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Abstract
Sensitization to mechanical stimuli is important in most pain syndromes. We evaluated the
populations of nociceptors mediating mechanical hyperalgesia and those mediating mu-opioid
receptor (MOR) and delta-opioid receptor (DOR) agonist-induced inhibition of hyperalgesia, in
the rat. We found that: 1) intradermal injection of both the endogenous ligand for the Ret receptor,
GDNF, and the ligand for the TrkA receptor, NGF – which are present on distinct populations of
nociceptors – both produce mechanical hyperalgesia; 2) DOR agonist SNC but not MOR agonist
DAMGO inhibit GDNF-induced hyperalgesia; 3) both DAMGO and SNC inhibit NGF
hyperalgesia, even in rats pretreated with IB4-saporin, a toxin that destroys IB4-binding neurons;
4) co-administration of low doses of DAMGO and SNC produce enhanced analgesia, and; 5)
repeated administration of DAMGO produces cross-tolerance to the analgesic effect of SNC.
These findings demonstrate that, most nociceptors have a role in mechanical hyperalgesia, only
the DOR agonist inhibits GDNF hyperalgesia, and MOR and DOR are co-localized on a
functionally important population of TrkA-positive nociceptors.
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The primary afferent nociceptor, the first neuron in the pain pathway, transmits nocifensive
information from injured tissue to the central nervous system or in the case of neuropathic
pain generates the pain signal. While nociceptors are a heterogeneous group of sensory
neurons, as demonstrated by a variety of anatomical markers and physiological properties
(Basbaum and Woolf, 1999, Hucho and Levine, 2007, Scherrer et al., 2009, Wang et al.,
2010), the importance of the subpopulations of nociceptors in pain syndromes remain poorly
understood. In addition, given that opioid receptors are located on nociceptors (Aley and
Levine, 1997c, Walwyn et al., 2007, Scherrer et al., 2009, Walwyn et al., 2009, Wang et al.,
2010), the efficacy of these clinically important analgesics may also vary based on the
population of nociceptors activated in a particular pain syndrome. This may help explain the
marked variability in the different patients’ responses to this class of analgesics.
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One of the major divisions of nociceptors is based on the spinal lamina in which they
terminate. Thus, staining with isolectin B4 (IB4), a plant lectin, identifies a subset of
nociceptors (IB4-positive, IB4(+)) that terminate in lamina IIi of the spinal dorsal horn
(Kitchener et al., 1993, Molliver et al., 1995, Gerke and Plenderleith, 2004). In contrast,
IB4(−) (TrkA/peptidergic) nociceptors terminate in lamina IIo and I (Molliver et al., 1995).
Recently it has been suggested that this subdivision of nociceptors, into IB4(+) and IB4(−)
(peptidergic), defines two clinically important features of pain, in the mouse, namely
sensitivity to noxious mechanical versus thermal stimuli and response to mu- vs. delta-
opioid analgesics (Scherrer et al., 2009). Scherrer and colleagues reported that mu-opioid
(MOR) and delta-opioid (DOR) receptors are expressed on different subsets of nociceptors;
MOR is located on IB4(−) (peptidergic) nociceptors while DOR occurs on IB4(+) (non
peptidergic) nociceptors (Scherrer et al., 2009). And, intrathecal administration of DOR but
not MOR agonists was able to produce analgesia for mechanical pain (Scherrer et al., 2009).

In the present experiments we analyzed the nociceptor population mediating mechanical
hyperalgesia and the effects of MOR and DOR selective agonists on mechanical
hyperalgesia, in a second species, the rat. To ensure that the effect of hyperalgesic agents
and MOR and DOR agonists occurs by their action on the nociceptor, we administered these
compounds into their peripheral receptive fields, rather than intrathecally, since spinal cord
neurons also have opioid receptors (Zajac et al., 1989, Besse et al., 1990b, Gillberg and
Askmark, 1991, Morinville et al., 2004, Kline and Wiley, 2008). Also, to establish that mu-
and delta-opioid effects were on different populations of nociceptors, we used hyperalgesic
ligands acting at receptors that occur on different populations of nociceptors (Bennett et al.,
1998, Kashiba et al., 1998), namely nerve growth factor (NGF) and glia-derived growth
factor (GDNF). These receptors are located on separate nociceptors (Malik-Hall et al., 2005,
Bogen et al., 2008). Importantly, since peripherally administered opioids, in the absence of
nociceptor sensitization, do not affect mechanical nociceptive threshold (Aley et al., 1995,
Aley and Levine, 1997a, b, c) their effects are only to reverse NGF and/or GDNF
hyperalgesia. Finally, we determined if MOR and DOR agonists might be able to act on the
same nociceptor to produce inhibition of mechanical hyperalgesia by evaluating for
enhanced analgesia after co-administration and cross-tolerance after sequential
administration.

Experimental procedures
Animals

Experiments were performed on adult male Sprague–Dawley rats (200–250 g; Charles
River, Hollister, CA). Animals were housed three per cage, under a 12-h light/dark cycle, in
a temperature and humidity controlled environment. Food and water were available ad
libitum. All nociceptive testing was done between 10:00 am and 4:00 pm. All experimental
protocols were approved by the UCSF Committee on Animal Research and conformed to
National Institutes of Health Guidelines for the Care and Use of Laboratory Animals.

Nociceptive testing
The nociceptive flexion reflex was quantified with an Ugo Basile Analgesymeter®

(Stoelting, Chicago, IL), which applies a linearly increasing mechanical force to the dorsum
of the rat's hind paw. Nociceptive threshold, defined as the force in grams at which the rat
withdrew its paw, was the mean of 3 readings taken at 5 min intervals. Rats are lightly
restrained in cylindrical transparent acrylic restrainers that have triangular windows on the
side, which allow extension of the hind leg from the restrainer for nociceptive threshold
testing. All rats were acclimatized to the testing procedures to reduce variability in the paw-
withdrawal threshold, which were determined before (baseline) and after administration of
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test agents. Each paw was treated as an independent measure and each experiment
performed on separate groups of rats. The results are expressed as percentage change from
baseline mechanical nociceptive threshold.

Drugs
Drugs employed in this study were NGF, D-Ala2, N-MePhe4, Gly-ol]-enkephalin
(DAMGO) and 4-[(R)-[(2S,5R)-4-allyl-2,5-dimethylpiperazin-1-yl](3-
methoxyphenyl)methyl]-N,N-diethylbenzamide (SNC), from Sigma (St. Louis, MO), and
GDNF from EMD Biosciences (La Jolla, CA). NGF and GDNF are direct-acting
hyperalgesic agents (Malik-Hall et al., 2005, Bogen et al., 2008). Drugs were applied by
intradermal injection on the dorsum of the hind paw. A stock solution of NGF (1 µg/µl in
0.9% NaCl containing 0.5% bovine serum albumin) was diluted in 0.9% NaCl just prior to
injection (dose 1 µg) (Malik-Hall et al., 2005); GDNF was similarly prepared (Malik-Hall et
al., 2005). DAMGO was dissolved in normal saline. SNC was dissolved in DMSO; the final
concentration of DMSO was less than 5%. IB4-saporin, which consists of isolectin B4
coupled to saporin, a potent neurotoxin, was purchased from Advanced Targeting Systems
(San Diego, CA). All drugs, except IB4-saporin, which was administered by the spinal
intrathecal route, were administered intradermally in a volume of 5 µl using a 30-gauge
hypodermic needle attached to a micro-syringe (Hamilton, Reno, NV). The selection of the
drug doses used in this study was based on previous dose–response curves (Khasar et al.,
1993, Malik-Hall et al., 2005, Joseph et al., 2007, Bogen et al., 2008).

Intrathecal administration of IB4-saporin
IB4-saporin was diluted with saline and a dose of 3.2 µg/20 µL administered intrathecally
10 days prior to an experiment (Bogen et al., 2008, Joseph et al., 2008, Bogen et al., 2009,
Joseph and Levine, 2010). With the use of an insulin syringe, IB4-saporin was injected
between the L4 and L5 vertebrae, into the subarachnoid space. For this procedure, rats were
briefly anesthetized with 2.5% isoflurane/97.5% O2.

Statistical analysis
In all experiments, the dependent variable was change in paw withdrawal threshold,
represented as percentage change from baseline paw withdrawal threshold. Group data are
presented as mean±standard error of the mean (SEM). Statistical significance was
determined by ANOVA followed by Tukey's post hoc test; p < 0.05 was considered
statistically significant.

Results
Intradermally injected GDNF acts at its receptor, Ret, on the peripheral terminal of the
primary afferent nociceptor to produce mechanical hyperalgesia in the rat (Bogen et al.,
2008). In this species Ret is restricted to IB4(+) neurons (Bennett et al., 1998). Therefore,
we first compared the effects of intradermal administration of the MOR and DOR selective
agonists, DAMGO and SNC, respectively, on the mechanical hyperalgesia induced by
GDNF. While the DOR selective agonist, SNC (100 ng) markedly inhibited GDNF (10 ng;
n=8)-induced mechanical hyperalgesia (Fig. 1A), the MOR selective agonist DAMGO (1
µg) at a dose that strongly inhibits NGF (1 µg, n=8) hyperalgesia (Fig. 1A) had no effect on
similar magnitude GDNF-induced hyperalgesia (Fig. 1). Thus, for Ret(+) nociceptors in the
rat, as recently demonstrated for the IB4(+) population of nociceptors in the mouse
(Basbaum et al., 2009), DOR but not MOR agonists attenuate GDNF mechanical
hyperalgesia. In contrast, for mechanical hyperalgesia induced by NGF, the endogenous
ligand for the TrkA receptor (Malik-Hall et al., 2005), both MOR (DAMGO, 1 µg, n=8) and
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DOR (SNC, 100 ng, n=6) agonists attenuated NGF-induced mechanical hyperalgesia (Fig.
1A).

Since approximately one third of TrkA(+) (peptidergic) nociceptors in the rat are IB4(+)
(Kashiba et al., 2001, Fang et al., 2006) – unlike in the mouse where 90% TrkA(+)
(peptidergic) nociceptors are IB4(−) (Price and Flores, 2007) – we next evaluated the ability
of DAMGO and SNC to produce analgesia in the IB4(−) subpopulation of TrkA(+)
nociceptors. Ten days after intrathecal administration of IB4-saporin, to destroy IB4(+)
sensory neurons (Bogen et al., 2008, Joseph et al., 2008, Bogen et al., 2009, Joseph and
Levine, 2010), NGF was injected intradermally. In these rats, in which IB4(+) nociceptors
have been destroyed, NGF (1 µg, n=6), but not GDNF (10 ng), still induced robust
hyperalgesia (Fig. 1B), and both the MOR and DOR agonists, DAMGO (1 µg, n=8) and
SNC (100 ng, n=8), respectively, still inhibited NGF hyperalgesia (Fig. 1B). These
experiments establish the ability of IB4(−) neurons to detect noxious mechanical stimuli and
be sensitized, producing mechanical hyperalgesia, and the ability of a DOR selective agonist
(SNC) as well as a MOR selective agonist (DAMGO) to inhibit NGF-induced mechanical
hyperalgesia in rats that no longer have IB4(+) nociceptors. This contrasts with what has
recently been reported in the mouse, where IB4(−) nociceptors do not mediate mechanical
pain (Scherrer et al., 2009). Although MOR and DOR agonists each alone almost
completely eliminate NGF hyperalgesia in IB4-saporin-treated rats, compatible with MOR
and DOR being co-expressed on many of these nociceptors, these experiments do not
specifically test the establish that MOR and DOR are co-localized on nociceptors.

To test the hypothesis that MOR and DOR are co-expressed on nociceptor terminals, we
evaluated for an interaction between intradermally injected MOR and DOR agonists to
produce enhanced analgesia (Aley et al., 1995, Aley and Levine, 1997a, b, c). While a low
dose of DAMGO (100 ng, n=6) or SNC (10 ng, n=6) each alone produced weak inhibition
of NGF-induced mechanical hyperalgesia, the combination of the two produced almost
complete inhibition of NGF (1 µg, n=6), but not GDNF (10 ng, n=6), hyperalgesia (Fig. 2).
That DAMGO had no effect on GDNF hyperalgesia indicates its analgesia is DOR
independent. While not proving that MOR and DOR are co-localized on nociceptors, these
experiments are compatible with this interpretation.

To provide more direct confirmation of an interaction between MOR and DOR in
nociceptors, we determined if tolerance to the peripheral analgesic effect of DAMGO
produced cross-tolerance to the analgesic effect of a subsequent injection of SNC. We have
used this technique previously to demonstrate co-localization of MOR, A1-adenosine and
α2-adrenergic receptors on nociceptors (Aley et al., 1995, Aley and Levine, 1997c). A
protocol of repeated administration of DAMGO (1 µg), once per hour for 3 hours, produces
tolerance at the MOR (Aley et al., 1995, Aley and Levine, 1997a, b, c). This protocol also
produced cross-tolerance to the subsequent acute administration of SNC (100 ng) (Fig. 3).
Since DAMGO does not act at DOR, the observation of cross-tolerance between MOR and
DOR analgesia, in the periphery, can only be explained by the presence of MOR and DOR
on the same nociceptor terminal.

Discussion
The first neuron in the pain pathway, the primary afferent nociceptor, is an extremely
important target for the development of novel pain therapeutics since: 1) nociceptors contain
functionally important molecules not found in other cells (e.g., voltage-gated sodium
channel, NaV1.8 (Akopian et al., 1996, Sangameswaran et al., 1996, Renganathan et al.,
2003)), 2) only a subpopulation of nociceptors may be involved in a given pain syndrome
(Joseph et al., 2008, Joseph and Levine, 2010), which might allow for preservation of
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protective pain sensation, 3) analgesics working at this point in the pain pathway (i.e., in the
primary afferent nociceptor) act before pain signals enter the central nervous system to
diverge over multiple pathways (Braz et al., 2005, Bráz and Basbaum, 2009), 4) peripherally
restricted analgesics avoid their many CNS-related side effects, and 5) blocking the pain
signal in the periphery would prevent development of neuroplastic changes in the central
nervous system (Dubner, 2004, Salter, 2005, Sharif Naeini et al., 2005, Eisenach, 2006,
May, 2008, Descalzi et al., 2009, Latremoliere and Woolf, 2009, Seifert and Maihöfner,
2009, Toyoda et al., 2009, Asante et al., 2010).

The cardinal symptom in most pain syndromes is sensitivity to mechanical stimuli, pain
made worse by movement or previous innocuous stimuli (e.g., mechanical hyperalgesia,
mechanical allodynia, tenderness). Therefore, the present study focused on populations of
nociceptors involved in mechanical hyperalgesia. We first determined which population(s)
of nociceptors contributed to mechanical hyperalgesia. Our subdivision of nociceptors is
based on the dorsal horn lamina in which they terminate. IB4(+) nociceptors terminate in
lamina IIi (Kitchener et al., 1993, Molliver et al., 1995, Gerke and Plenderleith, 2004), while
IB4(−) (peptidergic) nociceptors terminate in lamina IIo and I (Molliver et al., 1995). It has
been suggested that these two populations of nociceptors contribute to different aspects of
pain sensation (Braz et al., 2005). In this study we injected NGF and GDNF, ligands for the
TrkA and Ret receptors, respectively, which produce hyperalgesia by direct action on
nociceptor terminals (Malik-Hall et al., 2005, Bogen et al., 2008) and are found on different
populations of nociceptors (Kashiba et al., 1998). In the rat Ret is only found on IB4(+)
nociceptors while TrkA is on both IB4(+) and IB4(−) nociceptors (Kashiba et al., 2001). We
observed that both GDNF and NGF produce mechanical hyperalgesia. However, in the rat
approximately one-third of TrkA(+) nociceptors are IB4(+). Therefore, to confirm that
IB4(−) nociceptors contribute to mechanical hyperalgesia, which has recently been brought
into question, in the mouse (Basbaum et al., 2009), we demonstrated that a potent IB4(+)
nociceptor toxin (Vulchanova et al., 2001, Tarpley et al., 2004) eliminated GDNF- but not
NGF-induced mechanical hyperalgesia. Thus, in contrast to what has been suggested for the
mouse (Basbaum et al., 2009), in the rat both the IB4(+) and IB4(−) nociceptors play a role
in mechanical nociception and mechanical hyperalgesia. These observations may have
clinical implications. For example, we have previously shown that IB4-saporin eliminates
mechanical hyperalgesia in the early phase of the painful peripheral neuropathy produced by
Oxaliplatin (Joseph et al., 2008), a clinically distinct phase of the painful peripheral
neuropathy associated with this important cancer chemotherapeutic drug (Joseph et al.,
2008). IB4-saporin also prevents development of hyperalgesic priming (Joseph and Levine,
2010) a neuroplastic change in nociceptors leading to enhanced and markedly prolonged
inflammatory hyperalgesia. Unfortunately, few models of clinical pain syndromes have been
studied in terms of the population(s) of nociceptors involved.

A second important nociceptor mechanism, with well-established clinical significance, is as
a site of action of opioid analgesics (Aley and Levine, 1997c, Walwyn et al., 2007, Scherrer
et al., 2009, Stein and Zöllner, 2009, Walwyn et al., 2009). While the major analgesic effect
of opioids is likely mediated by its action at the central terminal, we have used the peripheral
terminal to distinguish the effect of DOR and MOR agonists on mechanical hyperalgesia in
populations of nociceptors. This approach also allowed us to exclude action on opioid
receptors in neurons intrinsic to the spinal dorsal horn (Zajac et al., 1989, Besse et al.,
1990a, b, Gillberg and Askmark, 1991, Morinville et al., 2004, Kline and Wiley, 2008).
Since centrally but not peripherally administered opioids elevate nociceptive threshold in the
absence of mechanical hyperalgesia, it also allowed us to exclude actions other than reversal
of NGF- or GDNF-induced hyperalgesia. We found that a DOR but not a MOR agonist
produced analgesia by action on IB4(+)/Ret(+) nociceptors (i.e., for GDNF hyperalgesia),
similar to what has recently been reported in the mouse (Scherrer et al., 2009). In contrast,
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both DAMGO and SNC inhibited mechanical hyperalgesia induced by NGF in IB4(−)/
TrkA(+) nociceptors (i.e., in IB4-saporin treated rats).

To test the hypothesis that mu and delta opioid receptors are co-expressed on nociceptors,
we performed two experiments. First, we tested the hypothesis that the combination of low
doses of mu and delta opioid agonists would interact to produce enhanced analgesia. In these
experiments we found that the combination of low doses of DAMGO and SNC produce
markedly greater analgesia for NGF, but not GDNF, hyperalgesia. These findings suggest
that the action of DAMGO is restricted to MOR, with no action at DOR. Thus, the
interaction between DAMGO and SNC, to produce enhanced analgesia, is likely due to an
interaction between MOR and DOR signaling. To more directly test the hypothesis that
MOR and DOR signaling occur in the same neuron, we show that for NGF hyperalgesia,
there is cross-tolerance between DAMGO- and SNC-induced analgesia. That is, repeated
administration of DAMGO produced cross-tolerance to SNC. Thus, we conclude that MORs
and DORs are co-expressed in a functionally important population of TrkA(+) nociceptors.
These findings are compatible with previous studies providing evidence that, mu and delta
opioid receptors dimerize (Lee et al., 1980, Schiller et al., 1999, Jordan et al., 2001, Gomes
et al., 2004, Daniels et al., 2005), DOR modulates MOR analgesia (Standifer et al., 1994,
Schiller et al., 1999, Zhu et al., 1999, Nitsche et al., 2002, Gomes et al., 2004, Fan et al.,
2005, Gallantine and Meert, 2005, Chefer and Shippenberg, 2009, Xie et al., 2009), and
MOR and DOR are co-expressed in DRG neurons (Ji et al., 1995, Rau et al., 2005, Wang et
al., 2010). Using IB4-saporin to destroy IB4(+) nociceptors, we were able to show that this
effect included action on IB4(−)/TrkA(+) nociceptors. These findings differ from those of
Scherrer and colleagues (Scherrer et al., 2009), who found in the mouse that IB4(+)/
nonpeptidergic but not IB4(−)/peptidergic neurons mediate mechanical pain, and DOR
(SNC) but not MOR (DAMGO) agonists, administered intrathecally produce analgesia
against mechanical pain (Scherrer et al., 2009).

Differences between the results in the present study and that of Scherrer and colleagues
might be due, in part, to use of different species. Functional differences between the central
and peripheral terminals of the nociceptor might also contribute, as Scherrer and colleagues
used spinal and we intradermal administration of opioid agonists, since dorsal horn neurons
also contain opioid receptors (Zajac et al., 1989, Besse et al., 1990a, b, Gillberg and
Askmark, 1991, Morinville et al., 2004, Kline and Wiley, 2008). Also, differences in the
pain models used, such as the use of the sensitized nociceptor in all the present experiments,
may be important as CNS opioids have effects on nociceptive threshold in the absence of a
sensitization state. Finally, use of VR1 as a selective marker for thermal nociceptors may
also impact interpretation since VR1 may also function in mechanical transduction (Gevaert
et al., 2007, Liedtke, 2007b, Liedtke, 2007a, Pedersen and Nilius, 2007, Bielefeldt and
Davis, 2008, Yin and Kuebler, 2010). Of note, our findings in the rat are in agreement with a
recent study in the mouse that reported coexpression of MOR and DOR on small-diameter
dorsal root ganglion neurons, predominantly in IB4(+) population (Ji et al., 1995, Rau et al.,
2005, Wang et al., 2010). Differences between rats and mice, with respect to which
nociceptors mediate mechanotransduction, and MOR and DOR agonist-induced analgesia,
will require considerable additional studies in both species.

In conclusion, in this study we have found that intradermal injection of both endogenous Ret
ligand GDNF, and TrkA ligand NGF, present on distinct populations of nociceptors, both
produce mechanical hyperalgesia. DOR agonist SNC but not MOR agonist DAMGO
inhibits GDNF-induced hyperalgesia while both DAMGO and SNC both inhibit NGF
hyperalgesia, even in rats pretreated with IB4-saporin. Co-administration of low doses of
DAMGO and SNC produce marked analgesia, and repeatedly administered DAMGO
produced cross-tolerance to the acute peripheral analgesic effect of SNC. These findings
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demonstrate that most nociceptors have a role in mechanical hyperalgesia, only the DOR
agonist inhibits GDNF hyperalgesia mediated by IB4(+)/Ret(+) nociceptors, and MOR and
DOR are co-expressed on a functionally important population of OB4(−)/TrkA(+)
nociceptors. Since human DRG neurons do not bind IB4, the current use of NGF and GDNF
to distinguish between physiologically important subpopulations of nociceptors, which have
similar distribution to that in the rat (Wetmore and Olson, 1995, Josephson et al., 2001),
may also allow more effective comparison of pain in preclinical models to pain syndromes
in patients.
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Figure 1.
A Effect of delta and mu-opioid receptor agonists on GDNF and NGF-induced
mechanical hyperalgesia Intradermal injections of GDNF (10 ng, n = 8) and NGF (1 µg, n
= 8) produced significant (p < 0.001) mechanical hyperalgesia (reduction in the paw
withdrawal threshold, measured on the dorsal side of the hind paw of the rat. Administration
of SNC (delta-opioid receptor agonist, 100ng, n = 8), prior (15') to GDNF significantly (p <
0.001) attenuated GDNF-induced mechanical hyperalgesia, while DAMGO (mu-opioid
receptor agonist, 1 µg, n = 8) failed to attenuate GDNF-induced mechanical hyperalgesia.
However, similar treatment with both SNC (100 ng, n =6), and DAMGO (1 µg, n = 8) prior
(15’) to NGF resulted in significant attenuation of NGF-induced hyperalgesia.
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B Effect of intraspinal IB4-Saporin (neurotoxin) treatment Intradermal injection of
GDNF (10 ng, n = 6) to rats, previously (10 days prior) treated with IB4-Saporin
intraspinally failed to induce mechanical hyperalgesia, while in IB4-Sap treated rats NGF (1
µg, n = 6) still produced robust hyperalgesia, which was significantly (p < 0.001) attenuated
by both SNC (100 ng, n = 8) and DAMGO (1 µg, n = 8).
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Figure 2. Synergistic attenuating effect
Sub-effective doses of SNC (10ng) and DAMGO (100ng), both administered separately but
15' prior to NGF (1 µg, n = 8) produced synergistic attenuation (p<0.001) of NGF induced
hyperalgesia, while similar treatment prior to GDNF (10 ng, n =6) did not increase the
attenuating effect more than that produced by SNC (10 ng) alone.
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Figure 3. Cross tolerance with repeated DAMGO treatment
Both SNC (delta-opioid agonist), which significantly attenuated NGF and GDNF–induced
hyperalgesia in naïve animals failed to attenuate NGF or GDNF-induced hyperalgesia in
repeated DAMGO (1 µg, hourly, 3 times) treated rats (both n = 6). Similarly, DAMGO (mu-
opioid agonist), which attenuated NGF-induced hyperalgesia in naïve animals, failed to
attenuate NGF-induced hyperalgesia in repeated DAMGO (1 µg, hourly, 3 times) treated
rats (n = 4).
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