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Oxaliplatin (OXL) is a third-generation chemotherapeutic agent commonly used to treat metastatic digestive
tumors; however, neuropathic pain is one of the main limiting complications of OXL. The purpose of this study
was to examine the underlying mechanisms by which neuropathic pain is induced by OXL in a rat model. Our
results demonstrated that blocking spinal proteinase-activated receptor 2 (PAR2) and transient receptor poten-
tial vanilloid 1 (TRPV1) attenuated pain responses evoked bymechanical stimulation and decreased the releases
of substance P and CGRP in the superficial dorsal horn of the spinal cord. The attenuating effect on mechanical
pain was significantly smaller in OXL-rats than that in control rats. Blocking PAR2 also attenuated a heightened
cold sensitivity evoked by OXL; whereas blocking TRPV1 had little effects on OXL-evoked hypersensitive cold
response. Our data also showed that OXL increased the protein expressions of PAR2 and TRPV1 in the superficial
dorsal horn. In addition, blocking PAR2 decreased TRPV1 expression in OXL-rats. Overall, our data suggest that
upregulated expression of PAR2 in the superficial dorsal horn contributes to mechanical hyperalgesia and cold
hypersensitivity; whereas amplified TRPV1 plays a role in regulating mechanical hyperalgesia, but not cold
hypersensitivity after administration of OXL. We further suggest that TRPV1 is likely one of the signaling
pathways for PAR2 to play a role in regulating OXL-induced neuropathic pain.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Pain is one of the most common and distressing symptoms suffered
by patients with progression of cancer [1]. Cancer pain mainly arises
from a tumor compressing or infiltrating tissue; from nerve and other
changes caused by a hormone imbalance or immune response; and/or
from treatments and diagnostic procedures [1,2]. Of note, radiotherapy
and chemotherapy may produce painful conditions that persist long
after treatment has ended [1,3,4]. Thus, how to effectively manage
cancer pain-related to these therapies also becomes an important
issue for treatment and management of cancer patients in clinics.

Oxaliplatin (OXL) belonging to organoplatinum compound is a
third-generation chemotherapeutic agent commonly used to treat the
cancer [5]. Especially, it has significant activities against advanced and/
or metastatic digestive tumors, but one of the main limiting complica-
tions of OXL is painful neuropathy [6]. It is noted that the signs of
neuropathy start with paresthesia, followed by hyperesthesia [2]. Also,
a heightened cold sensitivity is another complication in cancer patients
with OXL treatment [6].
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In general, the neuropathic pain is likely to result from disorders of
the peripheral nervous system and/or the central nervous system
(spinal cord and brain) [7,8]. Treatment options for these abnormal
sensations have been restricted, partly due to our poor understanding
of the underlying mechanisms by which neuropathic pain is induced
by chemotherapeutic agents.

The levels of numerous neurotransmitters and related receptors in
sensory neurons–dorsal root ganglion neurons that supply primary
afferent fibers contribute to neuropathic pain [9,10]. The superficial
dorsal horn of the spinal cord is the first synaptic site for pain transmis-
sion from peripheral afferent nerves to the central nervous system [10].
The releases of neurotransmitters, namely substance P and calcitonin
gene-related peptide (CGRP) [11–13], within the dorsal horn also play
an important role in regulating pain responses [10]. In addition, results
of the prior studies by using animal models suggest a role for
proteinase-activated receptor 2 (PAR2) [14,15] and transient receptor
potential vanilloid 1 (TRPV1) [11–13] at the spinal levels in regulating
the releases of neurotransmitters including substance P and CGRP, two
essential substrates considered to be responsible for common pain
(i.e., due to inflammation and nerve damages) or neuropathic pain
related to diabetes.

In a rat model, injection of OXL produces mechanical hyperalgesia
and allodynia [16,17]. OXL can induce mechanical hyperalgesia after
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initiation of the chemotherapy regimen in rats. The signs of mechanical
hyperalgesia were ablated after discontinuation of OXL [16,17]. In addi-
tion, the cold hypersensitivity was observed in animals with injection of
OXL [16,17]. Thus, the ratmodel has beenwidely employed to study the
mechanisms of neuropathic pain induced by chemotherapy such asOXL
[16,18].

In the current study, we specifically examined the effects of blocking
spinal PAR2 and TRPV1 onmechanical hyperalgesia and cold sensitivity
in OXL-rats and control rats. Also, we examined the expression of PAR2
and TRPV1 in the superficial dorsal horn of both OXL-rats and control
rats. Moreover, we examined the role for PAR2 and TRPV1 in regulating
the levels of substance P and CGRP in the dorsal horn of the spinal cord
in OXL-rats and control rats.

2. Methods

2.1. Animal

All animal protocols were approved by the Animal Care and Use
Committee of Tongji Medical College and were carried out in accor-
dance with the guidelines of the International Association for the
Study of Pain. Male Wistar rats weighing 150–180 g were obtained
from the Center for Experimental Animal Sciences of this institution.
The rats were housed in individual cages with free access to food and
water and were kept in a temperature-controlled room (25 °C) on a
12/12 h light/dark cycle.

2.2. A model of neuropathic pain

Oxaliplatin (Tocris Biosci, UK)was dissolved in a 5% glucose solution
at a final concentration of 2 mg/ml. Acute neurotoxicity was induced in
rats by an intraperitoneal (i.p.) injection of oxaliplatin (6mg/kg/day), as
described previously [16,17]. Control rats received the same volume of
i.p. injection of vehicle. Experiments were performed 3 days after
injections.

2.3. Intrathecal catheter for administration of drugs

Rats were anesthetized by intraperitoneal injection of sodium
pentobarbital (60 mg/kg) in order to implant intrathecal catheter
for administration of drugs. Briefly, one end of polyethylene-10
tubing was inserted intrathecally through an incision in the cisternal
membrane and advanced 7–9 cm caudal until the tip of the catheter
was positioned at the lumbar spinal level (L5 to L6). The other end of
the intrathecal tubingwas sutured to themusculature and skin at the
incision site and externalized to the back of the rat. In each experi-
ment, a Hamilton microsyringe (250 μl) was connected to the intra-
thecal tubing and used to deliver 100 μl of dimethyl sulfoxide
(DMSO) as control, FSLLRY-NH2 (PAR2 antagonist, 10 μg) [25] and
iodo-resiniferatoxin (i-RTX, TRPV1 antagonist, 10 μg) [19] (obtained
from Sigma-Aldrich, St. Louis, MO, USA).

2.4. Behavioral test

To quantify the mechanical sensitivity of the hindpaw, rats were
placed in individual plastic boxes and allowed to acclimate for
N30 min. Mechanical pawwithdrawal threshold (PWT) of rat hindpaw
in response to the stimulation of von Frey filaments was determined. A
series of calibrated von Frey filaments (ranging from 0.5 to 18.0 g) were
applied perpendicularly to the plantar surface of the hindpaw with a
sufficient force to bend the filaments for 60 s or until paw withdrew.
In the presence of a response, the filament of next lower force was ap-
plied. In the absence of a response, the filament of the next greater
force was applied. To avoid injury during tests, the cutoff strength of
the von Frey filament was 18 g. The tactile stimulus producing a 50%
likelihood of withdrawal was determined using the “up-down”method
[20]. Each trial was repeated 2 times at approximately 2 min intervals.
The values from two trials were averaged as the force produced a with-
drawal response.

In order to assess a cold avoidance behavior, Thermal Place Prefer-
ence System (Coulburn Instruments, Whitehall, PA, USA) was used to
perform the thermal place preference test. Two connectingmetal plates
were surrounded by a plastic enclosure. The first plate was kept at neu-
tral temperature (25 °C) and the second plate was kept at cold temper-
ature (12 °C). The test was performed in darkness and each session
lasted 3 min. During the session, the animals were left free to explore
both plates. The time spent on the cold plate during the entire session
was recorded using an infrared camera connected to a computer in
order to determine cold avoidance behavior. To better control behavior
test, the rats were repeatedly placed on the apparatus with both plates
held at room temperature (25 °C) during 3 min a few days before the
beginning of the experiment. Note that rats spent an equal amount of
time on each plate under these conditions, suggesting that animals
showed no place preference. In addition, to avoid learning or any
place preference unrelated to cold, the temperature of the plates were
inverted between two consecutive sessions.

2.5. Western blot analysis

The superficial dorsal horn tissues (L4–L6) were removed under an
anatomical microscope and total protein was then extracted by homog-
enizing samples in ice-cold immunoprecipitation assay buffer. The ly-
sates were centrifuged and the supernatants were collected for
measurements of protein concentrations. After being denatured, the su-
pernatant samples containing 20 μg of protein were loaded onto 4–20%
Mini-PROTEAN TGX gels and electrically transferred to a polyvinylidene
fluoride membrane. The membrane was blocked and incubated over-
night with primary antibody (mouse anti-PAR2 and anti-TRPV1 at
1:200, Cayman Chemical Co.). Next, the membranes were washed and
incubatedwith an alkaline phosphatase conjugated anti-mouse second-
ary antibody (1:1000). The immunoreactive proteins were detected by
enhanced chemiluminescence. The bands recognized by the primary
antibody were visualized by exposure of the membrane onto an X-ray
film. The membrane was stripped and incubated with mouse anti-β-
actin to show equal loading of the protein. Then, the film was scanned
and the optical density of PAR2/TRPV1 and β-actin bands was analyzed
using the Scion Image software.

2.6. ELISA measurements

To examine the levels of substance P and CGRP in the superficial dor-
sal horn of the spinal cord (L4–L6), ELISAmethodswere employed. Sub-
stance P was measured using substance P ELISA kit following the
manufacturer's instructions (Abcam Co., Cambridge, MA). Briefly, the
diluted tissue supernatant (100 μl) was placed in a 96-well goat anti-
mouse IgG-coated plate and incubated for 2 h. After incubation, the
plate was washed using the provided washing buffer, and the color
was developed by adding PNPP (200 μl) substrate after 45 min and de-
termined by an ELISA plate reader. The amount of substance P was cal-
culated by using a substance P standard curve. In the similar way, the
CGRP content of the samples (100 μl supernatant) was determined
using a commercial CGRP ELISA kit (Cayman Chemical Co.). Briefly,
the diluted samples were placed in a 96-well plate incubated with
pre-coated anti-rat IgG antibody overnight, washed and developed,
and quantified [21].

2.7. Statistical analysis

All the data were analyzed using a two-way repeated-measures
analysis of variance (ANOVA). Values were presented as means ± stan-
dard error of mean (SEM). For all the analyses, differences were
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considered significant at P b 0.05. All the statistical analyses were per-
formed by using SAS forWindows version 10.0 (SAS Institute, Cary, NC).
3. Results

Overall, OXL injection significantly decreased PWT as compared with
glucose injection. PWT was 9.13 ± 0.40 g in control rats (n = 22) and
3.63 ± 0.22 g in OXL-rats (n = 24, P b 0.05 vs. control rats).

Fig. 1A shows that intrathecal injection of FSLLRY-NH2 (10 μg) sig-
nificantly increased PWT in control rats and OXL-rats, as compared
with vehicle control. In addition, thepercentage increase of PWTevoked
by blocking PAR2 receptors was smaller in OXL-rats (n= 12) than that
in control rats (n = 10). i.e. PWT was increased by 53% in OXL-rats
(P b 0.05 vs. control rats) and 85% in control rats 20 min after injection
of FSLLRY-NH2; and PWTwas increased by 58% in OXL rats (P b 0.05 vs.
control rats) and 80% in control rats 30 min after injection of FSLLRY-
NH2.

OXL injection also significantly diminished % time spent on the cold
plate as compared with glucose injection. The percentage time spent
was 55 ± 3% in control rats (n = 22) and 33 ± 2% in OXL-rats (n = 24,
P b 0.05 vs. control rats). Fig. 1B further shows that blocking PAR2 in the
superficial dorsal horn of the spinal cord by intrathecal injection of
FSLLRY-NH2 (10 μg) significantly attenuated cold sensitivity in control
rats (n = 10) and OXL-rats (n = 12).
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Fig. 1. (A) Effects of blocking PAR2 on pawwithdrawal threshold (PWT) in control rats and OX
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Likewise, Fig. 2A demonstrates that intrathecal injection of i-RTX
(10 μg) significantly increased PWT in control rats andOXL-rats, as com-
pared with vehicle control. The percentage increase of PWT evoked by
blocking TRPV1 receptors was smaller in OXL-rats (n = 12) than that
in control rats (n = 12). i.e. PWT was increased by 59% in OXL-rats
(P b 0.05 vs. control rats) and 81% in control rats 20 min after injection
of i-RTX; and PWTwas increased by 60% in OXL rats (P b 0.05 vs. control
rats) and 77% in control rats 30 min after injection of i-RTX. However,
Fig. 2B shows that intrathecal injection of i-RTX (10 μg) failed to atten-
uate cold sensitivity in control rats (n = 12) and OXL-rats (n = 12)
since no significant differences in % time spent on the cold plate were
observed after i-RTX injection (P N 0.05, i-RTX vs. vehicle control for
both control rats and OXL-rats).

Fig. 3 illustrates that the protein expression of PAR2 and TRPV1 in
the superficial dorsal horn of the spinal cord was significantly increased
in OXL-rats (n = 8) compared with control rats (n = 8). The optical
density of PAR2 was 0.96 ± 0.10 in control rats and 1.75 ± 0.12 in
OXL-rats (P b 0.05 vs. control rats); and the optical density of TRPV1
was 0.98 ± 0.12 in control rats and 1.67 ± 0.15 in OXL-rats (P b 0.05
vs. control rats). In addition, in a subset of experiments (n = 6), the
protein expression of TRPV1in the superficial dorsal horn of the spinal
cord was significantly attenuated 3 h after intrathecal injection of
FSLLRY-NH2 (10 μg).

In additional experiments, the effects of OXL treatment on the levels
of substance P and CGRP in the superficial dorsal horn of the spinal cord
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were examined as shown in Fig. 4. Substance P and CGRP were
significantly increased in OXL-rats (n = 12) as compared with control
rats (n = 12). Also, blocking individual PAR2 and TRPV1 by intrathecal
injection of 10 μg of FSLLRY-NH2 (n = 8) and 10 μg of i-RTX (n = 10)
significantly attenuated amplifications in substance P and CGRP evoked
by OXL injection. Note that a greater inhibitory effect on substance P
was observed by FSLLRY-NH2.

4. Discussion

Prior studies have shown that injection of OXL induces neuropathic
pain in rats [16,17]. The animals show mechanical hyperalgesia and
cold hypersensitivity. These abnormalities are maintained for several
days. Using the similar intervention, we observed significantly declined
threshold to evoke mechanical withdrawal (indicated as PWT) and less
time (%) spent on the cold plate three days after OXL injection in our
current study (Figs. 1&2). This is consistent with the results reported
previously [16–18]. Also, there was no significant difference observed
in body weight gain between control rats and OXL-rats and no deterio-
ration in general status was observed after injection of this dosage of
OXL. Our results further demonstrated that intrathecal injection of
PAR2 antagonist, FSLLRY-NH2 and TRPV1 antagonist, i-RTX significantly
increased PWT in control rats and OXL-rats, and the effects of blocking
PAR2 and TRPV1 were significantly smaller in OXL-rats (Fig. 1&2). Con-
sistently, our results also demonstrated that expression of PAR2 and
TRPV1 protein was upregulated in the superficial dorsal horn of the
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spinal cord of OXL-rats as compared with control animals (Fig. 3).
Importantly, FSLLRY-NH2 attenuated TRPV1 expression. Furthermore,
our results showed that FSLLRY-NH2 increased % time spent on the
cold plate in both groups of animals (Fig. 1); however, the effects
were not observed after intrathecal injection of i-RTX (Fig. 2). In
addition, the levels of substance P and CGRP, two important neurotrans-
mitters engaged in the neuropathic pain, were significantly increased in
the superficial dorsal horn of OXL-rats and intrathecal injection of
FSLLRY-NH2 and i-RTX significantly attenuated the increased substance
P and CGRP (Fig. 4). FSLLRY-NH2 had a greater effect on substance P
than i-RTX did. Thus, our data suggest that amplified expression of
PAR2 and TRPV1 in the superficial dorsal horn of the spinal cord is likely
engaged in OXL-induced mechanical hyperalgesia and the releases of
substance P and CGRP. Upregulated expression of PAR2, but not
TRPV1 plays a role in regulating cold hypersensitivity evoked by OXL.
We further suggest that TRPV1 is likely one of the signaling pathways
for PAR2 to play a role in regulating OXL-induced neuropathic pain.

PARs are a family member of G-protein-coupled receptors and are
activated by a proteolytic mechanism [22]. Among the four members
of PARs, PAR2 is largely distributed in various tissues, including skin,
gastrointestinal, cardiovascular, and respiratory systems. Of note,
~60% of DRG neurons at the L4–L6 levels contain PAR2 [23,24].
Stimulation of PAR2 by peripheral or central administration of non-
inflammatory doses of PAR2 agonists evokes mechanical and thermal
hyperalgesia in rodents [14,15]. These studies further suggest that the
releases of substance P and CGRP [14,15] play a role in engagement of
acute and chronic pain by activation of PAR2. In experimental animal
models, the expression of PAR2 is upregulated in the dorsal horn of
the spinal cord after chemotherapy (i.e., paclitaxel) and blocking spinal
PAR2 eliminates mechanical and thermal hyperalgesia observed in
animals with paclitaxel [25]. Nevertheless, to the best of our knowledge
it has not been reported that PAR2 pathways specifically contributes to
OXL-induced hyperalgesia and the underlying mechanisms responsible
for the role of PAR2 in regulating OXL-evoked neuropathic pain. In
the present study, we suggest that PAR2 has a regulatory effect on
mechanical hyperalgesia and cold hypersensitivity evoked by OXL.

TRPV1 is a non-selective cation channel that can be activated by a
wide variety of endogenous physical and chemical stimuli such as
noxious heat, low pH (acidic conditions), endocannabinoid anandamide,
N-oleyl-dopamine, and N-arachidonoyl-dopamine [26–28]. The activa-
tion of TRPV1 leads to a painful, burning sensation. TRPV1 receptors are
found mainly in the nociceptive neurons of the peripheral nervous
system, but they have also been described in the central nervous system
including brain and spinal cord [29–32]. TRPV1 is involved in the
transmission and modulation of pain (nociception), as well as in the
integration of diverse painful stimuli [29–32]. Evidence further suggests
the role for TRPV1 in regulating neuropathic pain in peripheral and
central nervous systems [31]. The results of our current study support
the specific role played by TRPV1 at the level of spinal cord in regulating
mechanical hyperalgesia evoked byOXL. Nonetheless, our results showed
that the cold hypersensitivity observed in OXL-ratswas not attenuated by
the blocking of spinal TRPV1 receptors.

Transient receptor potential ankyrin 1 (TRPA1) has a functional
role in pain and neurogenic inflammation resulting from channel
activation to a variety of compounds including pungent agents,
irritant chemicals, reactive oxygen and nitrogen species, and
products of oxidative stress-induced lipid peroxidation [33–37].
TRPA1 has been shown to co-localize with TRPV1 in subpopulations
of dorsal root ganglion neurons [36] and is engaged in development
of bradykinin-induced mechanical hypersensitivity and painfully
cold temperatures [38,39]. Additional evidence supports the notion
that TRPA1 mediates OXL-induced cold hypersensitivity [40]. We
speculated that activation of TRPA1 is likely engaged in OXL-
induced cold hypersensitivity since a prior study suggests that
TRPA1 is one of PAR2 downstream pathways in regulating neuro-
pathic pain [25].

Substance P and CGRP are excitatory neurotransmitters and (or)
neuromodulators that are released in the spinal dorsal horn by the
primary sensory afferents, thus contributing to the development of
allodynia and hyperalgesia by facilitating the release of excitatory
glutamate and aspartate from primary afferents [41]. It should be
noted that substance P is restricted to A- and C-fiber nociceptors,
the absence of CGRP immunoreactivity in the spinal cord may be
linked to the absence of alteration of C-fibers [41]. In addition, an
injection of OXL increases the amount of substance P and CGRP
immunoreactivity and greater expression of substance P was
observed likely via stimulation of A-fibers [17]. As noted, a recent
work in human patients has shown that chronic OXL-induced pain
is associated with dysfunction in A-, and C- types of primary afferent
fibers and deficits in A- and C-fiber function appear to be specifically
associated with the generation of pain [42]. Stimulation of TRPV1 in
the dorsal horn alters the releases of substance P and CGRP [12,29].
Nevertheless, to the best of our knowledge there is a lacking evi-
dence specifically showing the role played by TRPV1 in regulating
the releases of spinal substance P and CGRP in a neuropathic pain
model induced by OXL treatment. The results of this report suggest
that substance P and CGRP regulated by TRPV1 at the spinal level
contribute to OXL-induced neuropathic pain.

In conclusion, the data of the current study demonstrated that OXL
intervention amplified the protein expressions of PAR2 and TRPV1 in
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the superficial dorsal horn of the spinal cord as an important synaptic
site responsible for pain transmission. In agreement with this, the
injection of OXL increases substance P and CGRP in the dorsal horn via
activation of PAR2 and TRPV1 and this contributes to mechanical
hyperalgesia. PAR2 plays a role in regulating OXL-evoked cold hyper-
sensitivity; whereas TRPV1 mechanisms are unlikely to contribute to
cold hypersensitivity after OXL administration. It is likely that TRPV1 is
one of the signaling pathways for PAR2 to play a role in regulating
OXL-induced neuropathic pain. The results of this study will provide a
base for the mechanisms responsible for OXL-induced neuropathic
pain and further offer a strategy to target the peripheral nerve system
for treatment and management of neuropathic pain often observed in
cancer patients.

Conflict of interest

None.

References

[1] Hanna Magdi, Zylicz (Ben) Z. Cancer pain. Springer; 2013.
[2] Pasetto LM, D'Andrea MR, Rossi E, Monfardini S. Oxaliplatin-related neurotoxicity:

how and why? Crit Rev Oncol Hematol 2006;59:159–68.
[3] Hoskin PJ. Radiotherapy. Clinical pain management: cancer pain. London: Hodder

Arnold; 2008 251–5.
[4] Portenoy RK. Treatment of cancer pain. Lancet 2011;377:2236–47.
[5] Bécouarn Y, Agostini C, Trufflandier N, Boulanger V. Oxaliplatin: available data in

non-colorectal gastrointestinal malignancies. Crit Rev Oncol Hematol 2001;40:
265–72.

[6] Sereno M, Gutiérrez-Gutiérrez G, Gómez-Raposo C, López-Gómez M, Merino-
Salvador M, Tébar FZ, et al. Oxaliplatin induced-neuropathy in digestive tumors.
Crit Rev Oncol Hematol 2014;89:166–78.

[7] Morgado C, Terra PP, Tavares I. Neuronal hyperactivity at the spinal cord and
periaqueductal grey during painful diabetic neuropathy: effects of gabapentin. Eur
J Pain 2010;14:693–9.

[8] Silva M, Amorim D, Almeida A, Tavares I, Pinto-Ribeiro F, Morgado C. Pronociceptive
changes in the activity of rostroventromedial medulla (RVM) pain modulatory cells
in the streptozotocin-diabetic rat. Brain Res Bull 2013;96:39–44.

[9] Bouhassira D, Lantéri-Minet M, Attal N, Laurent B, Touboul C. Prevalence of chronic
pain with neuropathic characteristics in the general population. Pain 2008;136:
380–7.

[10] Hua X-Y, Yaksh TL. Dorsal horn substance P and NK1 receptors: study of a model
system in spinal nociceptive processing. In: Malcangio M, editor. Synaptic plasticity
in pain. Springer Science Business Media; 2009. p. 109–38.

[11] Engel MA, Khalil M, Mueller-Tribbensee SM, Becker C, Neuhuber WL, Neurath MF,
et al. The proximodistal aggravation of colitis depends on substance P released
from TRPV1-expressing sensory neurons. J Gastroenterol 2012;47:256–65.

[12] Lin Q, Li D, Xu X, Zou X, Fang L. Roles of TRPV1 and neuropeptidergic receptors in
dorsal root reflex-mediated neurogenic inflammation induced by intradermal
injection of capsaicin. Mol Pain 2007;3:30.

[13] Puttfarcken PS, Han P, Joshi SK, Neelands TR, Gauvin DM, Baker SJ, et al. A-995662
[(R)-8-(4-methyl-5-(4-(trifluoromethyl)phenyl)oxazol-2-ylamino)-1,2,3,4-
tetrahydr onaphthalen-2-ol], a novel, selective TRPV1 receptor antagonist, reduces
spinal release of glutamate and CGRP in a rat knee joint pain model. Pain 2010;
150:319–26.

[14] Alier KA, Endicott JA, Stemkowski PL, Cenac N, Cellars L, Chapman K, et al. Intrathecal
administration of proteinase-activated receptor-2 agonists produces hyperalgesia by
exciting the cell bodies of primary sensory neurons. J Pharmacol Exp Ther 2008;324:
224–33.

[15] Vergnolle N, Bunnett NW, Sharkey KA, Brussee V, Compton SJ, Grady EF, et al.
Proteinase-activated receptor-2 and hyperalgesia: a novel pain pathway. Nat Med
2001;7:821–6.

[16] Ferrier J, Bayet-Robert M, Pereira B, Daulhac L, Eschalier A, Pezet D, et al. A
polyamine-deficient diet prevents oxaliplatin-induced acute cold and mechanical
hypersensitivity in rats. PLoS One 2013;8:e77828.
[17] Ling B, Coudore-CivialeMA, Balayssac D, Eschalier A, Coudore F, Authier N. Behavior-
al and immunohistological assessment of painful neuropathy induced by a single
oxaliplatin injection in the rat. Toxicology 2007;234:176–84.

[18] Ling B, Authier N, Balayssac D, Eschalier A, Coudore F. Behavioral and pharmacolog-
ical description of oxaliplatin-induced painful neuropathy in rat. Pain 2007;128:
225–34.

[19] Kanai Y, Hara T, Imai A. Participation of the spinal TRPV1 receptors in formalin-
evoked pain transduction: a study using a selective TRPV1 antagonist, iodo-
resiniferatoxin. J Pharm Pharmacol 2006;58:489–93.

[20] Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL. Quantitative assessment of
tactile allodynia in the rat paw. J Neurosci Methods 1994;53:55–63.

[21] Wang D, Zhao J, Wang J, Li J, Yu S, Guo X. Deficiency of female sex hormones
augments PGE and CGRP levels within midbrain periaqueductal gray. J Neurol Sci
2014;346:107–11.

[22] Cottrell GS, Amadesi S, Schmidlin F, Bunnett N. Protease-activated receptor 2:
activation, signalling and function. Biochem Soc Trans 2003;31:1191–7.

[23] D'Andrea MR, Derian CK, Leturcq D, Baker SM, Brunmark A, Ling P, et al.
Characterization of protease-activated receptor-2 immunoreactivity in normal
human tissues. J Histochem Cytochem 1998;46:157–64.

[24] Steinhoff M, Vergnolle N, Young SH, TognettoM, Amadesi S, Ennes HS, et al. Agonists
of proteinase-activated receptor 2 induce inflammation by a neurogenic
mechanism. Nat Med 2000;6:151–8.

[25] Chen Y, Yang C, Wang ZJ. Proteinase-activated receptor 2 sensitizes transient
receptor potential vanilloid 1, transient receptor potential vanilloid 4, and transient
receptor potential ankyrin 1 in paclitaxel-induced neuropathic pain. Neuroscience
2011;193:440–51.

[26] Caterina MJ, Leffler A, Malmberg AB, Martin WJ, Trafton J, Petersen-Zeitz KR, et al.
Impaired nociception and pain sensation in mice lacking the capsaicin receptor.
Science 2000;288:306–13.

[27] Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD, Julius D. The
capsaicin receptor: a heat-activated ion channel in the pain pathway. Nature
1997;389:816–24.

[28] Davis JB, Gray J, Gunthorpe MJ, Hatcher JP, Davey PT, Overend P, et al. Vanilloid
receptor-1 is essential for inflammatory thermal hyperalgesia. Nature 2000;405:
183–7.

[29] Bevan S, Quallo T, Andersson DA. TRPV1. Handb Exp Pharmacol 2014;222:207–45.
[30] Julius D. TRP channels and pain. Annu Rev Cell Dev Biol 2013;29:355–84.
[31] Peppin JF, Pappagallo M. Capsaicinoids in the treatment of neuropathic pain: a

review. Ther Adv Neurol Disord 2014;7:22–32.
[32] Spicarova D, Nerandzic V, Palecek J. Update on the role of spinal cord TRPV1

receptors in pain modulation. Physiol Res 2014;63(Suppl. 1):S225–36.
[33] Andersson DA, Gentry C, Moss S, Bevan S. Transient receptor potential A1 is a

sensory receptor for multiple products of oxidative stress. J Neurosci 2008;28:
2485–94.

[34] Bandell M, Story GM, Hwang SW, Viswanath V, Eid SR, Petrus MJ, et al. Noxious cold
ion channel TRPA1 is activated by pungent compounds and bradykinin. Neuron
2004;41:849–57.

[35] Bautista DM, Movahed P, Hinman A, Axelsson HE, Sterner O, Hogestatt ED, et al.
Pungent products from garlic activate the sensory ion channel TRPA1. Proc Natl
Acad Sci U S A 2005;102:12248–52.

[36] Jordt SE, Bautista DM, Chuang HH, McKemy DD, Zygmunt PM, Hogestatt ED, et al.
Mustard oils and cannabinoids excite sensory nerve fibres through the TRP channel
ANKTM1. Nature 2004;427:260–5.

[37] Sawada Y, Hosokawa H, Matsumura K, Kobayashi S. Activation of transient receptor
potential ankyrin 1 by hydrogen peroxide. Eur J Neurosci 2008;27:1131–42.

[38] Kwan KY, Allchorne AJ, Vollrath MA, Christensen AP, Zhang DS, Woolf CJ, et al.
TRPA1 contributes to cold, mechanical, and chemical nociception but is not essential
for hair-cell transduction. Neuron 2006;50:277–89.

[39] Story GM, Peier AM, Reeve AJ, Eid SR, Mosbacher J, Hricik TR, et al. ANKTM1, a TRP-
like channel expressed in nociceptive neurons, is activated by cold temperatures.
Cell 2003;112:819–29.

[40] Zhao M, Isami K, Nakamura S, Shirakawa H, Nakagawa T, Kaneko S. Acute cold
hypersensitivity characteristically induced by oxaliplatin is caused by the enhanced
responsiveness of TRPA1 in mice. Mol Pain 2012;8:55.

[41] Ma W, Eisenach JC. Intraplantar injection of a cyclooxygenase inhibitor ketorolac
reduces immunoreactivities of substance P, calcitonin gene-related peptide, and
dynorphin in the dorsal horn of rats with nerve injury or inflammation.
Neuroscience 2003;121:681–90.

[42] Argyriou AA, Polychronopoulos P, Iconomou G, Chroni E, Kalofonos HP. A review on
oxaliplatin-induced peripheral nerve damage. Cancer Treat Rev 2008;34:368–77.

http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0195
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0010
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0010
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0200
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0200
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0015
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0020
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0020
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0020
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0025
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0025
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0025
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0030
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0030
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0030
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0035
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0035
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0035
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0040
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0040
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0040
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0205
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0205
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0205
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0045
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0045
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0045
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0050
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0050
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0050
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0055
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0055
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0055
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0055
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0055
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0060
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0060
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0060
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0060
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0065
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0065
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0065
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0070
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0070
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0070
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0075
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0075
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0075
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0080
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0080
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0080
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0085
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0085
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0085
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0090
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0090
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0210
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0210
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0210
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0095
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0095
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0100
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0100
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0100
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0105
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0105
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0105
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0110
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0110
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0110
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0110
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0115
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0115
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0115
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0120
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0120
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0120
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0125
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0125
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0125
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0215
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0130
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0135
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0135
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0140
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0140
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0145
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0145
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0145
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0150
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0150
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0150
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0155
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0155
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0155
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0160
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0160
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0160
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0165
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0165
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0170
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0170
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0170
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0175
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0175
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0175
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0180
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0180
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0180
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0185
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0185
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0185
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0185
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0190
http://refhub.elsevier.com/S0022-510X(15)00160-4/rf0190

	Blocking PAR2 attenuates oxaliplatin-�induced neuropathic pain via TRPV1 and releases of substance P and CGRP in superficia...
	1. Introduction
	2. Methods
	2.1. Animal
	2.2. A model of neuropathic pain
	2.3. Intrathecal catheter for administration of drugs
	2.4. Behavioral test
	2.5. Western blot analysis
	2.6. ELISA measurements
	2.7. Statistical analysis

	3. Results
	4. Discussion
	Conflict of interest
	References


