduce scratching
behavior induced by allergens and irritants. Moreover, atopic march is a phenomenon-
related disease that occurs and progresses step by step. Atopic dermatitis is often seen in
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infancy. Food allergy often occurs after 1–2 years of age. Allergic rhinitis can often start
before and after school. Asthma symptoms appear at different times, but most of them
are after allergic rhinitis. After childhood, atopic dermatitis and certain food allergies may
improve or disappear. Allergic rhinitis and asthma are not easy to cure [45,46]. Therefore,
they are comorbid phenomena in diseases. Natural products including neferine have the
therapeutic potential of comorbidity, and their effectiveness in related diseases is worth
studying in the future.

4. Materials and Methods
4.1. Rat Basophilic Leukemia Cells

Rat basophilic leukemia cells (RBL-2H3) were a gift from T.L. Hwang, Chang Gung
University, Taoyuan, Taiwan. RBL-2H3 cells are mucosal mast cells that are used to
study antigen or calcium ionophore-induced degranulation, intracellular Ca2+, and signal
transduction [29]. The cells were cultured in EMEM containing 10% FBS, with penicillin
and streptomycin at 37 ◦C, 5% CO2. Iscove’s Modified Dulbecco’s Medium (IMDM) and
fetal bovine serum (FBS) were purchased from Thermo Fisher Scientific (GIBCOTM, New
York, NY, USA).

4.2. MTT Assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay is
used to measure the metabolic activity of cells. RBL-2H3 cells were seeded in a 24-well
culture plate at 5 × 104/well. After 24 h of drug treatment, 300 µL MTT per well was
added and placed at 37 ◦C cell incubator for 2–4 h, then purple formazan crystals were
dissolved with DMSO. An ELISA reader was used to measure the absorbance intensity at a
wavelength of 550 nm as a cell viability test.

4.3. Measurement of Intracellular Ca2+ Level

[Ca2+]i was measured with fura-2 as described previously [47]. RBL-2H3 cells were
resuspended in IMDM containing 5 µM Fura 2-AM and 1.2 mM CaCl2 at 37 ◦C for 30
min. After Fura-2 loading, keratinocytes were pelleted and resuspended in fresh DMEM.
An aliquot (2 mL) was transferred to a stirred cuvette containing 1.2 mM CaCl2. Fura-2-
Ca fluorescence was assayed at the excitation wavelengths of 340 and 380 nm (emission
wavelength, 505 nm) in a PerkinElmer LS-55 spectrofluorometer (PerkinElmer Life and
Analytical Sciences). Data were recorded at 5 s intervals [47].

4.4. Quantitative Polymer Chain Reaction (qPCR)

RBL-2H3 cells were planted in a 3.5 cm culture dish. After the cells grew to 90% full,
the cells were grown in a static state for 24 h. After the cells were pretreated with neferine
for 20 min, they were stimulated with TNF-α/IFN-γ for 1 or 24 h, respectively. The cells
were scraped off, centrifuged (16,000× g, 10 min, 4 ◦C), and the supernatant was extracted.
RNA was purified using total RNA isolation kit (GeneDireX®, Vegas, NV, USA). According
to the operating procedure of iScript™ cDNA Synthesis Kit (BIO-RAD), reagents were
added in order and operated according to the indicated conditions to convert RNA into
cDNA. Furthermore, PowerUp™ SYBR™ Green Master Mix (Applied Biosystems™) was
used. A total of 7.5 µL of ddH2O, 2 µL of cDNA, 0.25 µL of forward and reverse primers,
and 10 µL of SYBR GREEN were added and mixed uniformly. The primer sequences are
shown in Tables 1 and 2. Then, RNA was quantified using ABI StepOnePlus™ Real-time
PCR System.
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Table 1. Rat primer sequences for RT-qPCR.

Genes Primers Sequence (5′-3′)

IL-1β Forward CAG CTT TCG ACA GTG AGG AGA
Reverse TTG TCG AGA TGC TGC TGT GA

IL-6 Forward ACA AGT CCG GAG AGG AGA CT
Reverse TTG CCA TTG CAC AAC TCT TTT C

TNF-α Forward ATGGGCTCCCTCTCATCAGT
Reverse GAAATGGCAAATCGGCTGAC

TSLP Forward TCA GGC AAC AGC ATG GTT CT
Reverse AAG TTA GTG CCA GCC GTA CC

GAPDH Forward TTC ACC ACC ATG GAG AAG GC
Reverse GGC ATG GAC TGT GGT CAT GA

Table 2. Mouse primer sequences for RT-qPCR.

Genes Primers Sequence (5′-3′)

IL-1β Forward TGG ACC TTC CAG GAT GAG GAC A
Reverse GTT CAT CTC GGA GCC TGT AGT G

IL-6 Forward AGT TGC CTT CTT GGG ACT GA
Reverse TCC ACG ATT TCC CAG AGA AC

TNF-α Forward GGT GCC TAT GTC TCA GCC TCT TTT
Reverse GCC ATA GAA CTG ATG AGA GGG AG

TSLP Forward AGC TTG TCT CCT GAA AAT CGA G
Reverse AGG TTT GAT TCA GGC AGA TGT T

Fillagrin Forward ATG TCC GCT CTC CTG GAA AG
Reverse TGG ATT CTT CAA GAC TGC CTG TA

Involucrin Forward ATG TCC CAT CAA CAC ACA CTG
Reverse TGG AGT TGG TTG CTT TGC TTG

Loricrin Forward CTC CTG TGG GTT GTG GAA AGA
Reverse TGG AAC CAC CTC CAT AGG AAC

GAPDH Forward ACC CAG AAG ACT GTG GAT GG
Reverse CAC ATT GGG GGT AGG AAC AC

4.5. Western Blot Assay

Western blotting is used to analyze the changes of various proteins in cells. RBL-2H3
cells were seeded in a 3.5 cm culture dish. After the cells grew to 90% full and were starved
for 24 h, they were pretreated with neferine for 20 min, and then stimulated with TNF-α or
IFN-γ for 30 min or 1 h, respectively. After scraping, they were pulverized by ultrasound
and centrifuged (13,200 rpm, 10 min, 4 ◦C). After centrifugation, the supernatant was taken
and the protein was quantified with a Pierce protein assay kit (Pierce, Rockford, IL, USA).
It was electrophoresed on 10% SDS-polyacrylamide gel and then electroporated with PVDF
membrane. After the transfer was completed, the PVDF membrane was put into TBS-T
(Tris-buffered saline/0.05% tween 20) solution containing 5% skimmed milk powder and
shaken for 1 h to avoid non-specific binding. Then, TBS-T was used to wash 3 times, 10 min
each time. Then, primary antibodies (1:1000 dilution) were added and placed at 4 ◦C
overnight and were then washed 3 times with TBS-T every 10 min. After adding secondary
antibodies (diluted 1:1000) for 1 h, the PVDF membrane was washed 3 times with TBS-T
for 10 min each time. Finally, the developer was added, and the membrane was placed in a
chemical luminescence extraction system (BIOSTEP Celvin®) for shooting.

4.6. Dinitrochlorobenzene (2, 4-Dinitrochlorobenzene, DNCB) Induced Atopic Dermatitis-like Skin
Inflammation in Mice

First, the mice were divided into four groups: control group, DNCB group (nega-
tive group), neferine (3 mg/kg and 10 mg/kg) with DNCB group, and dexamethasone
(0.2 mg/kg) with DNCB group (positive group). Dexamethasone is a corticosteroid hor-
mone that can reduce swelling and allergic reactions. In this in vivo experiment, both
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neferine and dexamethasone were dissolved in DMSO, while DNCB was dissolved in 75%
ethanol by ultrasonic shock. The former were given by intraperitoneal injection, and for
the latter, 100 µL was applied to the back skin and 20 µL was applied to the right ear. Three
days before the experiment, the mice were anesthetized and the back hair was removed,
and a small measuring magnet (SCT-MAG-TF) was embedded on the back of the mouse’s
back feet. After resting for three days, it was confirmed that the mice were in good physical
condition and the skin on the dorsal depilation area was normal, and the experiment was
started. During the experiment, photographs were taken to record the appearance changes
of the skin. The first stage (1–4 days) was the period of allergic atopic dermatitis. After
measuring the basic values of mice in the DNCB group, the neferine (3 and 10 mg/kg) and
DNCB experimental group, and the dexamethasone 0.2 mg/kg and DNCB experimental
group, 1% DNCB was evenly applied to the back skin and right ear. On the fifth day, the
drugs neferine and dexamethasone were injected intraperitoneally. The second stage (day
5 to day 14) was the re-induction of atopic dermatitis. In the 3 experimental groups, 0.5%
DNCB was evenly smeared on the back skin and right ear of the mice. The next day, skin’s
physiological values and pictures were taken and recorded. After the mice were euthanized
with excessive carbon dioxide (CO2) on the 15th day, the dorsal skin tissue was removed
for subsequent experimental analysis.

4.7. Compound 48/80-Induced Scratching Behavior in BALB/c Mice

The hair of the skin on the back of the mouse was cut, and 20 µL of compound 48/80
solution intracutaneously was injected. The control mice received saline injections instead.
Immediately after the injection, the animal was placed in an observation cage (diameter
11 cm, MicroAct, Neuroscience, Tokyo, Japan), and the mouse’s scratching behavior was
automatically and objectively detected and evaluated. The scratch behavior was measured
for 60 min. MicroAct uses the following analysis parameters to detect waves corresponding
to the continuous scratching behavior of mice: threshold, 0.05 V; event gap, 0.05 s; minimum
duration, 0.25 s; maximum frequency, 30 Hz; minimum frequency, 5 Hz.

4.8. Statistical Analysis

Sigma-Plot software (Version 10.0) was used for the statistical analysis. Data are
expressed as mean ± SEM, with (*) and (#) as notes. The statistical significance of the data
was analyzed by unpaired, two-tailed Student t-tests. p values less than 0.05 and 0.01 were
considered significant.

5. Conclusions

In this study, we determined that neferine effectively inhibits the degranulation of
mast cells and reduces the expression of pro-inflammatory cytokines, which can reduce
atopic dermatitis-like symptoms, restore the skin barrier, and reduce skin scratching. We
have further proved that neferine can not only act on the keratinocytes of the skin, but
also affect the activation of mast cells. It has more potential for application in allergic and
inflammatory skin diseases.
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