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Abstract: Objective: The present paper aimed to investigate the therapeutic effect of quercetin in a rat model of 
bone cancer pain, and to further explore the molecular mechanism of quercetin in the treatment of bone cancer 
pain. Methods: The activation status of the osteoblasts in each group of rats was detected by anti-tartaric acid 
phosphatase (TRAP) immunohistochemistry, while the activation status of the osteoclasts was detected by alkaline 
phosphatase (BAP) immunohistochemistry. An ELISA assay was used to detect the levels of serum type I collagen 
carboxy-terminal pro-peptide (CDC), tartrate-resistant acid phosphatase (TRAP5b), and osteocalcin in each group, 
as well as the expressions of the main inflammatory mediator membrane protease (trypsin), TNF-α, and IL-1β in the 
PAR2/TRPV1 pathway in serum. Taking CD68 as a marker, immunohistochemistry was used to detect the positive 
proportion of macrophages in the left tibia of each group. Western blot was applied to analyze the expressions of 
the RANKL, OPG, RANK, PTHrP and IGF-1 proteins in rat bone tissue, the inflammatory mediators IL-8, M-CSF and 
TNF-α, and the PAR2/TRPV1 pathway-related molecules PAR2, TRPV1, PKC-Y and PKA in rat DRG neurons, as well 
as the neurotransmitters c-Fos, GFAP, PKR, and CGRP in the spinal cord. Results: Quercetin significantly reduces 
serum CTX, TRAP and osteocalcin expressions in a rat model of bone cancer pain and also significantly reduces 
the proportion of TRAP-positive cells. The drug can significantly reduce the positive proportion of local bone tissue 
macrophages in rats with bone cancer pain. It can significantly decrease the expressions of RANKL, RANK, PTHrP 
and IGF-1 proteins and the inflammatory mediators such as IL-8, M-CSF and TNF-α, significantly increase the expres-
sions of OPG and further significantly inhibit the expressions of the PAR2/TRPV1 pathway-related molecules PAR2, 
TRPV1, PKC-γ and PKA in DRG neurons, as well as significantly reduce the levels of major inflammatory mediators 
(trypsin), TNF-α, and IL-1β in the PAR2/TRPV1 pathway. Conclusion: Quercetin can inhibit osteoclast activation and 
reduce bone destruction in the bone cancer pain model by regulating the RANKL/RANK/OPG signaling pathway and 
the inflammatory response. It can inhibit peripheral sensitization and central sensitization in bone cancer pain by 
regulating the PAR2/TRPV1 signaling pathway.
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Introduction

Cancer pain is one of the main symptoms asso-
ciated with tumor development and treatment 
[1, 2]. It is reported that about 75-90% of can-
cer patients have suffered pain, and more than 
50% of cancer patients cannot effectively con-
trol their pain. Cancer pain is more common in 
patients with tumor metastasis, and more than 
80% of bone metastasis patients are dis-
tressed by cancer pain [3]. Cancer induced 
bone pain (CIBP) is the most common type of 
cancer pain and one of the most important rea-

sons for the degradation of the quality of life 
and the living conditions of cancer patients [4].

Although there have been many studies on 
CIBP in recent years, its mechanism remains 
unclear. CIBP is associated with a decrease in 
bone density and/or the destruction of bone 
structure caused by bone resorption of osteo-
clasts in the medullary cavity and is also asso-
ciated with small fracture of the periosteal 
stretch caused by the direct invasion of cancer 
cells into the nerve cells and by tumor prolifera-
tion. In addition, the tumor stimulates the noci-
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ceptive neurons and the innervation of the sur-
face of the periosteum, thereby aggravating 

the needle was quickly pulled out. A total of 10 
μl Walker-256 cancer cells at a concentration 

Figure 1. Effects of drugs on the number of osteoblasts in a rat bone cancer 
pain model.

Figure 2. Effects of drugs on numbers of osteoclasts in a rat bone cancer 
pain model. **P < 0.01 vs Model *P < 0.05 vs Model ##P < 0.01 vs 5 mg/
kg, #P < 0.05 vs 5 mg/kg, &&P < 0.01 vs 10 mg/kg, &P < 0.05 vs 10 mg/k, 
!!P < 0.01 vs 20 mg/k, !P < 0.05 vs 20 mg/kg.

CIBP. However, the severity of 
CIBP is sometimes not directly 
related to the clinicopathologi-
cal features of tumors and the 
extent of osteolysis, and not all 
bone tumors cause CIBP. 
Therefore, the pathogenesis of 
CIBP is characterized by het-
erogeneity, diversity and com-
plexity [5, 6].

Quercetin has a good expecto-
rant and antitussive effect, 
along with a certain anti-asth-
matic effect. In addition, it also 
has the effects of lowering 
blood pressure, enhancing cap- 
illary resistance, reducing cap-
illary fragility, lowering blood 
fat, expanding coronary arter-
ies, and increasing coronary 
blood flow, etc. However, whe- 
ther it has any effect on bone 
cancer pain has not been re- 
ported, so the present research 
aims to reveal its molecular 
mechanism, and to find new 
targets for the treatment of 
cancer pain.

Methods

The establishment of a rat 
bone cancer pain model

One hundred Wistar female 
rats were anesthetized with 
chloral hydrate, and the skin 
on the left knee joint was disin-
fected. A 0.5 cm incision was 
made with scissors at about 
0.5 cm below the knee joint, 
and the humeral surface was 
exposed after the separation 
of muscle tissue. The knee 
joint was fixed with the left 
hand, and at about 0.5 cm 
below the knee, the joint was 
drilled along the longitudinal 
direction toward the distal end 
of the humerus with a 7-gauge 
needle in the right hand. The 
depth was about 1.5 cm, and 
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of 1×107/ml were injected into the bone marrow 
cavity of the rat tibia by a microinjection needle. 
After the needle was pulled out, the hole was 
quickly closed with bone wax. The incision was 
sutured after being washed with saline. The 
control group rats received 10 μl PBS contain-
ing no tumor cells.

Experimental grouping and administration

The rats with successful modeling were ran-
domly divided into the sham operation group 
and the bone cancer pain group. The bone can-
cer pain group was randomly divided into the 
high dose group (20 mg/ml), the medium dose 

4°C. Next, the tissue was rinsed three times  
in PBS for 5 minutes each time. An appropr- 
iate amount of biotin-labeled secondary anti-
body solution was added dropwise. The tis- 
sue was incubated for 30 minutes at room  
temperature, then rinsed the times in PBS  
for 5 minutes each time. An appropriate am- 
ount of horseradish-labeled streptavidin work-
ing solution was added dropwise. The tissue 
was then incubated with PBS for 30 minutes  
at room temperature. The tissue was DAB 
developed for 15 minutes, and finally wash- 
ed three times with pure water, counterstain- 
ed, dehydrated, clarified, sealed, and observ 
ed.

Figure 3. The effect of drugs on the expression of Trasp5b in rat serum. **P 
< 0.01 vs Model *P < 0.05 vs Model ##P < 0.01 vs 5 mg/kg, #P < 0.05 vs 
5 mg/kg, &&P < 0.01 vs 10 mg/kg, &P < 0.05 vs 10 mg/kg.

Figure 4. The effect of drugs on serum CTX levels in rats. **P < 0.01 vs 
Model *P < 0.05 vs Model ##P < 0.01 vs 5 mg/kg, &&P < 0.01 vs 10 mg/k, 
!!P < 0.01 vs 20 mg/kg.

group (10 mg/ml), the low dose 
group (5 mg/ml), and the 
model group (same volume of 
PBS), with 20 rats per group. 
All model groups were given 
the drug on the first day after 
the models were established, 
and the rats was intragastri-
cally administered the drug 
once a day for 21 days.

Immunohistochemistry to 
determine the activation of 
osteoblasts and osteoclasts 
and the positive proportion of 
macrophages

After we obtained the tibia tis-
sues, the paraffin sections we- 
re deparaffinized. The dewax- 
ed tibia tissue sections were 
placed in 3% H2O2 and incubat-
ed at room temperature for 5 
minutes to eliminate the activi-
ties of endogenous peroxidase. 
The tissue sections were re- 
moved from the 3% H2O2, rins- 
ed once with distilled water, 
and then immersed in PBS for 
5 minutes. Goat serum diluted 
with 5-10% PBS was used to 
block the tissue sections. The 
tissue was incubated for 10 
minutes at room temperature. 
Then, the blocking solution 
was removed, and the corre-
sponding concentration of the 
primary antibody solution was 
added dropwise. The tissue 
was refrigerated overnight at 
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ELISA to determine the contents of Trap5b, 
CTX, Osteocalcin, Trypsin, TNF-α and IL-1β in 
rat serum

The serum of the rats from each group ad- 
ministrated for 0, 7, 14, 21 days was obtained, 
and added with the diluted sample or the  
standard sample in ELISA plates at 100 μL/
well. The control well was set. The biotinylat- 
ed antibody was added at 50 μL/well and 
mixed. The plate was covered with the mem-
brane, and then incubated at 37°C for 90 min. 
The plate was washed 4 times, and then an 

tube. Each tube was filled with 20 μl of protein 
sample buffer, boiled for 5 min, mixed, and 
then stored at -80°C. The above samples  
were obtained, and the protein was separat- 
ed by 12% SDS-PAGE electrophoresis. The  
separated protein bands were transferred  
to the PVDF membrane using the wet method, 
then they were closed at room temperature  
for 1 h. The first anti-body was added (con- 
centration 1:1000). The cells were incubated  
overnight at 4°C. The primary antibody was 
eluted. The secondary antibody (BA1026) (con-
centration 1:1000) was added and incubated 

avidin-horseradish peroxidase 
Streptavidin-HRP marker at 
100 μL/well was added. The 
plate was incubated at 37°C 
for 30 min, then washed 4 
times. The coloring agent TMB 
was added at 100 μL/well. The 
color was developed at 37°C 
for 10 min. The stop solution 
was added at 50 μL/well to 
stop the re-action. The absor-
bance was read at a wave-
length of 450 nm, and the con-
centrations of Trasp5b, CTX, 
Osteocalcin, Trypsin, TNF-α 
and IL-1β were calculated.

Western-blot assay detec-
tion of the expressions of the 
RANKL/RANK/OPG signaling 
pathway and inflammatory 
response-related proteins

The tibias, fresh DRG, and  
the spinal cords from each of 
the 21 d group rats were 
obtained. 400 μl of cell lysate 
and 40 μl of PMSF were add 
ed to each tissue. The cell cul-
ture flask was gently shaken, 
then placed on ice for 10 min 
to make the cells lyse evenly. 
The cells were repeatedly as- 
pirated with a sterile syringe, 
and the lysed product was 
added to the EP tube. The EP 
tube was ice-bathed for 30 
min, and centrifuged at 12000 
g for 15 min. The supernatant 
was transferred to a new EP 

Figure 5. The effect of drugs on the expression of osteocalcin in rat serum. 
**P < 0.01 vs Model *P < 0.05 vs Model ##P < 0.01 vs 5 mg/kg, &&P < 
0.01 vs 10 mg/kg, &P < 0.05 vs 10 mg/kg, !!P < 0.01 vs 20 mg/kg.

Figure 6. The effect of drugs on the trypsin level in rat serum. **P < 0.01 vs 
Model *P < 0.05 vs Model ##P < 0.01 vs 5 mg/kg, &&P < 0.01 vs 10 mg/
kg, &P < 0.05 vs 10 mg/kg, !!P < 0.01 vs 20 mg/kg.
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for 1 h. The se-condary antibody was washed 
off. The color was developed and fixed by che-
miluminescence. The expressions of the 
RANKL/RANK/OPG signaling pathway and the 
inflammatory response-related proteins were 
determined.

Statistical methods

All data are expressed as the mean ± stand- 
ard deviation. The t-test was used for com- 
parison between the two groups, and the com-
parisons among multiple groups of data (> 2) 
were calculated using the one-way ANOVA  
technique. There was a statistical significance 
at P < 0.05. The data was analyzed using 
Graphpad Prism 5.0 (Graphpad Software. San 
Diego, CA).

can significantly reduce the expressions of 
Trasp5b, Trypsin, TNF-α, and IL-1β. High-dose 
drugs can reduce the expressions of CTX and 
osteocalcin, and the effects are more obvious 
with an increase in the drug administration 
period, as shown in Figures 3-8.

The effect of drugs on macrophages

In the present study, CD68 was used as a mark-
er to detect the positive proportion of macro-
phages in the left tibia of each group by immu-
nohistochemistry. There was almost no macro-
phage infiltration in the bone tissue of the sham 
group, and a large number of macrophages 
were detected in the model groups, and the 
infiltration was significantly improved after drug 
intervention. See Figure 9.

Results

Effects of quercetin on osteo-
blasts and osteoclasts in rat 
bone cancer pain model

Bone cancer pain is usually 
accompanied by osteoclast 
dysfunction, which leads to 
bone absorption and destruc-
tion, and also the activation of 
osteoblasts. In order to eluci-
date the mechanism of querce-
tin in relieving bone cancer 
pain, the activation status of 
the osteoblasts was detected 
by TRAP immunohistochemis-
try, and the activation status  
of the osteoclasts was detect-
ed by BAP immunohistochem-
istry. Significant osteoblast 
and osteoclast staining were 
observed in the model group. 
The proportion of TRAP-posi- 
tive cells in all the drug-admin-
istered groups was significant-
ly lower than it was in the 
model group. See Figures 1, 2.

Effects of drugs on the ex-
pressions of Trasp5b, CTX, 
Osteocalcin, Trypsin, TNF-α, 
and IL-1β in rat serum

The results showed that differ-
ent concentrations of drugs 

Figure 7. The effect of drugs on the IL-1β level in rat serum. **P < 0.01 vs 
Model *P < 0.05 vs Model ##P < 0.01 vs 5 mg/kg, #P < 0.05 vs 5 mg/kg, 
&&P < 0.01 vs 10 mg/kg, &P < 0.05 vs 10 mg/kg, !!P < 0.01 vs 20 mg/kg, 
!P < 0.05 vs 20 mg/kg.

Figure 8. The effect of drugs on TNF-α expression in rat serum.
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The effects of drugs on the expressions of the 
RANKL/RANK/OPG signaling pathway and in-
flammatory factor-related proteins

The results showed that the drug significantly 
decreased the expressions of the RANKL, 
RANK, PTHrP, and IGF-1 proteins and the inflam-
matory mediators such as IL-8, M-CSF, and 
TNF-α, significantly increased the expression of 
OPG and inhibited expressions of the PAR2/
TRPV1 pathway-related molecules PAR2, 
TRPV1, PKC-γ, and PKA in the DRG neurons in 
rats with bone cancer pain. The drug also sig-
nificantly reduced the expressions of the main 
inflammatory mediators (trypsin), TNF-α, and 
IL-1β in the PAR2/TRPV1 pathway, as shown in 
Figures 10-13.

Discussion

The specific pathogenesis of bone cancer pain 
is still unclear. Recent studies have confirmed 
that the excessive activation of primary affer-
ent sensory DRG neurons is closely related to 
the occurrence and development of bone can-
cer pain [7]. Primary afferent sensory DRG neu-
rons are the first-order neurons of emotional 
sensory afferents. The unmyelinated C-type 
fibers emitted by small-diameter DRG neurons 
can directly transmit pain information and regu-
late thermal and mechanical hyperalgesia and 

the spinal cord, leading to central sensitization 
and the formation of bone cancer pain [11]. 
Therefore, peripheral sensitization and central 
sensitization by DRG are the foundations of the 
formation of bone cancer pain.

The amino terminus of PAR2 is cleaved by a 
protease or a protease analog such as a PAR2 
agonist, to form a new amino terminus and 
coordinate with a specific closed region of 
PAR2, which form an activation coordination 
loop with the exposed extracellular domain, 
resulting in PAR2 activation and neural signal 
transmission. Protease-activated receptors are 
distributed in the central and peripheral ner-
vous systems. In the dorsal horn of the spinal 
cord, PAR2 receptors are located in the microg-
lia, house glial cells, neurons and afferent 
fibers, participating in a variety of physiological 
and pathological processes [12]. Recent stud-
ies have confirmed that PAR2 regulates the 
excitability of DRG neurons and plays an impor-
tant role in the development of pain signaling 
and pain occurrence. Many recent experiments 
have demonstrated that PAR2 is expressed on 
DRG neurons in the thoracolumbar region of 
rats and mice [13, 14]. Intestinal injection of 
PAR2 agonists can cause visceral nociceptor 
sensitization, while the injection of a PAR2 ago-
nist in the foot can cause the secretion of sub-
stance P and a calcitonin gene-related peptide 

spontaneous pain [8]. Cyto- 
kines secreted by tumors  
and surrounding inflammatory 
cells, such as endothelin, 
nerve growth factor, transform-
ing growth factor TNF-α, IL-1β, 
and other local factors, such 
as local compression, isch-
emia and necrosis, can contin-
uously stimulate nerve endings 
[9, 10], changing the intrinsic 
membrane properties of DRG 
neurons, such as the polariza-
tion of resting membrane 
potential, reducing input resis-
tance, reducing action poten-
tial voltage, current threshold, 
and post-hyperpolarization du- 
ration and amplitude, inducing 
DRG neuron excitation, and 
resulting in peripheral sensiti-
zation, which in turn increases 
the excitability of nociceptive 
neurons in the dorsal horn of 

Figure 9. The effect of drugs on macrophages.
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in the peripheral nerve tissues, causing ther-
mal and mechanical hyperalgesia [15]. The 
tumor microenvironment is rich in protease and 
proteolytic peptides that directly activate PAR2 
on DRG neurons, leading to spontaneous acute 
pain which can become persistent chronic can-
cer pain [16]. The regulation of the PAR2-
induced excitability of the DRG neurons and the 
transmission of pain signals depends on the 
activation of TRPV1. TCPV1 is a cation channel 
that is non-selective and expressed on noci-
ceptors, and it can regulate neuronal excitabili-
ty and the transmission of pain signals, periph-

eral sensitization, and the centralization of 
inflammatory pain, neuropathic pain, and bone 
cancer pain. It plays an important role in the 
sensitization process. Exogenous factors such 
as ethanol, capsaicin, and endogenous factors 
such as protons and cannabinoids can directly 
activate TRPV1 [17]. In addition, PAR2 agonists 
and other inflammatory factors such as brady-
kinin and prostaglandins can indirectly activate 
TRPV1 and lead to Ca2+ influx, which induces 
DRG neurons via a calcium-dependent protein 
kinase II-cAMP reaction element binding pro- 
tein cascade. The expression and phosphoryla-
tion of CGRP, ERK, and CREB produce periph-
eral sensitization, which in turn causes an 
increase in nociceptive nerve excitability of the 
spinal dorsal horn, leading to central sensitiza-
tion, further leading to bone cancer pain. 
Recent studies have confirmed that the mecha-
nism by which PAR2 activates TRPV1 is mainly 
achieved by activating PKC and PKA [18]. After 
activation, PAR2 can either be coupled with the 
GaQll gene to activate phospholipase (PLCP) to 
further activate PKC, or PAR2 can be coupled 
with GAS gene which directly activates PKA, 
and the activated PKC and PKA can phosphory-
late TRPV1.

In conclusion, the experiment showed that 
quercetin inhibits the peripheral and central 
sensitization of bone cancer pain by inhibiting 
the PAR2/TRPV1 signaling pathway, inhibits 
bone cancer by inhibiting the expression of 
inflammatory stromal cells such as macro-
phages and inflammatory mediators, and in- 
hibits the peripheral sensitization of pain to 
achieve the goal of relieving and treating bone 
cancer pain, thus providing a scientific basis for 
the treatment of bone cancer pain.
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Figure 10. The effect of drugs on RANK pathway-as-
sociated proteins.

Figure 11. The effect of drugs on inflammatory fac-
tor-related proteins.

Figure 12. The effect of drugs on the PAR2/TRPV1 
signaling pathway-associated proteins.

Figure 13. The effect of drugs on the neurotransmit-
ter-related proteins in the spinal cord.
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