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[Abstract] Cancer-induced bone pain (CIBP) is a severe, intolerable, and complex pain condition caused by 
the primary bone tumor or bone metastasis. CIBP is a combination of complex pain states such as persistent dull 
pain, spontaneous pain, and mechanical allodynia. Its unique breakthrough pain makes patients suffer because of 
its unstable onset time and extremely strong pain. The mechanisms of CIBP involves inflammatory, neuropathic 
factors and specific peripheral local tumor destruction. Approximately 75% of patients with advanced cancer 
have experienced CIBP. With the survival time of patients with cancer being prolonged, only half of the CIBP 
can be well controlled. To develop more effective drugs and improve the quality of life of patients with CIBP, 
it is particularly urgent to extensively study the complex mechanisms of the occurrence and development of 
CIBP as well as to uncover new targets for developing new analgesics. The spinal cord is the primary center of 
nociceptive signal processing. During CIBP, unique neurobiochemical changes occur in the spinal cord level. 
Therefore, the study on the spinal cord level mechanisms of CIBP facilitates the development of efficient and 
accurate treatment of CIBP. During the development of CIBP, the central sensitization caused by the enhanced 
information transmission of "neuron glial cells" in the spinal cord is closely related to the central nervous 
inflammation (mainly activated by glial cells such as astrocytes and microglia). CIBP belongs to the category of 
"arthralgia" or other diseases in traditional Chinese medicine (TCM). The pathogenesis is mostly the empirical 
evidence of "impassability leads to pain" and the deficiency syndrome of "dishonor leads to pain", which is often 
mixed with deficiency and reality. Treatment should be based on the basic principles of "supporting righteousness 
and eliminating evil" and "treating both the symptoms and the root cause". TCM has a good analgesic effect in 
the treatment of CIBP, of based on syndrome differentiation and treatment tonic agents, rational blood agents, 
Qi-regulating agents, are mostly used in the selected of prescriptions, with effects as dispelling wind dampness, 
promoting blood circulation, and removing blood stasis, tonifying deficiency drugs and so on. With the 
development of integrated traditional Chinese and Western medicine research, the specific mechanisms of TCM 
to alleviate CIBP is gradually clear. This review summarizes the basic research on the spinal cord mechanism of 
CIBP and internal treatment of CIBP with TCM in recent 10 years.
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1  Introduction 
Cancer-induced bone pain (CIBP) is caused 

by the primary bone tumor or advanced bone 
metastasis, which is intensely excruciating and has 
a complicated mechanisms[1]. CIBP is a complex 
combination of persistent dull pain, spontaneous 
pain, and mechanical pain[2]. The characteristic 
breakthrough pain is much pain due to attack 
irregularity and significantly pain intensity[3-4]. CIBP 
occurs by mechanisms involving inflammatory 
pain, neuropathic pain, and specific peripheral 
local tumor destruction[5-6]. Approximately 75% 
of patients with advanced cancer experience 
CIBP[7], and their survival is prolonged with the 
development of medical technology; however, 
only half of them can temporarily relieve their 
pain with previous treatments and medications[6-8]. 
To develop more efficient and precise drugs to 
improve the quality of life of patients with cancer, 
it is necessary to study the complex mechanisms 
of CIBP and develop new therapeutic drugs. The 
spinal cord is the primary center of injury sensory 
signal processing, and unique neurobiochemical 
changes occur in the spinal cord level in CIBP[9]; 
therefore, studying the mechanisms of CIBP in 
the spinal cord provides greater possibility for the 
development of new drugs and efficient and precise 
treatment of this condition.

CIBP has been discussed in the ancient 
traditional Chinese medicine (TCM). "Magic Pivot, 
Needling Divisions, TRUE and Evil" said: "bone 
pain and flesh withering, internal injuries to the 
bone for bone erosion, for the former tumor, to hand 
press the firm, there is a knot, deep in the bone, gas 
due to the bone, bone and gas and, day to day to 
benefit from the larger, then the bone gangrene." 
CIBP belongs to the category of "arthralgia" in 
Chinese medicine, and its causes are mainly six evil 
poisons, seven internal injuries, dietary disorders, 
deficiency of vital energy, and disorders of internal 
organs. The pathogenesis of the disease is primarily 
the solid evidence of "pain if there is much block" 

and the deficiency evidence of "pain if there is less 
blood", often mixed with deficiency and reality; the 
treatment should be based on the basic principles of 
"helping the righteous and dispelling the evil" and 
"treating both the symptoms and the root cause". 
Clinical Chinese medicine has a good analgesic 
effect in treating CIBP. Based on evidence-based 
treatment, the selected formula primarily uses tonic 
agents combined with blood- and Qi-regulating 
agents to treat both the symptoms and the root 
cause, and the selected drugs are mainly efficacious 
drugs to dispel wind dampness, invigorate blood 
circulation, and remove blood stasis and tonic drugs 
for deficiency. With the development of research, 
the specific mechanisms of Chinese medicine to 
relieve CIBP has been gradually clarified. This 
study summarizes the research on the spinal cord 
mechanisms of CIBP and the basic research on the 
principles of internal treatment of CIBP by TCM in 
the past 10 years.

2  Summary of animal models for 
studying the spinal cord mechanism 
of CIBP

Current studies on the spinal cord mechanisms 
of CIBP are based on animal models that simulate 
the pathological state of clinical CIBP, in which 
the pathological mechanisms of CIBP development 
are analyzed to identify possible pain-causing and 
analgesic targets at the spinal cord level of CIBP. 
Therefore, establishing animal models of CIBP is 
of fundamental importance for developing drugs 
for specific types of CIBP. The current animal 
models of CIBP investigating mechanisms at the 
spinal cord level are organized as follows (Table 1).

3  Spinal cord mechanisms of CIBP
The spinal cord is the primary center for the 

transmission and processing sensory pain signals. 
Pain signals from injury receptors are transmitted 
from the primary afferent fibers to the dorsal horn of 
the spinal cord, and after initial integration, they act 
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structural domains, a class of cell membrane 
receptors[25-26]. This study revealed the existence 
of two structural isoforms: CB1 and CB2[27]. In 
the study of the spinal cord mechanisms of CIBP, 
both subtypes were involved in the spinal cord 
mechanisms of CIBP. CB1 is mainly expressed at 
the end of the spinal cord axonal segments, and 
the exogenous administration of the CB1 agonist 
arachidonyl-2′-chloroethylamide to activate spinal 
cord CB1 receptors can relieve CIBP behaviors, 
such as spontaneous pain and motor touch-
induced pain[28]. The CB2 agonist AM1241 relieved 
thermal and mechanical pain sensitivities in two 
CIBPs (NCTC 2472 osteosarcoma and B16-F10 
melanoma cells), and the subcutaneous intrathecal 
injection of the CB2 antagonist SR144528 blocked 
the analgesic effect of the agonist AM1241, while 
the protein expression of CB2 in the spinal cord 
was not significantly altered[12].

3.1.1.2  Opioid receptors

Opioid receptors are a class of G protein-
coupled receptors that use opioid-like peptides as 
ligands[29], and the four main subtypes are δ, κ, μ, 
and ζ[30]. The δ-opioid receptor-specific agonist 
deltorphin II dose-dependently reversed mechanical 
pain sensitivity at day 14 after CIBP in the MRMT-
1 breast cancer cell model of femoral CIBP, and 
this effect is completely blocked by the δ-opioid 
receptor-specific antagonist naltrindole[31].

3.1.1.3  N-methyl-D-aspartate receptors

N-methyl-D-aspartate (NMDA) receptor is a 
glutamate receptor and ion channel protein present 
in nerve cells and is one of the ionotropic glutamate 
receptors[32]. NMDA receptors have an important 
role in inducing and maintaining central sensitization 
in the pain state[33]. NMDA receptors consist of 
NR1, NR2 (A, B, C, and D), and NR3 (A and B) 
subunits, of which those containing NR2B subunits 
feel particularly strong injurious stimuli and NR2B-
selective antagonists can also relieve pain[33].

on the motor cells in the ventral horn of the spinal 
cord to cause local defensive reflexes on the one 
hand and continue to be transmitted upward to the 
next level of centers on the other hand[19-20]. During 
the transmission of injurious stimulus signals, 
mechanisms such as excitation and inhibition of 
local neurons in the spinal cord, activation of glial 
cells, and downstream allodynia and inhibition in 
the brainstem directly determine the sensory signal 
output for processing at the spinal cord level[21-22]. 
Under conditions of nerve injury, inflammation, 
or bone tumors, the spinal cord undergoes central 
sensitization, and the excitatory and inhibitory 
mechanisms regulating spinal cord excitability are 
altered, resulting in enhanced responses of spinal 
cord dorsal horn neurons to both afferent and output 
signals to the brain[19, 23].

3.1  Biochemical mechanisms at the 
spinal cord level in CIBP

3.1.1  Multiple receptors in the spinal cord 
mediate CIBP

3.1.1.1  Cannabinoid receptors

Cannabinoid (CB) receptors are distributed 
throughout the body and together with their agonists 
and antagonists constitute the endocannabinoid 
system[24]. The CB receptor structures are G protein-
coupled receptors containing seven transmembrane 

Table 1  Animal models of cancer-induced bone pain for 
studying its spinal cord mechanisms

Cell Species Location
Mice NCTC 2472[10-11] C3H/HeJ Femur

B16-F10 melanoma[12] cells C57BL/6 Tibia
RM-1 cells[13] C57BL/6 Femur
MC57G[14] C57BL/6 Femur
LLC C57 BL/6 Femur
4T1[11] Bal/bc Femur

Rat MRMT-1[15] Sprague Dawley Tibia
Walker 256[16] Sprague Dawley Tibia
AT-3.1[17] Copenhagen Tibia
PCCs[18] Sprague Dawley Tibia
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In a study of the spinal cord mechanisms of 
CIBP, the activation of EphB1 receptors by the 
administration of ephrinB2-Fc, an exogenous 
ligand for EphB1 receptors, upregulates the NR1 
and NR2B receptor phosphorylation levels[34]. 
The activation of the spinal mTOR signaling 
pathway is also involved in the NMDA receptor-
mediated central sensitization of the spinal cord[18]. 
The NMDA receptor/nNOS can be activated 
by upstream CCR2 to upregulate downstream 
Toll-1[35]. The NR2B receptor/nNOS can also 
be activated by upstream MrgC and mediate 
CIBP. The intrathecal injection of the Sigma-1 
receptor antagonist BD1047 attenuates mechanical 
tenderness caused by bone tumors and alleviates 
NR1 activation and corresponding Ca2+ signaling 
in rats with CIBP[36]. The inhibition of the spinal 
astrocyte phosphorylation of the gap junction 
protein Cx43 and NR2B alleviates CIBP[37]. NR2D 
may be involved in the development of CIBP 
through peripheral mechanisms[38].

3.1.1.4  Chemokine receptors

Chemokine receptors are G protein-coupled 
receptors with seven transmembrane structural 
domains expressed on the surface of specific cells 
that bind to extracellular chemokine ligands, 
triggering an inward flow of Ca2+ to produce a 
cellular chemotactic response that induces cells to 
a specific site in the organism[39]. The upregulation of 
chemokines[39] is one of the mechanisms underlying 
the development and maintenance of chronic pain, 
while both CX and CC chemokine receptor families 
have involved in the spinal cord mechanisms of the 
development of CIBP[40].

Spinal MCP-1 and CCR2 are involved in 
mechanical pain sensitivity due to CIBP[41] and 
increased local protein expression in the spinal 
cord during CIBP[42]. Tumor cell inoculation 
upregulates CCR2 in the spinal dorsal horn 
neurons and microglia, and the intrathecal injection 
of neutralizing antibodies to MCP-1 partially 

reverses the mechanical ectopic pain caused by 
bone cancer[43]. CCR5 is significantly expressed 
in the spinal microglia of rats with CIBP, and 
the intrathecal injection of DAPTA, a specific 
antagonist of CCR5, relieves mechanical touch-
induced pain and downregulates the expression 
levels of spinal CCR5 and p-PKCγ. The intrathecal 
injection of the CCR5-specific ligand RANTES 
reverses the analgesic effect of DAPTA[44]. The 
intrathecal injection of the protein kinase C 
(PKC) inhibitor GF109203X reduces mechanical 
touch-induced pain and decreases spinal p-PKCγ 
expression levels but does not affect CCR5 
expression[44].

The spinal glial cell activation and upregulation 
of CXCR1 expression are observed in CIBP[45]. 
Spinal CX3CR1 expression is also upregulated, and 
it could be involved in CIBP through the activation 
of the downstream microglial p38 MAPK signaling 
pathway[46]. Moreover, it regulates CIBP via Akt 
and extracellular signal-regulated protein kinase 
(ERK) 1/2[47]. CXCR4 expression is upregulated 
in the spinal cord of rats with CIBP and mediates 
CIBP via RhoA/ROCK2[48].

3.1.1.5  Other receptors

The upregulation of the ST2 receptor and 
its ligand IL33 expression in the spinal cord of 
mice with femoral cancer pain[11]. The intrathecal 
injection of lipoxins A4 and B4 relieves mechanical 
touch-induced pain in mice on the seventh day 
of CIBP[49]. The lipoxin receptor ALX is mainly 
distributed in spinal astrocytes and relieves 
pain by decreasing the expression of spinal 
proinflammatory cytokines IL-1β and TNF-α 
mRNA in CIBP[49]. Vascular endothelial growth 
factor and its receptor VEGFR are upregulated in 
the spinal cord of rats with CIBP and can contribute 
to the release of cytokines through the activation of 
neuronal PKC/NMDAR and the downstream kinase 
pathway of the Src family of microglia leading to 
the development of CIBP[50].
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3.1.2  Spinal protein kinase mediates CIBP

3.1.2.1  Cyclic AMP response element-binding protein

Cyclic AMP (cAMP) response element-
binding protein (CREB) is involved in central 
sensitization, spinal CRTC1 and CreB expressions 
are upregulated in CIBP, and the inhibition of 
spinal CRTC1 expression can relieve CIBP[51]. The 
intramedullary inoculation of osteosarcoma cells 
leads to the upregulation of spinal p-CREB, CRTC1, 
and CREB target genes (NR2B and miR-132), and 
the intrathecal injection of its target gene miR-132 
effectively relieves mechanical touch-induced pain 
and spontaneous pain induced by bone tumors[52]. 
The CaMKII/CREB pathway in the spinal cord of 
tumor-bearing rats mediates CXCR4-induced pain 
sensitivity[53].

3.1.2.2  ERK

The MAPK/ERK pathway is an intracellular 
protein chain that transmits signals from receptors 
on the cell surface to the DNA in the cell nucleus. 
Cellular switches for cancer therapeutic drugs[54]. 
The ERK intervention in different cell types such as 
spinal astrocytes, microglia, and neurons in rats with 
CIBP relieves CIBP sensitivity[55]. ERK is involved 
in CIBP by regulating the expression of MHC II in 
downstream STATI and spinal cord microglia[56]. 
The intrathecal administration of PDGF siRNA 
can effectively treat pain caused by bone cancer by 
blocking the AKT-ERK signaling pathway[57].

3.1.2.3  PKC and protein kinase A

PKC controls the functions of other proteins 
by phosphorylation of the hydroxyl groups of 
serine and threonine amino acid residues on the 
protein. PKC enzymes play an important role in 
several signal transduction cascade reactions[58]. 
Multiple subtypes of PKC, such as α, βⅠ, βⅡ, 
and γ, have been identified in the pain signal 
processing region of the superficial dorsal horn of 

the spinal cord[59]. In CIBP, PKC induces HMGB1 
phosphorylation, drives HMGB1 translocation from 
the nucleus, and ultimately activates the release 
of spinal proinflammatory factors to induce CIBP 
sensitization[60].

Protein kinase A (PKA) is a class of enzymes 
whose activity depends on the level of cAMP in 
the cell[61]. PKA, also known as a cAMP-dependent 
protein kinase, has multiple functions in cells, 
including the regulation of glycogen, sugar, and 
lipid metabolism. The induction and maintenance 
of CIBP in the rat spinal cord are dependent on the 
activation of the cAMP-PKA signaling pathway[62]. 
PKA is a downstream signaling pathway of 
TDAG8-mediated CIBP formation[63].

3.1.3  Various chemokines in the spinal 
cord are involved in CIBP

Chemokines refer to a family of small cytokines 
or cell-secreted signaling proteins that are divided 
into four main subclasses: CXC, CC, CX3C, and 
XC. All of these proteins exert their biological effects 
by interacting with G protein-linked transmembrane 
receptors (chemokine receptors)[64-65].

3.1.3.1  CC chemokine

In the spinal cord of rats with CIBP, the 
CCL5 mRNA and protein expression levels 
were significantly increased in a time-dependent 
manner, and the intrathecal injection of anti-
CCL5-neutralizing antibody significantly reduced 
mechanical nociceptive hypersensitivity, suggesting 
that spinal CCL5 is involved in the development of 
CIBP[66]. Rat spinal cord MCP-1 may be involved 
in CIBP through the activation of PI3K/AKT 
pathway and, thus, spinal cord microglia[67].

3.1.3.2  CXC chemokine

Spinal CXCL12 protein is time-dependently 
upregulated in rats with CIBP and is mainly 
expressed in spinal astrocytes. The intrathecal 
injection of specific inhibitors of JNK can eliminate 
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that cause the release of proinflammatory cytokines, 
which act on the corresponding membrane receptors 
and cause neuronal sensitization or a state of 
sustained glial cell activation[6, 20].

3.2.2  Neuron sensitization in the dorsal horn 
of the spinal cord in CIBP

The central end of afferent sensory nerve 
fibers is distributed in the dorsal horn of the spinal 
cord, which is divided into different laminae from 
superficial to deep[19]. Most injurious sensory afferent 
nerve fibers, such as Aδ and C-terminal nerve fibers, 
terminate in superficial laminae Ⅰ—Ⅱ, with a small 
number distributed in deeper laminae, while Aβ 
nerve fiber terminals are mainly distributed in deeper 
laminae Ⅲ—Ⅳ[71]. Different types of neuronal cells 
in the spinal cord form synaptic connections with 
the corresponding primary afferent nerve endings to 
respond to the corresponding afferent signals. When 
a painful stimulus is perceived in the periphery, 
nerve cells in the spinal cord send the signal to 
generate an action potential.

The activation of sensory neurons in the 
superficial layer of the dorsal horn of the spinal 
cord in mice with CIBP and expression of 
substance P and c-Fos, a marker of neuronal 
activation, were observed in the dorsal horn plate 
I layer[72]. Basal and stimulus-induced increases 
in CGRP release from sensory neuron terminals 
in the dorsal horn of the spinal cord and increased 
expression of CGRP receptor protein in the 
dorsal horn of the spinal cord and expressed in 
activated astrocytes[10]. Mice with CIBP exhibited 
severe CIBP sensitivity on day 14 after tumor 
inoculation, while the MrgC ubiquitination level 
and intracellular calcium concentration in spinal 
dorsal horn neurons significantly increased, and 
MrgC ubiquitination was involved in the formation 
of CIBP sensitivity by regulating the intracellular 
calcium concentration in the neurons of mice with 
CIBP[73]. The sensitization of wide range neurons was 
observed in the deep dorsal horn of the spinal cord of 

CXCL12 expression induced by CIBP[68]. In 
contrast, the intrathecal injection of the selective 
Cx43 blocker Gap26 significantly alleviated 
mechanical pain sensitivity and reduced the 
expression of phosphorylated CX43 and CXCL12 
in CIBP on day 18 after tumor inoculation. The 
intrathecal injection of CXCL12-neutralizing 
antibody did not affect the expression of p-Cx43[57].

CXCL1 expression is time-dependently 
upregulated in mouse CIBP spinal cord astrocytes. 
The intrathecal administration of a CXCL1-
neutralizing antibody relieves mechanical and 
thermal pain sensitivities induced by bone tumor 
cells, the intrathecal administration of a CXCL1 
inhibitor also relieves pain and downregulates spinal 
CXCL1 expression, and astrocytic CXCL1 can be 
involved in CIBP spinal cord mechanisms through 
NF-κB[13]. Meanwhile, CXCL1 can also be involved 
in mediating CIBP formation through JNK[69].

The upregulation of CXCL10 and its receptor 
CXCR3 expression in the spinal cord of rats with 
CIBP and blockade of the CXCL10/CXCR3 
pathway by CXCL10-neutralizing antibodies or 
CXCR3 antagonists alleviate the rapid development 
of CIBP and microglia activation induced by bone 
tumor cell inoculation[70].

3.2  Cellular mechanisms at the spinal 
cord level in CIBP

3.2.1  Spinal cord glial cell activation in CIBP

The two main cell types studied in CIBP at 
the spinal cord level are neuronal and nonneuronal 
cells, such as astrocytes and microglia. Under 
pathological conditions, nonneuronal cells in the 
spinal cord, that is, i.e., astrocytes and microglia, 
can affect pain transmission via the dorsal horn[19]. 
In the pathological state of CIBP, multiple 
mechanisms at the spinal cord level can lead to glial 
cell activation, morphologically in the form of cell 
hypertrophy and proliferation and functionally in 
the form of glial cell or glial cell-neuron interactions 



Journal of Holistic Integrative Pharmacy, Vol.2  Issue 4  December 2021276

rats with CIBP, the inhibition of KCNQ/M channels 
induced pain sensitization in normal rats, and the 
activation of KCNQ/M channels significantly 
alleviated the activation of wide range neurons and 
CIBP sensitization[74].

4  Research on the mechanisms of 
traditional Chinese medicine formula to 
relieve CIBP

In the basic research on the efficacy mechanisms 
of CIBP by the internal treatment method of 
traditional Chinese medicine, the administration 
mode is mostly based on gavage, and the selected 
adult formulas and corresponding mechanisms are 
as follows (Table 2).

4.1  Blood-regulating prescription

Generalized Pain Stasis-Expelling Decoction 
is from "Yi Lin Gai Cuo"; the function of the 
whole formula is to facilitate the blood circulation 
process and dispel stasis,  dispel wind and 
eliminate dampness, relieve pain, which can 
free Bi, blood stasis and wind-damp, channels 
(and collaterals) impede. This formula alleviates 

spontaneous nociception and mechanical and 
thermal nociceptive hypersensitivities in rats with 
Walker 256 breast cancer cell-induced tibial cancer 
pain[75]. It also alleviated the mechanical pain 
sensitivity of rats with NCTC2472 fibrosarcoma 
cell-induced femoral cancer pain and reduced the 
mRNA and protein expression of GFAP, a marker 
of spinal astrocytes in CIBP mice, 14 days after 
modeling, indicating that it could alleviate CIBP by 
dose-dependently inhibiting the proliferation and 
activation of astrocytes at the spinal cord level in 
mice with CIBP[76].

4.2  Qi-rectifying prescription

The Xinzhi formula is made of Dahurian 
angelica, asarum, Rhizoma Ligustici, centipede, 
white peony, olibanum, monkshood, and Radix 
Glycyrrhizae, which was derived by Henan healer 
Zhang Haizen based on his family's experience 
in traditional Chinese medicine treatment and the 
theory of traditional Chinese medicine. This is 
commonly used in clinical practice for the treatment 
of neuropathic pain. The functions of the whole 
formula include warming Yang and moving Qi, 

Table 2  traditional Chinese medicine prescriptions for relieving CIBP

Classify Year Name Form CIBP model Mechanisms References

Blood-
regulating 
prescription

2011 Generalized 
Pain Stasis-
Expelling 
Decoction

Radix Gentianae Macrophyllae, 
Rhizoma Ligustici, Semen 
Persicae, Flos Carthami, Radix 
Glycyrrhizae, notopterygium, 
myrrh, angelica, squirrel’s 
droppings, Rhizoma Cyperi, 
Radix Cyathulae, lumbricus

Mouse 
NCTC2472
Femoral cancer 
pain model

Affects on the 
mRNA and protein 
expression of the 
spinal astrocyte 
marker GFAP

[76]

2016 Generalized 
Pain Stasis-
Expelling 
Variant 
Decoction 

Olibanum, myrrh, Walnut seed, 
Flos Carthami, angelica, Rhizoma 
Ligustici, Radix Cyathulae, 
Rhizoma Cyperi, Fructus Meliae 
Toosendan, Radix Gentianae 
Macrophyllae, notopterygium, 
Radix Angelicae Pubescentis 
doubleteeth, Radix Glycyrrhizae

Walker 256 in 
rats
Tibial cancer 
pain model

Affects the tibial 
bone density and 
pain behavior

[75]
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Classify Year Name Form CIBP model Mechanisms References

Qi-rectifying 
prescription

2015 Xin-Zhi-Fang Dahurian angelica, asarum, 
Rhizoma Ligustici, centipede, 
white peony, olibanum, 
monkshood, Radix Glycyrrhizae

Walker 256 in 
rats
Tibial cancer 
pain model

Affects the 
expression of spinal 
GFAP and NF-κB, 
TLR-2/4 proteins

[77]

Supplementing 
formula

2020 Shenling Baizhu 
formula

Radix Codonopsis, Poria, 
Rhizoma Atractylodis 
Macrocephalae, Rhizoma 
Dioscoreae, Radix Glycyrrhizae, 
Semen Dalichoris Album, Radix 
Angelicae Sinensis, Rhizoma 
Ligustici, Radix Paeoniae Alba, 
rehmanniae praeparatum, Semen 
Nelumbinis, Semen Coicis, 
Fructus Amomi Villosi, Radix 
Platycodonis, Radix Astragali seu 
Hedysari, centipede, monkshood, 
cinnamon

Mouse human 
small cell lung 
cancer cells
Tibial cancer 
pain model

Inhibits cell 
proliferation and 
promotes apoptosis 
through PI3K/AKT/
mTOR signaling 
pathway

[79]

Wind 
controlling

2016 Dou Wu Xiao 
Sheng Tang

Radix Angelicae Pubescentis, 
southern mistletoe, Radix 
Achyranthis Bidentatae, Cortex 
Eucommiae, Radix Gentianae 
Macrophyllae, Herba Asari, 
cinnamon, Poria, Rhizoma 
Ligustici, parsnip, Radix 
Glycyrrhizae, Codonopsis 
pilosula, paeony, Chinese 
angelica, dried rehmannia

Mouse AT-31
Tibial cancer 
pain model

Affects the 
activation of spinal 
astrocytes

[81]

Others 2015 Yunnan Baiyao Mouse 
NCTC2472
Femoral cancer 
pain model

Affects the 
expression of NR2B 
protein at the spinal 
cord level

[82]

2015 Kajuan Qing 
Pills

Turtle worm, Yan Huo Suo, Xu 
Chang Qing

Walker 256 in 
rats
Tibial cancer 
pain model

Alleviates pain 
sensitivity in bone 
cancer in rats

[84]

2017 Gu Tong Ling 
formula

Herba Epimedii, Rhizoma 
Drynariae, centipede, Radix 
Aconiti Preparata, Radix Aconiti 
Kusnezoffii Preparata

Mouse Lewis 
cells
Tibial cancer 
pain model

Reduces spinal 
MCP-1 protein 
expression and 
promotes NGF 
protein expression

[87]

2020 Gu Tong Ling 
formula

Herba Epimedii, Rhizoma 
Drynariae, centipede, Radix 
Aconiti Preparata, Radix Aconiti 
Kusnezoffii Preparata

Mouse Lewis 
cells
Tibial cancer 
pain model

Affects the 
expression of 
RANKL/OPG

[88]

Table 2 (Continued)
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activating blood circulation to dissipate blood stasis, 
relieving pain, and freeing Bi. This formula inhibits 
the proliferation and activation of NF-κB and Toll-
like protein receptors 2 and 4 in the spinal astrocytes 
of rats with CIBP, thus exerting analgesic effects[77].

4.3  Supplementing formula

The Shenling Baizhu formula is made of 
lanceolate, cocos, Radix Codonopsis, Poria, Rhizoma 
Atractylodis Macrocephalae, Rhizoma Dioscoreae, 
Radix Glycyrrhizae, Semen Dalichoris Album, 
Radix Angelicae Sinensis, Rhizoma Ligustici, Radix 
Paeoniae Alba, rehmanniae praeparatum, Semen 
Nelumbinis, Semen Coicis, Fructus Amomi Villosi, 
Radix Platycodonis, Radix Astragali seu Hedysari, 
centipede, monkshood, and cinnamon. Twenty-
eight kinds of natural medicinal plants, including 
compound preparation, show anticancer efficacy 
in previous studies[78]. Gaminarin and Atractylodes 
can inhibit cell proliferation and promote apoptosis 
through the PI3K/AKT/mTOR signaling pathway, 
exert analgesic effects, and prolong the survival time 
of mice with lung cancer bone metastases[79].

4.4  Wind controlling

Douwuxiaosheng Tang is made of Radix 

Angelicae Pubescentis, southern mistletoe, Radix 
Achyranthis Bidentatae, Cortex Eucommiae, 
Radix Gentianae Macrophyllae, Herba Asari, 
cinnamon, Poria, Rhizoma Ligustici, parsnip, 
Radix Glycyrrhizae, Codonopsis pilosula, paeony, 
Chinese angelica, and dried rehmannia and is from 
Sun Simiao's "A Thousand Gold Pieces Emergency 
Formulary". It is mainly used for the treatment 
of wind and cold paralysis but also has analgesic, 
antiinflammatory, and immune system effects[80]. 
Moreover, it can inhibit the activation of astrocytes 
in the spinal cord of mice with prostate cancer bone 
metastases to alleviate mechanical pain sensitivity 
in mice with CIBP[81].

4.5  Others

Yunnan Baiyao is a national secret formula for 
the treatment of bruises and bleeding wounds. A 
study found that gavage with Yunnan Baiyao can also 
alleviate thermal and mechanical pain sensitivities 
in mice with CIBP by inhibiting the upregulation of 
NR2B protein at the spinal cord level[82].

It is mainly made up of Liu Wei Di Huang 
Wan plus flavor, which is clinically applied to 
treat cancer pain in patients with middle- and late-
stage cancer, especially bone metastasis pain, with 

Classify Year Name Form CIBP model Mechanisms References

Others 2019 Yishen Gukang
formula

Radix Rehmanniae Preparata, 
cornus, Herba Hedyotis, Poria, 
stir-fried dioscorea, Rhizoma 
Drynariae, Cortex Moutan 
Radicis, Rhizoma Alismatis, 
Herba Scutellariae Barbatae

Walker 256 in 
rats
Tibial cancer 
pain model

Inhibits the 
expression of 
P38, MAPK, 
and downstream 
inflammatory 
factors and inhibits 
osteoclast activation 
through the OPG/
RANK/RANKL 
signaling pathway

[83]

2020 Long Ling 
formula

Venenum Bufonis Walker 256 in 
rats
Tibial cancer 
pain model

Inhibits the IKKb/
NF-κB signaling 
pathway and 
reduces synthesis 
and release of 
TNF-α, IL-1b, and 
IL-6 

[89]

Table 2 (Continued)
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remarkable effect. The main mechanism is to inhibit 
the expression of P38MAPK and downstream 
inflammatory factors. It can also inhibit P38MAPK 
phosphorylation through regulating the OPG/
RANK/RANKL signaling pathway and osteoclast 
activation, reduce bone destruction, and, thus, 
relieve CIBP[83].

Jia-Yuan-Qing pill is an analgesic formulated 
with the ratio of 9∶7∶7 of turtle worm, Yan Huo 
Suo, and Xu Chang Qing. A basic study was 
conducted to investigate the analgesic effect of Jia-
Yuan-Qing pill on CIBP in a Walker 256 rat CIBP 
model and found that Jia-Yuan-Qing pill has a 
good analgesic effect without side effects, such as 
addiction and toxicity[84].

Three Bone Soup is composed of Bone Tonic, 
Bone Crushed Tonic, and Bone Rushes in the ratio 
of 5∶5∶3, which was found to relieve CIBP by 
reducing osteolytic destruction[85].

In addition, Osteogenic Pain Relief Pill can 
promote the proliferation of progenitor chondrocytes 
and significantly increase the proproliferative activity 
of chondrocytes while having a certain inhibitory 
effect on the differentiation of chondrocytes and the 
destruction of the extracellular matrix. Through the 
regulation of kidney genes, Osteogenic Pain Relief 
Pill can promote the proliferation of chondrocytes 
and differentiation of chondroprogenitor cells, 
inhibit the differentiation of chondrocytes, 

maintain the stability of cartilage scaffold, and then 
participate in cartilage formation, protect cartilage 
structure, and achieve the effect of tonifying kidney 
and strengthening bone[86].

5  Research on the mmechanisms of 
traditional Chinese medicine monomer 
to relieve CIBP

In the study of the efficacy mechanism of 
traditional Chinese medicine on CIBP, most of 
the experiments were conducted in the form of 
herbal monomers for drug delivery. Structurally, 
herbal monomers are mainly classified into various 
structural types: flavonoids, alkaloids, glycosides, 
phenols, phenylpropanoids, and other parts. The 
selected monomers and specific mechanisms are  
summarized as follows (Table 3).

5.1  Flavonoids

Tanshinone IIA (TSN-IIA), a bioactive 
component of the Chinese herb Salvia miltiorrhiza, 
has anticancer effects[90]. In pain studies, TSN-IIA 
alleviates late proinflammatory cytokine high-mobility 
group protein B1 (HMGB1) by downregulating 
neuropathic and inflammatory pain[91]. TSN-IIA also 
relieves CIBP by inhibiting the high expression of 
HMGB1 and other inflammatory factors (IL-1β, 
TNF-α, and IL-6) in the spinal cord and suppressing 

Table 3  Herbal monomers for the relief of CIB

Classify Name Source Animal models Mechanisms Reference

Flavonoids Tanshinone IIA, TSN-
IIA

Salvia Walker 256 in rats
Tibial cancer pain 
model

Inhibits the high expression of spinal HMGB1 
and other inflammatory factors (IL-1β, TNF-α, 
and IL-6) and spinal neuronal excitability

[92]

Baicalein Scutellaria Walker 256 in rats
Tibial cancer pain 
model

Inhibits the high expression of spinal cord 
inflammatory cytokines IL-6 and TNF-α and 
activates the p-P38 and p-JNK and MAPK 
signaling pathways in the spinal cord

[96]

Phenol Demethoxycurcumin, 
(DMC)

Curcumin Nude rat MDA-
MB-231
Tibial cancer pain 
model

Inhibits the early activation of the ERK, JNK, 
and MAPK pathways and tumor cells and 
osteoblasts

[120]
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the excitability of spinal cord neurons[92].
Baicalein is the main component of Scutellaria 

baicalensis, which clears heat and dampness, relieves 
fire and toxicity, stops bleeding, calms the fetus[93-95], 
and shows antiinflammatory and neuroprotective 
effects. Baicalein inhibits the high expression of 
inflammatory cytokines IL-6 and TNF-α in the spinal 
cord of rats with CIBP and activates the p-P38 and 
p-JNK and MAPK signaling pathways in the spinal 
cord to relieve CIBP[96].

5.2  Phenol

Demethoxycurcumin (DMC) is a derivative 
of curcumin and is one of the most abundant 
curcumin compounds in turmeric powder[97]. 
Turmeric is commonly used as a therapeutic 
medicine in traditional Chinese medicine or as a 
culinary spice. Dimethyl curcumin has a variety 
of biological activities and exerts antioxidant and 
antiinflammatory effects[98-99]. In a nude mouse 
MDA-MB-231 tibial cancer pain model, it was 
clarified by in vitro and in vivo experiments that 

DMC could alleviate CIBP by inhibiting early 
activation of the ERK, JNK, and MAPK pathways to 
suppress tumor cells and osteoclasts.

5.3  Alkaloids

Corydalis saxicola Bunting total alkaloids 
(CSBTAs) are alkaloids extracted from the roots of 
Corydalis saxicola with anticancer and analgesic 
effects[100-101]. The oral administration of CSBTA 
in rats with CIBP can alleviate CIBP sensitivity, 
and in vitro experiments showed that CSBTA can 
reduce RANKL expression and downregulate 
the RANKL/OPG ratio in breast cancer cells; in 
addition, CSBTA can inhibit osteoclast formation 
by inhibiting the RANKL-induced NF-κB and 
c-Fos/NFATc1 pathways[102].

Sinomenine is the main active ingredient of 
Gymnema sylvestre, which has been shown to have 
antiinflammatory, cough-suppressant, and anticardiac 
ischemic effects in systemic inflammation, arthritis, 
asthma, cardiovascular diseases, etc[103-107]. Several 
pain studies have shown that aminophylline can 

Classify Name Source Animal models Mechanisms Reference

Alkaloids Corydalis saxicola 
Bunting total 
alkaloids, CSBTA

Thill 
bamboo

Walker 256 in rats
Tibial cancer pain 
model

Downregulates the RANKL/OPG ratio and 
inhibits the RANKL-induced NF-κB and 
c-Fos/NFATc1 pathways and osteoclast 
formation

[102]

Sinomenine Ovientvine Walker 256 in rats
Tibial cancer pain 
model

Inhibits spinal microglia JAK2/STAT3 and 
neuronal CAMKII/CREB

[110]

Levo-corydalmine Corydalis Walker 256 in rats
Tibial cancer pain 
model

Inhibits NMDA and mGlu1/5 receptors 
and downstream PKC c, ERK1/2 signaling 
pathways in the spinal cord

[112]

Glycosides Ginsenoside Ginseng Walker 256 in rats
Tibial cancer pain 
model

Inhibits spinal microglial activation and 
expression of proinflammatory cytokines

[117]

Others Tetrahydroxystilbene 
glucoside 

Radix 
Polygoni 
multiflori

Walker 256 in rats
Tibial cancer pain 
model

Alleviates pain sensitivity in bone cancer in 
rats

[118]

Icariin Epimedium Herba 
Epimedii

MRMT-1 in rats
Tibial cancer pain 
model

Inhibits osteoclast overactivation [119]

Table 3 (Continued)
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also relieve pain caused by inflammation and 
diabetes[108-109]. It also relieves CIBP by inhibiting 
the JAK2/STAT3 and neuronal CAMKII/CREB 
pathways in spinal microglia[110].

Levo-coryda lmine  i s  the  main  ac t ive 
ingredient of Yan Hu Suo, which is commonly used 
in traditional Chinese medicine for clinical pain 
relief[111]. It has been shown that levoransoprine 
alleviates CIBP in rats with TCI by inhibiting the 
NMDA and mGlu1/5 receptors in the spinal cord 
and downstream PKC c and ERK1/2 signaling 
pathways[112].

5.4  Glycosides

Ginsenoside is the main constituent of ginseng, 
a valuable herb used for nearly a thousand years, 
and has been reported in many studies to have 
antiinflammatory, antioxidant, and neuroprotective 
effects[113-114] and relieve pain[115-116]. In a study 
of CIBP in rats, the intraperitoneal injection of 
ginsenosides partially alleviated mechanical 
and thermal nociceptive hypersensitivity in rats 
with CIBP, and ginsenosides also inhibited the 
expression of the microglial marker IBA-1 protein 
and upregulation of IL-1β, IL-6, and TNF-α in 
the spinal cord of rats with CIBP. It showed that 
ginsenosides could alleviate CIBP by inhibiting 
the microglia activation and expression of 
proinflammatory cytokines[117].

5.5  Others

The effects of P. officinale include laxative, 
malaria treatment, liver and kidney tonic, and 
helping essence and blood. Tetrahydroxystilbene 
glucoside (TSG) is the active ingredient of 
P. officinale, and it relieves CIBP in rats[118].

The effects of Epimedium include tonifying 
kidney yang, strengthening tendons and bones, and 
dispelling wind and dampness. In a study on CIBP 
in rats, Epimedium can reduce bone resorption 
and protect the bone quality, inhibit osteoclast 
overactivation, and, thus, relieve CIBP in rats[119].

6  Summary
At present, there are stable animal models 

for CIBP research, and most of the studies on the 
spinal cord mechanisms of CIBP focus on local 
neuroinflammation and sensitization of nerve 
cells at the site of injurious sensory information 
transmission in the dorsal horn of the spinal cord. 
Moreover, the efficacy and mechanisms of different 
drugs on CIBP have been explored including the 
study on the spinal cord mechanisms of CIBP. 
However, the mechanism of CIBP is complex which 
is not the result of either single peripheral or spinal 
cord action. The spinal cord mechanisms has not yet 
been extensively studied and efficient and safe drugs 
for cancer pain treatment are yet to be developed. 
Therefore, a more in-depth and multifaceted study of 
the spinal cord mechanisms of CIBP, as well as the 
connection between the spinal cord and peripheral or 
superior centers, is important for finding therapeutic 
targets and developing new drugs for cancer pain 
treatment. This review on TCM treatment of CIBP is 
mainly based on administering formulas and Chinese 
herbal monomers, and primarily focuses on the 
mechanisms affecting the activation of local tumor 
microenvironment osteoclasts, central sensitization 
of the spinal cord, and inflammatory factor storm. 
The mechanisms of the systemic immune system 
regulation and the influence of the higher centers 
in the spinal cord are yet to be further clarified. 
Traditional Chinese medicine is a great treasure of 
the Chinese nation, and traditional Chinese medicine 
analgesia has the characteristics of long-lasting 
efficacy and low side effects. A detailed investigation 
of the mechanism of traditional Chinese medicine 
for CIBP can provide a solid theoretical basis for 
the clinical treatment of CIBP in traditional Chinese 
medicine.
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