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Abstract

Cancer-induced bone pain is described as persistent, dull pain that increases in intensity with 
disease progression. Cancer patients experience ongoing pain and breakthrough pain, defined as
transient periods of moderate to severe pain that break through ongoing pain medication. A 
better understanding of differences in mechanisms driving these aspects of cancer-induced pain 
may lead to development of more effective pain therapeutics with fewer side effects than 
currently used treatments. To address this issue, we have developed a preclinical rat model where
breast cancer cells are injected in the right tibia of female rats, allowing for cancer growth, 
metastases, and subsequent bone degradation as revealed by radiographic analyses. To measure 
ongoing pain, we adapted the conditioned placed preference (CPP) paradigm, which uses
negative reinforcement to determine the rewarding aspects of pain alleviating manipulations. A 
conditioned placed avoidance (CPA) paradigm was used to measure movement-induced incident 
pain. Our data indicate that peripheral nerve block alleviates cancer-induced ongoing pain, 
revealing that afferent input maintains ongoing pain. Palpation of the tumor-bearing limb 
produces CPA, likely reflecting movement-induced breakthrough pain as observed in cancer 
patients. Such results contribute to the overall goal of developing better therapeutics, thereby 
improving the quality of life for cancer patients.



Introduction

Most common cancers, such as those of the breast and the prostate, have the ability to 
metastasize to the bone. This is a devastating event in the life of a patient as it leads to several 
adverse effects, including bone pain, fracture, and limited mobility. Cancer-induced bone pain is 
described as persistent, dull pain that increases in intensity as the disease progresses. In addition, 
many patients experience breakthrough pain, transient periods of moderate to severe pain that 
breaks through ongoing medication that may be controlling the persistent pain. Despite their 
detrimental side effects, opioids are the current options for treatment. Elevated levels of opioids 
can cause adverse effects such as constipation, sedation, nausea, vomiting, and respiratory 
depression [2], leading to a poor quality of life for cancer patients. As such, there is a call for a 
better understanding of mechanisms driving cancer-induced bone pain to determine novel 
therapies for patients suffering from cancer-induced bone pain. Although the topic of cancer is 
ubiquitous and widely talked about in our society today, not many truly come to understand all 
the processes that are involved in cancer. Cancer-induced bone pain involves multiple
mechanisms that are characterized by different categories of pain states: neuropathic, 
inflammatory, and mechanical. Cancer-induced pain is characterized by ongoing pain (i.e. pain at 
rest), with incidents of breakthrough pain, defined as transient periods of severe to excruciating 
pain that overcome ongoing medication. These periods of breakthrough pain are often triggered 
by movement in patients with bone metastasis, referred to as incident pain. Unfortunately, 
current pain treatments available are not sufficient in alleviating all modes of cancer pain, 
particularly breakthrough pain. Moreover, some patients develop tolerance to opioids, resulting 
in increased doses needed to alleviate ongoing pain, and increasing the incidence and severity of 
opioid-induced side effects.

Analysis of mechanisms driving both ongoing and breakthrough pain is a critical aspect of 
developing novel therapies for cancer-induced bone pain, as current understanding of 
mechanisms driving these pain states is limited. Preclinical models of cancer-induced bone pain 
have been developed, but many call into question whether they translate to pain experienced by 
cancer patients. One critical aspect is that previously developed models do not assess the 
motivational aspect of pain. We have assessed motivational aspects of cancer-induced bone pain 
in a rat model, where breast cancer cells are injected and sealed into the tibia of female rats. 
Consistent with other reports, we observe time-dependent impaired limb use and tactile 
hypersensitivity [7; 5; 6].We examined the motivational aspect of cancer-induced bone pain 
using the conditioned place preference (CPP) paradigm in which negative reinforcement was
used to measure the rewarding properties of pain-alleviating manipulations. This assay has been 
established and characterized in models of nerve-injury induced pain, osteoarthritis-induced pain, 
inflammation-induced pain, and post-operative pain [1; 3; 4]. In addition, we use conditioned 
placed avoidance (CPA) to assess movement-induced incident pain. This is an important advance 
as there are currently no available preclinical models of incident pain, which is a type of pain that 
is associated with breakthrough pain in patients.

Our experiment tested the hypotheses that tumor growth within the bone produces ongoing pain, 
that movement of the tumor-bearing limb produced incident pain, and that ongoing pain is
mediated by peripheral input from the tumor-bearing bone.



Methods

Animals

Fischer F344/NhSD female rats (Harlan, Indianapolis, IN, USA) weighing about 150-180g were 
used. Animals were housed at the University Animal Care Facilities according to IACUC 
protocols. Rats were housed four to a pan, with water and food ad libitum. The room was 
maintained at a constant temperature, with a light-dark cycle of 12 hours each. All surgeries and 
procedures were performed in accordance with the policies and recommendations of the 
International Association for the Study of Pain and the National Institutes of Health guidelines 
for the handling and use of laboratory animals. All efforts were made to minimize the number of 
animals used and as well as the amount of suffering each rat endured. 

Cell line

The rat mammary adenocarcinoma cell line MAT BIII was purchased from ATCC and
maintained in McCoy’s media (ATCC # 30-2007) containing 10% fetal bovine serum (Gemini 
Bioproducts) at 37oC and in a 5% CO2 atmosphere. Cell media was changed every 3 days, while 
cells were passaged once a week. Cells were used for experimentation between passages seven 
and 25. 

Surgery

Prior to surgery, baseline radiograph images using a Faxitron X-ray machine were taken of the 
right tibia of each animal. Animals were anesthetized using a ketamine HCl/xylazine mix (0.1
ml/100mg i.p.). Using a scalpel, a 1 cm incision was made over the femoral-tibial joint. A drill 
was used to create a hole through the femoral-tibial joint, exposing the patellar tendon. A 
radiograph of the tibia with a microinjector needle was used to verify the placement of needle 
through the tibia, prior to injection. Each rat then received 1 x 105 cancer cells/5 μl. Control rats 
underwent the same procedure but received 5 μl serum-free McCoy’s media. The hole was then 
sealed using dental cement (Simplex) combined with acrylic. Muscles were sutured with surgery 
silk (Ethicon). Skin was stapled. The antibiotic Gentamicin (0.1 μl/100mg s.c.) was given at the 
end of the surgery. 

Drug administration

Peripheral nerve blocks were delivered by injection of 350 L of 4% lidocaine subcutaneously 
over the saphenous nerve. Saline was administered as a control. 

Behavioral analyses

Tactile allodynia

Before testing, rats were allowed to acclimate in wire-mesh cages for about 45 minutes. Von 
Frey filaments (Stoelting, Wood Dale, IL) were used to probe the middle of the plantar surface of 
the paw. Withdrawal thresholds were measured using filaments ranging from 0.5 to 15 gm in 



thickness. The “up and down” method was used – the lowest thickness filament probed the paw 
and would increase in thickness until the paw withdrew itself, then a lower thickness filament 
would probe again. If it ceased to withdraw, a thicker filament would be used again. The Dixon 
nonparametric test was used to analyze the results. 

Limb use

Limb use was assessed by observing each rat’s ability to walk on a plain flat surface. Usage of 
the treated limb was rated using the following scale: 0=no use at all, 1=barely using, 2=limping 
and guarding, 3=limping and 4=normal usage.

Conditioned place preference (CPP)

CPP is a three-day experiment and was performed from day 11 to day 13 after surgery. Day 1 
Baseline - Each rat spends 15 minutes in a rectangular box, free to roam between three 
chambers: striped, middle, and gray. A baseline score is recorded using ANY-maze tracking 
software. Video is immediately analyzed and counterbalanced for drug pairings occurring the 
following day. Day 2 Conditioning – all rats are slightly anesthetized with isofluorane, injected 
with saline over the saphenous nerve, and placed in a closed-off chamber (striped or gray) for 30 
minutes, 2 minutes after injection. After four hours, the rats are again anesthetized with 
isofluorane and injected with 4% lidocaine over the saphenous nerve. They are then placed into 
the opposite chamber for 30 minutes, 2 minutes after injection. Rats awoke from isofluorane 
anesthesia within 2 min of being placed into the chamber. Day 3 Testing: all rats were placed in 
the boxes, free to roam between all chambers for 15 min. Time spent in the chambers was 
recorded and time spent within each chamber was scored using ANY-maze software. Preference 
was determined by ANOVA analysis with post-hoc analysis (Bonferroni t-test) to determine 
post-conditioning difference from pre-conditioning baselines. Difference scores (test-BL) were 
calculated and pairwise comparisons (t-test) used to determine differences in CPP between 
groups. A positive value reveals preference.

Conditioned place avoidance (CPA)

Cancer as well as control rats went through a three day CPA test. Day 1 Baseline - rats were free 
to roam between all three chambers for fifteen minutes to measure their preconditioned states 
(like stated above). Day 2 Conditioning – rats were paired to a specific chamber (striped/gray) 
and without any treatment. After four hours, the rats were placed in the opposite chamber for 30 
min. after first palpating the treated limb for 2 minutes. Day 3 Testing – the rats were allowed to 
roam free through the chambers for 15 min. Aversion was determined by ANOVA analysis with 
post-hoc analysis (Bonferroni t-test) to determine post-conditioning differences in time spent in 
the palpation paired chamber from pre-conditioning baselines. Difference scores (test-BL) were 
calculated and pairwise comparisons (t-test) used to determine differences in CPP between 
groups. A negative value reveals aversion. 



Radiograph imaging

The day after behavioral testing (13 days post-surgery), rats were anesthetized with 
ketamin/xylazine (64 mg/kg, i.p.) and radiograph images of the treated limb were taken (Faxitron
X-ray Corporation).

Results

Tactile allodynia was measured through the use of von frey filaments. Figure 1 depicts a 
measurement of withdrawal thresholds throughout a time-course ranging from pre-cancer 
surgery through day 13. All sham rats demonstrated little to no change in withdrawal thresholds. 
Cancer rats displayed a significant decrease in withdrawal threshold, starting on day 6 and 
progressing thereafter. Figure 2 provides evidence that there is a decrease in limb use of the 
tumor-bearing limb starting on day 6. Limb use significantly worsens thereafter. The recurrent
decrease in both withdrawal thresholds and limb usage indicate the increase in tactile 
hypersensitivity, therefore revealing that tumor growth and bone metastases elicit impaired limb
use and referred pain.  
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Limb Use
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(Figure 3)

Pre-conditioning time spent in the pairing chambers did not differ. After the saphenous nerve
block with lidocaine was injected, our data reveals that cancer rats showed CPP for the lidocaine-
paired chambers, as shown in Figure 3. Sham rats spent equivalent time in the saline and 
lidocaine paired chambers. The rewarding aspects of the peripheral block indicate that cancer 
growth within the bone produces ongoing pain and that the tumor-induced ongoing bone pain is 
mediated by peripheral afferent input from the tumor-bearing bone. 



Palpation-induced  CPA
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(Figure 4)

Palpation of the tumor bearing hindlimb results in CPA as shown in Figure 4. Importantly, 
palpation of the hindlimb in sham treated control rats failed to induce CPA. Thus, palpation of 
the tumor-bearing hindlimb produces conditioned place avoidance, which likely reflects the 
transient increase in pain that many cancer patients experience along with incident pain. This 
serves as a preclinical model for movement-induced incident pain in cancer rats.

Discussion 

Too often do cancer patients experience ongoing pain along with excruciating movement-
induced incident pain. Due to our lack of understanding of the mechanisms that drive both 
ongoing and breakthrough pain, available pain alleviating methods for cancer-induced bone pain 
are insufficient. Such methods include the long-term use of opioids, despite the detrimental side 
effects that accompany their intake. The analyses of these mechanisms help develop novel 
therapies for cancer-induced bone pain. Preclinical models of cancer-induced bone pain have 
already been developed, however whether they translate to pain experienced by cancer patients is 
questionable. 

By using a preclinical rat model of cancer-induced bone pain, our results reveal that tumor 
growth within the bone elicits impaired limb use and referred pain, as demonstrated by
development of tactile hypersensitivity across the 13-day time-course. We demonstrate that a 
saphenous nerve block produces CPP only in cancer rats. Furthermore, upon administration of a 
peripheral nerve block over the contralateral limb to the cancer-bearing limb, we did not observe 
blockade of tactile hypersensitivity. These results suggest that alleviation of the evoked and 
ongoing pain are due to the local rather than systemic effects of lidocaine. Therefore, we find 
that tumor-induced ongoing bone pain is mediated by peripheral afferent input from the tumor-
bearing bone. 



Our observations of palpation induced CPA suggest a potential model of movement-induced 
incident pain. Palpation of the treated limb likely reflects the transient increase in pain, or 
breakthrough pain, that most cancer patients feel on a daily basis. Indeed, patients may report up 
to 4-6 episodes of breakthrough pain within a day [5; 6]. Movements such as switching position 
or coughing trigger many of these incidences of breakthrough pain. This pain is linked to a 
dramatic decrease in quality of life of these patients. Determining the mechanisms underlying 
this pain state, as well as how mechanisms differ between incident and ongoing pain is a critical 
step in developing novel, more effective treatments for cancer-induced bone pain. Improving our 
understanding of the important differences in mechanisms driving ongoing and established 
incident pain may point toward the need for individualized treatment for the different 
components of cancer-induced bone pain. Our results serve as a platform for the development of 
improved cancer therapeutics, which thereby will improve the quality of life for cancer patients. 
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