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Abstract

We have proposed that neuropathic pain engages emotional learning, suggesting the involvement
of the hippocampus. Since cytokines in the periphery contribute to induction and maintenance of
neuropathic pain, but might also participate centrally, we used two neuropathic pain models,
chronic constriction injury (CCI) and spared nerve injury (SNI), to investigate the temporal profile
of hippocampal cytokine gene expression in two rat strains that show different post-injury
behavioral threshold sensitivities. SNI induced long-lasting allodynia in both strains, while CCl
induced allodynia with time-dependent recovery in Sprague-Dawley (SD) and no allodynia in
Wistar Kyoto (WK) rats. In WK rats, only SNI induced sustained upregulation of hippocampal
IL-1pB, while IL-6 expression was transiently increased and no significant changes in IL-1ra
expression were detected. Conversely, in SD rats, SNI resulted in sustained and robust increased
hippocampal IL-1f expression, which was only transient in rats with CCI. In this strain, IL-6
expression was not affected in any of the two injury models and IL-1ra expression was
significantly increased in rats with SNI or CCI at late phases. The main findings reported are that:
1) the degree and development of neuropathic pain depend on the specific nerve injury model and
rat strain; 2) hippocampal IL-13 mRNA levels correlate with neuropathic pain behavior; 3) in
contrast to sham-operated animals, there are no correlations between hippocampal IL-1p and
IL-1ra or IL-6 in neuropathic rats; and 4) alterations in cytokine expression are restricted to the
hippocampus contralateral to the injury side, again implying that the observed changes reflect
nociception.
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1. Introduction

We have advanced a general model for the role of supraspinal circuitry in the transition from
acute to chronic pain [2, 4]. The model proposes that sub-cortical limbic circuitry play a
critical role in re-organizing cortical circuitry and transitioning the latter from monitoring
sensory properties to a state where pain becomes internalized and emotional in nature. The
amygdala, ventral striatum, and hippocampus are envisioned as critical limbic components
of this transition. Here we concentrate on the role of the hippocampus in chronic neuropathic
pain behavior. Moreover, we have proposed that chronic pain can be reformulated as a state
of continuous associative learning with no opportunity for extinction [3, 4], implicating
hippocampal-cortical learning processes.

Prefrontal cortex undergoes rapid reorganization in animals with neuropathic pain [40],
which also exhibits increased levels of cytokine expression [5]. As the hippocampus tightly
interacts with the prefrontal cortex, it may also reorganize with neuropathic pain. In fact,
accumulating evidence shows abnormal hippocampal function in chronic pain, see review
[38]. A recent study indicates that neuropathic animals exhibit working memory deficits and
decreased long-term potentiation (LTP) mediated by upregulation of hippocampal TNF [50],
yet these changes were not related to the pain behavior of the animals. Neuropathic rats also
show bilateral hippocampal increase in NF-kappaB [17] and in cytokines [1], differential
regulation of gene expression [25, 33, 55], and impaired neurogenesis [26, 54]. Given that
the hippocampus is critically involved in anxiety and depression [10] and since neuropathic
pain is also commonly associated with anxiety and depression, it remains unclear to what
extent these reported changes reflect secondary stress-related effects and if any are a direct
modulation of hippocampal processing by neuropathic pain.

The expression of cytokines, such as TNF, IL-1p and IL-4, is decreased in the hippocampus
hours after peripheral nerve injury [55], yet again the extent to which these changes reflect
general stress or effects of pain remains unclear. On the other hand, we have shown that in
vivo and in vitro LTP induction in the hippocampus results in a long lasting increase in
IL-1p and IL-6 expression [9, 52]. Furthermore, blockade of I1L-1 signaling impairs the
maintenance of LTP [52] while blockade of endogenous IL-6 prolongs it [9]. Also, both
cytokines can affect learning of hippocampus-dependent tasks [9, 23, 60]. Thus, it is
possible that the regulation of cytokine expression by neuropathic pain underlies
hippocampal reorganization. As a first step to address this hypothesis, we studied
hippocampal IL-1p the endogenous antagonist of IL-1 (IL-1ra), and IL-6 gene expression in
two models of neuropathic pain: chronic constriction nerve injury (CCI) and spared nerve
injury (SNI), which display different degrees of pain behavior in response to nerve injury
[12, 20]. Since different strains of rats display variable manifestation of neuropathic pain
behaviors after peripheral nerve injury [39, 61], we compared changes in cytokine
expression related to the maintenance of neuropathic pain between Wistar-Kyoto (WK) and
Sprague-Dawley (SD) rats.

2. Material and methods

2.1. Animals

Male Wistar Kyoto and Spague Dawley rats (250-350 grams) were obtained from Harlan,
Indianapolis, IN. All procedures were approved by the Animal Care and Use Committee
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(ACUC) at Northwestern University, Chicago, and were in accordance with the NIH
guidelines for the ethical use of laboratory animals.

2.2. Surgical procedures

Animals were anesthetized with isofluorane 5%, and a mixture of 30% N,O and 70% O».
Two different models were used to induce neuropathic injury on the left hind paw. In the
chronic constriction injury model (CCl), the left sciatic nerve was exposed above the level
of trifurcation, and four loose knots were carefully applied to the nerve using absorbable
chromic gut [12]. In the spare nerve injury (SNI) model, the left sciatic nerve was exposed at
the level of its trifurcation into the sural, tibial and common peroneal nerves, and each of the
tibial and common peroneal nerves was tightly ligated by two knots 4 mm apart and then
completely severed in between, leaving the sural nerve intact [20]. In sham operated
animals, the sciatic nerve was exposed but not manipulated. After surgery, wounds were
sutured using a non-absorbable surgical suture, and treated with a topical antibiotic
ointment.

2.3.Von Frey test

Tactile thresholds were monitored in all operated animals (CCI, SNI and sham) prior to and
at different time points post-injury, using the VVon Frey test. Mechanical sensitivity of the
hind paw was measured by determining withdrawal thresholds to VVon Frey filaments. All
tests were performed on the right (uninjured) and left (injured) hind paws. The 50%
threshold for each paw withdrawal was calculated as described by Chaplan et al. [15]. The
behavioral assessment of signs for neuropathic pain was evaluated only by this test because
the procedure is minimally stressful. All measures were done in a blinded fashion, where
right and left paw data were collected separately to minimize expectation bias.

2.4. Tissue collection

Animals were not handled for 48 hours prior to sacrifice. At the times indicated in the
figures, Wistar Kyoto rats from the three experimental groups were anesthetized using
ketamine (100 mg/kg) and xylazine (10 mg/kg) and perfused with RNA-ase free saline
(Accugene PBS). Sprague Dawley rats were anesthetized using Isofluorane (inhalation) and
then decapitated. In both cases, the brains were removed from the skull and placed on a cold
glass surface previously sprayed with Rnaze. A perpendicular cut was made to separate the
cerebral hemispheres and the cerebellum. The cerebral hemispheres were then glued to the
cutting platform with the rostral tip upwards; thick (600-1000 um) coronal slices containing
the hippocampus (approximately from Bregma -2.52 to -6.12 mm; [46]) were then cut, and
the slices from the right and left hemisphere were collected in separate petri dishes filled
with ice cold PBS. The hippocampus was then carefully dissected out under a stereo
microscope, and immediately frozen and stored at -80°C until PCR analysis was performed
for the determination of cytokine gene expression.

2.5. Determination of cytokine gene expression

Total RNA was extracted from the hippocampus using TRIzol Reagent (Invitrogen Life
Technologies) according to a standard protocol [16]. The RNA was treated with 2U DNasel
(Epicentre technologies) in 10x Buffer Y+/Tango (MBI Fermentas) followed by purification
using RNeasy Mini Spin Columns (Qiagen) according to the manufacturer's instruction and
eluted in 30ul RNase free water. Reverse transcription (RT) was performed as previously
described [5]. Briefly, 1ug total RNA was reversed transcribed using 40U MMLYV reverse
transcriptase (Invitrogen Life Technologies) and 0.5mg/ml oligop(dT) 12-18 primers
(Amersham Biosciences) in a total volume of 20 ul. RT was performed at 42°C for 60 min
and 70°C for 15 min. PCR was performed in a volume of 25 ul with the ABI PRISM 7700
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Sequence Detection System (PE Applied Biosystems) using optical reaction tubes. A master
mix was prepared containing 12.5ul 2x PCR buffer (100mMKCI, 20mM Tris HCI pH 8.3,
0.02mM EDTA, 0.1% gelatin 0.02% Tween20), nucleotides dATP, dCTP, dGTP (200uM
each), 400uM dUTP, 1.0ul 25mM MgCI2, 0.625 U AmpliTagGold (PE Applied
Biosystems), 0.25 U Uracil-DNA-Glycosylase (UDG) (New England Biolabs), 200 nM of
each primer, 100 nM of the corresponding probe, and Rox dye in a final concentration of
300 nM (TIB MOLBIOL). 21pl of the master mix were added to each well of 96 well-plates
followed by addition of 4ul cDNA. PCR products were verified by cloning using the PCR
2.1Topo® Vektor from Invitrogen GmbH, Life Technologies (Karlsruhe, Germany),
followed by sequencing. The sequences were confirmed using the NCBI gene data bank.
Standard curves were generated for all genes analyzed. The efficiency of the PCR reaction
was between 96% and 100 %. All PCR reactions were performed 3 to 4 times at least in
triplicate using the following conditions: initial 50°C for 2 min and 95°C for10 min,
followed by 40 cycles at 95°C for 15 s and 60°C for 1 min. The average of the PCR reaction
was the outcome measure for each sample. Primer and fluorogenic probes were designed
using the automated primer analysis software Primer Express (PE Applied Biosystems).
Primer and probes were chosen to bind in different exons or to span exon junctions to
prevent amplification of genomic DNA. The forward primers for the genes evaluated, the
fluorogenic internal probes and the reverse primers used were exactly as previously
described [21, 22]. The comparative CT method described by Fink et al. [27] was used to
calculate relative gene expression since we have previously determined that the
amplification efficiencies of the target and reference genes are approximately the same.
Thus, cytokine mRNA levels were normalized to the reference gene in each sample. The
value of sham animals was arbitrarily set at 1.0.

2.6. Statistical analysis

3. Results

Results are expressed as mean + SE. Data were analyzed with StatView 5.0 using one-way
ANOVA followed by Fisher's PLSD test for multiple comparisons. Regression analysis was
also performed using StatView 5.0. Differences were considered significant for p<0.05.

The CCI and SNI models of neuropathic pain were used to study the profile of pain-
associated cytokine expression in the rat hippocampus. Two strains of rats (SD and WK)
were used in order to exploit their different behavioral response to these surgeries [39].
Mechanical allodynia, which is widely used as a behavioral readout of neuropathic pain, was
evaluated using the VVon Frey test before and after experimental nerve injury, starting 4 days
after the operation.

In WK rats, SNI-induced mechanical allodynia in the left paw was already present on day 4
and was maintained up to day 19 after the neuropathic injury (Fig. 1). On the contrary, CCI
did not produce detectable significant effects on tactile thresholds, consistent with previous
findings [5]. In SD rats, both SNI and CCI resulted in mechanical hypersensitivity in the
hind paw ipsilateral to the peripheral nerve injury and was also already present on day 4
after surgery, while no difference of tactile threshold was observed in the contralateral hind
paw. Interestingly, while SNI-induced allodynia remained constant for up to 9 weeks after
surgery, CCl-induced allodynia gradually recovered, starting 28 days after surgery (Fig. 1).

Pro-inflammatory cytokines, such as IL-1p and IL-6, have been shown to be involved in the
peripheral mechanism of neuropathic pain development [45, 53]. Very recently, it has also
been reported that acute or chronic peripheral administration of IL-1ra attenuates the
allodynic response in mouse models of partial nerve injury or complete nerve cut [29] but
dual effects of this antagonist have been reported in a model of spinal cord injury-induced
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neuropathic pain in morphine-treated animals [31]. Having determined that the behavioral
effects of the surgical nerve injuries differed in intensity and duration in WK and SD rats,
we evaluated IL-1p, IL-6, and IL-1ra gene expression in the hippocampus contralateral to
the injured side in both strains of rats and at different times after surgery in the two models
of neuropathic injury and compared with the expression in sham-operated animals. Tactile
thresholds were determined 48 hrs before sacrifice.

In agreement with the lack of behavioral effects, CCI surgery failed to induce significant
changes in IL-1pB, IL-6, and IL-1ra expression in the hippocampus of WK rats over the times
tested, as compared to the sham-operated controls (Fig. 2). Conversely, IL-1p mRNA levels
were 2.5-3-fold elevated in the contralateral hippocampus of WK rats in which tactile
thresholds were decreased as consequence of the SNI performed 10 days before and were
still elevated 24 days after surgery (Fig. 2). IL-6 expression was significantly increased only
on day 10. On day 24, 2 animals in the sham group had higher levels of 1L-6 expression than
the other 6 rats, thus resulting in a larger SE in this group than on day 10. In any case, no
statistically significant differences in IL-6 expression were detected either between CClI and
SNI on day 24, suggesting that the increase in the expression of this cytokine in WK with
SNI was transient. Although there was a tendency to decreased IL-1ra mRNA in the
hippocampus of rats with CClI, this difference was not statistically significant in WK rats

(Fig. 2).

In SD rats, both SNI and CCI resulted in decreased tactile thresholds 14 days after surgery
(Fig. 3). Hyperalgesia was still maintained 60 days after the operation in rats that had
undergone SNI, while the tactile threshold was nearly recovered in rats with CCI. In
agreement with the observed behavioral effects, IL-13 mMRNA expression in the contralateral
hippocampus was significantly increased 14 days after surgery in both pain models.
However, although a trend toward higher IL-1p expression could be detected in rats with
CCl, IL-1p mRNA remained significantly elevated up to 60 days only in rats with SNI, i.e.
in those in which the decreased tactile threshold persisted.

Interestingly, the effect of SNI and CCl on IL-6 and IL-1ra expression in the hippocampus
was different in SD as compared to that in WK rats. While SNI and CCI failed to produce
any detectable effect on the expression of I1L-6 mRNA level in the hippocampus, IL-1ra
expression tended to increase 14 days after SNI and CCl, and it was significantly increased
in both pain models after 60 days, reaching levels that were about 2-fold of those of the
sham-operated controls.

It is worth noting that IL-1p expression in the hippocampus was highly correlated with the
degree of mechanical allodynia. As shown in Fig. 4, there was a linear correlation between
the tactile threshold in the injured (left) leg and IL-1p mRNA levels in the contralateral
hippocampus in both strains, for both nerve injury models (but not in sham operated
animals), and at different time points after operation.

It has been known for long time that when the immune system is activated, particularly via
Toll-like receptors, the production of IL-1p, IL-6, and IL-1ra is concomitantly increased
[24]), and we have shown that these cytokines are simultaneously overexpressed in the brain
and in the periphery following endotoxin challenge at doses that do not disturb the blood-
brain barrier (BBB) and that have no apparent effects on animal behavior [21, 47]. Positive
correlations between IL-1p and IL-1ra, and between IL-1f and IL-6 expression were
observed in the hippocampus of sham-operated SD rats (fig. 5A, C). To the best of our
knowledge, this is the first time that such positive correlations are reported, and,
interestingly, they were not observed in animals with CCI and SNI (Fig. 5B, D). The results
presented so far were obtained in the hippocampus contralateral to the lesion site and agree
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with our previous work in WK rats showing cytokine modulation in supraspinal regions to
be lateralized and limited to contralateral areas [5]. As a next step we tested whether this
lateralization holds true also for hippocampal expression. Thus, we further examined the
expression of cytokines in the ipsilateral hippocampus on day 60 after the neuropathic injury
in SD rats. As compared to the sham-operation, neither SNI nor CCI treatment led to any
significant change in the expression of the cytokines evaluated in the ipsilateral
hippocampus (Fig. 6). These data suggest a clear hemispheric lateralization of cytokine
expression modulation in the hippocampus of SD rats with neuropathic pain.

4. Discussion

The temporal course of neuropathic pain development and hippocampal cytokine gene
expression were compared between two rat strains (WK versus SD) and between two
peripheral nerve injury models (SNI versus CCI). Our results highlight strain-related
differences in the development of allodynia in models that differ in the extent of nerve
injury. SNI results in irreversible damage of the sciatic nerve while the effects of CCl are at
least in part reversible [12, 36]. We show here that SNI-induced mechanical allodynia
showed no reversibility in both SD and WK rats during the time tested, while in the CCI
model SD rats showed partial recovery from hyperalgesia already four weeks after surgery,
and WK rats did not develop mechanical allodynia at all. Differences in hyperalgesic
responses have been described even within sub-strains of SD rats [39, 59], and, although the
underlying mechanisms are not clear, they may be attributable to genetic differences that
could result in different organization of the sciatic nerve [42, 43, 51, 61].

An interesting observation concerns the correlation between the allodynic response
measured with von Frey filaments and changes in the hippocampus. Such correlation
suggests that even an apparentaly simple nocifensive response is heavily regulated by
hippocampal circuitry.

IL-1B is a pro-inflammatory cytokine that has been implicated in the induction and
maintenance of neuropathic pain [30, 49]. We have previously reported that IL-1f induction
in the brain stem and prefrontal cortex of WK rats following SNI is related to the presence
of painful experience [5]. Here we show that, also in the hippocampus, the SNI- or CCI-
induced upregulation of IL-1p is closely correlated with mechanical allodynia in both rat
strains. Hippocampal involvement in chronic pain has been suggested previously; for
example, LTP in the CA1 area is moderately decreased in brain slices from neuropathic
animals [37]. On the other hand, acute (2 hrs) bee venom- or formalin-induced pain affects
synaptic efficacy in the dentate gyrus and CA1 area [62]. In line with the hippocampal
involvement suggested by these studies, cognitive function deficits have been reported in
patients and animals with chronic pain [6, 33, 34]. Since IL-1 is involved in the regulation of
synaptic plasticity and memory processes in the hippocampus [8, 11, 23, 35, 52, 60], the
neuropathy-induced increased hippocampal expression of IL-1f3 may correlate with
disturbance of hippocampal function. Recently published evidence that acute interference of
IL-1 signals in the brain reduces the depressive-like symptoms observed during SNI [44]
indicates that over-expression of IL-1 in the hippocampus may be relevant for these
symptoms.

The findings that IL-1p is over-expressed in the hippocampus during chronic pain and that
there is a significant correlation between pain phenotype and hippocampal IL-1 gene
expression indicate that this cytokine plays an active role during this process. However,
tentative conclusions about causality are limited. Injection of IL-1p in the brain can induce
hyperalgesia or analgesia, depending on the dose and region where it is administered [13,
32]. Also, studies in animals with permanent impediment of IL-1 signaling [57] do not
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answer the question of whether an increase of endogenous IL-1 contributes to pain
sensitivity or whether such increase is a consequence of hyperalgesia. Studies showing
attenuation of the allodynic response by intrathecal I1L-1ra injection several days after
inflammatory neuropathy [41], and by peripheral administration of the antagonist four days
after spinal nerve transection [29] suggest that the correlation between pain sensitivity and
IL-1 gene expression indicates that increased IL-1presults in lower tactile thresholds.
However, this speculation has also to be taken cautiously since in none of these studies I1L-1
effects were neutralized directly at supraspinal levels, and it is still debatable whether IL-1ra
can cross the BBB [18, 41]. We are aware of only two publications using neuropathic pain
models in which IL-1 was neutralized directly in the brain. Injection of an anti-1L-1 antibody
in the Red nucleus 2 weeks after SNI in SD rats significantly attenuated mechanical
allodynia [56]. However, they did not find changes in IL-1 immunoreactivity in the
hippocampus. In the study by Norman et al. [44], using the SNI model in mice, IL-1ra was
injected i.c.v., but the functional consequence of IL-1 neutralization on mechanical allodynia
was not tested.

We have evaluated IL-6 in the hippocampus during pain because we have shown that this
cytokine is overexpressed during LTP and that it plays a role in hippocampal-dependent
learning [9]. Although less studied than IL-1, there are also reports indicating the
involvement of IL-6 during pain. For example, IL-6 levels are increased in both ipsilateral
and contralateral lumbar dorsal root ganglia and in the spinal cord following peripheral
nerve injury [14]. Spinal administration of IL-6 elicits anti-nociceptive effects [28] and
spinal IL-6 levels correlate with the intensity of nerve injury-induced mechanical allodynia
[7]. On the other hand, intrathecal administration of an IL-6 neutralizing antibody
significantly decreases allodynia [7, 19]. Also, spinal nerve lesion-induced mechanical, but
not thermal, allodynia is reduced in IL-6 knockout mice [48], and other authors have
reported that IL-6-deficient female mice exhibit signs of neuropathic pain significantly more
frequently than IL-6-deficient male or wild type mice following peripheral nerve injury,
suggesting that some effects of IL-6 in pain are sex-related [58]. Thus, our finding that 1L-6
levels are not affected in the hippocampus of SD rats with SNI- or CCl-induced neuropathic
pain was unexpected. On the other hand, SNI treatment did produce an increase in 1L-6
expression in the hippocampus of WK rats, although the duration of the increase was shorter
than that of IL-1p. These results may indicate that, as it happens with the different
manifestation of pain behaviors, there might also be a strain-related dependence of
hippocampal IL-6 expression after peripheral nerve injury.

IL-1ra is an endogenous cytokine that interferes with most of the effects of IL-1. Our results
showing a concomitant over-expression of IL-1 and IL-1ra in SD rats with SNI is in line
with the findings that this antagonist is generally produced following IL-1 induction.
However, IL-1ra was not increased in WK with SNI, which had decreased threshold
sensitivity and IL-1p over-expression in the hippocampus. Since, as already mentioned,
mice with genetic impairment of IL-1 signaling display a decreased allodynic response [29]
and exogenously administered IL-1ra reduces neuropathic pain in mice [29, 44], it is
possible that endogenously produced IL-1ra contributes to some extent to modulate
threshold sensitivity, but its production during pain may also be strain-dependent.

Interestingly, IL-1p mRNA levels in the hippocampus of sham-operated SD rats positively
correlated with those of IL-1ra and IL-6. The fact that these correlations were not observed
in animals with CCI and SNI indicates that the interactions between these cytokine are
disrupted in the hippocampus of animals with chronic pain.

Finally, our data indicate a clear hemispheric lateralization of cytokine expression following
SNI or CCI. While SNI or CCl-induced mechanical allodynia was observed only at the hind
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paw ipsilateral to the nerve injury, increased IL-1p and IL-1ra mRNA levels appeared
specifically in the contralateral hippocampus, indicating that changes in cytokine expression
are not due a stress response, as the latter is expected to show bilateral effects. The present
results agree with our previous study showing lateralization of IL-13 expression in the pre-
frontal cortex of WK rats 10 days after SNI [5]. However, they apparently contradict those
reported by Al-Amin et al. [1]. These authors found bilateral increases in hippocampal 1L-1
levels 14 days after SNI and CCl, and even more expression in the ipsilateral than in the
contralateral side in the last model. Female SD rats were used in this study and SNI and CCI
induced similar neuropathic manifestations over 3 weeks. Furthermore, the groups that could
be compared to ours received daily i.p. injections of saline during 2 weeks. It is possible that
these differences may account for the discrepancy in the results.

We have shown that the hippocampus is among the brain regions in which IL-1p transcripts
are more increased following IL-1 production at peripheral levels [47]. Thus, one possibility
is that IL-1p produced in the periphery as consequence of nerve damage induces its own “de
novo™ production in the hippocampus. However, our finding that the increased IL-1f
expression is lateralized suggests that a different mechanism might operate during chronic
pain. Given that nociceptive information is primarily conveyed to the contralateral
hemisphere, we interpret the laterality of IL-1p expression as being driven by nociceptive
inputs to the hippocampus, which is consistent with our evidence that its level of expression
correlated with pain behavior.

In summary, our study shows that the degree and development of neuropathic pain are
correlated to specific nerve injury models and rat strains, that hippocampal IL-13 expression
is correlated with pain behavior, that neuropathic pain seems to disrupt a network of
cytokine interactions in the hippocampus, and that the alterations in cytokine expression are
restricted to the hippocampus contralateral to the injury side. Further studies are required to
clarify the pathophysiological links between the induced cytokines and pain states as well as
hippocampal function.
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Figure 1. Tactile allodynia shows dependence on strain and nerve injury model

Neuropathic injury on the left hind paw was performed by chronic constriction (CClI) or
spare nerve injury (SNI) of the left sciatic nerve in Wistar Kyoto (WK) and Sprague Dawley
(SD) rats. Sham-operated rats served as control. Tactile thresholds were monitored in all
operated animals prior to and at different time points post-injury using the Von Frey test. In
WK rats, consistent and statistically significant decreases in touch thresholds were observed
only for the paw with nerve damage in the SNI model at times longer than 4 days past injury
in contrast to rats with CCI and sham-operated animals (n ranged from 14 to 4 as different
animals were sacrificed at varying time points for cytokine analyses), In SD rats,
significantly decreased touch thresholds were observed in both, SNI and CCI, models as
compared to sham (n=9 per group and time point). Data were analyzed by ANOVA. Results
are expressed as mean + SE.
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Figure 2. Tactile thresholds of the injury paw and cytokine gene expression in the contralateral
hippocampus of WK rats at different times after nerve injury

Groups of CCI, SNI or sham-operated WK rats were killed 10 and 24 days after operation
and cytokine gene expression in the right side (contralateral to the lesion) of the
hippocampus was evaluated. Tactile thresholds were determined 2 days before sacrifice.
Results are expressed as mean + SE of 8 (sham-operated) or 4 rats (CCI or SNI) per group
and per time point. * p < 0.05 vs. sham; # p< 0.05 vs. CCI.
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Figure 3. Tactile thresholds of the injury paw and cytokine gene expression in the contralateral
hippocampus of SD rats at different times after nerve injury

Groups of CCI, SNI or sham-operated SD rats were killed 14 and 60 days after operation
and cytokine gene expression in the right side (contralateral to the lesion) of the
hippocampus was evaluated. Tactile thresholds were determined 2 days before sacrifice.
Results are expressed as mean + SE of 8 rats per group and time point. * p < 0.05 vs. sham;
#p<0.05 vs. CCI
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Figure 4. Correlation between pain perception and hippocampal IL-1p gene expression in the

contralateral hippocampus
A. Tactile thresholds in the left (injured) leg significantly correlated with IL-1 gene

expression in the contralateral (right) side of the hippocampus of WK rats after CCI or SNI
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CCl + SNI

3.0
2.0
1.04

0.0

20 25 3.0 3.5 40 45 50

Touch threshold (g)
RI= 644 p<0.0003
CCI + SNI
251
2.0'.‘ '
L ]
154 LK)
TR
L]
051 °
0-0 T T T T T
0 2 4 6 8§ 10 12
Touch threshold (g)
RI= 258 pe0.032

(n=12; data pooled from 10 and 24 days post nerve injury). No significant correlation

between these parameters was observed in sham-operated rats (n=15). B. Similar results are
seen in SD rats 60 days after CCI or SNI (n=16) but not in sham-operated animals (n=9).
The corresponding R? and p values as determined by regression analysis are indicated below

each corresponding panel.
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Figure 5. Lack of correlation between cytokine gene expression in the hippocampus of SD rats
with chronic pain
The expression of IL-1f on the side of the hippocampus contralateral to the operated paw 14

and 60 days after sham (A, C; n=16) or CCl and SNI (B, D; n=32) in SD rats is plotted
together with the IL-1ra and IL-6 values corresponding to each individual animal. While
positive correlations were observed in sham-operated rats, no significant correlations were
established in rats with chronic pain. The corresponding R? and p values as determined by
regression analysis are indicated below each corresponding pannel.
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Figure 6. Changes in cytokine gene expression are observed only in the hippocampal side

contralateral to the nerve lesion
Tactile thresholds in the left (injured) and right paws and cytokine gene expression in both

sides of the hippocampus of SD rats were determined 60 days after CCI, SNI or sham-
operation. Results are expressed as mean + SE of 8 rats per group. * p<0.05 vs. sham.
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