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Background: Cancer pain is a complex medical syndrome. Understanding its underlying mechanisms
relies on the use of animal models which can mimic the human condition. A crucial component of this
model is the quantity of tumor cells; however, the exact relationship between the doses of tumor cells
on bone cancer pain is yet unknown.

Objective: We explored the relationship of different doses of Walker 256 carcinoma cells using a
bone cancer pain model in rats, and evaluated its success and stability.

Study Design: Experimental animal study using a comparative design.
Setting: Experimental Animal Center and Tumor Institute of Traditional Chinese Medicine.

Methods: We constructed the bone cancer pain model by implanting Walker 256 carcinoma
cells into the right tibia of Sprague-Dawley (SD) rats (150 — 170 g). Spontaneous pain, mechanical
threshold, and paw withdrawal latency (PWL) were measured and x-ray, bone mineral density (BMD),
histological, interleukin-1 beta (IL-1B8) mMRNA, carboxyterminal telopeptide of type | collagen (ICTP),
and bone alkaline phosphatase (BAP) were analyzed for bone pain model evaluation.

Results: The results showed that: (1) the 3 doses (3x10°, 3.5x10°, 4x10°) of Walker 256 carcinoma
cells can induce bone cancer pain from day 7 to day 21 after implantation into the right tibia of SD rats;
(2) compared to the control group, 3x10°, 3.5x10°, and 4x10°> Walker 256 carcinoma cells produced
different pain manifestations, where the 3.5x10° dose of Walker 256 carcinoma cells resulted in the
greatest bone cancer pain response; (3) the 3.5x10° dose induced the lowest mortality rate in rats;
(4) Walker 256 carcinoma cells (3x10°, 3.5x10°, and 4x10°) resulted in a significant decrease in the
general condition and body weight of rats, where the 3.5x10° and 4x10° doses of carcinoma cells
produced a greater effect than 3x10° dose of carcinoma cells; (5) progressive spontaneous pain,
PWL, and mechanical threshold were exacerbated by 3.5x10° and 4x10° doses of carcinoma cells; (6)
implantation of 3.5x10° and 4x10° doses of carcinoma cells induced progressive bone destruction
and decrease in BMD; (7) ICTP and BAP were significantly increased following the implantation of
3.5x10° and 4x10° doses of carcinoma cells; (8) IL-1BmMRNA was significantly up-regulated in the
spinal cord of rats implanted with 3.5x10° and 4x10° doses of carcinoma cells.

Limitations: One limitation of this study was the small sample size; therefore, additional research
is needed to provide better validation. Another limitation is the unavailability of small animal Micro
computed tomography (CT), which is a more advanced and precise technique in determining bone
marrow density than the x-ray imaging system we used. In addition, ethology experiments during
late-stage tumor progression can be more objective.

Conclusion: This study provides evidence that implantation of 3.5x10° and 4x10° dose of Walker
256 carcinoma cells produced the greatest effects in relation to the bone cancer pain model in SD
rats, and 3.5x10° dose induced the lowest mortality rate.
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ancer pain is one of the most common clinical

symptoms associated with malignant cancers

(1,2). It is estimated that there will be 1.6
million new cancer cases in 2015 within the United
States, and up to 50% of malignant cancers will
eventually metastasize to bone (3,4). During the course
of cancer progression, up to 90% of patients suffer
from nociceptive or neuropathic pain, or both (5).
Experiencing pain due to cancer can severely decrease
the quality of life in patients, and providing pain relief
has become a priority in oncology care. Cancer pain is
associated with disease progression as well as during
treatment; therefore managing pain in patients is
essential from the onset of disease through to long-
term treatments and terminal care (6). Although
primary bone cancers are rare, malignant cancers
originating from the breasts, lungs, and prostate often
metastasize to the bone (7,8), and studies have shown
that approximately 70% of patients suffering from
advanced breast or prostate cancer will develop bone
metastases (9). Cancer metastasis to bone causes several
skeletal-related events (SREs) including pain, bone
fractures, spinal cord compression, and hypercalcemia
(10). The main objective in the treatment of bone
cancer is preventing pain and improving the patient’s
quality of life.

Bone cancer pain produces a unique mechanical
and neurochemical onset that goes beyond the basic
neuropathic and inflammatory pain of other cancers,
and this unique characteristic makes bone cancer pain
therapeutically intractable (11). Anti-inflammatory
drugs and opiates have limited effectiveness in man-
aging bone cancer pain, and increased doses often
lead to side effects (12-14). Bisphosphonates are a
class of drugs that are effective in the treatment of
bone-related medical conditions, such as bone malig-
nancy and osteoporosis. However, prolonged usage of
bisphosphonates can also lead to severe side effects,
such as bisphosphonate-associated osteonecrosis of the
jaw (BONJ), a rare but painful condition that severely
affects the patient’s quality of life (15). Consequently,
further research into the mechanisms involved in cancer
pain would allow the development of better and more
effective strategies in the management and treatment
of cancer pain.

Animal models are often used to investigate the
mechanisms of human diseases, including bone cancer.
However, studies which focus on the effect of different
doses of carcinoma cells on bone cancer pain are still
lacking. Breast cancer is one of the most common forms

of malignant cancers affecting women, which has a
high rate of morbidity and mortality. Cancer metastasis
to bone is the most common outcome in malignant
breast cancers. In this study, different doses of breast
cancer mammary gland carcinoma cells (Walker 256)
were injected into the right tibia of Sprague-Dawley
(SD) rats, and subsequent measurements of spontane-
ous pain, thermal hyperalgesia, mechanical hyperalge-
sia/allodynia, as well as bone x-ray, bone mineral den-
sity (BMD), pathology, carboxyterminal telopeptide of
type | collagen (ICTP), bone alkaline phosphatase (BAP),
and interleukin-1 beta (IL-1B) mRNA analyses were per-
formed to determine the effectiveness and differences
of varying doses of Walker 256 carcinoma cells on bone
cancer pain.

MEeTHODS

Animal Preparation

Female 4 and 6 week old SD rats weighing (70 —
90 g and 150 — 170 g, respectively) were provided by
Shanghai SLAC Laboratory Animal CO., Ltd (Shanghai,
license NO. SCXK 2007-0005), and kept under controlled
conditions (temperature 24 + 0.5°C, relative humidity 50
— 60%, 12-hour alternating light-dark cycle, food and
water ad libitum). Wood shavings were used as cage
bedding to minimize the possibility of painful contact
with a hard surface. All experiments were conducted
in accordance with National Institute of Health (NIH)
guidelines for the care and use of laboratory animals
and the International Association for the Study of Pain
(IASP) ethical standards and guidelines of animal pain
research (16). It was also approved by Shanghai Univer-
sity of Traditional Chinese Medicine (China).

Experimental Grouping

Seventy-five female Sprague-Dawley rats weighing
150 - 170 g were randomly divided into 5 groups (n
= 15 per group): (1) normal group, which received no
injection, (2) sham bone cancer control group, which
received vehicle (PBS) inoculation without carcinoma
cells, (3) 3 x 10° carcinoma cells group, which received
inoculation of 3 x 10° Walker-256 carcinoma cells, (4)
3.5 x 10° carcinoma cells group, which received inocula-
tion of 3.5 x 10° Walker-256 carcinoma cells, (5) 4 x 105
carcinoma cells group, which received inoculation of 4 x
10° Walker-256 carcinoma cells. Prior to the experiment
model, 2 rats from each group were selected and the
right hind limb tibia tissue was removed for histology
analysis.
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Model reparation

Cell Preparation

Walker-256 rat mammary gland carcinoma cells
were derived from SD rats and provided by Shanghai
Laboratory Animal Research Center. Based on our previ-
ously reported method (17), 1x107 (cells/mL) carcinoma
cells were injected into the abdominal cavities of the
4 week old rats (70 — 90 g), and the ascetic fluid was
extracted after 6 — 7 days. After washing with PBS, the
cells were collected and kept on ice until subsequent
injection.

Model Preparation

The 6 week old rats (150 — 170 g) were anesthetized
with 10% chloral hydrate (200 mg/kg) intraperitone-
ally (i.p) following shaving of the right knee joint. The
bone cancer pain model was prepared according to the
methods as previously described (18). The right hind
limbs of the rats were shaved and disinfected with 75%
v/v ethanol, and right lateral superficial incisions were
made in the skin overlying the patella. A 23-gauge
needle was first inserted at the site of intercondylar
eminence 7 mm below the knee joint into the medullary
cavity of the tibia. The needle was then removed and
replaced with a 29-gauge needle attached to a 10 pl
microinjection syringe, and 6 pl carcinoma cells (3x105,
3.5x10° or 4x10° doses) or PBS were slowly injected into
the right tibia cavity. The injection site was closed using
bone wax after syringe removal, and the wound was
closed using a gelatin sponge. All animals were allowed
to recover for 7 days following surgery, prior to further
experimentation.

Spontaneous Pain

The rats were individually placed in a flat plastic
observation box, measuring 1.2 m x 1.2 m x 0.45 m. The
status and indicators of limping in the rat’s right tibia
were observed, and a spontaneous pain scoring method
was used based on the following criteria: normal walk-
ing as 0 points, mild limp as 1 point, severe limp as 3
points, complete loss of right hind limb function as 4
points. Spontaneous pain was measured on day 0, 5, 11,
17, and 21 following injection of Walker 256 carcinoma
cells or PBS.

Thermal Hyperalgesia

The normal, sham, and carcinoma-injected rats
were tested for paw withdrawal latency (PWL) using the
method as previously described (19). Each rat was indi-

vidually placed in a plastic chamber (25 cm x 15 cm x 15
c¢m) on the glass surface of a Full-Automatic Plantar An-
algesia Tester (BME-410C, Chinese Academy of Medical
Sciences, Institute of Biomedical Engineering, China)
and was allowed to acclimatize for 30 minutes prior to
experimentation. PWL was measured on day 0, 4, 10,
16, and 20 following injection of Walker 256 carcinoma
cells or PBS. Mean PWL was established based on the
average latency of 3 separate tests with a 5-minute in-
terval between each test. The rat paws were alternated
randomly to preclude any “order” effects. A 30-second
cut-off time was used to prevent tissue damage. This
experiment was performed by an investigator who was
blinded to experimental group assignment.

Mechanical Hyperalgesia/Allodynia

The rats were also tested for sensitivity to me-
chanical stimuli. Hind paw withdrawal threshold was
measured by von Frey filaments as previously described
(20). Mechanical stimuli testing were performed on
days 0, 5, 11, 17, and 21 following injection of Walker
256 carcinoma cells or PBS. The von Frey filaments with
logarithmically incremental stiffness (0.4, 0.6 1.4, 2.0,
4.0, 6.0, 8.0, and 15.0 g; Stoelting, Wood Dale, lllinois,
USA) were applied perpendicular to the mid-plantar
surface, but avoiding the less sensitive plantar tori of
the rat’s hind paw. Each von Frey filament was held
for roughly 1 - 5 seconds, with a 10-minute interval
before the next incremental stimuli. Each rat was first
subjected to the application of the 2.0 g von Frey fila-
ment, whereby a positive response was defined as the
withdrawal of the paw upon stimulus. When there was
a positive response to a stimulus, a lower incremental
von Frey filament was applied, and a negative response
resulted in the application of a higher incremental von
Frey filament. Each rat was subjected to 5 additional
stimuli following the first response, and the pattern of
response to mechanical stimuli was converted to 50%
von Frey threshold.

X-ray and BMD

To assess the tumor-induced tibia bone destruction,
radiographs, and BMD of the tibia bone were analyzed.
Rats were individually placed on a clear plane Plexiglas
and exposed to the Kodak In-Vivo Imaging System Fx
Pro (Carestream Health CO, USA) following anesthesia
with sodium pentobarbital (80 mg/kg, i.p), on day 0,
11, and 21 after inoculation of Walker 256 carcinoma
cells or PBS. X-ray imaging was performed on the surgi-
cal side of the rat hind limbs to analyze the BMD and
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observe any changes in the proximal tibia.

Pathology

Rats underwent deep anesthesia with sodium pen-
tobarbital (80 mg/kg, i.p) at day O prior to experiment
model, and day 21 post-cancer cell inoculation into the
tibia, by transcardial perfusion with saline. The right
tibial tissue was then removed and preserved in 10%
neutral buffered formalin, and decalcified using 10%
EDTA for 21 days. The preserved tissues were then em-
bedded in paraffin, sectioned to 5-micron-thick (Leica
RM 2165) and stained using standard Haematoxylin and
Eosin (H&E) method.

ICTP and BAP

After inoculation of Walker 256 carcinoma cells or
PBS on day 0, 5, 11, 17, and 21, blood samples (0.5 ~ 1
mL) of rats were drawn from the tail vein. ICTP and BAP
concentrations in serum were subsequently measured
using a commercial ELISA kit (Pierce Chemical, Rockford,
IL, USA) according to the manufacturer’s instructions.

Real-time PCR for IL-1

On day 21 following inoculation of Walker 256 car-
cinoma cells or PBS, rats were sacrificed and their spinal
cords were removed. The dorsal horn was separated
into contralateral and ipsilateral sections and stored
immediately in liquid nitrogen. Trizol reagent (Invitro-
gen, Carlsbad, CA, USA) was used to extract the total
RNA using the standard RNA extraction protocol. The
expression of IL-1B mRNA was measured using real time
Polymerase Chain Reaction (PCR) (Step One Plus, ABI,
Carlsbad, CA, USA). Primer sequences for IL-1B were RIL-
1-S: 5'-cgagatgctgtgagatttg-3’, tm60.9, 54225, 172bp,
NM-031512, Tm61.2 and RIL-1-A: 5’-gctatggcaactgtccct-
gaac-3’, tm60.9, 54-225, 172bp, NM-031512, Tm87.1;
and GAPDH were RGAPDH-S: 5’-gtgccagcctcgtctcatag-3’
and RGAPDH-A: 5'-gttgaacttgccgtgggtag-3', 192bp,
Tm89. 5.

Real-Time PCR for IL-17 and IL-17RA

Rat spinal cord RNA was extracted as mentioned
above. The expression of IL-17 and IL-17RA was mea-
sured using real time PCR (Step One Plus, ABI, Carlsbad,
CA, USA). Primer sequences for IL-17 were IL-17-S:
5’-gaagttggaccaccacatga-3’ and

IL-17-A: 5'-tccctcttcaggaccaggat-3'; for IL-17RA
were IL-17RA-S, 5'-gacccaaaccacaagtccaa-3’ and IL-
17RA-A 5'-gtcatcttcatctccgtgtec-3'; for hydroxymethyl-
bilane synthase (Hmbs) as a housekeeping gene were

Hmbs-S: 5'-tccctgaaggatgtgcectac-3' and Hmbs-A: 5’
acaagggttttcccgtttg-3’; for hypoxanthine phosphoribo-
syltransferase minigenes (Hprt) also as a housekeeping
gene were Hprt-S: 5'-ggtccattcctatgactgtagatttt-3' and
Hprt-A 5'-caatcaagacgttctttccagtt-3'. The standard
curve method was used to compare mRNA expression
levels between groups. Similar results were obtained
when IL-17 and IL-17RA expression levels were normal-
ized to both endogenous control genes Hmbs and Hprt.

Statistical Analysis

The mean values and standard deviations (SD) were
calculated for all collected behavioral data. Statistical
significance was analyzed using one way ANOVA and
repeated measures ANOVA using SPSS 16.0 statistical
software. Criteria for statistical significance in all analy-
ses were set as P < 0.05.

REsuLTs

Changes in Body Weight

There were no obvious changes in rat body weight
from day 0 - 7 following inoculation of Walker 256 car-
cinoma cells or PBS among the 5 groups. However from
day 11 — 21, the 3 groups which were inoculated with
Walker 256 carcinoma cells showed significant weight
loss compared to the normal and PBS injected groups (P
=0.0001) (Fig. 1). A2 x 2 x 5 repeated-measures AVOVA
was used to determine the main effects of tumor cell
implantation (Fgntercepty = 26938.94, P = 0.0001) and time
(Feg = 129.28, P = 0.0001), as well as the interaction
between tumor cell implantation and time (F(GG) =
198.64, P = 0.0001). Post-hoc comparisons of means
revealed that rats injected with Walker 256 carcinoma
cells in the right tibia induced a significant (P = 0.0001)
decrease in body weight from day 11 to 21. The body
weight of the rats in the 3x10° 3.5x10° and 4x10°
groups decreased continuously from day 11, and in a
dose dependent manner.

Mortality Rate

From day 7 after injection of Walker 256 carcinoma
cells, there was a decrease in the general condition of
rats, including weakened mental state and discolor-
ation of body hair. Rat mortalities mainly occurred in
the second week following injections. By the third week
following injections, the bone cancer had progressed to
the chronic stage, and thus the condition of the surviv-
ing rats became relatively stable. In the 4x10° group,
there were 3 deaths which occurred on day 8, 9, and
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Fig. 1. Changes in body weight of normal rats and rats injected with PBS
or different doses of Walker 256 carcinoma cells (n = 10). Body weight
was measured on day 0 (prior to inoculation), 5, 11, 17, and 21 after
injection. **P < 0.001 vs normal group; ##P < 0.001 vs PBS group.
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Fig. 2. Changes of spontaneous pain score in normal rats and rats injected
with Walker 256 carcinoma cells or PBS (n = 10). Score of spontaneous
pain was tested on day 0 (prior to inoculation), 5, 11, 17, and 21 after
injection. Carcinoma cells induced an obvious increase of spontaneous
pain score in the right tibia of rats. *P < 0.05 vs normal group, #P <
0.05 vs PBS group; **P < 0.001 vs normal group, ##P < 0.001 vs PBS

group.

Table 1. Mortality rate of rats after injection.

Group Days after injection | Deaths
Normal - 0
PBS - 0
3x105 7,11 2
3.5x105 9 1
4x105 8,9,14 3

14 following injection; in the 3x10° group,
there were 2 deaths which occurred on day
7 and 11 following injection; in the 3.5x10°
group, there was only one death which oc-
curred on day 9 following injection (Table 1).
These results demonstrate that implantation
of the 3.5x10° dose of Walker 256 carcinoma
cells resulted in the lowest mortality rate in
rats.

Spontaneous Pain

There were no obvious differences in
the function of the rat hind limb between
the normal and sham PBS injected group.
However, rats inoculated with Walker 256
carcinoma cells displayed an obvious limp
in the affected hind limb from day 11 to
21 following injection (Fig. 2). In addition,
rats which received 4x10° or 3.5x10° dose of
carcinoma cells showed significant limping
on day 11 (P = 0.004 vs normal, P = 0.038 vs
PBS) and day 17 — 21 (P = 0.001) following
injection. Whereas rats which received 3x10°
dose of carcinoma cells showed only a slight
limp on day 17 — 21 (P = 0.0001) following
injection. A 2 x 2 x 5 repeated-measures
AVOVA was used to determine the main ef-
fects of tumor cell implantation (Fntercepyy =
108.91, P = 0.0001) and time (F(ce) = 48.25, P
=0.0001), as well as the interaction between
tumor cell implantation and time (Fgq =
8.72, P = 0.0001). Post-hoc comparisons
of means revealed that rats injected with
Walker 256 cells in the right tibia induced a
significant increase in spontaneous pain on
day 11 - 21 (P = 0.0001). These results dem-
onstrate that breast cancer metastasis to the
tibia caused progressive spontaneous pain,
compared to the contralateral hind paw, as
well as the normal and PBS-injected groups
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Fig. 3. Vartation of thermal hyperalgesia in normal rats and rats injected with Walker 256 carcinoma cells or PBS by
measuring paw withdrawal latency (n = 10). Thermal hyperalgesia was tested on day 0 (prior to inoculation), 4, 10, 16, and
20 after injection. Inoculation of Walker 256 cells induced a significant decrease in paw withdrawal latency (PWL) of the
rat’s hind paw ipsilateral to the inoculated tibia, especially in the 3.5X105 and 4x105 groups. *P < 0.05 vs normal group, #P
< 0.05vs PBS group; **P < 0.001 vs normal group, ##P < 0.001 vs PBS group, @@P < 0.001 vs 3X105 group.

(data not shown).

Thermal Hyperalgesia

Rats inoculated with Walker 256 carcinoma cells
exhibited significant changes in PWL on day 10 - 20, but
not those injected with PBS or the normal un-injected
groups (Fig. 3A). There was a significant decrease in
the PWL of rats which received 4x10°, 3.5x10°, or 3x10°
doses of carcinoma cells day 10 - 20 (P = 0.0001), which
was more pronounced in the 3.5x10° and 4x10° dose
groups compared to the 3x10° dose group on day 21
(P = 0.001). A 2 x 2 x 5 repeated-measures AVOVA
was used to determine the main effects of tumor cell
implantation (Fintercepy = 12990.56, P = 0.001) and time
(Fsay = 103.55, P = 0.001), as well as the interaction be-
tween tumor cell implantation and time (Fa) = 25.55, P
= 0.001). Post-hoc comparisons of means revealed that
rats injected with Walker 256 cells in the right tibia
induced a significant decrease in PWL on day 10 — 20
(P = 0.001). These results suggest that breast cancer
metastasis to the tibia induced progressive thermal
hyperalgesia, compared to the contralateral hind paw,

as well as the normal and PBS-injected groups, which
remained at the pre-injection level (Fig. 3B).

Mechanical Hyperalgesia/Allodynia

Rats inoculated with 3x10° 3.5x10°5 or 4x10°
doses of Walker 256 carcinoma cells had a significant
decrease in paw withdrawal threshold to von Frey fila-
ment stimulation in the right tibia on day 11 - 21 fol-
lowing injection (P = 0.008, P = 0.022, and P = 0.0001,
respectively), but not rats injected with PBS or the nor-
mal un-injected groups (Fig. 4A). However, no changes
were evident in either group from day 0 to 7 after
injection. The decrease in paw withdrawal threshold
was significantly more pronounced in the 3.5x10° and
4x10° high dose groups, compared to the normal and
PBS groups onday 11-21(P=0.001), and the 3x10° low
dose group on day 21 (P=0.0001). A2 x 2 x 5 repeated-
measures AVOVA was used to determine the main ef-
fects of tumor cell implantation (Fgntercepy = 2327.40, P
=0.0001) and time (Fse = 36.18, P = 0.0001), as well as
the interaction between tumor cell implantation and
time (Fge = 7.72, P = 0.0001). Post-hoc comparisons
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Fig. 4. Changes of mechanical response thresholds in normal rats and rats injected with Walker 256 carcinoma cells or PBS
measured by von Frey filaments (n = 10). Mechanical response threshold was tested on day 0 (prior to inoculation), 5, 11,
17, and 21 after injection. Inoculation of carcinoma cells induced an obvious decrease of mechanical allodynia in the right
tibia of rats, especially in the 3.5%105 and 4X105 groups. *P < 0.05 vs normal group, #P < 0.05 vs PBS group; **P <
0.001 vs normal group, ##P < 0.001 vs PBS group, @@. P < 0.001 vs 3X105 group.

of means revealed that rats injected with Walker 256
cells in the right tibia induced a significant decrease in
paw withdrawal threshold on day 12 - 21 (P = 0.0001).
These results demonstrate that high doses of carcinoma
cells resulted in a significant decrease of bone-cancer
induced mechanical allodynia, compared to the contra-
lateral hind paw, as well as the normal and PBS-injected
groups, which remained at the pre-injection level (Fig.
4B).

X-ray

X-ray radiography was used to monitor bone de-
struction. At day 11 after injection of 3x105, 3.5x10°,
or 4x10° doses of Walker 256 carcinoma cells, radiolu-
cent lesions in the proximal epiphysis indicating bone
destruction was evident in right tibia of injected rats.
Furthermore, at day 21 after injection of all 3 doses of
Walker 256 carcinoma cells, there were increased de-
struction to bone marrow, as well as significant bone
loss (Fig. 5). No radiological abnormalities were found
in the normal and PBS-injected groups from day 0 to
21.

BMD
There was a significant decrease in BMD of the

right tibia in rats at day 10, 16, and 20 following injec-
tion of 3x10° dose (P = 0.023, P = 0.041, P = 0.0001,
respectively), 3.5x10°> dose (P = 0.005, P = 0.002, P =
0.0001, respectively), or 4x10° dose (P =0.006, P = 0.003,
P =0.0001, respectively) of Walker 256 carcinoma cells,
compared to pre-injection levels (Fig. 6). However, there
were no changes in BMD of normal and PBS-injected
groups from day 0 to 20. A 2 x 2 x 5 repeated-measures
AVOVA was used to determine the main effects of tu-
mor cell implantation (Fgntercepy = 24655.21, P = 0.0001)
and time (Fsa) = 33.74, P = 0.0001), as well as the in-
teraction between tumor cell implantation and time
(Fsa = 7.10, P =0.0001). Post-hoc comparisons of means
revealed that rats injected with Walker 256 cells in the
right tibia induced a significant decrease in BMD on day
10 — 20 (P = 0.0001). These results suggest that higher
doses of carcinoma cells resulted in a greater reduction
of BMD.

Pathology

Histological examination revealed that at day
21 following injection of Walker 256 carcinoma cells,
significant tumor growth and bone destruction were
evident compared to day 0, but there was no evidence
of bone destruction in the normal and PBS-injected
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Fig. 5. Radiographs of the tibia bone in normal rats and rats injected Walker 256 carcinoma cells or PBS (A: normal, B:
PBS, C: 3x105, D: 3.5%105, E: 4xX105, n = 10). Radiographs were measured on day 0 (prior to inoculation), 11 and 21
after injection. Inoculation of Walker 256 carcinoma cells induced apparent bone destruction, including radiolucent lesions
in the proximal epiphysis, especially in the 3.5X105 and 4X105 groups.
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Fig. 6. BMD of normal rats and rats injected with Walker 256 carcinoma cells or PBS (n = 10). BMD was measured on
days 0 (prior to inoculation), 4, 10, 16, and 20 after injection. Rats inoculated with Walker 256 carcinoma cells induced a
significant decrease in BMD of the right tibia, especially in the 3.5%105 and 4%<105 groups. *P < 0.05 vs normal group;
*%P < 0.001 vs normal group, ##P < 0.001 vs PBS group, @.P < 0.05 vs 3X105 group.

groups (Fig. 7). Higher doses (4x10° and 3.5x10°%) of
Walker 256 carcinoma cells also led to visibly increased
bone destruction in the tibia of affected rats.

Serum ICTP and BAP

There was a significant increase of serum ICTP and
BAP levels in rats injected with 3x10°, 3.5x10°, or 4x10°
doses of Walker 256 cells from day 11 to day 21 (Fig. 8).
However, there were no changes in serum ICTP and BAP
levels in normal and PBS-injected groups from day 0 to
day 21. A2 x 2 x 5 repeated-measures AVOVA was used
to determine the main effects of tumor cell implanta-
tion and time, as well as the interaction between tumor
cell implantation and time. Post-hoc comparisons of
means revealed that rats injected with Walker 256 cells
in the right tibia induced a significant decrease of PWL
on day 11 - 21 (P < 0.0001). These results suggest that
higher doses (4x10° and 3.5x10°) of Walker 256 carci-
noma cells led to increases in serum ICTP and BAP.

Real-time PCR for IL-1p, IL-17 and IL-17RA

Real time PCR showed that the mRNA expression
of IL-1B in rats injected with 3x10° 3.5x10% or 4x10°
doses of Walker 256 cells was significantly increased
(P = 0.0001) compared to the normal and PBS-injected
groups (Fig. 9). In addition, 3.5x10° and 4x10° doses of
Walker 256 carcinoma cells had significantly higher IL-1B

mRNA expression compared to 3x10° dose (P = 0.0001).
There were similar trends in the mRNA expression of
IL-17 and IL-17RA (Figs. 10, 11). These results demon-
strated that higher dose of carcinoma cells (4x10° and
3.5x10°) resulted in increased IL-1B, IL-17, and IL-17RA
mRNA expression.

Discussion

Cancer pain is a complex medical syndrome, often
caused by the tumor itself, tumor metastasis, or during
treatment of cancer. Pain in terminal cancer patients
often cannot be managed by systemic analgesics, and
is commonly associated with adverse drug reactions to
analgesics (21). However, the underlying mechanisms
involved with cancer pain are still poorly understood.

Bone is one of the most common metastatic sites of
cancer malignancy, which leads to possible side-effects
including pain, hypercalcemia, and pathologic fracture
(22). Pain is often the first symptom of cancer metas-
tasis to bone (23). Conventional treatment requires a
multidisciplinary approach, involving medical therapy,
surgery, and radiation therapy (22). Proper pain man-
agement is a critical issue for patients with metastatic
cancer (23). However, But treatment of bone cancer
pain remains a clinical challenge due to limited under-
standing of the mechanisms involved (24). Bone cancer
pain produces a unique mechanical and neurochemical
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Fig. 7. Histological evaluation of bone destruction in normal rats and rats injected with Walker 256 carcinoma cells or PBS
(A: normal, B: PBS, C: 3x105, D: 3.5%105, E: 4xX105, n = 10). Bone tissue samples were obtained on day 0 (prior to
inoculation, n = 2) and 21 (n = 10) after injection. On day 0, rats from all groups appeared normal. On day 21, rats from
the normal and PBS groups exhibited normal cell morphology such as complete trabecular bone in neat arrangement, normal
bone and cellular structure showing clear location of nuclet, and precise row arrangement of osteoblasts within trabecular
bone. Rats injected with Walker 256 carcinoma cells showed significant cancer growth and progressive destruction of bone, as
well as abnormal cell morphology such as blurring of trabecular bone edge, obvious bone destruction, irregular bone trabeculas,
and tumor cells in bone marrow cavity growth. HE staining, original magnification: 400X.
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Fig. 8. Serum BAP and ICTP levels of normal rats and rats injected with Walker 256 carcinoma cells or PBS (A: BAP, B:
ICTPE n=10). Inoculation of Walker 256 carcinoma cells induced a significant increase of BAP and ICTP levels in rat
serum, especially in the 3.5X105 and 4x105 groups. **P < 0.001 vs normal group, ##P < 0.001 vs PBS group, @.P < 0.05 vs

onset that goes beyond typical inflammatory or neuro-
pathic pain, and therefore needs to be considered as a
separate entity (27). The use of animal models can ac-
curately replicate the symptoms of bone cancer pain in
humans, allowing a valid understanding of the clinical
outcome of bone cancer pain (25).

Pre-clinical bone cancer pain models mimicking
the human condition are required to provide a valid
comparison to the clinical setting (26). Animal models
of bone cancer pain in mice were developed by Sch-

wei et al (27), where NCTC2472 cells were inoculated
in the femur marrow cavity of C3H/HeJ mice. On this
basis, various different carcinoma cells have been used
on different animals as an extension of this model. This
allows us to explore the mechanisms of cancer pain
through observing the general condition and behavior
of model animals, as well as understanding the cellular,
pathological, and neurochemical changes related to
cancer development and bone destruction. These ani-
mal models are of great significance for future research
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and potential clinical management of cancer
pain.

Due to physiological differences be-
tween rats and mice, many researchers have
chosen the rat model in studying bone cancer
pain. Research using the rat model of bone
cancer pain was developed by Medhurst et
al in 2002 (28), before a new rat model of
bone cancer pain following prostate cancer
cell inoculation of the tibia was established
(29). Since then, the rat model using inocula-
tion of mammary gland Walker 256 cells in
the tibia of female Wistar rats was devel-
oped, and subsequent improvements to the
model have been made, resulting in reduced
mortality rates (30). Consistent with previous
research (18,31,32), the quantity of carci-
noma cells is a crucial aspect of the model,
in respect to metastatic tumor progression,
extent of ambulatory pain, and hind limb
weight bearing ability. This study aimed to
explore the relationship between different
quantities of Walker 256 carcinoma cells on
the cancer pain model’s success and stability.
We found that the 3.5x10° dose of Walker
256 carcinoma cells produced the greatest
effect in relation to the bone cancer pain
model, due to the lowest mortality rate, but
also providing almost identical physiological
and pathological features compared to the
higher 4x10° dose of Walker 256 carcinoma
cells.

Walker 256 mammary gland carcinoma
cells can easily metastasize to different parts
of the body (31), and often result in behav-
ioral changes in the affected rats. The right
tibia (ipsilateral) of rats inoculated with
Walker 256 carcinoma cells displayed sig-
nificant indictors of pain from day 10 to 21
following injection (Fig. 2, Fig. 3A, Fig. 4A),
and x-ray radiography also displayed obvious
bone destruction (Fig. 5), whereas no changes
were evident in the contralateral hind limb
(Fig. 3B, Fig. 4B). This demonstrated that the
cancer cells did not metastasize to the left
tibia during day 0 - 21.

BMD analysis was used to measure the
degree of bone destruction following tumor
metastasis. A previous study has showen that
inoculation of syngeneic MRMT-1 mammary
tumor cells into the tibia of female rats re-
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sulted in tumor growth within the bone, leading to a
reduction in BMD (33). A recent study demonstrated
that transplantation of metastatic rat mammary tu-
mor-1 cells into the tibia of SD rats revealed charac-
teristics of mixed metastasis, tumor development, and
reduction of BMD (33). In this study, we found that the
BMD of the 3.5x10° and 4x10° Walker 256 dose groups
produced significantly decreased BMD in the right tibia
of injected rats (Fig. 6).

Several models of bone cancer pain demonstrate
that osteoclasts play an important role in bone destruc-
tion and cancer pain (34). Increased activity of osteo-
clasts can lead to bone destruction and decreased bone
density, whereby pain receptors may be activated by
bone trabeculas and cytokines (35). Osteoblasts may
also impact the osteoblastic function. Tumor cells se-
crete various growth factors during bone metastasis in
order to activate osteoclasts. Bone tissues also release
large amounts of growth factors accompanying this
process, in order to stimulate tumor growth and bone
destruction (36). This generates a large protein and
bone degradation matrix, which involves several closely
related biochemical markers of bone metabolism (37).
The most important markers of osteoclastic (bone re-
sorption) and osteoblastic (bone formation) activity are
ICTP and BAP (38-41). In this study, we found that the
3.5x10° and 4x10° dose groups produced the greatest
increase in serum ICTP and BAP compared to the nor-
mal, PBS-injected, and 3x10° dose groups (Fig. 8). This
demonstrated the occurrence of bone resorption and
formation in the right tibia, as well as the likely activity
of osteoclasts and osteoblasts in our cancer pain model.

Cytokines such as IL-1B play important roles in in-
flammatory (42)0 (Sun S, et al. 2012) and neuropathic
pain (43) (Cha MH, et al. 2012). Intrathecal injection
IL-1B antagonist may alleviate thermal (44) (Sung, et
al. 2004) and mechanical hyperalgesia (45) (Reeve et al.
2000). Therefore, cytokines including IL-1, are likely to
be implicated in the development and maintenance of
bone cancer pain. A previous study showed that IL-18
levels increased significantly in the spinal cords of rats
following injection of prostate cancer cells in the rat
tibia (28). A separate study suggested that spinal IL-1B
enhances NR1 phosphorylation to facilitate bone can-
cer pain (19). In this study, we showed that IL-13 mRNA
expression of 3.5x10° and 4x10° dose groups signifi-
cantly increased in the spinal cords of rats injected with
Walker 256 mammary gland cells.

Interleukin-17 (IL-17) is a pro-inflammatory cyto-
kine secreted by activated T-cells (46). Production of IL-
17 is induced during infections, autoimmune diseases,

and other inflammatory events. IL-17 is involved in host
defense, but also in the destruction of inflammatory
tissue (47). IL-17 has a limited role in the acute phase
of nerve injury and pain, but is likely involved in later
phases during the development of neuropathic pain
(48). However the relationship between IL-17 and
cancer pain is still unknown. This study showed that
3.5x10° and 4x10°> dose groups had significantly in-
creased expression of IL-17 mRNA and IL-17RA mRNA
compared to the normal, PBS-injected and 3.5x10° dose
groups in the spinal cords of rats injected with Walker
256 carcinoma cells. Therefore, IL-17 may be involved in
the occurrence and development of cancer pain.

On the basis of previous studies, we found that the
3.5x10° dose is the optimal dose for studying the bone
cancer pain model in SD rats (49-50). This dose achieved
the consistent model effect of the 4x10° dose group,
with the added advantage of decreased mortality rates.
One limitation of this study was the small sample size;
therefore, additional research is needed to provide bet-
ter validation. Another limitation is the unavailability of
small animal Micro computed tomography (CT), which
is @ more advanced and precise technique in determin-
ing bone marrow density than the x-ray imaging system
we used. In addition, ethology experiments during late-
stage tumor progression can be more objective.

ConcLusION

In conclusion, the present study demonstrates that
inoculation of 3.5x10° and 4x10° dose of Walker 256
mammary gland carcinoma cells into the tibia of rats
induced the greatest destruction to bone. The 3.5x10°
dose resulted in the lowest mortality rate, and progres-
sively increased thermal and mechanical hyperalgesia.
Bone cancer pain increased serum ICTP and BAP levels,
which are associated with osteoclastic and osteoblastic
factors, as well as spinal cord IL-13 mRNA, IL-17 mRNA,
and IL-177RA mRNA expression levels, involved in the
development and onset of cancer pain.

Acknowledement

We would like to thank professor Juyong Wang and
professor Ling Xu for experiment technical support and
help. This work was supported by the National Natural
Science Foundation of China (No. 81403356, 81173225),
the Research Subject of Shanghai Municipal Commis-
sion of Health and Family Planning (No. 201640178),
and the Natural Science Foundation of Science and
Technology Commission of Shanghai Municipality (No.
09134091203)

www.painphysicianjournal.com

E1075



Pain Physician: September/October 2016: 19:E1063-E1077

REFERENCES

1.

10.

11.

12.

Thompson ML, Jimenez-Andrade JM,
Chartier S, Tsai J, Burton EA, Habets G,
Lin PS, West BL, Mantyh PW. Targeting
cells of the myeloid lineage attenuates
pain and disease progression in a pros-
tate model of bone cancer. Pain 2015;
156:1692-1702.

Ducourneau VR, Dolique T, Hachem-
Delaunay S, Miraucourt LS, Amadio A,
Blaszczyk L, Jacquot F, Ly J, Devoize L,
Oliet SH, Dallel R, Mothet JP, Nagy F,
Fenelon VS, Voisin DL. Cancer pain is
not necessarily correlated with spinal
overexpression of reactive glia markers.
Pain 2014; 155:275-291.

Siegel R, Ma J, Zou Z, Jemal A. Cancer
statistics, 2014. CA 2014; 64:9-29.

Masters GA, Krilov L, Bailey HH, Brose
MS, Burstein H, Diller LR, Dizon DS,
Fine HA, Kalemkerian GP, Moasser M,
Neuss MN, O’'Day SJ, Odenike O, Ryan
CJ, Schilsky RL, Schwartz GK, Venook
AP, Wong SL, Patel JD. Clinical cancer
advances 2015: Annual report on prog-
ress against cancer from the American
Society of Clinical Oncology. Journal of
Clinical Oncology 2015; 33:786-809.
Davies AN, Dickman A, Reid C, Stevens
AM, Zeppetella G. The management of
cancer-related breakthrough pain: Rec-
ommendations of a task group of the
Science Committee of the Association
for Palliative Medicine of Great Britain
and Ireland. Eur ] Pain 2009; 13:331-338.
Paice JA, Ferrell B. The management of
cancer pain. CA 2011; 61:157-182.
Coleman RE, Rubens RD. The clinical
course of bone metastases from breast
cancer. British Journal of Cancer 1987;
55:61-66.

Coleman RE. Metastatic bone disease:
Clinical features, pathophysiology and
treatment strategies. Cancer Treatment

Reviews 2001; 27:165-176.

Siegel R, Naishadham D, Jemal A. Can-
cer statistics, 2012. CA 2012; 62:10-29.

Lipton A. Management of bone metas-
tases in breast cancer. Current Treatment
Options in Oncology 2005; 6:161-171.
Honore P, Rogers SD, Schwei MJ, Sal-
ak-Johnson JL, Luger NM, Sabino MC,
Clohisy DR, Mantyh PW. Murine mod-
els of inflammatory, neuropathic and
cancer pain each generates a unique set
of neurochemical changes in the spinal
cord and sensory neurons. Neuroscience
2000; 98:585-598.

Kirou-Mauro AM, Hird A, Wong J, Sin-
clair E, Barnes EA, Tsao M, Danjoux C,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chow E. Has pain management in can-
cer patients with bone metastases im-
proved? A seven-year review at an out-
patient palliative radiotherapy clinic.
Journal of Pain and Symptom Management
2009; 37:77-84.

Di Franco R, Falivene S, Ravo V, Mam-
mucari M, Sarli E, Baffini S, De Palma
G, Pepe A, Traettino M, Muto M, Cap-
pabianca S, Muto P. Management of
painful bone metastases: Our experience
according to scientific evidence on pal-
liative radiotherapy. Anticancer Research
2014; 34:1011-1014.

Nicholson B. Responsible prescribing of
opioids for the management of chronic
pain. Drugs 2003; 63:17-32.

Arrain Y, Masud T. A current update on
osteonecrosis of the jaw and bisphos-
phonates. Dental Update 2011; 38:672-
676, 678.

Zimmermann M. Ethical guidelines for
investigations of experimental pain in
conscious animals. Pain 1983; 16:109-110.
Yu S, Peng HD, Ju DW, Wei PK, Xu L,
Lao LX, Li J. Mechanisms of treatment of
cancer pain with a topical Chinese herbal
formula in rats. Chinese Medical Journal
2009; 122:2027-2031.

Mao-Ying QL, Zhao J, Dong ZQ, Wang J,
Yu J, Yan MF, Zhang YQ, Wu GC, Wang
YQ. A rat model of bone cancer pain in-
duced by intra-tibia inoculation of Walk-
er 256 mammary gland carcinoma cells.
Biochemical and Biophysical Research
Communications 2006; 345:1292-1298.
Zhang RX, Li A, Liu B, Wang L, Xin J,
Ren K, Qiao JT, Berman BM, Lao L. Elec-
troacupuncture attenuates bone-cancer-
induced hyperalgesia and inhibits spi-
nal preprodynorphin expression in a rat
model. Eur ] Pain 2008; 12:870-878.
Dixon WJ. Efficient analysis of experi-
mental observations. Annual Review
of Pharmacology and Toxicology 1980;
20:441-462.

Jeon YS, Lee JA, Choi JW, Kang EG, Jung
HS, Kim HK, Shim BY, Park JH, Joo JD.
Efficacy of epidural analgesia in patients
with cancer pain: A retrospective ob-
servational study. Yonsei Medical Journal
2012; 53:649-653.

Kim EY, Chapman TR, Ryu S, Chang
EL, Galanopoulos N, Jones J, Kubicky
CD, Lee CP, Teh BS, Traughber BJ, Van
Poznak C, Vassil AD, Weber K, Lo SS. ACR
Appropriateness  Criteria® non-spine
bone metastases. Journal of Palliative
Medicine 2015;18: 11-17.

23.

22.

23.

24.

27.

25.

26.

27.

28.

29.

30.

Coluzzi F, Mandatori |, Mattia C.
Emerging therapies in metastatic bone
pain. Expert Opinion on Emerging Drugs
2011;16: 441-458.

Mercadante S, Fulfaro F. Management
of painful bone metastases. Current
Opinion in Oncology 2007; 19:308-314.
Goldberg GR, Morrison RS. Pain man-
agement in hospitalized cancer patients:
A systematic review. Journal of Clinical
Oncology 2007; 25:1792-1801.

Wu JX, Xu MY, Miao XR, Lu ZJ, Yuan
XM, Li XQ, Yu WF. Functional up-regu-
lation of P2X3 receptors in dorsal root
ganglion in a rat model of bone cancer
pain. Eur ] Pain 2012; 16:1378-1388.
Middlemiss T, Laird BJ, Fallon MT.
Mechanisms of cancer-induced bone
pain. Clin Oncol (R Coll Radiol) 2011;23:
387-392.

Luger NM, Sabino MA, Schwei M),
Mach DB, Pomonis JD, Keyser CP, Rath-
bun M, Clohisy DR, Honore P, Yaksh TL,
Mantyh PW. Efficacy of systemic mor-
phine suggests a fundamental differ-
ence in the mechanisms that generate
bone cancer vs inflammatory pain. Pain
2002; 99:397-406.

Dore-Savard L, Otis V, Belleville K,
Lemire M, Archambault M, Tremblay
L, Beaudoin JF, Beaudet N, Lecomte
R, Lepage M, Gendron L, Sarret P. Be-
havioral, medical imaging and histo-
pathological features of a new rat model
of bone cancer pain. PloS One 2010;
5:e13774.

Schwei MJ, Honore P, Rogers SD, Salak-
Johnson JL, Finke MP, Ramnaraine ML,
Clohisy DR, Mantyh PW. Neurochemical
and cellular reorganization of the spinal
cord in a murine model of bone cancer
pain. The Journal of Neuroscience 1999;
19:10886-10897.

Medhurst SJ, Walker K, Bowes M, Kidd
BL, Glatt M, Muller M, Hattenberger
M, Vaxelaire J, O'Reilly T, Wotherspoon
G, Winter J, Green J, Urban L. A rat
model of bone cancer pain. Pain 2002;
96:129-140.

Zhang RX, Liu B, Wang L, Ren K, Qiao
JT, Berman BM, Lao L. Spinal glial acti-
vation in a new rat model of bone can-
cer pain produced by prostate cancer
cell inoculation of the tibia. Pain 2005;
118:125-136.

Fox A, Medhurst S, Courade JP, Glatt M,
Dawson J, Urban L, Bevan S, Gonzalez
I. Anti-hyperalgesic activity of the cox-
2 inhibitor lumiracoxib in a model of

E1076

www.painphysicianjournal.com



Optimization of Bone Cancer Pain Model in Rat

3L

32.

33.

34.

35

36.

bone cancer pain in the rat. Pain 2004;
107:33-40.

Kooistra KL, Rodriguez M, Powis G,
Yaksh TL, Harty GJ, Hilton JF, Laws ER,
Jr. Development of experimental mod-
els for meningeal neoplasia using intra-
thecal injection of gL gliosarcoma and
Walker 256 carcinosarcoma in the rat.
Cancer Research 1986; 46:317-323.

Deng B, Jia LQ, Gao FY, Cui J, Li H. Ef-
fect of Sangu Decoction on metastatic
bone destruction in rats with mamma-
ry cancer. Chinese Journal of Integrative
Medicine 2012; 18:304-307

Walker K, Medhurst SJ, Kidd BL, Glatt
M, Bowes M, Patel S, McNair K, Kesing-
land A, Green J, Chan O, Fox AJ, Urban
LA. Disease modifying and anti-noci-
ceptive effects of the bisphosphonate,
zoledronic acid in a model of bone can-
cer pain. Pain 2002; 100:219-229.
Honore P, Luger NM, Sabino MA, Sch-
wei MJ, Rogers SD, Mach DB, O’Keefe
PF, Ramnaraine ML, Clohisy DR, Man-
tyh PW. Osteoprotegerin blocks bone
cancer-induced skeletal destruction,
skeletal pain and pain-related neuro-
chemical reorganization of the spinal
cord. Nature Medicine 2000; 6:521-528.

Luger NM, Honore P, Sabino MA, Sch-
wei MJ, Rogers SD, Mach DB, Clohisy
DR, Mantyh PW. Osteoprotegerin di-
minishes advanced bone cancer pain.
Cancer Research 2001; 61:4038-4047.
Woodward EJ, Coleman RE. Preven-
tion and treatment of bone metasta-
ses. Current Pharmaceutical Design 2010;
16:2998-3006.

37

38.

39-

40.

41.

42.

43.

Cawthorn TR, Amir E, Broom R, Freed-
man O, Gianfelice D, Barth D, Wang D,
Holen |, Done SJ, Clemons M. Mecha-
nisms and pathways of bone metastasis:
Challenges and pitfalls of performing
molecular research on patient samples.
Clinical & Experimental Metastasis 2009;
26:935-943.

Smith MR. Markers of bone metabolism
in prostate cancer. Cancer Treatment Re-
views 2006; 32:23-26.

Takahashi S. [Evaluation of cancer-in-
duced bone diseases by bone meta-
bolic marker]. Clinical Calcium 2006;
16:581- 590.

Korpela J, Tiitinen SL, Hiekkanen H,
Halleen JM, Selander KS, Vaananen HK,
Suominen P, Helenius H, Salminen E.
Serum TRACP sb and ICTP as markers
of bone metastases in breast cancer. An-
ticancer Research 2006; 26:3127-3132.

Gomez B, Jr., Ardakani S, Ju J, Jenkins
D, Cerelli MJ, Daniloff GY, Kung VT.
Monoclonal antibody assay for measur-
ing bone-specific alkaline phosphatase
activity in serum. Clinical Chemistry 1995;
41:1560-1566.

Sun S,YinY, Yin X, Cao F, Luo D, Zhang
T, Li Y, Ni L. Anti-nociceptive effects
of Tanshinone 1A (TIIA) in a rat model
of complete Freund’s adjuvant (CFA)-
induced inflammatory pain. Brain Re-
search Bulletin 2012; 88:581-588.

Cha MH, Nam TS, Kwak Y, Lee H, Lee
BH. Changes in cytokine expression af-
ter electroacupuncture in neuropathic
rats. Evidence-based Complementary and
Alternative Medicine 2012; 2012:792765.

44.

45.

46.

47.

48.

49.

50.

Sung CS, Wen ZH, Chang WK, Ho ST,
Tsai SK, Chang YC, Wong CS. Intrathe-
cal interleukin-1beta administration
induces thermal hyperalgesia by acti-
vating inducible nitric oxide synthase
expression in the rat spinal cord. Brain
Research 2004; 1015:145-153.

Reeve AJ, Patel S, Fox A, Walker K, Urban
L. Intrathecally administered endotoxin
or cytokines produce allodynia, hyperal-
gesia and changes in spinal cord neuro-
nal responses to nociceptive stimuli in
the rat. Eur ] Pain 2000; 4:247-257.

Moseley TA, Haudenschild DR, Rose L,
Reddi AH. Interleukin-17 family and IL-
17 receptors. Cytokine & Growth Factor
Reviews 2003; 14:155-174.

von Vietinghoff S, Ley K. Interleukin 17
in vascular inflammation. Cytokine &
Growth Factor Reviews 2010; 21:463-469.

Noma N, Khan J, Chen IF, Markman S,
Benoliel R, Hadlaq E, Imamura Y, Eliav
E. Interleukin-17 levels in rat models of
nerve damage and neuropathic pain.
Neuroscience Letters 2011; 493:86-91.
Wang J, Zhang R, Dong C, Jiao L, Xu L,
LiuJ,Wang Z, MaoYing QL, Fong H, Lao
L. Topic treatment of Tong-Luo-San-Jie
Gel alleviates bone cancer pain in rats. ]
Ethnopharmacol 2012, 143:905-913.
Wang J, Zhang R, Dong C, Jiao L, Xu L,
Liu J, Wang Z, Lao L. Transient receptor
potential channel and Interleukin-17A
involvement in LTTL Gel inhibition of
bone cancer pain in a rat model. Inte-
grative Cancer Therapies 2015, 14:381-393.

www.painphysicianjournal.com

E1077






