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A B S T R A C T   

Histamine is released from mast cells when tissues are inflamed or stimulated by allergens. Activation of his
tamine receptors and calcium influx via TRPV1 could be related to histamine-induced itch and skin inflamma
tion. Quercetin is known to have anti-inflammatory and anti-itching effects. This study aims to understand 
whether quercetin can directly affect histamine-induced calcium influx in human keratinocyte. In it, we inves
tigated quercetin, which acts on histamine-induced intracellular free calcium ([Ca2+]i) elevation in human 
keratinocyte. Changes in [Ca2+]i were measured using spectrofluorometry and confocal Imaging. We detected 
the expression of IL-8 after treatment of quercetin using qRT-PCR and evaluated its anti-itching effect in BALB/c 
mice. We also performed a docking study to estimate the binding affinity of quercetin to H4 receptors. We found 
that quercetin pretreatment decreased histamine-induced [Ca2+]i elevation in a concentration-dependent 
manner. The inhibitory effect of quercetin on histamine-induced [Ca2+]i elevation was blocked by 
JNJ7777120, a selective H4 antagonist, as well as by U73122, a PLC inhibitor, and by GF109203X, a PKC in
hibitor. We also found that H4 agonist (4-methylhistamine)-induced [Ca2+]i elevation could be inhibited by 
quercetin. Moreover, the selective TRPV1 blocker capsazepine significantly suppressed the quercetin-mediated 
inhibition of histamine-induced [Ca2+]i elevation, whereas the TRPV4 blocker GSK2193874 had no effect. 
Last, quercetin decreased histamine and H4 agonist-induced IL-8 expression in keratinocyte and inhibited the 
scratching behavior-induced compound 48/80 in BALB/c mice. The molecular docking study also showed that 
quercetin exhibited high binding affinities with H4 receptors (autodock scores for H4 = − 8.7 kcal/mol). These 
data suggest that quercetin could decrease histamine 4 receptor-induced calcium influx through the TRPV1 
channel and could provide a molecular mechanism of quercetin in anti-itching, anti-inflammatory, and un
pleasant sensations.   

Abbreviations: 4-MH, 4-Methylhistamine; DNCB, 2,4-Dinitrochlorobenzene; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; DMSO, Dimethyl sulfoxide; AD, 
Atopic dermatitis; DAG, Diacylglycerol; IP3, Inositol 1,4,5-trisphosphate; MMP, Matrix metalloproteinase; PLC, Phospholipase C; TSLP, Thymic stromal lympho
poietic protein; TRPV1, Transient receptor potential vanilloid-1. 
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1. Introduction 

Histamine is a well-known mediator of acute inflammatory and im
mediate hypersensitivity responses. Mast cells are strategically located 
in the upper dermis of normal skin, where host tissue is exposed to 
external antigens and bacteria. Histamine is released from mast cells 
when tissues are inflamed or stimulated by allergens [1], and once 
released, histamine-induced itch is triggered by the excitation of a subset 
of unmyelinated C-fibers [2]. Increased levels of histamine have been 
described in lesions of eczematous skin diseases and psoriasis and can 
reach concentrations as high as 10− 5–10− 3 M during immediate hy
persensitivity reactions following mast cell degranulation [3]. In addi
tion to its involvement in immediate-type allergy and dendritic cells 
maturation, histamine also stimulates human keratinocytes through 
histamine receptors to increase the expression of anti-microbial peptide, 
cytokine, chemokine, and matrix metalloproteinase [4,5]. Mast cell 
activation and histamine release also contribute to skin barrier defects in 
inflammatory skin diseases [6]. Four types of histamine receptors are 
known. Antagonists that block H1 or H2 receptors have become suc
cessful drug treatments for allergic diseases and gastric acid secretion 
and H3 receptors have been approved for the treatment of narcolepsy. 
However, there are no H1, H2, or H3 receptor antagonists that can 
reduce the inflammation and itching symptoms of chronic inflammatory 
skin diseases, such as atopic dermatitis (AD) or psoriasis. In the early 
2000s, the H4 receptor was described by several groups. Various se
lective H4 receptor ligands and H4 receptor gene knockout mice can be 
used to analyze the expression and function of these receptors, thereby 
revealing the H4 receptor-mediated itching and regulating the rela
tionship between various immune and epithelial cells in cellular re
sponses. In addition, based on initial clinical trials, H4 receptor 
antagonists can reduce inflammation and scratching behavior in AD 
patients [7]. Next generation antihistaminic agents possessing H1R and 
H4R antagonistic actions may be a potent therapeutic drug for AD [8]. 

Although the TRPV1 channel is known to be located in sensory 
neurons and the central nervous system, recent evidence suggests that 
functional TRPV1 is also expressed in human skin and epidermal cells 
[9]. In 2001, TRPV1 expression on human keratinocytes was first 
discovered by the immunofluorescence of punch biopsies in primary 
keratinocytes from healthy volunteers, and TRPV1 mRNA was isolated 
from primary keratinocytes [10]. TRPV1-mediated calcium influx in 
cultured human keratinocytes and HaCaT keratinocytes inhibited pro
liferation and induced apoptosis [11–14]. TRPV1 activation was also 
associated with the calcium-dependent expression and secretion of 
cyloxygenase 2 (COX2), prostaglandin E2, and interleukin 8, indicating 
that keratinocytes take an active part in skin inflammation [9,15]. 
TRPV1 channels also seem to be involved in photo-mediated skin aging 
because of collagen destruction via the induction of matrix metal
loproteinase 1 (MMP1) [14]. Lee et al. [14] showed that UV irradiation- 
mediated calcium influx and the induction of MMP1 was blocked by the 
TRPV1 blocker capsazepine in HaCaT keratinocytes. Studies using 
hairless mice confirmed these findings. Some scholars have found a 
TRPV1-specific blocker inhibited the UV irradiation-induced increase in 
MMPs as well as proinflammatory cytokines such as interleukin 1β, 2, 4 
and tumor necrosis factor α.It also reduced UV-induced skin thickening 
[16,17]. These findings prove that the TRPV1 channel on keratinocytes 
has a similar role to dorsal root ganglion (DRG), and may also play a key 
role in skin diseases. 

Currently, many people are increasingly interested in plant poly
phenols as an alternative method for the treatment of inflammatory skin 
diseases. However, there is a limited understanding of the many 
mechanisms by which plant phenolic compounds exert anti- 
inflammatory effects. Nevertheless, the beneficial effects of quercetin 
(3,3′,4′,5,7-pentahydroxyflavone) – a flavonoid found in fruits, vegeta
bles, wine, ginkgo, St. John’s wort, milk thistle, and other herbs – have 
been proposed by a number of human nutrition studies. These studies 
have shown that eating foods rich in quercetin can lead to a reduction in 

morbidity and mortality. Quercetin also has anti-inflammatory activity 
that inhibits cyclooxygenase. In cell culture and animal models, quer
cetin appears to have anticancer effects. Quercetin is also known for its 
anti-allergic immune effects. Previous results validated quercetin as an 
effective small molecule inhibiting Mrgprx2-induced pseudo-allergic 
reactions via PLCγ-IP3R associated Ca2+ fluctuations, thus making it a 
potential candidate to suppress Mrgprx2 induced pseudo-allergic related 
diseases [18]. Additionally, quercetin exerted anti-inflammatory effects 
on the DNCB or MC903-induced AD animal model. Therefore, it may be 
hypothesized that quercetin treatment may be further developed as a 
medicine for AD [19,20]. Moreover, quercetin could improve skin 
inflammation in imiquimod-induced psoriasis mice [21]. Quercetin is 
also a potential agent against UVB irradiation-induced skin damage 
[22]. The authors suggest that the protective effect of quercetin against 
UVB irradiation-induced toxicity is mainly mediated by its ROS scav
enging ability. Since histamine causes an increase in intracellular cal
cium, releasing some substances and causing skin inflammation and 
photoaging, the purpose of our research is to investigate whether 
quercetin will affect the mechanics of intracellular calcium increases 
caused by histamine in keratinocytes. We believe these results will help 
explain the anti-inflammatory and anti-aging mechanisms of quercetin 
in the skin. 

2. Materials and methods 

2.1. Materials 

Histamine, quercetin (purity ≥ 95%), fexofenadine, ranitidine, 
ciproxifan, JNJ7777120, U73122, GF109203X, capsazepine, and 
GSK2193874 were purchased from Sigma Chemical Co. (St Louis, MO, 
USA). 4-methylhistamine (4-MH) was purchased from Tocris Bioscience 
(Minneapolis, MN, USA). 

2.2. Isolation of human primary epidermal keratinocytes 

The human primary epidermal keratinocytes were cells isolated from 
human foreskins. The foreskins were provided by the Mackay Memorial 
Hospital, after obtaining the consent for use (#18MMHIS039e) from the 
Institutional Review Board. There was no interaction between the 
researcher and the foreskin donors, and the foreskins do not have any 
relevant information to identify the donors. All experiments were per
formed in accordance with relevant guidelines and regulations. The 
primary keratinocytes were isolated from human foreskin tissue and 
were grown in Keratinocyte-SFM (Gibco BRL/Invitrogen, Carlsbad, CA). 
The primary keratinocytes were used between passages 2 to 4 in this 
study. 

2.3. Spectrofluorometry 

[Ca2+]i was measured with fura-2 as described previously [23]. 
Keratinocytes were resuspended in DMEM containing 5 μM Fura 2-AM 
and 1.2 mM CaCl2 at 37 ◦C for 30 min. After Fura-2 loading, keratino
cytes 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 spectroflu
orometer (PerkinElmer Life and Analytical Sciences). Data were recor
ded at 10 s intervals [23]. 

2.4. Confocal [Ca2+]i image 

Keratinocytes were seeded in 96-well cell culture plates (104 cells per 
well). After cell attaching, a 100 μl calcium staining solution (FLIPR 
Calcium 6 assay kit, containing 0.1 mM CaCl2), was added and the wells 
were then incubated at 37 ◦C for two hours. Cells were pretreated with 
different concentrations of quercetin (3, 10, and 30 μM) for 20 min 
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before the end of the staining. One mM CaCl2 was added before using the 
ImageXpress Micro Confocal High-Content Imaging System (Molecular 
Devices). According to the experimental conditions, first, a 10X 
magnification objective lens was used to shoot the image of the cells 
before stimulation. Histamine 100 μМ was added to stimulate, then the 
30th-second image after stimulation was captured and used to compare 
the fluorescence performance differences between the groups. 

2.5. Real-time quantitative PCR 

After four hours of histamine or 4-methylhistamine stimulation with 
TNF-α, total RNA was isolated using the total RNA isolation kit (Gene
DireX®, Vegas, NV) according to the manufacturer’s instructions and 
reverse-transcribed into cDNA using the iScript™ cDNA Synthesis kit 
(Bio-Rad, Hercules, CA). The qPCR was performed using the StepOne
Plus™ Real-Time PCR System (Applied Biosystems, Foster City, CA, US) 
with SYBR green (Applied Biosystems, Foster City, CA, US). Primer se
quences used in the PCR reactions are IL-8, forward: ACTGA
GAGTGATTGAGAGTGGAC and reverse: AACCCTCTGCACCCAGTTTTC 
and GAPDH, forward: CTGCTCCTCCTGTTCGACAGT and reverse: 
CCGTTGACTCCGACCTTCAC. Data were normalized relative to GAPDH 
expression and evaluated using the equation: fold change = 2− ΔΔCT. 

2.6. Compound 48/80-induced scratching behavior in BALB/c mice 

Quercetin was orally administered to the animals for five days. The 
rostral part of the skin on the back of mice was clipped, and 20 μl of 
compound 48/80 solution was injected intradermally. Control mice 
received a saline injection instead. Immediately after injection, the an
imals were put into an observation cage (11 cm in diameter, MicroAct, 
Neuroscience, Tokyo, Japan), which automatically and objectively 
detected and evaluated mouse-scratching behavior [24]. Scratching 
behavior was measured for 60 min. The analysis parameters used by 
MicroAct to detect waves corresponding to the continuous scratching 
behavior of mice are as follows: Threshold-0.05 V, Event gap-0.05 s, 
Minimum duration-0.25 s, Maximum frequency-30 Hz, and Minimum 
frequency-5 Hz. 

2.7. Docking quercetin model 

The quercetin molecule was constructed by the following steps: (1) 

using GaussView 6.0 software to build the initial geometry; (2) 
employing density functional theoretical (DFT) calculations to obtain 
the optimized structure at the B3LYP/6-31 g* level [25] (the solvent 
effects of DMSO were included using the polarizable continuum model 
(PCM) [26]); (3) performing the frequency calculation to confirm the 
output structure displays the equilibrium geometry; and (4) converting 
the optimal quercetin file into PDBQT format for the docking study. 
Steps 2 and 3 were executed by means of the Gaussian 16 package, while 
step 4 was succeeded in AutodockTools-1.5.6 [27]. The protein 
sequence of the mouse H4 receptor was obtained from the UniProt 
database (http://www.uniprot.org; UniProtKB Entry: Q9H3N8). After 
that, the structure of H4 was constructed through the templated-based 
protein structure modeling method with the Phyre2 server [28]. The 
results showed that the human muscarinic receptor M4 (pdbid: 6KP6) is 
the best template. The PDBQT format of the modeled three-dimension 
protein structure was then obtained after adding hydrogens using the 
AutodockTools-1.5.6 package. The theoretical binding energy between 
quercetin and H4 receptors was calculated via Autodock Vina [29]. The 
cubical grid for atomic interaction energy was an 80 × 66 × 104 box 
with 1.00 Å spacing centered on a protein binding pocket. The resultant 
docking structure was then displayed by Discovery Studio Client 
v19.1.0.18287 software. 

2.8. Statistical analysis 

Data were expressed as the mean ± SD by using GraphPad Prism 
Program 6 software (GraphPad Software San Diego, CA). Student’s t-test 
for comparisons were used to compare the mean difference between 
groups with and without quercetin, inhibitors, or blockers treatment. 
We considered p < 0.05 to be statistically significant. 

3. Results 

3.1. Inhibitory effect of quercetin on histamine induced [Ca2+]i elevation 

As shown in Fig. 1, histamine (100 μM) induced an obvious increase 
of [Ca2+]i concentration in keratinocytes. The [Ca2+]i response con
sisted of an initial rise, a slow decay, and a sustained phase. Further
more, after pretreatment with quercetin, the [Ca2+]i concentration was 
significantly inhibited (Fig. 1A). The inhibitory effect of quercetin is 
dose-dependent at concentrations below 30 μM. The IC50 is about 16.0 

Fig. 1. Histamine induced an increase in the [Ca2+]i of keratinocyte and quercetin inhibited the [Ca2+]i elevation. (A) Representative traces of keratinocytes’ 
response to 100 μM histamine or 20 min pretreatment of quercetin. (B) Histograms show that quercetin exhibited a concentration-dependent decrease in [Ca2+]i 
elevation to 100 μM histamine stimulation. The data represent the means ± SD. All results are representative of at least three separate experiments. * P < 0.05 
compared with the control group (Student’s t-test). 
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μM (Fig. 1B). Furthermore, we tested whether myricetin, another 
flavonol compound, and chrysin, a flavon compound, also have the same 
effects. As shown in Fig. 1B, we found that these plant polyphenol 
compounds all have the same inhibitory effect. In order to more clearly 
see the inhibitory effect of quercetin, we further applied a confocal 
microscope to observe the change of calcium ions. As shown in Fig. 2, 
the intensity of the fluorescence weakened as the dose of quercetin 
increased. This confirmed that quercetin can inhibit [Ca2+]i elevation 
caused by histamine. 

3.2. Inhibitory effect of quercetin is blocked by a H4 receptor blocker but 
not H1, H2, and H3 blockers 

A previous study revealed that the application of histamine receptor 
antagonists could inhibit the histamine-induced [Ca2+]i elevation in 
cultured normal human epidermal keratinocytes [30]. Therefore, we 
verified whether quercetin also inhibits histamine-induced [Ca2+]i 
elevation via histamine receptors. As shown in Fig. 3A and B, the se
lective histamine receptor antagonists inhibited histamine-induced 
[Ca2+]i elevation to different degrees. Quercetin still inhibited 
histamine-induced [Ca2+]i elevation in the presence of H1, H2, and H3 
selective blockers. However, quercetin failed to produce any inhibition 
in the presence of the H4 receptor blocker (JNJ777120). These results 
suggest that the inhibitory effect of quercetin on histamine-induced 
[Ca2+]i elevation is mediated by H4 receptor. In addition, we investi
gated whether the inhibitory effect of quercetin in the presence of 
different concentrations of H4 receptor blockers can be blocked in a 
concentration-related manner. As shown in Fig. 3B, we found that the 
H4 blocker could increase its blocking effect as its concentration in
creases. Indeed, it could completely block the inhibitory effect of quer
cetin after treatment of 10 μM. In order to prove the inhibitory effect of 
quercetin via H4 receptors, we used selective H4 receptor agonists to 
increase intracellular calcium concentration. As shown in Fig. 3C, the 
increase in intracellular calcium induced by H4 can be completely 
inhibited by H4 receptor blockers and quercetin, respectively. 

3.3. Inhibitory effect of quercetin also be blocked by PLC and PKC 
pathway inhibitor 

Activated H4 receptor, Immepip, -induced scratching behavior could 
be blocked by phospholipase C (PLC) pathway inhibitor U73122. PLC 
plays a key role in the signaling pathway links of GPCRs to an intra
cellular signaling network. Activated H4 receptors stimulate PLC, with 
the subsequent generation of inositol 1,4,5-trisphosphate (IP3) and 
diacylglycerol (DAG). These two mediators are known to elevate [Ca2+]i 
and to activate PKC, respectively [31]. Both intracellular and extracel
lular Ca2+ sources are required to initiate and maintain responses. As 
shown in Fig. 4A, quercetin did not further inhibit histamine-induced 
[Ca2+]i elevation after pretreatment of U73122, a PLC inhibitor. 
Moreover, we also found that quercetin did not further inhibit the in
crease of intracellular calcium ions caused by histamine in the presence 
of the PKC inhibitor GF109203X (Fig. 4B). 

3.4. Selective TRPV1 blocker inhibits the effect of quercetin on histamine 
induced [Ca2+]i elevation 

As shown in Fig. 4C, we found that quercetin decreased histamine- 
induced [Ca2+]i elevation to approximately 62.7%. The TRPV1 antag
onist, capsazepine, decreased the response to histamine to approxi
mately 53.5%. However, we found that quercetin did not further inhibit 
[Ca2+]i elevation caused by histamine in the presence of capsazepine 
(Fig. 4C). Furthermore, we conducted a similar experiment. After pre
treatment with the TRPV4 antagonist, GSK2193874, quercetin can still 
inhibit [Ca2+]i elevation caused by histamine (Fig. 4D). 

3.5. Quercetin could inhibit histamine-induced IL-8 mRNA expression 

IL-8 mRNA expression might be enhanced by histamine and TNFα via 
H4 receptor stimulation in keratinocytes [32]. Therefore, we further 
verify that quercetin can inhibit IL-8 mRNA expression induced by his
tamine. Fig. 5 shows that quercetin and capsazepine can inhibit the IL-8 

Fig. 2. The image of quercetin inhibited the [Ca2+]i rise using a confocal laser-scanning microscope. The fluorescence intensity of FLIPR Calcium 6 assay kit loaded 
keratinocyte in response to histamine was recorded in the presence or absence of quercetin (3, 10, and 30 μM), the images of intracellular Ca2+ changes in 
representative cells. 
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mRNA expression by co-treatment of TNFα and histamine. Moreover, we 
also find that quercetin inhibits the IL-8 mRNA expression by co- 
treatment of TNFα and 4-methylhistamine. 

3.6. Quercetin could inhibit compound 48/80-induced scratching 
behavior in BALB/c mice 

We further proved that quercetin has an anti-histamine-induced 
scratching effect. We used a histamine-releasing agent, compound 48/ 
80, to induce scratching behavior in BALB/c mice. This animal model 
proved that quercetin has an anti-histamine-induced scratching effect. 
As shown in Fig. 6, we found that the scratching behavior induced by 
compound 48/80 (50 μg/site) was inhibited by the treatment of quer
cetin. Repeated administration of lower and higher doses of quercetin (3 
and 10 mg/kg) for 5 days greatly reduced the number of scratches 
caused by compound 48/80. 

3.7. The docking interaction of quercetin with H4 receptors 

Finally, a molecular docking method was used to predict whether 

there exists a direct interaction between quercetin and H4 receptors. As 
shown in Fig. 6, the molecular docking study shows that quercetin could 
bind well with H4 receptors with a binding affinity of − 8.7 kcal/mol. 
The docking complex 2D and 3D structures reveal that the ligand- 
receptor interactions were mainly contributed by a π-π T-shaped with 
a B and C ring of amino acid Tyr 72 and Phe 344. On the other hand, the 
ligand-receptor interactions exhibit π-alkyl interactions of amino acid 
Pro 166, Leu 91, and Lys164 with quercetin. The predicted structure 
shows an unfavorable acceptor-acceptor interaction of Leu71 with the 
oxygen atom from B ring in quercetin and also exhibits van der Waals 
interactions of amino acid with quercetin (Fig. 7A and B). 

4. Discussion 

In this study, we found that TRPV1, PLC, and PKC, but not TRPV4, 
are involved in the inhibition of histamine-induced calcium influx in 
keratinocytes via H4 receptors activation by quercetin. We found that 
this effect of quercetin may contribute to its anti-allergic and inflam
matory skin diseases and anti-photoaging effects. 

UV light, especially UVB, is thought to be the cause of allergic 

Fig. 3. The [Ca2+]i elevation-induced by histamine or 4MH (H4 receptor agonist) was affected by quercetin and histamine receptor blockers (H1: fexofenadine; H2 
blocker: ranitidine; H3 blocker: ciproxifan; H4 blocker: JNJ777120). (A) The effect of quercetin on [Ca2 + ]i elevation caused by histamine in the presence of H1, H2, 
H3, and H4 receptor blockers. In the presence of H4 receptor blockers, quercetin is unable to produce the inhibitory effect of histamine-induced [Ca2 + ]i elevation. 
(B) The inhibitory effect of quercetin in the presence of different concentrations of H4 receptor blocker. (C) The [Ca2+]i elevation-induced by 4MH was inhibited by 
H4 receptor blocker and quercetin. The data represent the means ± SD. All results are representative of at least three separate experiments. *, # P < 0.05 compared 
with the control group or blocker alone (Student’s t-test). 
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reactions and could cause mast cell degranulation and histamine release. 
Notably, it has been reported that mast cell activation is involved in the 
UV-induced sunburn reaction [33]. Therefore, our research results show 
that quercetin inhibits the increase of intracellular calcium caused by 
histamine and may have an effect against ultraviolet B damage. The UV- 
induced MMP-1 expression in HaCaT was also decreased by TRPV1 in
hibitors and was facilitated by capsaicin. Knock-down of TRPV1 using 
siRNA transfection also decreased MMP-1 expression, as well as UV- 
induced Ca2+ influx in HaCaT [14]. Our results also show the pres
ence of TRPV1 inhibitors could block the inhibitory effects of quercetin. 
This result may contribute to the effect of quercetin against ultraviolet B 
and sunburn. Previous results also suggest that the protective effect of 
quercetin against UVB irradiation-induced toxicity is mainly mediated 
by the ROS scavenging ability [22]. Quercetin might reduce the pro
duction of MMP-1 by reducing histamine released by UVB radiation. 
This would decrease intracellular calcium and thereby reduce MMP-1′s 
ability to produce damage. However, this is different from quercetin’s 
antioxidant effect against UVB. We will study this further in the future. 

Mast cells are strategically located in the upper dermis of normal 
skin, where host tissue is exposed to external antigens and bacteria. 

After activation by a range of stimuli, mast cells release histamine [1]. 
Histamine is involved in allergic and inflammatory reactions [34] by 
binding to one of the four known G-protein coupled transmembrane H1- 
H4 receptors. These receptors are expressed on various cell types 
including monocytes, lymphocytes, dendritic cells, and keratinocytes 
[35]. Histamine is recognized when binding histamine receptors acti
vate the histamine signaling pathway and trigger important intracellular 
signaling pathways, such as PLC and adenylate cyclase pathways. This 
causes intracellular calcium increases from calcium influx and calcium 
release, leading to the production of various proinflammatory cytokines. 
Previous studies also showed that the enhanced intracellular Ca2+ levels 
appear to account for different pharmacological properties promoted 
through the receptor [36]. Among them, there have been extensive 
studies in recent years about the H4 receptor’s function in histamine- 
dependent itch in animal behavior models [2,6]. The results further 
indicate that TRPV1 is an important ion channel in the induction of DRG 
neurons’ responses in the downstream signaling pathway of histamine 
H4 receptors. This suggests that TRPV1 may be involved in the mech
anism of histamine-induced itch response by H4 receptor activation 
[37]. However, the ionic mechanism and downstream signal pathway of 

Fig. 4. The effect of quercetin on [Ca2+]i elevation caused by histamine in the presence of: (A) PLC inhibitors (U73122), (B) PKC inhibitors (GF109203X), (C) a 
selective TRPV1 blocker (capsazepine), and (D) TRPV4 blockers (GSK2193874). In the presence of PLC inhibitors, PKC inhibitors, and TRPV1 blockers, quercetin 
cannot produce the inhibitory effect of histamine-induced [Ca2+]i elevation. However, in the presence of TRPV4 blockers, quercetin still has the inhibitory effect of 
histamine-induced [Ca2+]i elevation. The data represent the means ± SD. All results are representative of at least three separate experiments. * P < 0.05 compared 
with the control group and # P < 0.05 compared with GSK2193874 alone group (Student’s t-test). 

C.-C. Yang et al.                                                                                                                                                                                                                                



International Immunopharmacology 96 (2021) 107620

7

activation of H4 receptors on keratinocyte are still unclear. In the pre
sent study, we have revealed that TRPV1, PLC, and PKC could be 
involved in the histamine-induced calcium influx on keratinocyte by 
activation of H4 receptors. 

Pruritogens, including amines, proteases, and cytokines, have been 

implicated in the induction of itch. These include thymic stromal lym
phopoietic protein (TSLP) [38], histamine [39], 5-HT [5], Ser-Leu-Ile- 
Gly-Arg-Leu (SLIGRL) [40], substance P [41], and IL-31 [42]. More
over, some studies have showed that stimulation of H4 receptors up- 
regulates the production of IL-31 in Th2 cells and TSLP release from 
keratinocytes [7]. Furthermore, IL-8 mRNA expression might be 
enhanced by histamine and TNFα via H4 receptor stimulation in kera
tinocytes [32]. Therefore, H4 receptors are expressed on keratinocytes, 
which play a role in the inflamed skin of AD. Moreover, in initial clinical 
trials, H4 receptor antagonists reduced inflammation and scratching 
behavior in patients with AD [7]. The H4 receptor antagonist toreforant 
(JNJ-38518168) has completed efficacy studies in psoriasis [7]. A study 
also demonstrated that topical administration of quercetin plays a 
beneficial role in controlling AD symptoms and thus may serve as po
tential candidate for AD treatment [20]. In addition, quercetin could 
ameliorate imiquimod-induced psoriasis-like skin inflammation in mice 
[21]. Based on the present data, quercetin inhibits the scratching 
behavior-induced compound 48/80. Therefore, our results indicate that 
the inhibition of H4 receptor function by quercetin may also help it 
alleviate allergic inflammatory skin diseases. In future research, more 
direct evidence will be confirmed. On the other hand, our results show 
that quercetin, myricetin, and chrysin have similar inhibitory effects. 
Their structures belong to the flavonoids. However, we have found that 
isoflavonoids only slightly inhibit the effect of histamine-induced [Ca2+] 
i elevation (data not shown). Potential causes for this phenomenon 
include the following: (1) the different position of the B ring in the 
structure and the different bind affinity to the histamine receptor; (2) the 
electrical resonance of flavonoids structure is better than isoflavonoids. 
Therefore, we suggest that flavonoid structures may have a better anti- 
itching effect on histamine than isoflavonoids, but further studies need 
to confirm this hypothesis. 

5. Conclusions 

These data, together with past literature data, show that anti- 
histamine induced calcium influx via TRPV1 may provide a molecular 
mechanism of quercetin in anti-itching and unpleasant sensations. 
Quercetin could affect the TRPV1 channel through H4 receptors and PLC 
and PKC signaling pathways in keratinocytes to reduce intracellular 

Fig. 6. The Effects of quercetin for treatment of 5 days on Compound 48/80 -Induced Scratching Behavior in BALB/c mice. Each column and vertical bar show the 
mean ± SD (n = 3). #, * P < 0.05 compared with the control group and compound 48/80 alone group (Student’s t-test). 

Fig. 5. The effects of quercetin and capsazepine on the expression of IL-8 
mRNA by histamine- or 4-methylhistamine and TNFα-treated keratinocytes. 
Cells were cultured with histamine, 4-MH, TNFα and quercetin as indicated. 
mRNA levels were normalized to the corresponding GAPDH mRNA levels, and 
the mean value in the control group was set to 1.0. The data represent the 
means ± SD. All results are representative of at least three separate experi
ments. * P < 0.05 signifies the comparison between the two groups is signifi
cant (Student’s t-test). H: histamine; T: TNFα; 4-MH: 4-methylhistamine. 
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calcium concentration, and has shown therapeutic potential as an anti- 
inflammatory and anti-allergic drug in the skin. 
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