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Abstract Voltage-sensitive calcium channels (VSCCs)
underlie cell excitability and are involved in the mecha-
nisms that generate and maintain neuropathic and inflam-
matory pain. We evaluated in rats the effects of two VSCC
blockers, w-conotoxin MVIIA and Pholf, in models of
inflammatory and neuropathic pain induced with complete
Freund’s adjuvant (CFA) and chronic constrictive injury
(CCI), respectively. We also evaluated the effects of the
toxins on capsaicin-induced Ca®' influx in dorsal root
ganglion (DRG) neurons obtained from rats exposed to
both models of pain. A single intrathecal injection of
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Phalp reversibly inhibits CFA and CCl-induced mechan-
ical hyperalgesia longer than a single injection of
w-conotoxin MVIIA. Phalf and MVIIA also inhibited
capsaicin-induced Ca®* influx in DRG neurons. The
inhibitory effect of Phalf on capsaicin-induced calcium
transients in DRG neurons was greater in the CFA model
of pain, while the inhibitory effect of w-conotoxin MVIIA
was greater in the CCI model. The management of chronic
inflammatory and neuropathic pain is still a major chal-
lenge for clinicians. Pho1f, a reversible inhibitor of VSCCs
with a preference for N-type Ca®" channels, has potential
as a novel therapeutic agent for inflammatory and neuro-
pathic pain. Clinical studies are necessary to establish the
role of Phoalf in the treatment of chronic pain.

Keywords Voltage-gated calcium channels -
Inflammatory pain - Neuropathic pain - w-conotoxin
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Introduction

Pain is an unpleasant sensory and emotional experience
associated with actual or potential tissue damage (definition
promoted by the International Association for the Study of
Pain). The treatment of pain requires an understanding of the
mechanisms by which the pain signals are initially inter-
preted, transmitted and maintained. Pain is divided in two
main categories: acute and chronic. The latter is classified in
inflammatory and neuropathic pain, which have the same
nerve pathways of transmission, but significant physiologic
differences exist in the mechanisms through which they are
biologically processed and resolved (Katherine and Galluzzi
2007). Several neurotransmitters mediate transmission of
pain sensation in the brain and spinal cord such as glutamate,
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norepinephrine, serotonin, substance P, calcitonin gene-
related peptide (CGRP), vasoactive intestinal polypeptide,
somatostatin and bombesin. Glutamate, substance P, nor-
epinephrine and serotonin are the most important neuro-
transmitters involved in inflammatory and neurophatic pain
(Phillips and Clauw 2011).

The afferent transmission of pain signal to the central
nervous system (CNS) is mediated by voltage-sensitive
Ca®>" channels (VSCCs), which control the release of
neurotransmitters from presynaptic terminals of dorsal root
ganglion (DRG) neurons in the dorsal horn upon arrival of
an action potential (Julius and Basbaum 2001). VSCCs
are important for supplying the necessary Ca’' of the
increased sensory nerve excitability as well as the complex
patterns of neurotransmitter release associated with the
chronic pain syndrome (Gribkoff et al. 2005). In fact,
intracellular Ca®* acts as a second messenger within neu-
rons regulating several physiological process including
neurotransmitter release, excitability, enzyme activity and
gene expression (Berridge et al. 2000).

Substance P and CGRP are nociceptive neurotransmit-
ters that are released upon activation of L-, N-, and P/Q-
type VSCCs in sensitive neurons (Lee et al. 2005). The
N-Type (Cav2.2 channel) is found in presynaptic nerve
terminals regulating the Ca®" influx during the depolar-
ization-induced transmitter release from both central and
peripheral nerves (Miljanich and Ramachandran 1995).
N-type VSCC are abundantly expressed in the superficial
laminae (I and II) of the spinal cord dorsal horn, where they
play an important role on the spinal processing of noci-
ceptive afferent activity (Bowersox et al. 1996).

The role of the N-type VSCC has been investigated in
the development of novel analgesics (Altier and Zamponi
2004). In fact, the expression of Cav2.2 channels is up-
regulated in some chronic pain states, suggesting a role of
these channels on sensory signaling of this type of pain
(Cizkova et al. 2002). The spinal administration of
w-conotoxin MVIIA, a cone snail Conus magus toxin that
blocks Cav2.2, reduced the hyperalgesia from nerve injury
or inflammation in preclinical behavioral models of chronic
pain (Malmberg and Yaksh 1995; Bowersox et al. 1996;
Scott et al. 2002). Moreover, the intrathecal administration
of the spider Phalf, a reversible inhibitor of N-type
VSCCs (Vieira et al. 2005), induced an analgesic effect in
rodent models of acute and chronic pain with few adverse
effects (Souza et al. 2008). Therefore, the current study was
designed to evaluate the antinociceptive effect of Pholp
and w-conotoxin MVIIA in a model of inflammatory and
neuropathic pain induced by Complete Freund’s adjuvant
(CFA) and chronic constrictive injury (CCI), respectively,
in rats. The effects of the toxins on capsaicin-induced Ca®"
influx in dorsal root ganglion (DRG) neurons of rats
exposed to both models of pain was also investigated.
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Materials and Methods
Drugs

The toxin Pha1pf was purified from the venom using HPLC
AKTA purifier 10 (GE Healthcare Bio-Sciences Corp,
Piscataway, New Jersey, USA) by a combination of pre-
parative reverse phase chromatography on Vydac C4
column (300 angstroms, 250 x 22 mm, 5 microns), ion-
exchange high-performance liquid chromatography on
cationic and anionic columns (Synchropak S and Synch-
ropak Q, both 250 x 4.6 mm, 300 A, 5 microns) and
reverse phase high-performance liquid chromatography on
Vydac C18 (Small Pore 90 A, 250 x 4,6 mm, 5 micron).
The detection was done by a monitor UV ranging from 190
to 700 nm (Cordeiro Mdo et al. 1993). w-conotoxin
MVIIA was purchased from Latoxan (Valence, France).
The stock solutions of the toxins were prepared in phos-
phate buffer saline (PBS) in siliconized plastic tubes,
maintained at —18 °C and diluted to the desired concen-
tration just before use. CFA (1 mg/ml of heat killed
Mycobacterium tuberculosis in 85 % paraffin oil and 15 %
mannide monooleate), papain, collagenase type 1A, bovine
calf serum and Dulbecco’s modified Eagle medium
(DMEM) were obtained from Sigma (St. Louis, MO,
USA). Fluo 4-AM was purchased from Molecular Probes
(Eugene, OR, USA). Nerve growth factor (NGF) 7S was
obtained from Alomone Labs (Israel). Penicillin and
streptomycin were purchased from Invitrogen (Carlsbad,
CA, USA) the other reagents were of analytical grade.

Animals

The experiments were performed according to the current
guidelines for the care of laboratory animals and for inves-
tigations of experimental pain in conscious animals (Zim-
mermann 1983). They were authorized through the Ethics
Committee of the Universidad Federal de Minas Gerais,
Protocol 179/06. Male adult Wistar rats (180-250 g) were
kept housed in plastic cages (six per cage) in a home care
environment during at least 1 week before the experimental
protocol. Only the animals that remained in good health
conditions throughout this period as assessed by appearance,
behavior, and maintenance of body weight were used in the
experiments. The temperature was maintained at22 + 1 °C,
and the room illumination was maintained ona 12/12 hlight/
dark cycle.

Intrathecal Injection
Intrathecal injections were performed in accordance with

the method previously described (Mestre et al. 1994).
Briefly, 10-pl of w-conotoxin MVIIA, Pholf or vehicle
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(PBS) was administered with a 28-gauge needle through a
Hamilton microsyringe. The animals were gently immo-
bilized in order to maintain the position of the needle.
Puncture of the dura mater was indicated behaviorally by a
slight flick of the tail.

Inflammatory Pain Induced by CFA

CFA-induced inflammatory pain was elicited as described
(Wilson et al. 2006). Briefly, rats were anesthetized with
halothane, and 150 pl of CFA was subcutaneously injected
into the ventral surface of the right hind paw (intraplantar
injection). Forty-eight hours later we measured the basal
mechanical hyperalgesia. After this time, we did the
intrathecal administration of Phalf (200 pmol/site),
w-conotoxin MVIIA (100 pmol/site) or PBS. Mechanical
hyperalgesia was measured from one to 24 h after the
administration of the treatments.

Neuropathic Pain Induced by Chronic Constrictive
Injury (CCI)

The rats were first anesthetized by intraperitoneal injection
of a mixture of ketamine (50 mg/kg) and xylazine (10 mg/
kg). Neuropathic pain was induced by ligation of sciatic
nerve as previously described (Bennett and Xie 1988).
After surgical preparation, the common sciatic nerve was
exposed at the middle of the thigh by blunt dissection
through the biceps femoral. Proximal to the sciatic trifur-
cation, 7 mm of the nerve was freed from adhesions and
four sutures (4-0 silk) were loosely tied with 1 mm space
between them. In sham-operated rats, the nerve was
exposed without ligation. Fifteen days after the surgical
procedure, the mechanical sensitivity was measured to
confirm the development of hyperalgesia.

Measurement of Mechanical Hyperalgesia Induced
by CFA or CCI

The evaluation of mechanical paw withdrawal threshold
was carried out using the up and down paradigm as pre-
viously described by Chaplan et al. (1994). Briefly, the rats
were first acclimatized (1 h) in individual clear Plexiglas
boxes (9 x 7 x 11 cm) on an elevated wire mesh platform
to allow the access to the plantar surface of the hind paws.
Von Frey filaments of increasing stiffness (6100 g) were
applied to surface plantar of the rat hind paw with a
pressure to cause a bend on the filament. The absence of a
paw lifting after 5 s resulted in the use of the next filament
with increasing weight. However paw lifting indicated a
positive response, and resulted the use of the next weaker
filament. This paradigm continued until a total of six
measurements, including the initial measurement taken

before the first paw-lifting response, were collected or until
four consecutive positive (assigned a score of 7.14 g) or
four consecutive negative responses (assigned a score of
84.02 g) had occurred. The 50 % mechanical paw with-
draw threshold (PWT) response was them calculated from
the resulting scores as described by Dixon (1980).

Neuronal Culture

For CFA inflammatory pain model, culture was prepared
3 days after CFA injection and for CCI neuropathic pain
model, the culture was performed 15 days after CCI sur-
gery. During this period the animals were monitored
according to their appearance, behavior, and maintenance
of body weight. Before the sacrifice, the animals were
tested for the quantification of the individual sensory
threshold through mechanical noxious stimulation. Lumbar
dorsal root ganglion (L4-L6, ipsilateral to the injury) was
removed from the rats and dissociated into single isolated
neurons through enzymatic digestion with 0.1 % papain for
20 min. Thereafter, a digestion process was done with
0.25 % collagenase type 1A for 30 min with light agita-
tion. The cells were then resuspended using several passes
through a fire-polished Pasteur pipette before plating onto
culture dishes on Poly-L-lysine/laminin-coated coverslips.
Subsequently, they were incubated in DMEM supple-
mented with 10 % heat-inactivated bovine calf serum, 1 %
penicillin/streptomycin and 100 ng/ml of NGF. The neu-
rons were maintained in culture for a short period before
the experiment (12-24 h) at 37 °C in a water-saturated
atmosphere with 5 % CO, (Gomes et al. 2004).

Ca*" Fluorescence Imaging

Experiments were performed at room temperature
(20-25 °C) essentially as described previously (Gomes
et al. 2004). Fluo-4, a Ca>" dye was used as indicator of
changes on intracellular Ca’" concentration ([Ca2+]i). The
cells were platted on cover slips were loaded with 3 uM
Fluo 4-AM for 30 min in HEPES buffered salt solution
(HBSS) containing (mM): 124 NaCl, 4 KCI, 2 CaCl,, 1.2
MgCl,, 10 glucose, 25 HEPES, pH 7.4. The cover slips
were washed in dye-free HBSS, transferred to a superfusion
chamber system (Bioptechs) and examined using micros-
copy. HBSS (alone or with the treatments) was continu-
ously perfused (0.6 ml/min) by a peristaltic pump
(Bioptechs) during the imaging acquisition. Imaging was
performed with a Leica SP5 laser scanning confocal system
running the software LAS with a 20x water immersion
objective lens. Fluo 4-AM was imaged by excitation with a
488 nm argon laser line. Light emitted was collected in
510-570 nm emission bands. Cells were stimulated with
brief pulses (20 s) of capsaicin (I pM) because it has the
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ability to activate nociceptive fibers (Eun et al. 2001).
Toxins were added 10 min before capsaicin stimulus. The
quantification of the responses was normalized to the
amplitude of a control stimulus with capsaicin without
antagonists. Only cells that recovered to basal levels of
fluorescence were analyzed. In addition, only DRG neurons
with diameters <25 pm and capsaicin responsive cells
(increase of 50 % on basal fluorescence) were analyzed.
The regions of interest (ROI) were identified within the
soma and the quantitative measurements were made by
re-analysis of stored image sequences using the Leica
Application Suite software. Changes in fluorescence
(F) were normalized by the initial fluorescence (Fy) of each
ROI and were expressed as (F/F) x 100 (% of baseline).
The values of fluorescence were reported as mean of cells
studied in at least three experiments. Significant differences
in the Ca®" increase in response to capsaicin with or without
antagonists were obtained by the ratio between second and
first capsaicin stimulus (Peak 2/Peak 1).

Data Analysis

The results were expressed as mean + SEM. Data were
analyzed by one or two-way analysis of variance
(ANOVA) followed by Bonferroni post test. Mann—Whit-
ney nonparametric test was used for comparison between
groups in the experiments of Ca®" fluorescence in DRGs.
Maximal inhibition (Imax) obtained from each individual
in vivo experiment was calculated using the formula: (%)
inhibition = 100 x [(control — experiment)/control]. The
level of significance was set at P < 0.05.

Results

Effect of Phalf and w-conotoxin MVIIA
on Inflammatory Pain induced by CFA

As shown in Fig. 1a, the 50 % threshold value diminished
from 20.3 £ 2.0 (baseline) to 10.7 £ 2.1 (P < 0.001) 48 h
after the intraplantar injection of CFA suggesting that it
produced a marked mechanical hyperalgesia. The intrathecal
administration of Pholf (200 pmol/site) reduced mechani-
cal hyperalgesia induced by CFA from 2 to 24 h after its
administration with an Imax of 100 % at 3 h. On the other
hand, w-conotoxin MVIIA (100 pmol/site) decreased the
inflammatory pain induced by CFA for up 6 h after its
administration with an Imax of 100 % inhibition at 1 h. The
50 % threshold value for w-conotoxin MVIIA (100 pmol/
site) in the mechanical hyperalgesia 24 h after its adminis-
tration was lower than that obtained with Pho1f (200 pmol/
site; P < 0.05) but was not different from the PBS (control)
value (P > 0.05). Thus, the inhibition of mechanical
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Fig. 1 a Time course effects of intrathecal treatments with Pholf
(200 pmol/site) and w-conotoxin MVIIA (100 pmol/site) on mechan-
ical allodynia induced by intraplantar injection of CFA. The effects of
Pholp and w-conotoxin MVIIA are expressed as 50 % PWT. b Time
course effects of Pholf (200 pmol/site) and w-conotoxin MVIIA
(100 pmol/site) administration on the mechanical sensitivity in rats
without intraplantar injection of CFA. B represents baseline values
obtained before intraplantar injection of CFA. The results are given as
the mean =+ standard error of 8-10 animals. *P < 0.05 and
**P < 0.01 represents level of significance when compared to
animals treated with PBS (two-way ANOVA followed by the test
Bonferroni’s)

hyperalgesia was longer with Pholf than w-conotoxin
MVIIA in the model of inflammatory pain (Fig. 1a). The
doses of Phalf (200 pmol/site) and w-conotoxin MVIIA
(100 pmol/site) were chosen according on previous data of
doses response curves obtained for the toxins on the noci-
ceptive behavior (Souza et al. 2008). Moreover, intrathecal
administration of Phalf (200 pmol/site) or MVIIA
(100 pmol/site) did not alter the normal mechanical sensi-
tivity of the animals (Fig. 1b).

Effects of Phalpf and w-conotoxin MVIIA on CCI-
Induced Neuropathic Pain

Figure 2a, ¢ show that the 50 % PWT value was reduced
from 40.3 + 5.3 (baseline) to 13.4 & 1.63 15 days after
the surgery, suggesting that CCI produced a marked
mechanical allodynia (P < 0.05). The sham group did not
demonstrated mechanical allodynia, and the 50 % PWT
values were 53.6 &= 9.5 and 48.1 4+ 11.8 before and after
the sham procedure, respectively. The intrathecal admin-
istration of Pha1f (200 pmol/site) blocked the maintenance
of mechanical allodynia in the CCI model (Fig. 2a) for up
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Fig. 2 a Time course effects of the intrathecal administration of
Phalf (200 pmol/site) on CCl-induced mechanical allodynia in rats.
b Time course effects of Phalf (200 pmol/site) administration on
mechanical sensitivity in rats without CCIL. ¢ Time course effects of
the intrathecal administration of w-conotoxin MVIIA (100 pmol/site)
on CCl-induced mechanical allodynia in rats. d Time course effects

to 4 h after the treatment. This effect was not due to a loss
of mechanical sensitivity since Pha1f did not alter normal
mechanical sensitivity of the animals (Fig. 2b). Similarly,
the intrathecal treatment with -conotoxin MVIIA
(100 pmol/site) inhibited mechanical allodynia in the CCI
model for up to 4 h after the treatment. As shown in
Fig. 2d, the effect of w-conotoxin MVIIA was not related
to the loss of mechanical sensitivity by the toxin.

Effect of Pholf and w-conotoxin MVIIA on Ca®"
Transients in DRGs Neurons

The intracellular Ca** fluorescence of small-capsaicin-
responsive neurons in the control group (saline injected
animals) and CFA treated animals, respectively (Fig. 3a)
increased by 295 £ 27 % and 593 £ 50 %, respectively,
upon treatment with capsaicin (500 nM) (Fig. 3a;
P < 0.01). However, the increase of capsaicin-induced
Ca”* fluorescence in the DRG neurons of the CCI group
(351 £ 26) and the sham group (353 & 70 %) was similar
(Fig. 3b; P > 0.05). Thus, capsaicin-induced increase on
Ca”" transients of DRGs neurons was higher in inflam-
matory than neuropathic model of pain.
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of m-conotoxin MVIIA (100 pmol/site) administration on mechanical
sensitivity in rats without CCI. The results are given as the
mean + SEM. N = 4-14,*P < 0.05 and **P < 0.01 versus PBS.
The data were analyzed using two-way ANOVA followed by the
Bonferroni test. The effects of the toxins are expressed as 50 % PWT.
B baseline value

Figure 3c shows that the inhibitory effect of Phalf
(200 nM) caused a higher inhibitory effect on Ca®" transients
in DRG neurons of CFA-treated rats than w-conotoxin MVIIA
(200 nM). However, the inhibitory effect of w-conotoxin
MVIIA was higher in neurons of CCl-treated rats. The
quantification of the effects of the toxins is shown in Fig. 3e, f.
Treatment with Pholf (200 nM) and w-conotoxin MVIIA
(200 nM) diminished capsaicin-induced amplitude of Ca**
transients in DRG neurons of the saline group by 43 &= 9 %
and 62 £ 10 %, respectively (Fig. 3e, P < 0.05) with no
statistically significant difference between the inhibitory
effect of the toxins. Figure 3e shows that the inhibitory effect
of Phalf on Ca®' transients increased to 71 &4 %
(P <0.05) in DRG neurons obtained from CFA group
whereas the inhibitory effect of w-conotoxin MVIIA was
similar to the saline group (56 £ 15 %; P > 0.05). Thus,
CFA treatment increased the inhibitory effect of Pholf on
capsaicin-induced Ca®" transients in DRGs neurons.

Treatment with Phalf (200 nM) and w-conotoxin
MVIIA (200 nM) reduced capsaicin-induced Ca®" tran-
sients in DRG neurons of sham rats by 50 + 10 % and
57 £ 7 %, respectively (Fig. 3f, P < 0.05). However,
treatments with Pha1f (200 nM) and w-conotoxin MVIIA
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Fig. 3 a Capsaicin (Caps)-induced fluorescence in DRG neurons
with or without CFA treatment. Cultured DRG neurons stained with
Fluo-4 were stimulated with brief pulses (20 s) of capsaicin (500 nM)
for the measurements of calcium transients. Only small (<25 pm),
capsaicin-responsive neurons were considered for analysis. The points
represent the mean fluorescence levels of cells pooled from at least
three experiments. b Capsaicin (Caps)-induced fluorescence in DRG
neurons exposed or not to CCI. The points represent the mean
fluorescence levels of cells pooled from at least three experiments.
¢ Time course of the effects of 200 nM Phalf (red) and 200 nM
MVIIA (green) on capsaicin (Caps)-induced on Ca>" transients in the
DRG neurons of rats subjected to inflammation through CFA
treatment. The DRG neurons were incubated with the toxins for
10 min and subsequently stimulated with capsaicin 500 nM. The
points represent the mean fluorescence levels of cells pooled from at
least three experiments. d Time course of the effects of 200 nM
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Pholf (red) and 200 nM MVIIA (green) on capsaicin (Caps)-induced
on Ca®' transients in the DRG neurons of rats subjected to
CCl-induced neurophatic pain. The DRG neurons were incubated
with the toxins for 10 min and subsequently stimulated with capsaicin
500 nM. The points represent the mean fluorescence levels of cells
pooled from at least three experiments. e The quantification of
capsaicin-induced peak fluorescence in the DRG neurons from saline
and CFA groups in the presence of Pholf and MVIIA. The values are
normalized to the amplitude of the capsaicin stimulus without toxins
(control). f The quantification of capsaicin-induced peak fluorescence
in the DRG neurons from sham and CCI groups in the presence of
Pho1 and MVIIA. The values are normalized to the amplitude of the
capsaicin stimulus without toxins (control). *P < 0.05 compared with
the respective control and *P < 0.05 compared with Phalf admin-
istration with saline-treated animals. The data were analyzed using
Mann—Whitney test (Color figure online)
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(200 nM) inhibited capsaicin-induced Ca?" transients in
DRG neurons of CCl operated rats by 43 £ 12 % and
71 £ 9 %, respectively (Fig. 3f; P < 0.05) with no sig-
nificant difference between the inhibition induced by both
toxins on Ca”" transients in the DRG neurons of sham and
CCl operated rats (P > 0.05).

Altogether, these data show that the administration of
Pholf and w-conotoxin MVIIA inhibits the capsaicin-
induced Ca** responses in DRGs cells, and the effect of
Phalf was higher in the cells from animals subjected to
CFA-induced inflammation than in those subjected CCI-
induced neuropathic pain.

Discussion

The antinociception potential of VSCCs blockers has been
the subject of several investigations. However, the role of
Cav2.2 channels in acute and chronic pain is still not fully
established (Saegusa et al. 2001; Altier and Zamponi 2004;
Snutch 2005). The results of the present study demonstrate
the analgesic action of intrathecal injections of Pholf and
w-conotoxin MVIIA, a N-type VSCCs blockers, in models
of inflammatory and neuropathic pain. Pholf toxin pro-
duced a long-lasting and reversible inhibition of mechani-
cal hyperalgesia. Moreover, both toxins alleviated
hyperalgesia from a chronic neuropathic and inflammatory
state without changing natural mechanical sensitivity in
rats.

We have previously demonstrated that intrathecal
administration of Phalff was effective to prevent and to
reverse a previously induced persistent chemical and neu-
ropathic pain with lower side effects than treatment with
w-conotoxin MVIIA (Souza et al. 2008). The analgesic
action of this toxin is associated with the inhibition of the
Ca”**-evoked release of glutamate, a pro-nociceptive neu-
rotransmitter, from rat spinal cord synaptosomes. In addi-
tion, the toxin also decreased glutamate overflow in
cerebrospinal fluid (Souza et al. 2008). Interestingly,
Phalpf blocked the evoked release of glutamate with
potency that was approximately 3 times higher than
w-conotoxin MVIIA. Recently, we have shown that intra-
thecal preemptive administration of Pha1f in mice induced
longer antiallodynic effect than w-conotoxin MVIIA and
morphine. Treatment with Phalf also induced a longer
mechanical antiallodynic effect than w-conotoxin MVIIA
and morphine when used after the surgical incision (Souza
et al. 2011).

Therapeutic options for chronic pain are only partially
effective and produce serious side effects even with the use
of analgesic doses (Penn and Paice 2000). In fact, opioids
have several adverse effects (constipation; nausea and
vomiting; sedation; impaired judgment; and respiratory

depression) that can limit their use (McQuay 1997).
Although the use of these agents in neuropathic pain is
nowadays more accepted than in the past, there are some
differences between the different opioids regarding their
efficacy against neuropathic pain (Pergolizzi et al. 2008).
In addition, the level of clinical evidence for the use of
opioids for neuropathic pain is weaker than for cancer pain
(Pergolizzi et al. 2008). Therefore, new alternatives for the
treatment of inflammatory and neuropathic persistent pain,
such as Ca®* channel blockers, have increased significantly
in the recent years (Scott et al. 2002; Winquist et al. 2005;
Valia-Vera et al. 2007). The CFA-induced chronic
inflammatory pain in rodents has been used as an arthritic
pain model (Hogan 2002; Nagakura et al. 2003).

In the present study, we showed that the administration
of Phalf and w-conotoxin MVIIA in the lumbar sub-
arachnoid space induced potent and long-lasting anti-
hyperalgesic effects in inflammatory and neuropathic pain.
The toxin Phalf showed a longer lasting antinociceptive
action during pain than that obtained with w-conotoxin
MVIIA. The former caused an anti-hyperalgesic effect that
persisted over 24 h, while the effect of the latter only lasted
for 6 h. w-conotoxin MVIIA and Phalf did not interfere
with the excitability of the peripheral nerve terminals since
they did not altered the normal mechanical sensitivity of
control and exposed animals to inflammatory pain.

The sensory nerves implicated in the development of
neurogenic inflammation and inflammatory arthritis have
cell bodies located in the DRG. They have central afferent
projections to the spinal cord dorsal horn and periphery
projections to the joint capsule that generate inflammatory
hyperalgesic responses (Staton et al. 2007). The inflam-
mation-induced changes in the excitability and neuro-
transmitter release are associated with an increase in Ca*"
transients in DRG neurons consistent with previous
observations (Lu and Gold 2008). The inhibitory effect of
Phalf on capsaicin-induced Ca*" responses in DRG neu-
rons is comparable with the inhibitory effect observed with
MVIIA. However, the inhibition observed with Phalpf was
higher in the DRG neurons of rats during CFA-induced
inflammatory pain, suggesting that Phalf has a special
feature for inhibiting signaling in DRG neurons sensitized
by the inflammatory process.

We observed that the intrathecal injections of Pho1f or w-
conotoxin MVIIA reversed nerve injury-induced mechanical
hyperalgesia. However, little is known about how the CCI
model of nerve injury modulates capsaicin-elicited Ca®"
responses in DRG neurons. The pathogenic mechanisms
generating pain following nerve injury are complex. Painful
neuropathy decreased Ca>" flux into injured sensory neurons
producing decreased excitability and a compensatory
response increasing excitability leading to neuropathic pain
(Hogan et al. 2000; McCallum et al. 2006). Here, we observed
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no significant difference in the capsaicin-induced Ca®"
increase in DRG neurons of CCI and sham-operated rats. A
similar result was obtained using menthol, a TRPMS agonist,
instead of capsaicin, in the ipsilateral or contralateral DRG
neurons of rats subjected to injury (Caspani et al. 2009).
However, capsaicin induced a significant increase in the
amplitude of Ca®" responses in DRG neurons of rats treated
with CFA that was inhibited using Pholf or w-conotoxin
MVIIA. In fact, the intraplantar injection of CFA leads to the
mechanical and thermal hyperalgesia associated with an
increase of the levels of TRPV 1 in DRG neurons of treated rats
(Yu et al. 2008). Moreover, electrophysiological experiments
showed that capsaicin induces greater inward currents in the
DRG neurons of CFA-treated rats (Lu et al. 2010). KCI-
induced Ca" responses in the DRG neurons of CFA-treated
rats are also significantly up regulated (Lu et al. 2010).
Although the increased levels of TRPV1 could explain the
greater Ca>" response in the DRGs of CFA-treated rats, it is
noted that there is a decrease of voltage-gated Ca*" currents
with no change in the expression of o with a significant
increase in the expression of a0 (Lu et al. 2010).

The management of chronic inflammatory and neuro-
pathic pain is still a major challenge to clinicians due to their
unresponsiveness to the most currently used analgesic drugs.
There is evidence suggesting that intrathecal administration
of w-conotoxin-GVIA is not directly implicated in most
acute thermal pain sensation (e.g., the hot plate and tail flick
assays in rats) but rather play a more significant role in
inflammatory and chronic neuropathic conditions (Vanegas
and Schaible 2000). Despite the side effects and the narrow
therapeutic window, ziconotide, a synthetic form of the
w-conotoxin peptide (Wallace 2006) showed efficacy in both
neuropathic and non-neuropathic pain (Schmidtko et al.
2010). In conclusion, the antinociceptive effect of Phal1, as
observed in the present study, suggests that this toxin can
represent a novel therapeutic agent for the management of
inflammatory and neuropathic pain.
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