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Summary

Chronic constriction injury to the sciatic nerve was used as an animal model of neuropathic
pain. Instead of frequently used reflex-based tests we used an operant thermal place
preference test to evaluate signs of neuropathic pain and the effect of baclofen
administration in rats with neuropathy. Chronic constriction injury was induced by four loose
ligations of the sciatic nerve. Thermal place preference (45 °Cvs. 22 °C and 45 °Cvs. 11 °C)
was measured after the ligation and after the administration of baclofen in sham and
experimental rats. Rats with the chronic constriction injury spent significantly less time on
the colder plate compared to sham operated animals at the combination 45 °Cvs. 11 °C.
After administration of baclofen (10 mg/kg s.c.), the aversion to the colder plate in rats with
chronic constriction injury disappeared. At the combination 45 °C vs. 22 °C, no difference in
time spent on colder and/or warmer plate was found between sham and experimental
animals. These findings show the importance of cold allodynia evaluation in rats with chronic

constriction injury and the effectiveness of baclofen in this neuropathic pain model.
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Introduction

Chronic constriction injury (CCl) to the sciatic nerve of rats is a frequently used model for
neuropathic pain. After the surgery, mechanical and thermal allodynia and hyperalgesia
develop and last for several weeks. Both allodynia and hyperalgesia are usually measured in

terms of decreased withdrawal latency either to non-nociceptive mechanical stimulation or



noxious radiant heat. A crucial weak point of these procedures is that both tests are based
on segmental spinal responses without cerebral processing. It has been a matter of debate
for a long time whether reflex based responses are suitable for measuring neuropathic pain
or not (Chapman et al. 1985; Baliki et al. 2005). The withdrawal reaction, although
supraspinally modulated under normal conditions, can be seen even in spinalized animals
(Kauppila et al. 1998). That means that changes in the withdrawal reactions observed after
peripheral neuropathy might rather reflect changes in the spinal reflex arch than changes in
the cerebral processing of pain. Pain is a subjective feeling arising at the cortical level,
therefore methods requiring cerebral processing of nociceptive input and operant motor
response after selection of a behavioral strategy have been introduced (Vierck et al. 2004;
King et al. 2009; Marcinkiewcz et al. 2009). Operant responses in animals allow us to
demonstrate the affective-motivational aspects of pain, which corresponds much better to
findings in patients since the affective-motivational aspects of pain are a crucial component
in patients suffering from neuropathic pain (Melczak and Casey 1968; Baliki et al. 2005). In
the present study we used thermal preference test to reveal signs of neuropathic pain in CCl

rats.

Methods requiring cerebral processing of nociceptive input and operant motor response in
rats further revealed the usefulness of cold testing in CCl rats (Vierck et al. 2005; Datta et al.
2010). Cold allodynia lasted long after recovery of enhanced mechanical sensitivity, meaning
that cold allodynia is a major sign of neuropathic pain following CCl (Datta et al. 2010).

Indeed, cold allodynia is one of the main symptoms of neuropathic pain in patients too



(Gierthmuhlen et al. 2012). Aversion to cold after CCl in rats was also presented by Sato et
al. (Sato et al. 2000), they reported that exposure to low ambient temperature aggravated
pain-related behaviors in CCl male rats. Therefore, we decided to involve method requiring

cerebral processing to evaluate cold allodynia in CCl rats.

Baclofen, a specific GABA-B agonist, is an effective therapeutic agent to reduce rigidity and
spasms of skeletal muscles (Davidoff 1985). Besides, baclofen is used off-label for the
treatment of neuropathic pain (Lynch and Watson 2006). However, it does not correspond
to the findings from animal studies. Although baclofen exerted some antinociceptive effect
in animal models (Hwang and Yaksh 1997; Patel et al. 2001; Franek and Vaculin 2009), the
effect was attenuated under neuropathic conditions (Franek et al. 2004). Again, spinal reflex
responses were used in these studies to test nociception, and thus might contribute to the
discrepancy between the clinical and the experimental observations. Therefore, we used

thermal place preference for evaluation of effect of baclofen in CCl rats.

The aim of the present study was, first, to determine if the thermal place preference —a
measurement requiring cerebral processing — would change after unilateral CCl in Wistar
male rats, and second, to reveal if the change would be influenced by the administration of

baclofen.

Methods



Animals

Fourteen adult male Wistar rats (Velaz, Prague, Czech Republic) weighing 250 — 300 g were
housed with free access to food and water, and maintained under a regime with 12 h of light
and 12 h of darkness per day. The mean temperature was 22+2 °C, and the relative humidity
equaled 55£10 %. The acclimation period was 5 days long. The experiment was approved by
the Committee for Animal Care and Use of the Third Faculty of Medicine, Charles University,
Prague, and conducted according to the guidelines of the Ethics Committee of the
International Association for the Study of Pain (Zimmermann 1983). At the end of the

experiments, the rats were overdosed with inhaled anaesthesia.

Experimental protocol

The rats were divided into two groups — CCl and sham operated. Ten days after the surgery
the nociceptive thresholds of both hind limbs were measured in both groups. Only rats
exerting difference in the nociceptive thresholds were included in the CCl group. Thermal
place preference was measured in both groups at the same day — D10 (45 °C vs. 22 °C) and
one day after — D11 (45 °Cvs. 11 °C). The same measurements were repeated on two
subsequent days (D12 for the combination of 45 °C vs. 22 °C, D13 for the combination of 45
°Cvs. 11 °C). For baclofen administration, the plates at thermal place preference were set at
45 °Cvs. 11 °C. Baclofen (10 mg/kg s.c., Sigma-Aldrich, dissolved in saline) was administered
50 minutes before the thermal place preference test at D14 and D15. The dose was chosen

according to our previous results (Franek et al 2004). There were six rats in each group.



Surgery

Neuropathic pain was induced by creating a chronic constriction injury according to the
model of Bennett and Xie (Bennett and Xie 1988). Briefly, under ketamine and xylazin
anesthesia (100 mg/kg and 16 mg/kg ip, respectively), the left sciatic nerve was exposed and
slightly ligated with four ligatures of chromic catgut (4-0). The sham group underwent the

same procedure, except for the nerve ligation.

Thermal place preference

Thermal Place Preference Aparatus (Bioseb, France) was used. The rats were placed in the
middle between two plates at the beginning of each test, the duration spent on each plate
and number of transitions between the plates were automatically recorded during 10 min.
Time spent in between the plates was excluded. Thermal place preference (TPP) for each
combination of temperatures was measured two times with a 48-hour break. Percentage of
time spent on the colder plate was calculated and the mean value from two measurements

of TPP was recorded for analysis.

The following combinations of temperatures were used: 45 °Cvs. 22 °Cand 45 °Cvs. 11 °C.
In the combination of 45 °C vs. 11 °C, equal time spent on both plates was found in sham
rats, and was therefore used to reveal cold aversion after CCl. The combination of 45 °C vs.
22 °C was used to exclude warm attraction after CCl and so to confirm cold aversion.
Relative time spent on the colder plates was measured and compared within the groups

(thermal preference) and between the groups (effect of chronic constriction injury).



In order to evaluate the effect of treatment, thermal place preference was measured on two
subsequent days 50 minutes after the administration of baclofen in the same rats. According
to the results of the previous experiment, only the temperature combination 45 °Cvs. 11 °C
was used. Again, thermal preference was evaluated within the group and time spent on
warmer and colder was compared to the results from the previous experiment to evaluate

the effect of treatment.

Statistics

Wilcoxon test was used to evaluate thermal preference within the group, t-test was
employed to compare two groups (sham vs. CCl to reveal effect of chronic constriction or
effect of baclofen, and values before and after administration of baclofen to reveal effect of

baclofen). Statistical difference was considered significant when p<0.05.

Results

Effect of neuropathic pain (Figure 1)

Within the sham group, there was no thermal preference at the combination 45 °Cvs. 11 °C.
The sham rats spent 41.4% on the warmer plate and 58.6% on the colder one (p=0.46).
Within the CCI group, significant aversion to the cold plate was found (p=0.04). The CCl rats

spent 72.3% on the 45 °C plate and 27.7% on the 11 °C one.



The aversion to cold in CCl group is further verified by the finding, that the CCl rats spent
significantly less time on the colder plate when compared to the sham group (27.8% and
58.6%, respectively, p=0.03).

When comparing TPP at the combination 45 °C vs. 22 °C, neither thermal preference within
any of the groups, nor difference between the sham and the CCl group was found. The sham
and the CCl rats spent 42.7% and 47.7% of time on the colder plate, respectively. When
comparing the CCl group at the combination of 45 °Cvs. 11 °Cand 45 °Cvs. 22 °C, a
significant decrease of the time spent on the colder plate was found (p<0.01).

Regarding the number of transitions at the combination 45 °C vs. 11 °C between the sham
and the CCl group (30.75 + 5.41 and 11.08 + 1.72, respectively), a significantly lower number
was found in the CCl group (p=0.02). However, when the number of transitions at
combination 45 °C vs. 22 °C was compared, no difference was found between the CCl and

the sham group (33.00 + 7.98 and 32.44 + 5.36, respectively, p=0.95).

Effect of baclofen (Figure 2)

Within the sham group, thermal preference was not found after the baclofen administration
(the rats spent 35.3% on the warmer and 64.7% on the colder plate, p=0.12). Also, when
comparing time spent on the colder plate before and after the administration of baclofen in
the sham group, no difference was found (before 58.8%, after 64.7%, p=0.48). Within the CCI
group, cold aversion disappeared after the administration of baclofen (rats spent 55.8% and
44.2% on the warm and cold plates, respectively, p=0.24). Baclofen also significantly

increased the time spent on the colder plate in the CCl group compared to the pre-



treatment values (27.7% before and 44.2% after baclofen, p=0.03). Further, when comparing
time spent on the colder plate in the CCl group after baclofen administration either to the
sham group (p=0.25) or the sham group after baclofen (p=0.07), no significant difference
was found.

Baclofen decreased the number of transitions in the sham group (before 30.75 + 5.41, after
10.83 + 2.39, p=0.02), while the number of transitions in the CCI group remained unchanged

(before 11.08 + 1.72, after 16.25 + 2.44, p=0.14).

Discussion and conclusion

In our study we used a thermal place preference test to evaluate the effect of unilateral CCl
in Wistar male rats. We found that rats after CCl preferred the warmer plate, suggesting cold
allodynia. The warmer plate preference disappeared after baclofen administration,
suggesting effectiveness of baclofen in animals on cold allodynia, and therefore the thermal
preference test corresponded better to findings in neuropathic pain patients.

Effect of CCl on thermal place preference

Cold allodynia has not been frequently measured in rats after CCl and has not been
considered as one of the major findings in this animal model (Baliki et al. 2005) although it is
commonly found in patients suffering from neuropathic pain (Gierthmuhlen et al. 2012). The
presence of cold allodynia after CCl has been suggested in animal studies before due to
increased duration of paw withdrawal in the acetone drop test (Choi et al. 1994). Vierck et
al. (Vierck et al. 2005) used operant escape responses and thermal preference test and

found that bilateral CCl in female Long-Evans rats resulted in long lasting increases in



nocifensive responses to cold with no change in responses to heat. Their results were
confirmed and elaborated by Data et al. (Data et al. 2010).

In our study we demonstrated that cold aversion was observed also in male Wistar rats with
unilateral CCI. At the combination of temperatures 45 °C vs. 11 °C rats after CCl preferred
the warmer plate compared to sham operated animals, and spent more time there than on
the colder plate. That is in good agreement with previous findings (Vierck et al. 2005; Data et
al. 2010).

However, such results could be attributed to either cold allodynia, or heat preference, e.g.
for heat induced alleviation of pain. Since no preference for the warmer plate was found at
the combination of 45 °C vs. 22 °C in the CCl group, heat preference could be ruled out.
Because 11 °Cis a sub-noxious cold stimulation, the aversion to the 11 °C plate could be
interpreted as cold allodynia.

An alternative explanation of the warmer place preference observed after CCl, could be a
generalized decrease in motor activity after CCl manifesting as less transitions. We did not
observe any difference in transitions between the sham and CCl groups at the 45 °Cvs. 22 °C
temperature combinations, and therefore ruled this out. Thus, the decreased numbers of
transitions are most likely attributable to cold allodynia and subsequently avoiding
transitions to the colder plate.

When comparing to a previous comparable study (Vierck et al. 2005; Datta et al. 2010), we
used unilateral CCl, and different sex and strain of the rats. Concerning unilateral versus
bilateral CCl, since the affective-motivational aspect of pain is evaluated and not a reflex

based withdrawal response, unilateral CCl likely produces the same response to cold as a



bilateral one. Indeed, Walczak and Beaulieu (Walczak and Beaulieu 2006) showed in male
mice that unilateral CCl induced cold allodynia observed using a thermal preference test. A
drawback to using female rats is that the pain sensitivity is dependent on the estral cycle,
thus either the results have to be correlated to the phase, or measurements have to be
repeated through the whole cycle. Furthermore, in our previous study we demonstrated
that intact Wistar female rats, regardless of the phase of cycle, were more aversive to cold
stimulation than male rats (Franek et al. Neuroscience 2011, poster 583.03/113). Here we
found, that scrotal sensitivity of males to heat delivered via the floor of the testing chamber
(Vierck et al. 2005) might not be problematic for behavioral testing. Neuropathic pain
models show considerable variability across rat strains. Originally, Vierck et al. (Vierck et al.
2005) showed that cold allodynia following bilateral CCl measured by thermal place
preference developed in Long Evans strain rats, then it was approved also in Sprague Dawley
strain rats (Datta et al. 2010), and here we demonstrated the same in Wistar rats. These
results mean that cold allodynia was not unique to one strain of rats (Datta et al. 2010) and

could be generally accepted as a major sign of neuropathic pain in rats following CCI.

Effect of baclofen

The cold plate aversion observed in the CCl group disappeared after the administration of
baclofen, suggesting effectiveness of baclofen in the animal model. However, when studying
baclofen by means of motor and thermal tests, two problems emerge. First, baclofen is
known to induce myorelaxation (Davidoff 1985), thus, a general reduction in movements

expressed as a decreased number of transitions after baclofen could result in increased



occupancy of the colder plate. On the other hand, a) motor activity decreases in rats after
baclofen at the dose of 20 mg/kg (Franek et al. 2004), i.e. two times higher than those used
in the present study, b) decreased number of transitions and eventual decrease in motor
activity had no effect on place preference in sham rats, (decreased number of transitions in
sham rats could be attributed to lower motivation to change one plate for the other due to
antinociceptive effect of baclofen, i.e. it might take longer time to decide to change the
plate), and c) although decreased, the average number of transitions in the rats was high
enough to allow for the operant response. This allowed the observed effects of baclofen not
to be attributed to the decreased motor activity. Second, it has been demonstrated that
baclofen decreases body temperature in rats (Zarrindast and Oveissi 1988), and that the
withdrawal response to thermal stimulation significantly depends on skin temperatures
(Vitkova et al. 2014). Therefore, the effects of baclofen in thermal tests could be attributed
to changes in skin and body temperatures, rather than to analgesia. However, a) Zarrindast
and Oveissi (Zarrindast and Oveissi 1988) showed that baclofen at the dose 10 mg/kg had no
effect on body temperature one hour after administration; b) we showed that occupancy of
the colder plate increased after baclofen administration in the CCl group, which is not
consistent with the idea that decreased body temperature would result in decreased
duration spent on the colder plate, and c) no effect of baclofen on the thermal preference
was found in sham operated rats. This strengthened our conviction that the observed effects
of baclofen could be attributable to its analgetic properties.

The antinociceptive effect of baclofen has been described in animal studies when using a

spinal-reflex based test (Hwang and Yaksh 1997; Patel et al. 2001). Regarding the mechanism



of action, the presynaptic inhibition of calcium channels resulting in decrease in the number
of action potentials has been suggested as a probable explanation (Fukuhara et al. 2013). In
our previous study, we showed that the antinociceptive effect (i.e. result of reflex-based
test) of baclofen was attenuated in rats with chronic constriction injury (Franek et al. 2004).
Our previous results corresponded to the findings of Castro-Lopes, who described the
decrease in the number of GABA-B binding sites in lamina Il of the spinal cord after the
sciatic nerve injury (Castro-Lopes et al. 1995). All these findings suggest the dorsal horn of
the spinal cord as a site of baclofen action.

In this study we demonstrated that using the thermal place preference test requiring
cerebral processing, baclofen exerted an analgesic effect in the same animal model,
contradicting findings from the spinal cord reflex-based study. Therefore, site of baclofen
action in rats with neuropathic pain might be rather located at the supraspinal level. This
suggestion supports the notion, that the supraspinal site is the most sensitive to the action
of baclofen (Proudfit and Levy 1978).

Further, since baclofen has been shown to be effective in the treatment of neuropathic pain
in humans (Taira et al. 1995; Middleton et al. 1996; Harmer and Larson 2002; Kumru et al.
2013), our present results comply better with the findings from clinical practice. The
conclusion to use operant behavior-based tests in evaluation of signs of neuropathic pain in

animal models (Vierck and Yezierski 2015) is strongly encouraged by our results.

Conclusion



Our results support the use of the thermal place preference test for thermal sensitivity
evaluation in rats, and especially of cold stimulation for the assessment of neuropathic pain.
Thermal place preference is a simple method to use and provides better insight into
behavioral changes after induction of peripheral neuropathy than the withdrawal response.
In our study we showed that unilateral CCl induced cold allodynia, which was reversed by

baclofen administration, which is in good agreement with findings in patients.
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Legends for illustrations

Figure 1. Comparison of thermal place preference and number of transitions in CCl and sham
rats. At the combination 45 °C vs. 11 °C, CCl rats spent significantly less time on the colder
plate compared to sham rats. CCl rats also spent significantly less time on the colder plate
compared to time on the warmer plate. At the combination 45 °C vs. 22 °C no difference was
found within the groups or between the groups. Significance (p < 0.05) of the time spent on
plates, either within the group or between the groups, is indicated by bars. Number of
transitions (right axis and black squares) was significantly lower in CCl rats only at the
combination 45 °Cvs. 11 °C but not at the combination 45 °C vs. 22 °C. Data are expressed as

mean + SEM.



Figure 2. Comparison of thermal place preference and number of transitions in CCl and sham
rats before and after baclofen administration at the combination 45 °C vs. 11 °C. After
baclofen, CCl rats spent significantly more time on the colder plate than before the
administration, and their thermal place preference did not differ from those of either sham
rats or sham rats after baclofen administration. Significance (p < 0.05) of the time spent on
plates, either within the group or between the groups, is indicated by bars. Number of
transitions (right axis and black squares) significantly decreased after baclofen in sham group
only, however, number of transitions after baclofen was same when compared sham and CCl

group. Data are expressed as mean + SEM.
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