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Background: Cancer-induced bone pain (CIBP) is a common chronic pain
characterized by 2 components, ongoing pain and breakthrough pain. Tanshinone IIA
(TSN 11A) is a bioactive constituent of the traditional Chinese medicine Danshen, which
has been reported to have an antinociceptive effect on neuropathic and inflammatory
pain through downregulation of the late proinflammatory cytokine high-mobility group
protein B1 (HMGB1).

Objective: To assess the antinociceptive effect of TSN IIA on CIBP.
Study Design: A randomized, double-blind, controlled animal trial was performed.
Setting: University lab in China.

Methods: A rat CIBP model was established by injecting Walker 256 mammary gland
carcinoma cells into the intramedullary cavity of the tibia. Both ongoing pain, e.g.,
flinching and guarding, and breakthrough pain, e.g., limb use and von Frey threshold,
were evaluated. The effects of intraperitoneally administered TSN IIA on pain behavior
and the expression levels of spinal HMGB1, interleukin (IL)-1B, tumor necrosis factor
(TNF)-a,, and IL-6 were determined. The effect of TSN IIA on the electrically evoked
response of spinal wide-dynamic range (WDR) neurons was performed in vivo.

Results: TSN IIA dose-dependently inhibited cancer-induced ongoing pain and
breakthrough pain. The expression levels of spinal HMGB1 and other inflammatory
factors (IL-1B, TNF-a, and IL-6) were increased in the rat model, but they were
suppressed by TSN lIA in a dose-dependent manner. Moreover, TSN IIA significantly
inhibited the neuronal responses of WDR neurons in spinal deep layers.

Limitations: Further studies are warranted to ascertain how TSN IIA attenuates
cancer-induced ongoing pain.

Conclusions: Our results indicate that TSN IIA attenuates cancer-induced ongoing
pain and breakthrough pain, possibly via suppression of central sensitization in CIBP
rats. Therefore, we have provided strong evidence supporting TSN IIA as a potential and
effective therapy for relieving CIBP.

Key words: Cancer-induced bone pain, high-mobility group protein B1, Tanshinone
IIA, ongoing pain, breakthrough pain
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ancer pain is well known to result in chronic

suffering, which greatly impacts life and health

(1-3). Although new and innovative techniques
have provided prolonged survival of patients with
cancer pain, the manner in which there is improvement
in the quality of life is still challenging (4). Among all
types of cancer pain, cancer-induced bone pain (CIBP)
is one of the most common. CIBP results primarily from
metastasis of cancers to the bone, most commonly from
lung, prostate, and breast carcinomas. Tumor metastasis
involves bone remodeling and eventual bone fractures,
which lead to incapacitating pain and immobility (5-
8). It is estimated that over 33% of patients with an
advanced cancer develop skeletal metastases and
experience severe pain (9).

CIBP is characterized by ongoing and breakthrough
pain. Ongoing pain is usually the first symptom of CIBP,
which is persistent and deteriorates over time (10).
With increasing bone destruction, breakthrough pain
will occur. This type of bone pain is frequently consid-
ered as an incidental and spontaneous pain, indicative
of touch- or movement-evoked and ambulatory pain,
upon the presence of a triggering event (3). Of the 2
types of cancer pain, breakthrough pain is more intense
and irregular, and it is more difficult to manage. It has
been reported previously that breakthrough pain is
present in approximately 75% of cases with CIBP, and
it can severely affect the physical, psychological, and
general quality of a patient’s life (11). Currently, the
most significant problem in the management of CIBP is
that available chemotherapeutics are not adequate to
control breakthrough pain, whereas they may be effec-
tive for ongoing pain.

Tanshinone IIA (TSN IIA) is one of the key bioactive
phytochemicals of the Chinese medicinal herb Danshen
(Salvia miltiorrhiza), which has been widely used in Chi-
na for the treatment of cardiovascular disorders (12,13).
Recently, it has been demonstrated that TSN IIA has
significant antinociceptive effects on inflammatory and
neuropathic pain and that its analgesic effect is at least
partially mediated or modulated through inhibition of
high-mobility group protein B1 (HMGB1) expression
(14,15). HMGB1 is a nonhistone DNA-binding protein
that is widely expressed in eukaryotic cells. HMGB1 is
also a cytokine-like inflammatory mediator responsible
for the regulation of gene transcription (16). Once
released into the extracellular space, HMGB1 functions
as a late inflammatory cytokine by binding to toll-like
receptor 4 (TLR4), triggering an inflammatory response
(17-19). HMGB1 has been demonstrated to be involved

in arthritis (20), neuropathic pain (21), and diabetic
pain (22). Besides, spinal HMGB1 has been linked to
contribute to mechanical allodynia in a model of CIBP
(23). Thus, inhibition of the release of spinal HMGB1
may exert an antinociceptive effect on CIBP. TSN IIA
is a steroidal pigment (12,13) that has been shown to
inhibit the upregulated expression of HMGB1 in cell
cultures (24,25) and in focal ischemic rats (26). However,
whether TSN IIA attenuates spinal HMGB1 release re-
lated to CIBP is unclear.

Therefore, in this study, we evaluated the capacity
of TSN IIA to inhibit spinal HMGB1 release and its thera-
peutic potential in a rat model of CIBP. Our present
investigation revealed that TSN IIA attenuates cancer-
induced ongoing pain and breakthrough pain.

MEeTHODS

Animals

All surgical manipulations and behavioral tests of
animals were approved by the Committee of Animal
Use for Research and Education of the Inner Mongolia
Medical University, Huhhot, Inner Mongolia, China. All
efforts were made to minimize animal suffering and to
reduce the number of animals used. Adult female Wis-
tar rats, weighing 180 - 220 g, were from Inner Mongo-
lia Medical University. The rats were housed 3 per cage
with food and water available ad libitum under a 12
hour light-dark cycle (lights on at 06:00 AM).

Cell Preparation

Cells were prepared in accordance with previous
studies (27). Briefly, 0.5 mL of Walker 256 rat mamma-
ry gland carcinoma cells (2 x 107 cells/mL) was injected
into the abdominal cavity of the rats, and, 7 — 10 days
later, ascitic fluid was extracted and centrifuged for
3 minutes at 1500 rpm. The collected cells were then
diluted to 5 x 10° cells/10 pL of phosphate-buffered
saline for injection. Cells used as a sham control were
prepared at the same final concentration but boiled
for 20 minutes.

Surgery

As described previously (27), rats were completely
anesthetized by intraperitoneal (i.p.) injection of 50
mg/kg sodium pentobarbital, and the skin of the right
leg was cut. A total of 5 x 10° carcinoma cells were
slowly injected into the intramedullary cavity of the
tibia. Upon removal of the syringe, the injection site
was closed using bone wax, and penicillin was applied
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to the wound. For the sham group, an equal volume of
heat-treated carcinoma cells was administered instead.

Experimental Design

To evaluate the dose-dependent antinociceptive
effects of TSN IIA on ambulatory pain, e.g., limb use,
ongoing pain, e.g., flinching and guarding, and touch-
evoked incident pain, e.g., von Frey filaments, of the
CIBP rats, 24 rats were randomly divided into 4 groups
(n = 6 each): CIBP + vehicle, CIBP + TSN IIA (10 mg/kg),
CIBP + TSN IIA (20 mg/kg), and CIBP + TSN lIA (50 mg/
kg). TSN IIA (Shanghai No. 1 Biochemical Pharmaceuti-
cal Company, Shanghai, China; batch number 130408)
was injected i.p. on days 12 to 15, when nociceptive be-
havior reaches the highest level and is stable. Behavioral
evaluation was performed one hour after the last TSN
IIA injection on day 15. The same dose of saline was also
administered to the vehicle-treated group.

To determine the time-dependent antinociceptive
effects of TSN llA in the CIBP rats, 24 rats were randomly
divided into 4 groups (n = 6 each): sham + vehicle, sham
+ TSN IIA (20 mg/kg), CIBP + vehicle, and CIBP + TSN
IIA (20 mg/kg). In the sham-operated group, saline in-
stead of cancer cells was infused into the intramedullary
cavity of the tibia. To exclude the potential influence
of TSN llA-induced motor dysfunction on behavioral
evaluation, 24 healthy rats were randomly divided into
4 groups (n = 6 each): vehicle, TSN 1IA (10 mg/kg), TSN
IIA (20 mg/kg), and TSN IIA (50 mg/kg). A rotarod test
was performed after the administration of vehicle or
TSN lIA from days 1 to 4. To evaluate the effects of TSN
IIA on spinal HMGB1 in the CIBP rats, HMGB1 protein
expression was assayed one hour after TSN IIA injection
on day 15. In addition, the expression levels of the pro-
inflammatory cytokines tumor necrosis factor (TNF)-a,
interleukin (IL)-1B, and IL-6 were determined by real-
time reverse transcription polymerase chain reaction
(RT-PCR) or an enzyme-linked immunosorbant assay
(ELISA) one hour after TSN IIA injection on day 15 post
cancer cell infusion.

Western Blot

Rats were sacrificed after anesthesia with an
overdose of sodium pentobarbital (60 mg/kg, i.p.),
and the L4-6 spinal dorsal horn was rapidly harvested.
The selected region was homogenized in lysis buffer,
and the crude homogenate was centrifuged at 4°C
for 15 minutes at 1,000 g. The supernatants were col-
lected, and the protein concentrations were measured.
Equal amounts of protein samples were separated by

sodium dodecyl sulfate-polyacrylamide gel electropho-
resis, followed by electrotransfer onto a polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA).
After blockade with 3% nonfat dry milk in Tris-buff-
ered saline containing 0.02% Tween-20 for one hour,
the immunoblot was carried out by incubation at
4°C overnight with the primary antibody rabbit anti-
HMGB1 (1:1000; BD Pharmigen, Piscataway, NJ, USA).
Bound primary antibodies were detected with the anti-
rabbit horseradish peroxidase-conjugated secondary
antibody (1:10,000; Amersham Pharmacia Biotech, Pis-
cataway, NJ, USA). The reactions were enhanced with
the chemiluminescence detection method (Amersham).
The membranes were then re-probed with goat anti-
glyceraldehyde 3-phosphate dehydrogenase (GAPDH,
1:1000; Santa-Cruz Biotechnology, Santa Cruz, CA, USA)
and then HRP-conjugated secondary antibody (anti-
goat 1:10,000; Amersham). The densities of HMGB1
and GAPDH immunoreactive bands were quantified
with the software of Image J by investigators blind to
the treatment groups. The same size of the rectangle
was drawn around or near (for background) each
band. The density of each band was quantified with
the corresponding background subtraction. The ratios
of HMGB1 to GAPDH were expressed as relative fold
changes relative to the control.

RT-PCR

Total RNA was extracted with Trizol (Life Technolo-
gies, Grand Island, NY, USA). Single-stranded comple-
mentary DNA was synthesized with Superscript Reverse
Transcriptase (Invitrogen, Carlsbad, CA, USA). The
primers used are presented in Table 1. GAPDH served
as an internal standard control. Real-time RT-PCR was
performed using the SYBR Premix Ex Taq (Takara, To-
kyo, Japan) on a sequence detection system (Applied
Biosystems, Foster City, CA, USA). The amplification
conditions were as follows: 3 minutes at 95°C, followed
by 45 cycles of 10 seconds at 95°C for denaturation,
and 45 seconds at 60°C for annealing and extension.
The experiments were repeated twice on different
days, and PCRs were run in triplicate for each experi-
ment. The relative quantification of gene expression
was estimated from the threshold amplification cycle
number (Ct) using Sequence Detection System software
(Applied Biosystems).

ELISA
TNF-0, IL-14, and IL-6 in the spinal cord were ana-
lyzed using ELISA, according to the manufacturer’s in-
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Table 1. Primers sequence for the rat genes characterized in this experiment.

Genes Primers Accession number

TNEF-a Forward primer 5-TGATCGGTCCCAACAAGG A-3’ AY427675
Reverse primer 5-TGCTTGGTGGTTTGCTACGA-3’

IL-1P Forward primer 5-TGCTGATGTACCAGTTGGGG-3’ NMO031512
Reverse primer 5-CTCCATGAGCTTTGTACAAG-3

IL-6 Forward primer 5-GCCCTTCAGGAACAGCTATG-3’ NM012589
Reverse primer 5-CAGAATTGCCATTGCACAAC-3

GAPDH Forward primer 5-CCCCCAATGTATCCGTTGTG-3 NMO01008
Reverse primer 5-TAGCCCAGGATGCCCTTTAGT-3

structions (BioSite, Paris, France). The cytokine concen-
trations were detected photometrically at 450 nm using
a Fluoroskan Ascent cytofluorimeter (Thermo Electron,
Milford, MA, USA), and the concentrations were cal-
culated based on a standard curve generated by serial
dilutions of purified recombinant mouse cytokines. All
samples were analyzed in triplicate.

Behavioral Tests

Behaviorally, ongoing pain behaviors present with
flinching and guarding, while breakthrough pain can
be further divided into ambulatory pain, e.g., limb
use, and touch- or movement-evoked pain, e.g., von
Frey threshold pain. Rats were placed in a clear plastic
observation box and allowed to acclimate for 30 min-
utes before performing the following tests: (1) limb
use was evaluated by limping and guarding behavior
scores during spontaneous ambulation. The ipsilateral
hind limbs of the rats were rated on the following
scale (28): 0, complete lack of limb use; 1, partial non-
use; 2, limping and guarding; 3, limping; and 4, normal
walking; (2) the numbers of spontaneous guards and
flinches, representative of behaviors and indicative of
ongoing pain, were recorded during a 2-minute obser-
vation period. Guarding was defined as the time that
the hind paw was held aloft while not ambulatory.
Flinching was defined as the number of times the ani-
mal held the hind paw aloft; (3) mechanical allodynia,
which reflects behavior indicative of touch-evoked
incident pain, was measured as reported previously
(27). Briefly, the animals were habituated to the test-
ing environment for 3 days (one hour per day) before
testing, then placed into inverted plastic boxes (30 x
30 x 50 cm?) on an elevated mesh floor, and allowed
to acclimate for 30 minutes before testing. The hind
paws ipsilateral to the injection site were pressed with
a logarithmic series of 8 calibrated Semmes-Weinstein

monofilaments (von-Frey hairs; Stoelting, Kiel, WI,
USA). Log stiffness of the hairs was determined by the
log10 method (milligrams x 10). The filaments had
the following log-stiffness values (the value in grams
is shown in parentheses): 4.17 (1.479 g), 4.31 (2.041
g), 4.56 (3.630 g), 4.74 (5.495 g), 4.93 (8.511 g), 5.07
(11.749 g), 5.18 (15.136 g), and 5.46 (28.840 g). The
range of monofilaments (1.479 — 28.840 g) produced a
logarithmically graded slope that was used to interpo-
late the 50% response threshold of stimulus intensity,
which was expressed as log10 (milligrams x 10). Each
filament was applied 10 times, and the minimal value
that caused more than 5 obvious withdrawals was
recorded as the paw withdrawal threshold (PWT). The
behavioral responses were used to calculate the 50%
PWT by fitting a Gaussian integral psychometric func-
tion using a maximume-likelihood fitting method, as
described previously (29). The researchers were blind
to the groups for the behavioral testing.

Rotarod Test

Rotarod tests were performed in drug-adminis-
tered but experiment-free rats. Briefly, after trained at
the minimal speed for training sessions of 1 - 2 min-
utes at intervals of 30 - 60 minutes on the Ugo Basile
7650 Rotarod accelerator treadmill (Ugo Basile, Varese,
Italy), the rats were placed onto the rotarod at a con-
stant speed of 25 rpm. Then, the accelerator mode was
selected on the treadmill, i.e., the rotation rate of the
drum was increased linearly at 20 rpm. The time was
recorded when the rat fell to the ground. The cut-off
time was 30 seconds. Each rat was tested 30 minutes
before drug administration as the control performance
and then was tested once a day for 4 consecutive days
during the drug administration. The time was expressed
as the percentage of the animal’s own mean control
performance.
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Electrophysiological Study

To examine whether TSN IIA induces central sen-
sitization, in vivo electrophysiological activities were
recorded on deep spinal wide-dynamic range (WDR)
neurons (500 — 1200 pym) in the CIBP rats one hour
after TSN IIA injection on postoperative day 15, the
time point that cancer-induced pain usually reaches
the highest level (27,30). Briefly, a glass micropipette
filled with 2% Pontamine Sky Blue in 0.5 M sodium
acetate (impedance = 10 - 15 MQ at 1000 Hz) was in-
serted perpendicularly into the back of the L4-5 spinal
cord segments and advanced dorsoventrally by a mi-
cromanipulator, while an electrical search stimulation
(15 mA, 1 Hz, 1 ms pulse) was applied via 2 stainless
steel needles inserted into the skin of the ipsilateral
hind paw in order to identify the neurons that re-
sponded to the stimulation. According to previous
studies, only WDR neurons in the spinal cord of CIBP
rats show a significantly increased response to the
stimuli (31); therefore, we focused on the WDR cells.
Upon monitoring of a single unit, the WDR neurons
were distinguished by their responses to both gentle
brushing and a noxious pinch applied to the hind paw
(31), and the threshold stimulus intensity for C-fiber
response was detected (31). Then, 3 trains of stimuli
(16 pulses with a 2-ms width, 0.5 Hz) were applied at a
10-minute interval, and the intensity was 3 times more
potent than the C-fiber threshold intensity. The neuro-
nal responses evoked by different types of fibers were
separated by their latency: AB- (0 — 20 ms), As- (20 — 90
ms), C-fiber response (90 — 300 ms), and post-discharge
activity (300 — 800 ms) (31). Since C-response and post-
discharge activities are considered to be nociceptively
related (27,30,32), the C-response and post-discharge
activities of the WDR neurons were collected for the
evaluation of TSN IlA effects associated with the noci-
ceptive stimuli.

Statistical Analysis

All data were expressed as the mean = standard of
error of the mean (SEM). A repeated measures analysis
of variance (with Bonferroni confidence interval adjust-
ment) was used for behavioral data. Data of western
blot, RT-PCR, and ELISA analyses were analyzed using
one-way analysis of variance. All statistical analyses
were processed with SPSS software (version 16.0) (SPSS
Inc., Chicago, IL, USA), and P < 0.05 was established as
being statistically significant.

REesuLTs

TSN IIA Reduces CIBP

Behavioral tests were analyzed for ongoing pain
and breakthrough pain. We observed that the effects
of TSN IIA on cancer pain-related behaviors occurred
in a dose-dependent manner. TSN IIA at 10 mg/kg sig-
nificantly reduced the time spent guarding. At a higher
dose (20 and 50 mg/kg), TSN IIA administration reversed
all tested cancer pain-related behaviors (P < 0.05) (Fig.
1). Moreover, the effects of TSN IIA at 50 mg/kg showed
even greater inhibitory effects than those of TSN IIA at
10 mg/kg (P < 0.05) (Fig. 1).

Furthermore, compared with the sham-operated
groups, the CIBP rats exhibited increased time spent
guarding and number of flinches as well as reduced
limb use and PWT to von Frey hairs (P < 0.05) (Fig. 2)
from day 9. TSN IIA at 20 mg/kg administered from days
12 to 15 after cancer cell inoculation did not affect the
pain-related behaviors in the sham group, compared to
the vehicle-sham rats. However, it significantly reduced
the ongoing flinching and guarding behaviors as well
as increased the scores of limb use and the PWT on day
15 (P < 0.05) (Fig. 2).

It is known that the nociceptive behavioral results
can be influenced by motor dysfunction (27). To exclude
potential motor dysfunctions induced by TSN IIA, a ro-
tarod performance test was performed in experiment-
free rats. The results showed that repeated intrathecal
injections (4 times, once per day) of TSN IIA did not af-
fect the motor performance, compared with the saline
injection group (Fig. 3), suggesting that the nociceptive
effects of TSN IIA are not via the changed motor func-
tions of the CIBP rats.

TSN IIA Inhibits CIBP-induced Spinal HMGB1
Expression

Spinal HMGB1 plays a modulating role in CIBP
(23). In our study, the spinal HMGB1 expression levels
were significantly increased from day 9 after cancer cell
injection (data not shown), in accordance with previ-
ous reports (23). Therefore, we evaluated the effects
of TSN IIA at 20 mg/kg on CIBP-induced spinal HMGB1
expression. Our results showed that the increased spi-
nal HMGB1 expression in the CIBP rats was significantly
suppressed by TSN [IA administration (P < 0.05) (Fig.
4). Notably, TSN IIA did not change the spinal HMGB1
expression in the sham-operated rats.
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Fig. 1. CIBP-related behaviors were significantly attenuated by TSN 114 in a dose-dependent manner. TSN 114 was
intraperitoneally injected from days 12 to 15 afier cancer cell infusion, and behavioral evaluations were performed one hour after
the last dose of TSN 11A. (A) Guarding, (B) flinching behaviors, (C) limb use scores, and (D) PWT. *, # P < 0.05 compared
to the vehicle or the 10 mglkg TSN 11A group, respectively. Data are expressed as the means + SEM. N = 6 rats/group.

TSN IIA Inhibits CIBP-induced Spinal Cytokine
Expression

Activation of the HMGB1-TRL4 pathway could po-
tentially induce the upregulation of TNF-a, IL-18, and
IL-6. Therefore, the effects of TSN IIA on these cytokines
were further investigated. TSN IIA was injected i.p. at 20
mg/kg from days 12 to 15 days after cancer cell injection,
and cytokine expression levels were investigated on day
15. Consistent with the increased HMGB1 expression in
the spinal dorsal cord of the CIBP rats, the mRNA and
protein expression levels of TNF-a, IL-1B, and IL-6 were
significantly higher than those of the sham-operated
rats (P < 0.05) (Fig. 5). The injection of TSN IIA at 20 mg/
kg, but not the vehicle, significantly reduced the spinal
mRNA and protein expression of TNF-q, IL-18, and IL-6
in the CIBP rats (P < 0.05) (Fig. 5).

TSN IIA Inhibits the CIBP-evoked Response of
WDR Neurons

Additionally, our study demonstrated that the
frequencies of the C-fiber and post-discharge responses
of WDR neurons in the spinal dorsal horn were signifi-
cantly enhanced in rats with CIBP (P < 0.05) (Fig. 6), in
accordance with previous reports (27,30,31). TSN IIA
treatment from days 12 to 15 significantly inhibited the
electrically evoked C-fiber responses as well as the post-
discharge responses (P < 0.05) (Fig. 6).

Discussion

In the present investigation, it was demonstrated
that clinically relevant concentrations of TSN IIA exerted
a significant antinociceptive effect on CIBP, including
both ongoing pain and breakthrough pain. Intraperito-
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neal administration of TSN IIA dose-dependently
inhibited the release of spinal HMGB1 and its
downstream proinflammatory cytokine produc-
tion. Moreover, TSN IIA suppressed the firing
frequency of C-fiber-evoked and post-discharge
responses of WDR neurons. Together, these results
indicate that TSN IIA has the potential for control-
ling CIBP by inhibiting HMGB1 and proinflam-
matory cytokines as well as suppressing excitable
spinal WDR neurons.

Though CIBP is the most common symptom of
cancer that metastasizes to bone, the mechanisms
of CIBP initiation and maintenance are not well
understood. CIBP elicits neurochemical changes
unique from other chronic pain states, such as in-
flammatory and neuropathic pain (30). However,
on the other hand, CIBP also shares some common
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Fig. 6. Administration of TSN I1A inhibited the CIBP-evoked response of WDR neurons. Increased C-response (A) and
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day 15. *, # P < 0.05 compared to that of the sham-vehicle or the CIBP-vehicle group, respectively. Data are expressed as the

mechanisms with other chronic pain states. Therefore,
drugs that are used to manage other chronic pain
states, such as morphine and endomorphin-2, may also
be effective for cancer pain (30). In recent studies, TSN
IIA was observed to exert an antinociceptive effect on
spinal nerve ligation-induced neuropathic pain (15) and
complete Freund’s adjuvant-induced inflammatory pain
(14). However, whether TSN IIA can inhibit bone pain in
CIBP rats is not clear.

Previously, HMGB1 has been demonstrated to play
a role in regulating the production of inflammatory
cytokines in intracerebral hemorrhage (33), spinal cord
ischemic injury (34), and chronic pain (35). HMGB1 can
be released by spinal astrocytes (36), which have been
demonstrated to be activated in CIBP rats (37). Thus,
HMGB1 may contribute to CIBP. In our study, the ex-
pression of HMGB1 was increased in the spinal cord
of CIBP rats. Meanwhile, the expression and produc-
tion levels of IL-1B, TNF-o, and IL-6 were upregulated.
Furthermore, the increased expression of HMGB1 cor-
related with the development of pain behaviors in the
CIBP rats. These results indicate that spinal HMGB1 is
involved in the inflammatory process and the pain state
of CIBP.

As a late proinflammatory cytokine, HMGB1 is
characterized by a slow induction and a long duration,
so inhibiting HMGB1 may produce a relatively wide-
spread therapeutic effect. TSN lIA is an HMGB1 inhibi-
tor. Previous studies have demonstrated that TSN IIA

inhibits HMGB1 release in cell cultures (24,38). Besides,
in the chronic pain state, TSN IlIA inhibits the expres-
sion of spinal HMGB1 in spinal nerve ligation-induced
neuropathic pain rats (15) and in chronic pancreatitis-
induced pain rats (35). In our study, TSN IIA reversed the
release of spinal HMGB1 as well as the expression of
IL-1B, TNF-o, and IL-6 in the CIBP rats. This mechanism
might be explained by facilitation of the internalization
of exogenous HMGB1 and enhancement of HMGB1
uptake by TSN IIA (24). Since TSN A has been demon-
strated to have no inhibitory effect on most other cyto-
kines (38,39), its inhibitory effects on the expression of
proinflammatory cytokines might thus be related to its
suppression of HMGB1 release in the CIBP rats.

The most common cancers, including lung, pros-
tate, and breast carcinoma, commonly metastasize to
bone. With the growth of tumors within bone, the local
nociceptive system is sensitized such that neuroactive
substances of peripheral sensory neurons are released.
These pain signals are transmitted to the spinal cord
and induce central sensitizations, mediating ambula-
tory pain and touch- or movement-evoked pain, which
are the behavioral manifestations of breakthrough
pain. It has been suggested that IL-1B, TNF-a, and IL-6
play an important role in the initiation and mainte-
nance of central pain sensitization (40,41). Thus, the
antinociceptive effect of TSN IIA on breakthrough
pain might be related to the decreased production of
proinflammatory cytokines. In addition, in the present
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study, TSN IIA inhibited WDR neuronal hyperexcitability
elicited by electrical stimulation of C-fibers, which are
increased in the cancer pain state (27,30). WDR neurons
are the major interconnecting neurons for nociceptive
transmission, and the hyperexcitability of WDR neurons
is related to central sensitization in chronic pain (42,43).
Thus, in electrophysiology, the analgesic effect of TSN
IIA on breakthrough pain is related to suppression of
the central sensitization induced by hyperexcitable
WDR neurons in CIBP rats. Our electrophysiological
results are in accordance with the behavioral results,
indicating that TSN IIA could effectively inhibit break-
through pain.

In the present study, TSN IIA also reversed the on-
going pain behavior, e.g., flinching and guarding, in
CIBP rats. The mechanisms underlying CIBP might be
related to peripheral sensitization. In CIBP, osteoclasts
are released to stimulate bone reabsorption and the
release of proinflammatory factors into the tumor
microenvironment, which sensitize primary afferent
fibers (44). Within the tumor microenvironment, the
acidosis induced by osteoclasts and mechanical damage
to sensory fibers innervating the bone by tumor growth
drive peripheral afferent activity (45,46). The sensitized
primary afferent fibers lower thresholds, resulting in
activation of nociceptive factors, enhancement of neu-
ronal excitability, and release of inflammatory factors,
which subsequently induce ongoing pain (45,47). Thus,
intraperitoneal administration of TSN IIA could exert
antinociceptive effects on cancer-induced ongoing pain
behaviors by inhibiting peripheral proinflammatory cy-
tokines and suppressing sensitization and activation of
primary afferent fibers in the tumor microenvironment.

Greater understanding of the mechanisms of TSN lIA
mediating or modulating ongoing pain in CIBP rats will
require future investigation.

TSN IIA has been used clinically, and it exerts an
anticancer activity (48). However, it shows poor bio-
availability with conventional delivery formulations
through oral administration. The high hydrophobicity
and poor membrane permeability of TSN IIA might be
responsible for impeding its absorption when given
orally. Therefore, structural modifications are needed
to improve the solubility problem and increase the ab-
sorption of TSN IIA. So, additional clinical studies are
warranted to better demonstrate the analgesic efficacy
and tolerability of TSN IIA derivatives in humans.

ConcLusIONS

The results of the present investigation dem-
onstrated that TSN IIA could significantly attenuate
cancer-induced ongoing pain and breakthrough pain
by suppressing the central sensitization in CIBP rats.
Furthermore, this investigation provides strong evi-
dence supporting TSN IIA as a potential and effective
therapy for relieving cancer-induced pain.
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