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Abstract

Background—Glucose-6-phosphate isomerase and collagen type II antibody induced arthritis 

models (K/BxN and CAIA, respectively) have an inflammatory and a post-inflammatory phase. 

Both phases display robust tactile allodynia. In previous work, inflammatory phase allodynia was 

reversed by gabapentin and ketorolac, whereas in late phase only gabapentin was effective. Here 

we sought to determine if the effects of these two drugs during the early and late phases of the two 

arthritis models were observed in the conditioned place preference (CPP) paradigm, indicating a 

differential drug effect on the aversive state.

Methods—Male C57BL/6 mice received K/BxN serum intraperitoneally, while male BALB/c 

mice received collagen type II antibody cocktail intravenously. After onset of inflammation and 

allodynia, we assessed effects of i.p. gabapentin (100 mg/kg) or ketorolac (15 mg/kg) using a CPP 

paradigm: 2 days adaptation, 2 days conditioning (vehicle in morning and drug in afternoon), 

preference testing on day 5.

Results—Consistent with the effects upon allodynia, both gabapentin and ketorolac produced a 

preference for the drug-paired compartment in the early phase of the K/BxN model, while 

gabapentin, but not ketorolac, resulted in a place preference during late phase. In the CAIA model, 
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consistent with differential effects upon allodynia, gabapentin produced a preference in the early 

phase and a trend in the late phase, whereas ketorolac was ineffective at either time.

Conclusions—CPP validated the aversive state in the inflammatory and post-inflammatory 

phases of the K/BxN and CAIA arthritis models and correspondence between the anti-hyperpathic 

pharmacology as defined by thresholds and CPP.
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Introduction

Rheumatoid arthritis is a chronic autoimmune disease displaying synovial inflammation, 

matrix destruction, and joint pain (Sokka et al., 2007). The collagen antibody-induced 

arthritis (CAIA) model (Bas et al., 2012) and the K/BxN serum transfer model (Christianson 

et al., 2010) display joint inflammation that lasts for several weeks, followed by resolution 

of the inflammation. In both models, tactile allodynia develops with the onset of 

inflammation and persists long after inflammation has resolved. Of note, in the KBxN 

model, ketorolac and diclofenac (cyclo-oxygenase inhibitors), as well as gabapentin (binding 

to the α2∂ subunit of the voltage gated calcium channel), reversed allodynia during the 

inflammatory phase, but only gabapentin reversed allodynia during the post-inflammatory 

phase (Bas et al., 2012; Christianson et al., 2010). These findings indicate that pain signaling 

manifested by changes in mechanical thresholds in the early and late phases of both models 

are driven by different mechanisms.

The presumed aversive nature of the early and late (post-inflammatory) phases is predicated 

on the hypothesis that paw withdrawal reflects escape from an aversive state evoked by the 

low intensity tactile stimulus (Bas et al., 2012; Christianson et al., 2010; Inglis et al., 2007). 

Accordingly, simple relief of that ongoing state would be considered to possess a positive 

reinforcing component, which would support behaviors generating that relief. This positive 

reinforcing component may be characterized in rodents by using a conditioned place 

preference (CPP) paradigm. This assay is based on the assumption that if the animal is in a 

painful state and given an analgesic drug in a particular environment to alleviate the pain, it 

will associate the pain-relieving effect with that environment and later demonstrate a 

preference for the same particular environment without drug administration (King et al., 

2011; Park et al., 2013; Qu et al., 2011; Sufka, 1994; Sufka and Roach, 1996; Wei et al., 

2013). We sought to determine if, in accordance with the differential effects of gabapentin 

and ketorolac on the tactile allodynia observed in the early and late phases of the K/BxN 

persistent arthritis models, comparable distinctions would be observed supporting CPP in 

both phases of the K/BxN and CAIA models. Previous work shows that neither ketorolac 

nor gabapentin will support a CPP in a naïve animal (Park et al., 2013). Accordingly, we 

hypothesized that i) in the early phase both gabapentin and ketorolac will reverse tactile 

allodynia and support a CPP and ii) in the late phase only gabapentin would reverse the 

allodynia and support a CPP. In the present studies, in the K/BxN model gabapentin indeed 

blocked early and late phase allodynia and supported CPP in both phases. In contrast, 
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ketorolac reversed the allodynia in the early but not late phase, and supported the CPP only 

in the early phase. Unexpectedly, early phase CAIA allodynia was unaltered by ketorolac 

and correspondingly failed to support a CPP, while gabapentin induced CPP only in the late 

phase. These observations support the aversive nature of the early and late phase CAIA and 

K/BxN arthritic state and emphasize their associated pharmacology.

Methods

1. Animals

All experiments were carried out according to protocols approved by the Institutional 

Animal Care and Use Committee at the University of California, San Diego. Male C57BL/6 

and BALB/c mice (25-30 g) were used in these studies. The mice were housed in plastic 

cages with wood chip bedding in a temperature-controlled (~23°C) room and kept on a 12-h 

light/dark cycle with access to food and water ad libitum.

2. Induction of collagen antibody-induced arthritis and K/BxN serum arthritis

CAIA was induced in BALB/c mice by intravenous injection of a cocktail containing five 

monoclonal CII antibodies (1 mg in 100 μl PBS, Chondrex Inc., Redmond, WA, USA) on 

day 0 and followed by lipopolysaccharide (10 μg in 20 μl PBS i.p.) on day 5 (Bas et al., 

2012; Su et al., 2015, in press). For induction of K/BxN serum arthritis, C57BL/6 mice were 

injected intraperitoneally (i.p.) with K/BxN serum (100 μl) on day 0 and day 2 (Christianson 

et al., 2010). The development of arthritis was evaluated by a semi-quantitative visual 

scoring using a scale of 0–4 per each paw (Choe et al., 2003). One point was given if 

swelling was observed for i) the ankle, ii) the footpad, iii) the knuckles, and/or iv) any or all 

of the digits, yielding a maximum score of 4 per paw and 16 per mouse.

3. Conditioned place preference (CPP)

Using a modification of the method (Okun et al., 2012) we tested CPP for gabapentin and 

ketorolac in mice subjected to collagen antibody-induced arthritis and K/BxN transfer.

Briefly, the system consisted of four separate locally constructed units. Each unit consisted 

of three adjoining clear Plexiglas © compartments. Each compartment measured 90x90x165 

mm, with the middle compartment separated from the other two by walls with removable 

entries. The middle compartment was a neutral chamber, while the other two compartments 

were distinctly different in terms of wall pattern (diagonal black stripes vs. black squares 

with total light admitted into each chamber being identical) and removable flooring with one 

of two textures (granular vs. grid). The time the animal spent in each chamber was 

monitored by recording the disruption of three LED light paths crossing the entryway and 

space of each of the two non-neutral chambers. The output from these LED’s was collected 

by a PC running a Labview© based data collection program. The testing paradigm occurred 

over five days. During the first two “adaptation” days (days 1 and 2) mice were placed in the 

middle chamber and allowed to freely move between the three chambers for 30 minutes. The 

time spent in each chamber was recorded. On the mornings of the following two 

“conditioning” days (days 3 and 4), 10 minutes after vehicle injection, mice were placed in 

one of two outer chambers for 30 minutes. In the afternoons they received drug treatments 
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and 10 minutes later they were restricted to the other outer chamber for 30 minutes. On the 

“test” day (day 5), the mice were placed in the middle chamber and had free access to all 

three compartments for 30 minutes and the time spent in each chamber was recorded. To 

define the drug effect, the average time spent in the drug-paired chamber during the two 

adaptation days was subtracted from the time spent in the same chamber on the test day. 

Assignment of the chambers to drug- or vehicle-paired compartments was counter-balanced. 

Mice were subjected to the CPP test twice, once during the early phase and once in the late 

phase of both models. In each case, they were randomly assigned to receive the α2δ binding 

molecule i.p. gabapentin (100 mg/kg), the NSAID ketorolac (15 mg/kg), or saline (vehicle), 

with the only condition being that the animal did not receive the same treatment twice. As 

will be noted, examination of the data revealed no carryover between preferences established 

in the first and second exposure (separated by 18 days).

4. Assessment of mechanical hypersensitivity

All behavioral tests were conducted at fixed times between 9:00 a.m. and 5:00 p.m. The 

thresholds for mechanical allodynia were measured with von Frey filaments (Semmes-

Weinstein von Frey aesthesiometer, Stoelting Co., Wood Dale, IL, USA), ranging from 2.44 

to 4.31 (0.03-2.00 g). The mice were positioned in Plexiglas © enclosures on top of a wire 

mesh surface and habituated to the environment for 2 hours prior to testing. Each filament 

was applied perpendicularly on the mid-hind paw and the testing was performed according 

to the Dixon up-down method (Dixon, 1980). A cut-off value of 2 g was determined. The 

50% probability of withdrawal threshold was calculated as previously described (Chaplan et 

al., 1994) and expressed in grams. Withdrawal thresholds for both hind paws were 

determined and averaged.

To assess the analgesic effects of gabapentin and ketorolac, once during the early phase 

(CAIA: day 17, K/BxN: day 6) and in the late phase (CAIA: day 46, K/BxN: day 24), mice 

were randomly assigned to receive i.p. gabapentin (100 mg/kg), ketorolac (15 mg/kg) or 

saline (vehicle) and were tested for mechanical hypersensitivity prior to 30, 60 and 180 

minutes after drug injection in the CAIA model, and prior to and 45 minutes after drug 

injection in the K/BxN model.

5. Statistical analysis

Results are expressed as mean ± standard error (SE). Statistical analysis was performed 

using GraphPad Prism (version 5.0, GraphPad Software, San Diego, CA, USA). All data 

were analyzed using one-way ANOVA followed by either Bonferroni or Newman Keuls 

post-hoc test. A P value of < 0.05 was considered significant.

Results

1. CII antibodies and K/BxN serum produce significant clinical signs of arthritis and 
mechanical hypersensitivity

Injection of CII antibodies and K/BxN serum led to the development of clinical signs of 

arthritis and pronounced mechanical hypersensitivity (Bas et al., 2012; Christianson et al., 

2010). The duration of the joint inflammation was different in the two models. Intravenous 
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CII antibodies induced joint inflammation with digital redness and swelling that was 

detectable on day 3, peaked around day 25, and was still present at the end of the study, day 

47 (Fig. 1a). In contrast, in the K/BxN model joint inflammation was transient with 

increased arthritis scores from day 2 through day 24. The joint inflammation was completely 

resolved by day 28 (Fig. 1c). Significant mechanical hypersensitivity was observed from day 

5 in the CAIA model (Fig. 1b) and from day 2 in the K/BxN model (Fig. 1d), and this state 

of hypersensitivity lasted throughout the study (day 47 and day 28, respectively) compared 

to control mice.

2. Conditioned place preference in the CAIA model produced by gabapentin only in the 
early time point

During the two adaption days, when animals were allowed to move freely between the three 

chambers, the time spent in the vehicle- or the drug-paired chamber was similar in all three 

treatment groups (saline, 871 ± 48 sec, n=14; gabapentin, 768 ± 83 sec, n=10; ketorolac, 766 

± 57 sec, n=18), indicating there were no drug pre-treatment preferences for a particular 

chamber in either of the groups. On the test day of the early phase of the model (day 15), 

gabapentin (227 ± 80 sec, p<0.05), but not ketorolac (111 ± 94 sec, p>0.05), evoked 

significant place preference for the drug-paired chamber, compared to the vehicle group 

(−106 ± 49 sec) (Fig. 2a). In the late phase of CAIA arthritis (day 44), there was no 

preference during the adaptation days between the saline/drug groups (saline, 771 ± 75 sec, 

n=8; gabapentin, 757 ± 69 sec, n=9; ketorolac, 771 ± 28 sec, n=10). Although gabapentin 

animals spent a numerically greater amount of time in the drug treatment chamber (146 ± 78 

sec, p>0.05) than the vehicle animals (−87 ± 40 sec), neither gabapentin nor ketorolac (22 

± 103 sec, p>0.05) reached statistical significance in place preference in the late phase of the 

test day as compared to the vehicle group (Fig. 2b).

3. Conditioned place preference in the K/BxN model induced by gabapentin in both phases

Times spent in the vehicle- or drug-paired chambers during the two adaptation days when 

animals were allowed to move freely between the three chambers did not differ across 

treatment groups (saline group, 776 ± 98 sec, n=4; gabapentin group, 726 ± 113 sec, n=6 

and ketorolac group 781 ± 258 sec, n=6, p>0.05). On the test day during the early phase 

(day 6 of the K/BxN model) the mice previously injected with gabapentin (597 ± 98 sec, 

p<0.05) or ketorolac (322 ± 51 sec, p<0.05) showed a statistically significant place 

preference for the drug-paired chamber compared to vehicle (−137 ± 292 sec) (Fig. 3a). In 

the late phase of the model (day 28) no preference was detected on the adaptation days 

(saline group, 776 ± 98 sec, n=4; gabapentin group, 726 ± 113 sec, n=6; ketorolac group, 

772 ± 153 sec, n=5). Mice previously injected with gabapentin (597 ± 98, p<0.05) but not 

ketorolac (187 ± 155 sec, p>0.05) or vehicle (137 ± 292 sec, p>0.05) displayed place 

preference (Fig. 3b).

4. CAIA-induced mechanical hypersensitivity is reversed by gabapentin, but not ketorolac

To evaluate the effects of gabapentin and ketorolac on mechanical hypersensitivity in the 

CAIA model, drugs were injected i.p. on days 17 and 46 and changes in mechanical 

thresholds were recorded over the following 3 hours. On day 17 in the CAIA model when 

both inflammation and mechanical hypersensitivity was pronounced, systemic injection of 
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gabapentin (n=10), but not ketorolac (n=18) increased the tactile thresholds 30 and 60 min 

after drug injections compared to the vehicle group (p<0.001; n=10) (Fig. 4a). On day 46, 

injection of gabapentin reduced the mechanical hypersensitivity 30 and 60 min after 

injection (p<0.001; n=10), while the injection of ketorolac did not alter mechanical 

hypersensitivity compared to the saline-injected group (Fig. 4b).

5. Mechanical hypersensitivity induced in the K/BxN model is reversed in both phases by 
gabapentin, while only in the early phase by ketorolac

In previous work we had shown in the K/BxN model that tactile allodynia in the early phase 

(days 6-9) was reversed by both gabapentin and ketorolac, while in the late phase (days 

22-25) the allodynia was reversed by gabapentin but not ketorolac (Christianson et al., 

2010). After showing the reversal effect of gabapentin on mechanical hypersensitivity of the 

CAIA mice 30 and 60 minutes post-injection, we decided to investigate the effects of 

gabapentin and ketorolac in the K/BxN mice 45 minutes after injection in both phases (days 

6-8 and 23-25). Systemic gabapentin injection reduced mechanical hypersensitivity in both 

phases (p<0.001; n=8) (Fig. 4c), while ketorolac only showed reversal effects during the 

early phase (p<0.001; n=8) (Fig. 4d) when compared to mechanical hypersensitivity prior to 

drug injections.

Discussion and Conclusions

The K/BxN and CAIA mouse models employ antibodies leading to a bilateral inflammatory 

phase and a post-inflammatory phase. In contrast to models of systemic inflammation, 

(Freund’s adjuvant), antibodies targeting joint epitopes result in changes in joint morphology 

and function with relatively little systemic pathology (Bas et al., 2012; Christianson et al., 

2010). Not surprisingly, the inflammatory phase is associated with an evident tactile 

allodynia. Unexpectedly, after resolution of inflammation, allodynia persists. In the original 

work with the K/BxN and CAIA models our groups showed that the first phase was 

diminished by the anti-inflammatory agents ketorolac and diclofenac, respectively, and by 

the centrally acting anti-hyperpathic agent gabapentin, while the post-inflammatory phase 

was sensitive to gabapentin but not the anti-inflammatory agents (Bas et al., 2012; 

Christianson et al., 2010). An important caveat to the use of chronic inflammatory models in 

pain research is the relevance of the evoked threshold assessments to define the “pain” state. 

Thus, there are arguments about the meaning of such endpoints in the preclinical evaluation 

of drug efficacy. As an effort to address this question the conditioned place preference 

paradigm (CPP) has been implemented to define effects of analgesics in ongoing pain states 

(King et al., 2011; Qu et al., 2011). In the present version of the CPP, there is the assertion 

that i) the animal is in an aversive state of discomfort; ii) the drug targets that pain state; and 

iii) the drug has no intrinsic rewarding properties in the normal animal at doses believed to 

be antinociceptive.

Accordingly, we sought to extend the K/BxN-CAIA analgesic pharmacology to the CPP 

model to address the hypotheses that drug-induced reversal of the allodynia would be 

accompanied by development of a CPP, and that the pharmacology of the CPP in the early 

and late phases would be distinct. The present studies revealed that indeed there is a 
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distinction between early and late phase pharmacology in the allodynia and that this covaries 

with the ability to establish a CPP. Unexpectedly, we found that the actions of anti-

inflammatory agents ketorolac and diclofenac were different in the two models, an 

observation confirmed by covariance between the effects on thresholds and CPP. In the 

following sections we will consider issues raised by these findings.

K/BxN-CAIA models

Injection of antibodies against collagen type II or K/BxN serum results in robust joint 

inflammation that persists for two to three weeks in the K/BxN model and for more than six 

weeks in the CAIA model. We previously reported that mechanical hypersensitivity 

develops within two to five days after injection of antibodies/sera in these models and the 

hypersensitive state remains unchanged long after the inflammation had resolved (Bas et al., 

2012; Christianson et al., 2010). Current work shows that BALB/c mice subjected to CAIA 

developed a more severe degree of disease and the arthritis scores remained relatively high 

even at day 47, while joint inflammation was completely resolved by day 40 in our previous 

studies (Agalave et al., 2014; Bas et al., 2012). These periods thus define the choice of the 

inflammatory (early) and post-inflammatory (late) time points examined here.

Anti-inflammatory drugs

Ketorolac, a mixed cyclo-oxygenase inhibitor, reduces inflammation-evoked hyperalgesia 

(Inglis et al., 2005; Lopez-Munoz et al., 2004; Rooks et al., 1985). In agreement with our 

earlier work, ketorolac possessed antiallodynic action in the early inflammatory but not the 

late phase of the K/BxN model (Christianson et al., 2010).

Unexpectedly, however, ketorolac failed to reverse the mechanical hypersensitivity in both 

the early and late phases of the CAIA model. The reason for this lack of ketorolac effect 

during ongoing inflammation in the CAIA model is not known. Previous work with the 

CAIA model demonstrated that diclofenac was highly efficacious in reversing the allodynia 

in the inflammatory phase of the CAIA model (Bas et al., 2012). While both diclofenac and 

ketorolac are potent cyclo-oxygenase inhibitors, both variously inhibit lipoxygenase 

enzymes and activate the nitric oxide-cGMP antinociceptive pathway. Novel mechanisms for 

diclofenac may include inhibition of peroxisome proliferator activated receptor gamma 

(PPARgamma), block of acid-sensing ion channels and reduced interleukin-6 production 

(Buczynski et al., 2010; Gan, 2010). Aside from mechanistic differences distinguishing the 

CAIA vs. K/BxN actions, the more pronounced joint inflammation in the CAIA model may 

lead to a state of hypersensitivity that at the time of testing was not predominantly driven by 

prostaglandins.

Centrally acting anti-hyperpathic actions

Gabapentin and its congeners interact with the α2δ subunit of the voltage sensitive calcium 

channel and is considered to be efficacious in models of facilitated processing initiated by 

both tissue and nerve injury (Hwang and Yaksh, 1997; Jun and Yaksh, 1998; Yoon and 

Yaksh, 1999), as well as by direct activation of dorsal horn systems activated by NMDA and 

NK1 receptors (Partridge et al., 1998). With one exception (see (Nagakura et al., 2003), 

systemic or intrathecal gabapentin reduced mechanical hypersensitivity in intra-articular 

Park et al. Page 7

Eur J Pain. Author manuscript; available in PMC 2018 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



kaolin-carrageenan and intraplantar carrageenan-induced acute inflammatory pain (Field et 

al., 1997; Lu and Westlund, 1999) and in the mono-iodoacetate model of osteoarthritis 

(Fernihough et al., 2004; Vonsy et al., 2009). Furthermore, our groups have demonstrated 

that gabapentin has antiallodynic effects in both the K/BxN serum transfer and the CAIA 

models (Bas et al., 2012; Christianson et al., 2010). Thus, although gabapentin is 

predominantly associated with reversal of neuropathic pain, it is also effective in models of 

inflammation-induced hypersensitivity. Our previous work showed that both the early and 

late phase mechanical hypersensitivity was transiently abolished by gabapentin. In the 

present work gabapentin similarly displayed an antiallodynic action in both the early and 

late phases of the K/BxN and CAIA models. This action of gabapentin in the late phase is 

considered to be consistent with the assertion that the late phase represents a phenotype that 

has neuropathic components including induction of ATF3 and GAP43 in the DRG 

(Christianson et al., 2010; Su et al., 2015, in press). Consistent with this hypothesis is an 

increased expression of GAP43 in persistent joint inflammation indicating that joint nerve 

fibers may undergo sprouting and local neuroma formation in the affected joint (Jimenez-

Andrade and Mantyh, 2012).

Drug effects in the KBxN/CAIA CPP

The present studies revealed a close covariance between the ability of a treatment to alter the 

tactile allodynia in either the early or late phase of the K/BxN or the CAIA model and the 

ability of that treatment to support a CPP assessed during the respective early and late 

phases. Thus, in the K/BxN model, gabapentin reversed early and late phase allodynia and 

supported a CPP in both the early and late phases. In contrast, ketorolac reversed allodynia 

in the early but not the late phase and correspondingly supported a CPP in the early but not 

the late phase.

In the CAIA model, gabapentin was effective in reversing the allodynia in the early and the 

late phases, whereas ketorolac, for reasons that are not evident, failed to alter CAIA 

allodynia in either period. Examination of the place preference revealed that there was a 

statistically significant CPP for gabapentin in the early phase, and in the late phase it was 

associated with a numerical trend towards establishing a place preference, which did not 

achieve statistical significance. Ketorolac, while it failed to alter the CAIA allodynia for 

reasons that are not clear, consistent with its absence of effect on allodynia, failed to show 

any trend towards supporting a CPP in either the early or late phases in the CAIA model. 

Importantly, in previous work we have shown that these doses of either ketorolac or 

gabapentin failed to support a CPP in normal, nonarthritic mice (Park et al., 2006), 

suggesting that the drugs alone were not associated with any intrinsic positive reinforcing 

actions in the absence of an aversive state.

In short, these results provide support for the assertion that efficacy in altering the allodynia 

in both models was consistent with the association of a rewarding component to the drug 

action presumably through the reduction of the aversive nature of the arthritic states. Similar 

findings have recently been shown in a cisplatin-induced neuropathy model, where 

gabapentin, but not ketorolac, was effective in reversing tactile allodynia and evoking drug-

paired preference in the CPP paradigm (Park et al., 2013). The correlations observed in these 
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studies between tactile allodynia (evoked) and CPP pharmacology in the early 

(inflammatory) and late (post-inflammatory) phase does not indicate that both pain 

assessments reflect mechanistically identical processes. However, these results are in accord 

with the point that the concept of “spontaneous pain” may be of little value in describing 

systems in models of inflammation or polyneuropathy where ongoing afferent input is 

present (Bennett, 2012). In this regard, the mechanisms generating the “ongoing” pain state 

may be indistinguishable if not identical to those initiating the facilitated state in response to 

the injury.

In conclusion, we believe that, based on these studies, the CAIA and K/BxN models have a 

uniform sensitivity to the actions of gabapentin in the early and late phases of allodynia. 

Ketorolac is without antiallodynic actions in the CAIA model, while it has efficacy in the 

early but not late phase of the K/BxN model. Finally, these data support the assertion that 

relief of the allodynia in the early and late phases is associated with positive reinforcing 

properties that support the development of a place preference in the mouse.
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What is already known about this topic

- KBxN/CAIA inflammatory models yield allodynia persisting beyond reversal 

of inflammation

- Anti-inflammatory and antihyperalgesic agents reverse early phase allodynia 

while late phase responds only to the latter.

What does this study add?

- Anti-inflammatory and antihyperalgesic agents working in early phase versus 

allodynia, support conditioned place preferences in early phase.

- Antihyperalgesic agents working in late phase versus allodynia, support 

conditioned place preferences in late phase.

- Normalization of early and late phase allodynia is positively reinforcing.
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Figure 1. 
Change of clinical signs after the initiation of A) collagen II antibody cocktail (CAIA) or C) 

K/BxN serum treatment. Figure presents the tactile threshold plotted vs. time after the 

initiation of B) CAIA or D) K/BxN serum treatment. Results are presented as mean ± 

standard error (n = 43 for CAIA group, n = 16 for K/BxN group, n = 4 for both control 

groups) (*P < 0.001, **P < 0.0001).
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Figure 2. 
Conditioned place preference in the CAIA mouse carried out during the A) early (day 15) 

and B) late phase (day 44). Mean time spent in drug paired chamber (day 5) – mean time 

spent in drug paired chamber on days 1 and 2 in CAIA induced mice that were treated with 

gabapentin (100 mg/kg, i.p.), ketorolac (15 mg/kg, i.p.) or saline on the drug exposure days 

(days 3 and 4). Results are presented as mean ± standard error (n = 8-18 per group) (*P < 

0.05).
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Figure 3. 
Conditioned place preference in the K/BxN mouse carried out during the A) early (day 6) 

and B) late phase (day 28). Mean time spent in drug paired chamber (day 5) – mean time 

spent in drug paired chamber on days 1 and 2 in K/BxN serum transferred mice that were 

treated with gabapentin (100 mg/kg, i.p.), ketorolac (15 mg/kg, i.p.) or saline on the drug 

exposure days (days 3 and 4). Results are presented as mean ± standard error (n = 5-7 per 

group) (*P < 0.05).
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Figure 4. 
Figure plots the change in withdrawal thresholds assessed in CAIA mice carried out during 

A) early (day 17) and B) late phase (day 46), as well as C) early (days 6-8) and D) late (days 

23-25) phases of the K/BxN model at intervals before and after the injection gabapentin (100 

mg/kg, i.p.), ketorolac (15 mg/kg, i.p.) or saline. Results are presented as mean ± standard 

error (n = 4–18 per group) (*P < 0.0001).
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