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Introduction:

Pain is a complex experience involving both sensory and emotional aspects. Chronic pain syndromes,
which remain a major area of unmet clinical need, are often associated with behavioural comorbidities such as anxiety and depression. Neuropathic pain is a common form of chronic pain
defined as ‘pain arising as a direct consequence of a lesion or disease affecting the somatosensory
system’ (Treede, 2007); it is often difficult to treat, long lasting and debilitating in nature (Dworkin et
al., 2003;Dworkin et al., 2007;Rice and Hill, 2006;Finnerup et al., 2010). Osteoarthritis is the most
common degenerative disease of joints, affecting at least 50% of people over 65 years of age, and in
younger individuals following joint injury (Roos, 2005) . In a comparative study pain clinic patients
with musculoskeletal pain and neuropathic pain showed similar levels of cognitive and mood effects
suggesting a similar burden due to pain chronicity despite differing aetiologies (Daniel et al., 2008).
Recently, a number of laboratories including our own have begun to replicate affect-related

behavioural co-morbidities in animal models of chronic pain (Norman et al., 2010;Goncalves et al.,
2008;Benbouzid et al., 2008a;Hasnie et al., 2007a;Hasnie et al., 2007b;Kontinen et al., 1999;LeiteAlmeida et al., 2009;Suzuki et al., 2007;Seminowicz et al., 2009;Wallace et al., 2007a;Wallace et al.,
2007b;Wallace et al., 2007c;Wallace et al., 2008;Roeska et al., 2008;Narita et al., 2006a;MatsuzawaYanagida et al., 2008;Narita et al., 2006b;Baastrup et al., 2010). Such work aims to expand the
outcome measures available for screening analgesic drugs as well as offering new routes through
which the underlying pathophysiology of chronic pain can be elucidated.

Affective Dysfunction in Rat Models of Chronic Pain:

In order to investigate the putative presence of affective behavioural co-morbidities in rodent
models of osteoarthritis a study was undertaking using the rat medial meniscus transection model
(Janusz et al., 2002). This model was chosen as its’ method of joint destabilisation and progressive
pathology closely resembles osteoarthritis in humans. The open field anxiety test was chosen as the
most appropriate measure of affect-related behaviour as it has consistently been capable of
detecting putative pain related changes in affective behaviour in rat models of neuropathic pain in
this laboratory (Hasnie et al., 2007a;Wallace et al., 2007a). A reduction in the number of entries or
time spent in the aversive inner zone of the open field is indicative of an increase in anxiety in
rodents. Despite the presence of robust hypersensitivity to punctuate mechanical stimuli following
induction of osteoarthritis no concurrent anxiety-like behaviour was detected in this model at three
weeks post transection (Fig. 1A+B).

Figure 1A: Effect of arthritis (n=8) and sham (n=8) surgery paw withdrawal threshold to punctuate
mechanical stimuli. MEAN±SEM paw withdrawal to punctuate mechanical stimuli in grams.
Student’s t-test, difference in comparison to baseline *p<0.001.

Figure 1B: No difference was present between groups in time spent in the inner zone of the open
field between arthritis (n=8) and sham (n=8) groups at 3 weeks post-induction of surgically
induced osteoarthritis. Student’s t-test (p>0.05).

As a result it was decided to shift to a different, more severe, model of osteoarthritis. This model
involves the injection of monosodium iodoacetate into the capsule of the knee joint resulting in
degradation of the cartilage via the disruption of chondrocyte metabolism (Guingamp et al., 1997).
Once again a robust mechanical hypersensitivity to punctuate stimuli was detected in this model.
However, as with the previous study undertaken no concomitant anxiety-like behaviour was
detected (Fig. 2A,B+C). It is possible that the lack of affective dysfunction in the above models of
osteoarthritis is due to an insufficient level of nociceptive drive and spontaneous pain caused by the
peripheral insult compared to models of neuropathic pain.

Figure 2A: Effect of arthritis (n=9) and sham (n=9) surgery paw withdrawal threshold to punctuate
mechanical stimuli. MEAN±SEM paw withdrawal to punctuate mechanical stimuli in grams.
Student’s t-test, difference in comparison to baseline *p<0.001. Not naive animals did not receive
von Frey testing.

Figure 2B: No difference was present between naive (n=10), sham (n=9) and arthritis (n=9) groups
in entries to the inner zone of the open field at 3 weeks post-induction of monosodium
iodoacetate induced osteoarthritis. One Way ANOVA (p>0.05).

Figure 2C: No difference was present between naive (n=10), sham (n=9) and Monosodium
Iodoacetate (n=9) groups was found in time spent in the inner zone of the open field at 3 weeks
post-induction of monosodium iodoacetate induced osteoarthritis. One Way ANOVA (p>0.05).

As the there was no signal of anxiety-like behaviour in the two rodent knee osteoarthritis models a
decision was made to switch the nociceptive model to one of visceral inflammation, in order to
permit comparative studies with our established models of neuropathic pain. The turpentine model
of urinary bladder inflammation is a robust and well established model of visceral pain (McMahon
and Abel, 1987). We were able to demonstrate that this model is associated with pain-related
anxiety-like behaviour in this model (Fig. 3). Further work using targeted lesioning techniques is now
being undertaken in this laboratory in order to establish the contribution of ascending spinal
nociceptive systems to driving the anxiety behaviour in this model, as per the original project
proposal.

Figure 3: Latency to inner the inner zone of the open field in naive (n=10), sham (n=9) and bladder
inflamed (n=9) animals. MEAN±SEM time of entry the inner zone in seconds. Difference in
comparison to naive *p<0.05.

Expansion of Outcome Measure in Animal Models of Chronic Pain:
When investigating the presence of affective dysfunction in novel animal models of chronic pain it is
important to expand the portfolio of outcome measures to include those reflecting psychological
perturbations other than anxiety. With this in mind a studies of depression-like behaviour (forced
swim test) overall well-being (burrowing assay) were undertaken in a rat model of neuropathic pain.

One of the most widely used paradigms in depression research is the forced swim test (Willner,
1990). In the forced swim test rodents are placed within a confined inescapable container containing
water. Following a brief period characterised by vigorous attempts to escape the animal becomes
passive. Rats which undergo an initial pre-test session within the forced swim test adopt this passive
immobile state more rapidly and for a longer duration upon a second exposure to the test. The
developers of the test theorised that this more rapid onset represented hopelessness and termed
the state ‘behavioural despair’ (Willner, 1990;Porsolt et al., 1978). An increase in time spent
immobile in the forced swim test is indicative of an increase in depression-like behaviour.
Neuropathy related depression-like behaviour has been demonstrated in a number of other rat
models of neuropathic pain (Leite-Almeida et al., 2009;Hu et al., 2009;Hu et al., 2010;Goncalves et
al., 2008;Norman et al., 2010;Suzuki et al., 2007). However, despite developing robust hind limb
hypersensitivity (Fig 4A), L5 spinal nerve transected rats did not display an increase in depressionlike behaviour at either two or three weeks post-injury. A number of other studies demonstrating a
neuropathy related increase in depression-like behaviour had longer time points than the three
week maximum time point displayed herein (Fig. 4B). Furthermore, evidence exists for time
dependant neurophysiological changes which may drive depression-like behaviour (Goncalves et al.,
2008). Planned studies involving this laboratory (IMI-Europain collaboration) will further examining
the chronology and utility of the Forced Swim Test measuring depression-like behaviour in animal
models of neuropathic pain.

Figure 4A: Effect of L5 SNT (n=15) and sham (n=12) surgery on paw withdrawal threshold to
punctuate mechanical stimuli. MEAN±SEM paw withdrawal to punctuate mechanical stimuli in
grams. Student’s t-test, difference in comparison to baseline *p<0.001.

Figure 4B: Effect of L5 SNT (n=7) and sham (n=6) surgery on forced swim test behaviour at 2 weeks
post-surgery. MEAN±SEM timings in seconds of immobility, swimming and climbing behaviour in the
forced swim test. Student’s t-test, Immobility, Swimming, Climbing, p=0.822; 0.686 and 0.452
respectively.

A novel behavioural outcome measure utilising burrowing behaviour was also investigated in two rat
models of neuropathic pain. Unlike the tests above the burrowing test is thought to be a sensitive
measure of overall well-being in rodents, rather than a measure of a single emotional correlate such
as anxiety or depression. This is due to the wide range of pathological insults that perturb normal
behaviour in the test. This paradigm utilises the disruption of an innate proclivity of fossorial (tunnel

dwelling) rodent to excavate tunnels filled with a gravel like substrate. Burrowing behaviour was
assessed according to a protocol modified from Deacon, 2006 (Deacon, 2006). Burrows consisted of
a plastic tube 32 cm long and 10 cm in diameter closed off at one end and filled with 3kg of 10 mm
pea shingle (B&Q, UK). The open end of the tube was raised 60 mm above the cage floor by two
80mm bolts, placed 25 mm from the open end of the tube and spaced 70 mm apart (Fig 5).

Animals were introduced to burrows in home cage groups for 2 hours in order to increase burrowing
behaviour via social facilitation (Deacon, 2006). At least 24 hours after group introduction baseline
burrowing ability was assessed. Assessment of burrowing was carried out under low lighting
conditions (4lx). Animals were placed singly into individually ventilated cages containing burrows for
2 hours after which the weight of substrate removed was calculated. All burrowing sessions were
begun shortly before the beginning of the dark cycle.

Figure 5: Diagram of burrowing apparatus. Taken from (Deacon, 2006)

This model is thought to be a sensitive measure of overall well-being in rodents as it is perturbed by
a large number pathological insults. Burrowing behaviour has been shown to be affected in an
animal model of Alzheimer’s disease and by a number of CNS insults, including cortical and
hippocampal lesions and prion infection (Deacon and Rawlins, 2005;Deacon et al., 2003;Guenther et
al., 2001;Deacon et al., 2009). In this study a neuropathy related reduction in burrowing behaviour
was demonstrated in two models of hypersensitivity inducing traumatic peripheral neuropathy,
partial sciatic nerve ligation (PSNL) and L5 spinal nerve transection (SNT) (Kim And Chung, 1992;
Seltzer et al., 1990), compared to naive animals (Fig 6A, B +C). We then took an opportunity to
further validate this outcome by asking an IMI-Europain collaborator to replicate our work in their
laboratory. Dr Nick Andrews at Pfizer has replicated this work in a further model of traumatic
peripheral neuropathy and also demonstrated its’ sensitivity to clinically efficacious analgesic drugs
(e.g. gabapentin) (Fig 7). Thus, burrowing offers an important new outcome with which to screen for
novel therapeutic agents and further investigate the underlying pathophysiology of chronic pain
syndromes. The burrowing data described herein is currently being prepared for publication in a
leading peer reviewed journal within the field.

Figure 6A: Comparison of hind limb paw withdrawal thresholds to punctuate mechanical stimuli at
baseline and post-surgery day 14 in naïve (n=19), sham PSNL (n=10), PSNL (n=11), L5 SNT sham
(n=11) and L5 SNT (n=12) rats. MEAN±SEM paw withdrawal to punctuate mechanical stimuli in
grams. Student’s t-test, difference in comparison to baseline *p<0.05, **p<0.001.

Figure 6B: Change in burrowing behaviour from baseline in naïve (n=19), sham PSNL (n=10) and
PSNL (n=11) groups. MEAN±SEM % change from baseline. One Way ANOVA, difference in
comparison to naive *p<0.05.

Figure 6C: Change in burrowing behaviour from baseline in naïve (n=19), sham L5 SNT (n=11) and
L5 SNT (n=12) groups. MEAN±SEM % change from baseline. MEAN±SEM % change from baseline.
One Way ANOVA, difference in comparison to naive *p<0.05.

Figure 7: Effect of gabapentin on burrowing behaviour in naive (n=6), sham (n=6) and tibial nerve
transected animals (n=6). MEAN±SEM weight of gravel replaced in g.*significance against
sham/naive; # significance against pre-drug.

Investigating the Contribution of Ascending Spinal Nociceptive Systems in Driving Affective
Dysfunction:

In order to investigate the contributions of ascending spinal cord projection neurons towards driving
anxiety-like behaviour, lamina I and II nociception specific projection neurons were ablated using the

saporin conjugated to a selective form of substance P, [sar9, Met(O2)11]-substance-P (Lawson et al.,
1997;Sakurada et al., 1994;Wiley et al., 2007;Wiley and Lappi, 1999;Todd et al., 2000). These
neurons form part of the spinoparabrachioamygdaloid pathway, targeting the amygdala, a major
anxiety centre in the brain (Braz et al., 2005;Rezayof et al., 2009;Truitt et al., 2009;Jellestad and
Garcia, 1986;Werka et al., 1978). Destruction of these neurons has been shown to block the
development hind limb hypersensitivity for a sustained period in rat models of neuropathic pain
(Nichols et al., 1999). However, despite confirming successful ablation of these neurons, these
results could not be replicated in our hands (Fig 8 A+B).

Figure 8 A: Representative images of NK-1 receptor expression in the L5 region of the spinal cord
following intrathecal injection of SSP-SAP (A) and Blank-SAP (B). Red arrows indicate areas of
ablation. Blue arrows indicate NK-1 staining in the superficial dorsal horn. Scale bars represent
100µm.

Figure 8 B: Effect of L5 SNT and sham surgery on ipsilateral paw withdrawal threshold in animals
which received intrathecal injections of SSP-SAP and Blank-SAP. MEAN±SEM paw withdrawal to
punctuate mechanical stimuli in grams. Student’s T-test, difference in comparison to baseline
*p<0.001.

Conclusion and Future Work:

The work detailed above illustrates the continued efforts within this laboratory to better model and
thereby understand human chronic pain syndromes. The use and comparison of multiple outcome
measures and models offers the best hope for the further advancement of the field of chronic pain
research as a whole, and thus, ultimately, for the creation of novel efficacious analgesic agents. We

have shown in two animal models of osteoarthritis that anxiety-like behaviour is not a feature of
these animal models – this perhaps reflects a lack of spontaneous pain (probably required to drive
anxiety like behaviour) , as opposed to reflex hypersensitivity in these models. Conversely, we have
shown that both visceral inflammation and peripheral nerve injury (neuropathic pain) are associated
with anxiety-like behaviour as measured in the open field paradigm. We have also shown that a
measure of general well-being (burrowing behaviour) is perturbed by peripheral nerve injury
(neuropathic pain) in three different models – this is a new and exciting finding for the pain field.
Furthermore, we have been able to show that this pain-related behaviour has pharmacological
sensitivity and is reproducible in different laboratories and strains of rat. Whilst we have been able
to successfully ablate NK1 expressing neurones using intrathecal saporin technology, this does not
appear to be associated with attenuation in nerve injury related mechanical hypersensitivity. Studies
already ongoing within this laboratory will extend the use of the visceral pain model described above
as a tool to investigate the supraspinal physiology of pain related affective dysfunction and explore
the utility of the saporin ablative technologies in this context. Behavioural perturbations in the
burrowing model will be characterised using multiple animal models of chronic pain in order to fully
establish its’ utility as a valid behavioural outcome for the screening of novel analgesic drugs.
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