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Abstract

Objective: Neuropathic pain is a prevalent disease that greatly impairs the patients’ quality of life. A lack of the
understanding of its aetiology, inadequate relief, and development of tolerance and potential toxicity of classical
antinociceptives warrant the investigation of the newer agents to relieve this pain. The aim of the present study was to
explore the antinociceptic effect of curcumin and its effect on expression of N-methyl-D-aspartate (NMDA) receptor in
spinal dorsal horn and dorsal root ganglion in chronic constriction injury (CCI) mode of neuropathic pain of rats.
Methods: Paw withdrawal mechanical threshold (PWMT) and paw withdrawal thermal latency (PWTL) of rats were
measured on 2" pre-operative and 1, 3, 5, 7, 10, 14 post-operative days, and the expression of NMDAR NR-1 in spinal
dorsal horn and DRG was measured by Immunohistochemical staining and western-blot.

Results: CCI rats exhibited significant hyperalgesia after operation as compared with control rats. Chronic treatment
with curcumin 100mg/kg/day for 14days starting from the 1" day after CCI operation significantly attenuated PWMT
and PWTL. Curcumin also inhibited the expression of NMDAR NR-1 in spinal dorsal horn and DRG.

Conclusion: These results indicate an antinociceptive activity of curcumin possibly through its inhibitory action on
expression of NMDAR NR-1 in spinal dorsal horn and DRG and point towards its potential to attenuate neuropathic
pain.
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1. Introduction

Neuropathic pain is a devastating consequence of nerve injury that is characterized by spontaneous, often burning,
pain, an exaggerated response to painful stimuli (hyperalgesia), and pain in response to normally innocuous, for example
touch, stimuli (allodynia). Neuropathic pain syndromes are among the most difficult to manage. Although the pain
produced by tissue injury can usually be controlled by anti-inflammatory drugs and opioids, neuropathic pains such as
postherpetic neuralgia, reflex sympathetic dystrophy, and phantom limb pain are often refractory to these treatments[1].

Curcumin, an extract from the plant Curcuma longa was considered as a therapeutic or preventive agent for
several major human diseases. So it has attracted many investigations on the biological activity of curcumin,
demonstrating a plethora of pharmacological properties, including anticarcinogenic[2], anti-inflammatory[3] and
antioxidant[4] effects. It was reported that chronic treatment with curcumin significantly attenuated thermal hyperalgesia
and the hot-plate latencies in a diabetic mouse model of neuropathic pain[5]. Moreover, a 24 h-treatment with curcumin
reduced N-methyl-D-aspartate (NMDA)-mediated excitotoxic cell damage, estimated as decrease of cell viability and
increase in apoptosis. The protection was associated with decrease of NMDA receptor-mediated Ca®* rise and reduction in
the level of phosphorylated NR1 subunit of the NMDA receptor[6]. Some studies also suggest that nerve injury leads to
neuropathic pain because it triggers an N-methyl-D-aspartate (NMDA) receptor— mediated hyperexcitability of dorsal horn
neurons in the spinal cord. Events downstream of the NMDA receptor, including activation of various protein kinases,

have also been implicated; these are resumed to underlie the persistence of the pain[7][8][9].
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The N-methyl-D-aspartate receptor (NMDAR) is composed of hetero-oligomers of GluR{ (NR1), GluRe, and
occasionally GluRy (NR3) subunits[10][11]. The NR1 subunit is ubiquitously distributed in the brain and spinal cord
whereas the four € subunits differ in distribution depending on the brain region and developmental stage. The NMDAR is
an ion channel and cannot function in the absence of the NR1 subunit. Activation of NMDARSs is important for initiating
long-lasting changes in synapses and has been implicated in persistent pain by reinforcing glutamate sensory transmission.
It is believed that prolonged and repeated stimulation of peripheral nerves activates NMDARS. This results in an increase
in Ca** influx through N-methyl-D-aspartate (NMDA) channels and activation of various protein kinases[12][13].

Since curcumin is effective to neuropathic pain and has been found to interact with NMDA receptor, so the
present study was designed to evaluate the effect of curcumin in neuropathic pain and an attempt was made to look for the
participation of NMDAR NR-1 in spinal dorsal horn and DRG in curcumin’s antinociceptive effect.

2. Materials and methods
2.1 Animals and procedures for chronic constriction injury (CCI)

Male Sprague-Dawley rats obtained from Animal Center of Wenzhou Medical College(Zhejiang, China) were
housed in groups of two to four in 40 x60x30cm plastic cages with soft bedding under a 12/12h day/night cycle; water and
food pellets were available ad libitum. Experiments were conducted with the approval of the Animal Care Committee of
Wenzhou Medical College and according to the guidelines for investigations of experimental pain in animals published by
the International Association for the Study of Pain[14]. Sprague-Dawley rats weighing 200-250 g at the time of surgery
were anesthetized with pentobarbital (50 mg/kg, intraperitoneal). CCI rats were produced by loosely ligating a common
sciatic nerve according to the method of Bennett and Xie[15]. Sham rats were made following the same surgical procedure
except for nerve ligation.

2.2 Grouping and treatment schedule

Sham and CCI rats were randomly selected and divided in four groups of 6 animals each. First group consists of
sham rats, second group is the CCI control rats, third group is the solvent control(SC) group, the fourth group consisted of
the CCI rats(Cur100) which were treated with curcumin 100mg/kg/day by peritoneal injection for 14days starting from the
1™ day after CCl operation. The sham and solvent control groups received vehicle of curcumin (dimethyl
sulfoxide[DMSO]), the CCI group was treated nothing.

2.3 Behavioral studies

Paw withdrawal thermal latency (PWTL) and paw withdrawal mechanical threshold (PWMT) of rats were
measured on 2days pre-operative and 1, 3, 5, 7, 10, 14 post-operative. Mechanical allodynia was assessed by use of von
Frey filaments. Rats were placed in individual plastic boxes (20 x 25 x 15 ¢cm) on a metal mesh floor and allowed to
acclimatize for 30 min. The filaments were presented, in ascending order of strength, perpendicular to the plantar surface
with sufficient force to cause slight bending against the paw and held for 6 to 8 sec. Brisk withdrawal or paw flinching
were considered as positive responses. The paw withdrawal mechanical threshold (PWMT) was determined by
sequentially increasing and decreasing the stimulus strength (the “up-and-down” method)[16], and the data were analyzed
using the nonparametric method of Dixon, as described by Chaplan et al[16].

Thermal hyperalgesia was assessed with the paw withdrawal thermal latency (PWTL) to radiant heat according to
the protocol of Hargreaves et al[17]. Rats were placed in clear plastic cages on an elevated glass plate and allowed to
acclimatize for 30 min before testing. A radiant thermal stimulator was focused onto the plantar surface of the hindpaw
through the glass plate. The nociceptive endpoints in the radiant heat test were the characteristic lifting or licking of the
hindpaw, and the time to the endpoint was considered the PWTL[18]. To avoid tissue damage, a cut-off time of 30 sec was
used[19]. There were 5 trials per rat with 5 min intervals between trials. The mean PWTL was obtained from the final 3
stimuli[20].

2.4 Immunohistochemical staining

Immunohistochemistry was used to detect NMDAR NR-1 immunoreactivities in spinal dorsal horn and DRG.
Rats anesthetized with pentobarbital sodium (50 mg/kg, intraperitoneal) were perfused through the ascending aorta with
0.9% NaCl, followed by freshly prepared 4% paraformaldehyde in 0.1 M phosphate-buffered saline (PBS, pH 7.4). The
lumbosacral spinal cords and L4~5 dorsal root ganglion which were ipsilateral to the operation were carefully dissected
out, embedded in paraffin. Five-micron thick cross-sections of paraffin-embedded tissue were cut and mounted on
Vectabond adhesive-coated slides. Sections were dewaxed in xylene and rehydrated in ethanol to water, then washed in
PBS, sections were incubated with the primary antibody (NMDAR NR-1, 1:100, Cell Signaling, USA) dilution at 4°C for
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24 hr. Sections were washed twice with PBS and incubated in goat anti-rabbit serum (1:200) (Chemicon Group, USA) for
1 hr. This step was followed by three washes in PBS and staining using the ABC kit. The DAB chromogenic reaction was
monitored carefully for about 5 min and PBS was used to stop the reaction in time.
2.5 Western blot analysis

Western blot was used to detect NMDAR NR-1 expression in spinal dorsal horn and dorsal root ganglion. Rats
were rapidly (<1 min) killed through decapitation after being anesthetized with pentobarbital(50 mg/kg, intraperitoneal).
The lumbosacral spinal cords and L4, 5 dorsal root ganglion which were ipsilateral to the operation were carefully
dissected out and homogenized in SDS sample buffer containing a mixture of proteinase inhibitors. The lumbar segments
and corresponding dorsal root ganglion were harvested because CCI has the major impact at these spinal segments. Protein
samples were separated via 8% gel electrophoresis and electro blotted onto polyvinylidene fluoride (PVDF) membranes.
Nonspecific binding sites were blocked by incubating PVDF membranes for 1h in phosphate-buffered saline containing
5% low-fat dry milk. Membranes were incubated overnight at 4°C with primary antibodies (MDAR NR-1, 1:1000, rabbit
polyclonal, Cell Signaling, USA) and for 1 h at room temperature with anti-rabbit secondary antibodies (1:1000). Blots
were developed using an enhanced chemiluminescence detection system (ECL, Amersham Pharmacia Biotech,
Piscataway, NJ, USA) according to the manufacture’s instruction. The Western analysis was made in triplicates. The
density of specific bands was measured with a computer-assisted imaging analysis system and normalized against loading
controls. Differences were compared using repeated measure one-way ANOVA followed by post hoc Newman-Keuls
tests.
2.6 Statistical analyses

Results were expressed as the mean+SE of at least 3 separate experiments. Results were analyzed by one-way
analysis of variance (ANOVA) followed by the Fisher’s Least Significant Difference (LSD) test. Differences with P
values of <0.05 were considered significant.

3. Results
3.1 The change of PWMT and PWTL baseline in each group

There was no statistical difference of PWMT and PWTL baseline among groups. After operation, sham group
exhibited no significant difference of PWMT and PWTL at different time points. PWMT and PWTL of CCI control group

begun to decline from the first day after operation and reached to the minimum value(52.6 %of basal value) on the tenth

day, then recovered slowly, but it is still lower than the basic value on fourteenth day. CCI control group exhibited a
significant decrease of PWMT and PWTL compared with sham group (p<0.01) (Figurel). There was no difference
between CCI group and solvent control group (p>0.05) (Figurel).
3.2 Effect of chronic curcumin treatment on nociceptive threshold of PWMT and PWTL

When curcumin treatment started from the first day after operation for 14 days, no statistic difference of PWMT
and PWTL exhibited between curcumin group and CCI group on the first, third and fifth day after operation. But PWMT
and PWTL of curcumin treatment group was improved as compared to CCI group on the seventh day (p<0.05) (Figurel).
On tenth day after operation, PWMT and PWTL of Cur100 was improved as compared to CCI group (p<0.05) (Figurel).
On fourteenth day, PWMT and PWTL of curcumin group was significantly improved as compared to CCI group (p<0.05)
(Figurel, Figure2).
3.3 Effect of neuropathic pain of CCl mode on expression of NMDAR NR-1 in spinal dorsal horn and DRG

The effect of neuropathic pain on NMDAR NR-1 expression was determined in the superficial dorsal horn
laminae I-111 of the lumbar enlargement and DRG, which are areas that involved in the transmission of nociceptive inputs
and sympathetic outflow[21]. In agreement with previous reports, constitutive NMDAR NR-1 expression was weak to
absent in the sham group. In association with the development of neuropathic pain in CCI group, there was upregulation of
NMDAR NR-1 within the superficial dorsal horn laminae I-111 of the lumbar enlargement and DRG compared with the
sham group, as revealed by both Immunohistochemical staining and western-blot(p <0.01 )(Figure 2B,D,F,H). Spinal
NMDAR NR-1 expression began to increase on day 3 and continue to rise on days 7 and 14 of the experimental period as

compared with the sham group. ( p <0.01 ) (Figure3, Figure4, Figure5, Figure6,)

3.4 Effect of chronic curcumin treatment on expression of NMDAR NR-1 in spinal dorsal horn and DRG

The result from this experiment showed that upregulation of NMDAR NR-1 expression within the spinal dorsal
horn and DRG was blocked by the administration of curcumin on day3, 7 and 14 by both Immunohistochemical staining
and western-blot compared with the CCI control group. (p <0.05) (Figure7, Figure8, Figure9, Figurel0).
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Figure 1: Effect of curcumin treatment on the paw withdrawal thermal latency in CClI rats
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Figure 2: Effect of curcumin treatment on the paw withdrawal mechanical threshold with Von Frey filaments in
CCl rats
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Figure 3: The expression of NMDAR-NRL1 neurons within the dorsal root ganglion after CCI on the 7"
postoperative days
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Figure 4: Effect of curcumin on the expression of NMDAR-NRL1 in dorsal root ganglion after CCI operation
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Figure 5: The expression of NMDAR-NR1 neurons within the spinal dorsal horn after CCI on the 7™ postoperative
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Figure 6: Effect of curcumin on the expression of NMDAR-NR1 in spinal dorsal horn after CCI operation
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Figure 7: Semi-quantitative value of NMDAR-NR1 expression within the spinal dorsal horn after CCI on 3™, 7",

14" postoperative days
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Figure 8: Effect of curcumin on the expression of NMDAR-NRL1 in spinal dorsal horn after CClI operation
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Figure 9: Semi-quantitative value of NMDAR-NR1 expression within the dorsal root ganglion after CCI on 3™, 7*",

14" postoperative days.
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Figure 10: Effect of curcumin on the expression of NMDAR-NR1 in dorsal root ganglion after CCI operation
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4. Discussion

The present study demonstrates that (1) CCI group exhibited a significant decrease of PWMT and PWTL
compared with sham group, this is in line with observation of Bennett GJ and Xie[15], (2) peripheral nerve injury induced
a timed-dependent expression of neuronal NMDAR NR-1 within the superficial spinal dorsal horn and DRG that were
ipsilateral to the operation, (3) Chronic treatment with curcumin significantly attenuated mechanical and thermal
hyperplasia, (4) curcumin reduces the expression of neuronal NMDAR NR-1 within the superficial spinal dorsal horn and
DRG that were ipsilateral to the operation. These findings indicate that curcumin prevents neuropathic pain through
reducing the expression of neuronal NMDAR NR-1 within the superficial spinal dorsal horn and DRG.

Many studies indicate that abnormal pain-related activities in different pain models involve the activation of

central N-methyl-D-aspartate (NMDA) receptors[22][26]. The role of such receptors in hyperalgesia associated with

chronic nerve injury produced by sciatic nerve constriction[23][25] or with peripheral inflammation produced by
formalin[27] or by carragenin[28] is well documented in rats.

The hypothesis has been made for nociceptive behavior that NMDA receptor activation influences hyperalgesia
and not spontaneous pain that is thought to be due to other processes like the release of nitric oxide (NO)[29].
Furthermore, it has been suggested that NMDA receptor involvement occurs in stimulated neuronal activity but not in

spontaneous activity[29][30]. It has also been reported that the nociceptive reflexes and responses of spinal dorsal horn
neurons to noxious stimulus, are largely unaffected by NMDA receptor antagonists that instead block the facilitation of
such responses in models of tonic and chronic pain[23][26][31]. In addition the NMDA receptor antagonist effect on
nociceptive visceral reflexes, but not on nociceptive somatic reflexes has been described[32]. Thus, there is converging
evidence indicating a diverse NMDA receptor involvement in the various abnormal pain states.

Chronic constriction of the sciatic nerve in the rat (CCI rat) produces characteristic symptoms of neuropathic pain
[15]and dynamic changes of spinal dorsal horn neuronal spontaneous and stimulated activity[33][34]. The changes involve
baseline hyperactivity and increased excitability expressed as abnormal responses to afferent inputs with prolonged after-
discharges. Such electrophysiological events are generally thought to represent the correlate of spontaneous pain and
hyperalgesia[35].

The CCI rats thus provide a suitable model to examine the involvement of the NMDA receptors on the abnormal
pain related activity and testify the treatment of novel drugs on abnormal pain.

Curcumin, an extract from the plant Curcuma longa was considered as a therapeutic or preventive agent for
several major human diseases. Previous study has shown that chronic treatment with curcumin significantly attenuated
thermal hyperalgesia and the hot-plate latencies in a diabetic mouse model of neuropathic pain[5]. It has also been
observed in our study that curcumin at varying doses attenuated thermal hyperalgesia and mechanical hyperalgesia in the
CCI model of neuropathic pain, at the same time, the expression of NMDAR NR-1 in spinal dorsal horn and DRG was
inhibited in the curcumin-treated groups, this is consistent with the known effect of curcumin on NMDAR in excitotoxic
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cell damage[6].

However, in our previous study, we found that there were rats dead in the 300mg/kg Curcumin treatment; it may
be related to its toxic action at this level of dosage. The results also showed that 30mg/kg Curcumin treatment is not as
effective as 100mg/kg Curcumin. So we chose Curl00 in this study.

Based on the present preliminary results, we conclude that curcumin is a novel antinociceptive agent and can be
used as a therapeutic option in the treatment of neuropathic pain. Further studies are warranted to explore the exact
mechanism of curcumin’s antinociceptive effect.
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