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Analgesic effect of quetiapine in a mouse model
of cancer-induced bone pain
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Background/Aims: Cancer-induced bone pain (CIBP) is one of the most common
pains in patients with advanced neoplasms. Because of treatment-associated side
effects, more than half of cancer patients are reported to have inadequate and un-
dermanaged pain control. New mechanism-based therapies must be developed to
reduce cancer pain. Quetiapine is a commonly used atypical antipsychotic drug.
We report a study of the potential analgesic effects of quetiapine in a mouse mod-
el of CIBP and examine the mechanism of bone pain by analyzing the expression
of various nociceptors.

Methods: Fifteen male C3H/HeN mice were arbitrarily divided into five groups:
control and, CIBP with no treatment, quetiapine treatment, opioid treatment, and
melatonin treatment. The mice were tested for mechanical hyperalgesia by deter-
mining the nociceptive hind paw withdrawal pressure threshold. Tissues from
tibia were removed and subjected to quantitative and qualitative evaluations of’
transient receptor potential vanilloid 1 (TRPV1), TRPV4, acid-sensing ion channel
1 (ASIC1), ASIC2, and ASIC3 expression.

Results: Paw withdrawal pressure threshold was improved in the quetiapine
treatment group compared with the CIBP group. Expression of TRPV1, TRPVjy,
ASICi, ASIC2, and ASIC3 in the CIBP with quetiapine treatment group was sig-
nificantly lower than that in the CIBP group.

Conclusions: Our results suggest an analgesic effect of quetiapine in the CIBP
animal model and implicate TRPV and ASICs as potential targets for cancer pain
management.
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INTRODUCTION

and undermanaged pain control because of treat-
ment-associated side effects [4,5]. Therefore, new mech-
anism-based therapies are needed to reduce cancer pain.

Pain is a highly prevalent symptom in cancer patients.
Cancer-induced bone pain (CIBP) is one of the most
common pains in patients with advanced cancer [1]. The
treatment of CIBP involves various approaches includ-
ing radiotherapy, chemotherapy, and medical treatment
with bisphosphonates, nonsteroidal anti-inflammatory
drugs, and opioid analgesics [2,3]. It has been reported
that more than half of cancer patients have inadequate
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An animal model of cancer pain involving injection
of osteolytic sarcoma cells into the intramedullary space
of the mouse femur has been developed and shows a
correlation between tissue-induced tumor destruction,
neurochemical changes in sensory neurons and spinal
cord, and the development of pain-related behaviors [6].

Sensory information from peripheral tissues is trans-
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mitted to the spinal cord and brain by primary afferent
sensory neurons. Specialized sensory neurons known as
nociceptors detect environmental stimuli and convert
them into electrochemical signals that are transmitted
to the central nervous system. Tumors secrete a variety
of factors that sensitize or directly excite primary affer-
ent neurons, causing the sensation of pain. Receptors
for many of these factors are expressed by primary af-
ferent neurons. The intracellular and extracellular pH
of solid tumors is lower than that of surrounding nor-
mal tissues, which can also activate sensory neurons and
cause pain in cancer patients [7]. Two acid-sensing ion
channels (ASICs) expressed by nociceptors are transient
receptor potential vanilloid 1 (TRPV1) and ASICs [8-10].
These channels are sensitized and excited by a decrease
in pH in the range of 4.0 to 5.0 [11].

Quetiapine is a commonly used atypical antipsychot-
ic drug that has superior therapeutic effects in patients
with schizophrenia and other neurologic disorders such
as depression [12]. Numerous studies related to the an-
ti-inflammatory effects of antidepressants have been
reported [13,14], including a study of anti-inflammato-
1y effect of quetiapine on collagen-induced arthritis in
mouse model in our center [15].

In this study, we focus on the potential analgesic ef-
fects of quetiapine in a CIBP mouse model and evaluate
the mechanism of bone pain by analyzing the expres-
sion of various nociceptors.

METHODS

Animals

C3H/HeN mice (SLC Inc., Hamamatsu, Japan; 6 weeks
old) were housed in polycarbonate cages and fed stan-
dard mouse chow (Ralston Purina, St. Louis, MO, USA)
and water ad libitum. All experimental procedures were
examined and approved by the Animal Research Ethics
Committee of Keimyung University (KM 2010-28).

Experimental surgical procedure

Fifteen male C3H/HeN mice were arbitrarily divided
into five groups (n = 3 per group) according to intra-
peritoneal injection regimen as follows: control group,
CIBP group, CIBP with quetiapine treatment, CIBP with
opioid treatment, and CIBP with melatonin treatment.
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The CIBP model was generated by injection of osteolytic
fibrosarcoma cells (cell line: NCTC clone 2472) directly
into the tibial bone marrow cavity. Control mice under-
went the same surgical procedure of injection with the
same volume of saline. Treatments were started when
the mice showed positive signs of bone tumor on day
28 after surgery. Quetiapine (10 mg/kg), fentanyl citrate
(10 pg/kg), and melatonin (100 ng/kg) were administered
through intraperitoneal injection. The mice were in-
jected with the appropriate drug five times a week for
2 weeks. The control mice and CIBP mice were injected
with saline. Blood samples and tibial tissues were col-
lected from all mice at the end of the experimental peri-
od and stored at —70°C until use.

Behavior test

The mice were tested for mechanical hyperalgesia by
determining the nociceptive hind paw withdrawal pres-
sure threshold (PWPT) with a Paw Pressure Analgesia
Instrument (UgoBasile, Monvalle, Italy). The tests were
performed by an experimenter who was blinded to the
treatment groups. The mice were gently held in the
hand while incremental pressure, measured by using an
automated gauge, from a 1.75 mm?, blunt, wedge-shaped
piston was applied to the dorsal surface of the hind paw.
The end point was paw withdrawal. The minimum paw
pressure (in grams) that elicited paw withdrawal was de-
fined as the PWPT. Mean PWPT was established by av-
eraging the values of five consecutive tests, separated by
intervals of 30 seconds. The PWPT was tested on days 3,
7,11, 14, 24, 28, 32, 36, and 4o0.

Reverse transcription-polymerase chain reaction

At the end of the treatment period, tissues of the left
tibia were removed and subjected to quantitative and
qualitative evaluations of TRPV1, TRPV4, ASIC1, ASIC2,
and ASIC3 expression. Total RNA of tibial tissue from
each experimental group was pooled with Trizol (Gibco,
Grand Island, NY, USA) according to the manufactur-
er’s protocol and divided into two samples. For reverse
transcription-polymerase chain reaction (RT-PCR), 2 pg
of total RNA was reverse transcribed for 1 hour at 37°C
in a reaction mixture containing RNA, 40 units RNase
inhibitor (Amersham, Piscataway, NJ, USA), 0.5 mM de-
oxynucleotide triphosphate (Boehringer Mannheim,
Indianapolis, IN, USA), 2 pM random hexamer primers
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(Stratagene, La Jolla, CA, USA), 5 x avian myeloblastosis
virus (AMV) reverse transcriptase reaction buffer, and
30 units AMV reverse transcriptase (Promega, Madison,
WI, USA). PCR was performed three times in duplicate
using the cDNA as a template. Levels of TRPV1, TRPV4,
ASIC1, ASIC2, and ASIC3 expression were determined by
normalizing to glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) expression. The primers used for TRPV1,
TRPV4, ASIC1, ASIC2, and ASIC3 were as follows: for-
ward, 5'-CTT GCC AAG TTT CCT CTT GC-3'; reverse,
5'-CAC CCT CAA CACACGTCATC-3'.

RESULTS

Radiologic and pathologic findings of tumor
development

Six weeks after injection with fibrosarcoma cells, the tib-
ia of the CIBP mice showed radiolucent lesions, loss of
medullary bone, and destruction of cortical bone (Figs. 1
and 2). Pathologic sections of left tibia from CIBP mice
showed that tumor cells were densely packed in the
marrow cavity and had induced destruction of trabec-
ulae (Fig. 3).

Left Right

3 Weeks

Tumor cells-injected
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Mechanical hyperalgesia

PWPT was decreased significantly in the mice with
transplanted cancer cells. The PWPT in the CIBP with
no treatment group continued to decrease for 40 days
(Fig. 4). In contrast, PWPT was improved in the CIBP
with quetiapine treatment group compared with the
CIBP group. Therefore, a potential analgesic effect was

observed in the quetiapine treatment group.

6 Weeks

Figure 1. (A-C) At 6 weeks after injection of tumor cells, the
left leg of the cancer-induced bone pain mouse model shows
redness and swelling.

Left

6 Weeks

5
.

B Tumor cells-injected

Figure 2. Radiologic findings of legs of cancer-induced bone pain (CIBP) mouse model (A) 3 and (B) 6 weeks after injection of
tumor cells into the left tibia. X-ray film shows structural destruction of bone marrow of the left leg of the CIBP mouse model

compared with the right tibia.
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Figure 3. Pathologic findings of the left leg of a cancer-induced bone pain mouse 6 weeks after injection of tumor cells. Many
tumor (osteolytic fibrosarcoma) cells have infiltrated and destroyed the bone marrow (A, H&E, x200). The tumor cells show

highly pleomorphic and prominent nucleoli (B, H&E, x400).
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Figure 4. Graph showing the withdrawal pressure thresh-
old of mice in the five groups. The withdrawal pressure
threshold is improved in the quetiapine treatment group
compared with the cancer-induced bone pain (CIBP) group.
PWPT, paw withdrawal pressure threshold.

Expression of acid-sensing ion channels

The expression levels of TRPV1, TRPV4, ASIC1, ASIC2,
and ASIC3 were lower in the CIBP with quetiapine treat-
ment group than in the CIBP group. To investigate the
effect of quetiapine on TRPV1, TRPV4, ASIC1, ASIC2,
and ASIC3 expression, mRNA levels in the quetiapine
treatment group were compared to those in the CIBP
with no treatment group and CIBP with fentanyl citrate
treatment group. The mRNA levels of TRPV1, TRPVy,
ASIC1, ASIC2, and ASIC3 in the CIBP with quetiapine
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Figure 5. Reverse transcription-polymerase chain reaction
analysis of the expression of transient receptor potential
vanilloid 1 (TRPV1), TRPVy, acid-sensing ion channel 1
(ASIC1), ASIC2, and ASIC3 in each group. mRNA levels of
TRPV1, TRPVy, ASIC1, ASIC2, and ASIC3 are markedly de-
creased in the quetiapine treatment group comparable to
those in the opioid treatment group. MMPg, matrix metal-
lopeptidase 9; GAPDH, glyceraldehyde 3-phosphate dehy-
drogenase; CIBP, cancer-induced bone pain.

group were markedly decreased and comparable to
those in the CIBP with fentanyl citrate group (Fig. 5).

DISCUSSION

Cancer metastasis to bone results in CIBP and derived
from neurochemical changes that are unique compared
with other chronic pain states. The acidic tumor envi-
ronment and secretion of substances such as growth
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factors, cytokines, and chemokines from tumor cells
have been reported to stimulate nearby primary affer-
ent nociceptors and induce pain [16,17]. The principal
challenge in understanding the mechanism of cancer
pain is the development of an animal model of pain
that displays similar characteristics to human CIBP [18].
The present study demonstrates that fibrosarcoma cell
inoculation of the tibia of C3H/HeN mice produces pro-
gressive mechanical hyperalgesia, indicating successful
establishment of a model of bone pain from metastatic
bone cancer. Also, radiologic evaluation of the injected
tibia shows progressive bone destruction, which might
be the origin of the noxious inputs responsible for the
hyperalgesia and allodynia. These findings are in good
agreement with the spontaneous and evoked pain in pa-
tients with various kinds of bone cancer [19]. The evoked
pain behaviors and the response to fentanyl in our ex-
periments are consistent with those observed in other
bone cancer models [20].

Quetiapine is an atypical antipsychotic drug and has
also been used in the treatment of depression [12]. Nu-
merous studies of the anti-inflammatory effects of an-
tidepressant have been reported [13,14]. The evidence
indicates that antidepressants suppress the production
of monocytic cytokine, such as interleukin 18 and tu-
mor necrosis factor a. In 2012, we reported a study of
the anti-inflammatory effect of quetiapine on colla-
gen-induced arthritis in a mouse model [15]. That study
demonstrated that quetiapine decreased arthritic in-
flammation and bone destruction in the collagen-in-
duced arthritis mouse model. Quetiapine reduced the
severity of arthritis and joint destruction, the under-
lying mechanism of which may be associated with the
inhibitory effect of quetiapine on proinflammatory cy-
tokine production [15].

In the current study, we demonstrated that quetiapine
had an analgesic effect in the CIBP animal model by
behavior testing. Our data showed that the PWPT was
improved in the quetiapine treatment group compared
with CIBP group. In addition, we revealed that expres-
sion of acid-sensing ion channels was increased in the
CIBP animal model and decreased in the quetiapine
treatment group and the opioid treatment group. These
results raise the possibility that TRPV and ASICs might
be potential targets for cancer pain management. How-
ever, this experiment had some limitations. First, only
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three mice were included in each group, for a total of
15 mice; therefore, we could not demonstrate statistical
significance. Second, the size of the mice was too small
to separate tissue of spinal cord and dorsal root gan-
glia; therefore, the level of nervous system involved in
the analgesic effect of quetiapine was not analyzed, and
there was no way to identify structural changes of the
spinal cord. Third, we tested only hind paw withdrawal
threshold to confirm mechanical allodynia and hyperal-
gesia. Nonetheless, we successfully generated an animal
model of CIBP by injection of tumor cells into the intra-
medullary space of the mouse tibia. This animal mod-
el is available for future expanded studies to reveal the
mechanism of cancer pain.

KEY MESSAGE

1. Quetiapine is an atypical antipsychotic drug,
previously it was demonstrated that quetiapine
reduced the severity of arthritis and joint de-
struction by anti-inflammatory effects.

2. This study showed that the mouse behavior and
expression of acid-sensing ion channels was im-
proved in the quetiapine treatment group com-
pared with control group in a mouse model.

3. We suggest an analgesic effect of quetiapine in
the cancer-induced bone pain animal model
and implicate transient receptor potential vanil-
loid and acid-sensing ion channels as potential
targets for cancer pain management.
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