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Abstract

Neuropeptide Y (NPY) is expressed in certain primary afferent fibers, is up-regulated in response 

to tissue injury and is capable of inhibiting nociceptive behavior at the spinal level. However, the 

spinal mechanism(s) for NPY-evoked antinociception is unknown. In this study, we evaluated the 

hypothesis that agonists at the NPY Y1 receptor subtype (Y1-R) inhibit exocytosis from the 

capsaicin-sensitive class of nociceptors. Using in vitro superfusion of rat dorsal spinal cord slices, 

pre-treatment with the Y1-R agonist [Leu31Pro34]NPY significantly inhibited capsaicin-evoked 

release of immunoreactive calcitonin gene-related peptide with an EC50 value of 10.6 nM. This 

inhibitory effect was concentration dependent, significantly attenuated by pre-treatment with the 

Y1 receptor antagonist BIBP3226 and reproduced by synthetic NPY. Examination of adult rat 

dorsal root ganglia using double immunofluorescent labeling revealed frequent co-localization of 

Y1 receptor immunoreactivity in vanilloid receptor type 1-immunoreactive neurons, indicating 

that Y1 agonists may directly modulate the capsaicin-sensitive class of nociceptors. Collectively, 

these results indicate that NPY is capable of inhibiting capsaicin-sensitive neurons via a Y1 

receptor mechanism, suggesting the mechanisms for spinal NPY-induced antinociception is due, at 

least in part, to inhibition of central terminals of capsaicin-sensitive nociceptors.
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Neuropeptide Y (NPY) is a 36 amino-acid neuropeptide that is highly expressed throughout 

the central and peripheral nervous systems (Balasubramaniam, 1997; Larhammar, 1996; 

Malstrom, 1997). NPY has been proposed to mediate several physiologic systems including 

the processing of nociceptive signaling at the level of the spinal cord (Duggan et al., 1991; 

Mark et al., 1997; Balasubramaniam, 1997; Hokfelt et al., 1998). The NPY Y1 and Y2 

receptors are expressed in the dorsal horn of the spinal cord as well as in dorsal root ganglia 

(DRG) (Kar and Quirion, 1992; Mantyh et al., 1994). The NPY Y1 receptor (Y1-R) is 

expressed primarily in small- and medium-sized neurons that express calcitonin gene related 

peptide (CGRP) in the DRG as well as in the dorsal spinal cord in inner lamina II (Zhang et 

al., 1994). The NPY Y2 receptor is also expressed in DRG neurons, but primarily in large-
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sized neurons not thought to be involved with nociception under normal conditions (Zhang 

et al., 1997).

The intrathecal administration of NPY or its analogs produces both antinociception and 

antihyperalgesia (Hua et al., 1991; Taiwo and Taylor, 2002). Recent studies utilizing Y1-R 

knockout mice or specific NPY receptor antagonists indicate that the intrathecal effects of 

NPY are due primarily to activation of the Y1-R (Naveilhan et al., 2001; Taiwo and Taylor, 

2002). However, the target neuronal populations mediating this effect have yet to be 

determined.

Numerous studies have demonstrated that CGRP is involved in spinal nociception (see 

Vasko, 1995; van Rossum et al., 1997 for reviews). CGRP is primarily expressed by primary 

afferents involved in the transmission of pain, namely the unmyelinated c fibers and lightly 

myelinated Aδ fibers (Pohl et al., 1990; Willis and Coggeshall, 1991). Noxious mechanical 

and thermal stimuli evoke the release of CGRP from the superficial dorsal horn (Morton and 

Hutchison, 1989), and carrageenan inflammation enhances CGRP release (Garry and 

Hargreaves, 1992). Intrathecal administration of a CGRP-1 receptor antagonist significantly 

inhibits the development of capsaicin-evoked mechanical allodynia (Sun et al., 2003) Finally 

αCGRP knockout mice demonstrate a diminished pain behavior in response to capsaicin 

injection into the hind paw (Salmon et al., 2001). These studies and numerous others 

demonstrate that CGRP release in the dorsal horn of the spinal cord is a critical component 

of nociceptive transmission.

In the present study, we evaluated the hypothesis that NPY, via activation of the Y1-R, 

inhibits exocytosis of CGRP from central terminals of capsaicin-sensitive primary afferent 

fibers. We also evaluated the hypothesis that this effect may be due to the activation of Y1-

Rs located on vanilloid receptor type 1 (VR-1)-expressing, capsaicin-sensitive sensory 

neurons.

EXPERIMENTAL PROCEDURES

Animals

Male Sprague-Dawley rats (200–250 g; Harlan, Indianapolis, IN, USA) were used in all 

experiments. Animals were housed on a 12-h light/dark cycle with free access to food and 

water. All procedures were approved by the Institutional Animal Care and Use Committee 

of The University of Texas Health Science Center at San Antonio. All experiments 

conformed to IACUC and federal guidelines on the ethical use of animals. Experiments 

were designed to minimize the number of animals used and their suffering.

In vitro superfusion

The superfusion of spinal dorsal horn slices was performed as previously described (Garry et 

al., 1994). In brief, animals were decapitated and the spinal cord was removed by hydraulic 

extrusion. The dorsal half of the lumbar enlargement or the whole cord was dissected and 

then sliced into 200 µm2 sections using a McIlwain tissue chopper (Mickel Laboratory 

Engineering, Gomshall, UK), weighed (approximately 30 mg tissue/chamber) and placed in 

a chamber in which it was continuously superfused with oxygenated Krebs buffer (pH = 7.6, 
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37 °C) at a rate of 0.5 ml/ min, with collection of 3 min fractions. The Krebs buffer 

consisted of NaCl (135 mM), KCl (5 mM), CaCl2 (2.5 mM), MgCl (1.2 mM), NaHCO3 (25 

mM), NaH2PO4 (1 mM), dextrose (10 mM), HEPES (15 mM), thiorphan (16 µM; Bachem, 

Torrence, CA, USA), ascorbate (100 µM), and bovine serum albumin (0.1%; Sigma, St. 

Louis, MO, USA). Following equilibration of the tissue (1 h), NPY (Peninsula Laboratories, 

San Carlos, CA, USA), the Y1 selective agonist [Leu31Pro34]NPY (Peninsula Laboratories) 

or vehicle was administered for 3 min. Capsaicin (300 nM) or vehicle (0.05% ethanol in 

Krebs) was then co-administered in the presence of the pretreated drug or vehicle for an 

additional 3 min. In a separate experiment, the specific Y1 antagonist, BIBP3226 (Peninsula 

Laboratories) or vehicle was administered for 3 min prior to and concurrent with 

administration of either [Leu31Pro34]NPY or vehicle.

Immunoreactive CGRP (iCGRP) radioimmunoasssay

Aliquots of the superfusate were preincubated for 24 h at 4 °C with 100 µl of CGRP antisera 

(kindly donated by Dr. M. Iadarola, NIDCR, NIH, Bethesda, MD, USA). Then 100 µl of 

[125I]-CGRP28–37 (approximately 20,000–25,000 CPM) and 50 µl of goat anti-rabbit 

antisera coupled to magnetic beads (PerSeptive Diagnostics, Cambridge, MA, USA) were 

added to the tubes, vortexed and allowed to incubate another 24 h. Bound and free [125I]-

CGRP28–37 were then separated by immunomagnetic separation. All drugs were tested for 

interference with the RIA, and no cross-reactivity was observed in this study.

Immunohistochemistry

Rats were deeply anesthetized with 80 mg/kg ketamine and 12 mg/kg xylazine i.p. and then 

perfused transcardially, first by a normal saline solution followed by a 4% paraformaldehyde 

solution. The L4–L6 DRG were carefully dissected and postfixed for 1 h. Tissues were 

placed in a 20% sucrose solution until completely submerged. Tissues were then embedded 

in Tissue-Tek O.C.T. (Sakura Finetek, Torrence, CA, USA), frozen, cut into 20 µm sections 

and thaw mounted onto Superfrost plus glass slides. Sections were permeabilized for 1 h 

using 0.2% Triton X-100 and blocked for 30 min using 10% normal goat serum (NGS) in 

phosphate-buffered saline. Tissues were then incubated for 18 h at 4 °C with polyclonal 

guinea-pig anti-VR1 serum (Neuromics, Minneapolis, MN, USA) diluted 1:5000 in 10% 

NGS containing 0.1% NaN3 followed by incubation with a FITC-labeled goat anti-guinea-

pig secondary antibody at 25 °C for 1 h (Vector Laboratories, Burlingame, CA, USA). The 

tissue was then incubated for 18 h at 4 °C with polyclonal rabbit anti-Y1 serum (Dia Soren, 

Stillwater, MN, USA), diluted 1:200 as above, followed by biotinylated goat anti-rabbit 

antibody for 1 h at 25° (Vector Laboratories) and Avidin–Texas Red for 1 h at 25 °C 

(Vector Laboratories). Appropriate control experiments were performed, including 

incubation of tissue with primary antibody that was preadsorbed with blocking peptide or by 

substituting primary antibody with normal rabbit serum.

Image acquisition and quantification

Images were acquired using a Nikon E600 microscope (Melville, NY, USA) equipped with 

appropriate filters and a Photometrics SenSys CCD-cooled digital camera (Roper Scientific, 

Tuscan, AZ, USA) connected to a computer equipped with Metamorph V4.1 image analysis 

software (Universal Image Corporation, Downingtown, PA, USA). Several sections of 
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lumbar DRG (separated by at least 100 µm) from three different animals were counted. A 

total of 2357 neuronal profiles were counted. For double labeling experiments, only strongly 

labeled cells were counted. Cells without a clearly defined nucleus were excluded. Images 

were taken across an entire ganglion and data are expressed as mean±S.D.

Statistics

Superfusion data were analyzed with repeated measures analysis of variance (ANOVA) 

followed by Newman-Keuls multiple comparison test. Concentration-response curve data 

were analyzed by non-linear regression using GraphPad Prism software (San Diego, CA, 

USA) to calculate EC50 values. Results were considered significant when the probability 

that they occurred due to chance alone was less than 5% (i.e. P<0.05). Data are reported as 

mean±S.E.M.

RESULTS

Effect of [Leu31Pro34]NPY on capsaicin-evoked iCGRP release

To test the hypothesis that a Y1 agonist inhibits capsaicin-evoked exocytosis from central 

terminals of certain nociceptive primary afferent fibers, experiments were conducted 

measuring capsaicin-evoked iCGRP release from isolated rat dorsal spinal cord. Spinal cord 

tissue was pretreated with either vehicle or the Y1 agonist [Leu31Pro34]NPY (at 30 or 100 

nM) and then stimulated with capsaicin (Fig. 1). Pretreatment with [Leu31Pro34]NPY had no 

effect on basal CGRP release. During peak release, capsaicin evoked a 4–5-fold increase in 

iCGRP release over baseline. Baseline represents the average CGRP release in the first three 

fractions (9 min) of the experiment, before any drug was administered. A two-way ANOVA 

(drug×fraction) revealed a significant effect for [Leu31Pro34]NPY pretreatment 

(F2,148=10.3, P<0.0001). Post hoc analyses indicate that either 30 nM or 100 nM 

[Leu31Pro34]NPY significantly inhibited capsaicin-evoked iCGRP release compared with 

vehicle pretreatment.

We next characterized the concentration-response relationship for Y1 agonist-mediated 

inhibition of capsaicin-evoked iCGRP release (Fig. 2). The data are normalized such that the 

100% value represents the 4–5-fold peak increase in iCGRP release observed in the vehicle/

capsaicin group. Pretreatment with various concentrations of the Y1 agonist 

[Leu31Pro34]NPY inhibited capsaicin-evoked iCGRP release in a concentration dependent 

manner. The concentrations of [Leu31Pro34]NPY tested had no effect on basal iCGRP 

release (data not shown). The EC50 for [Leu31Pro34]NPY inhibition of capsaicin-evoked 

exocytosis was 10.6 nM, with a maximal effect of 60% reduction in capsaicin-evoked 

exocytosis.

To determine whether this effect of inhibiting capsaicin-evoked exocytosis was mediated via 

activation of the Y1-R receptor, we determined whether pretreatment with a competitive Y1-

R antagonist blocked the effect of the Y1 agonist (Fig. 3). The data are normalized so that 

the 100% value represents the 4–5-fold increase in iCGRP release observed in the vehicle/

capsaicin group. Pretreatment of isolated rat dorsal spinal cord with the Y1 antagonist 

BIBP3226 completely blocked [Leu31Pro34]NPY-mediated inhibition of capsaicin-evoked 
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iCGRP release (F2,21=6.5, P<0.01). Administration of BIBP3226 alone had no effect on 

spontaneous iCGRP release.

Effect of BIBP3226 on NPY mediation of capsaicin-evoked iCGRP release

We next evaluated whether synthetic NPY inhibits capsaicin-evoked iCGRP release from rat 

spinal cord via Y1-R activation (Fig. 4). Again, data are normalized such that 100% 

represents the 4–5-fold increase in iCGRP release evoked by vehicle/capsaicin treatment. 

Pretreatment with NPY significantly reduced capsaicin-evoked iCGRP release by 66%, and 

the Y1 antagonist BIBP3226 blocked approximately 60% of the NPY effect (F3,41=5.9, 

P<0.005). Treatment with BIBP3226 alone had no significant effect on capsaicin-evoked 

iCGRP release. Neither BIBP3226 nor NPY affected basal CGRP release (data not shown). 

The group receiving capsaicin alone did not differ significantly from the group that received 

BIBP3226, NPY, and capsaicin. Also the group treated with capsaicin and BIBP3226 did 

not differ significantly from the group treated with capsaicin, BIBP3226, and NPY.

NPY Y1-R and VR1 in lumbar DRG and spinal cord

We next determined whether there is evidence at the cellular level for a direct mechanism 

for Y1-R-mediated inhibition of capsaicin-sensitive neurons. We tested this hypothesis using 

double-label immunohistochemistry for evaluating the co-localization of the Y1 and VR1 

receptors in the same afferent neuronal somata in rat DRG and spinal dorsal horn neurons.

In rat lumbar DRG, 30% of all counted neuronal profiles (n = 2043) were strongly 

immunoreactive for VR1 (Fig. 5A) and these neurons were primarily small- and medium-

diameter neuronal profiles. Pre-adsorption control experiments with the cognate peptide 

blocked VR1 staining (data not shown). Approximately 20% of all DRG neurons were 

strongly immunoreactive for the Y1-R (Fig. 5B), and the majority of these neurons also had 

medium- and small-sized profiles (Table 1). Immunoreactivity for the two receptors was 

frequently expressed in the same cell (Fig. 5C). Of all cells that expressed the Y1-R, 

approximately 35% also expressed VR1. Of all cells that expressed VR1, at least 20% also 

expressed the Y1-R.

We also determined whether Y1-R and VR1 were located in the same region of the dorsal 

horn of the spinal cord. Immunoreactivity for VR1 was localized in lamina I and inner 

lamina II (Fig. 5D). Y1-R immunoreactivity was most prominent in inner lamina II (Fig. 

5E). Immunoreactivity for Y1 and VR1 were both found in inner lamina II (Fig, 5F).

DISCUSSION

This study demonstrates that that the Y1 agonist [Leu31Pro34]NPY inhibits neuropeptide 

exocytosis from central terminals of capsaicin sensitive afferent fibers innervating the dorsal 

horn of the lumbar spinal cord in rat. This effect was concentration-dependent and 

completely blocked by pretreatment with the competitive Y1 antagonist BIBP3226, 

indicating that this effect is mediated by a Y1-R mechanism. We also show that the Y1-R is 

the primary, but not exclusive receptor involved in NPY mediated inhibition of capsaicin-

evoked iCGRP release in the spinal cord, by demonstrating that BIBP3226 partially blocks 

NPY-mediated inhibition of capsaicin-evoked iCGRP release in rat spinal cord.
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Several studies have demonstrated that intrathecally administered NPY is anti-nociceptive 

under basal conditions or anti-hyperalgesic after rat hindpaw inflammation (Hua et al., 1991; 

Xu et al., 1999; Naveilhan et al., 2001; Taiwo and Taylor, 2002). Studies using either Y1-R 

antagonists or the Y1-R knockout mouse indicate that this effect is mediated by a Y1-R 

receptor mechanism. Collectively, these studies indicate that activation of Y1-Rs in the 

spinal dorsal horn plays a substantial role in modulating nociception.

Although the neuronal populations expressing the Y1-R are not fully characterized, the 

prevailing hypothesis has been that these receptors are expressed by intrinsic dorsal horn 

neurons involved in nociceptive processing (Ji et al., 1994; Zhang et al., 1994). A 

presynaptic site of action on central terminals of sensory nociceptors has not been 

considered due to the interpretation of data suggesting that the Y1-R was restricted to the 

somata of afferent neurons (Hokfelt et al., 1997). However, more recently, the Y1-R has 

been reported to be localized at pre-synaptic sites as well (Pickel et al., 1998; Marchand et 

al., 1999; St. Pierre et al., 2000; Brumovsky et al., 2002). Results from the present study on 

CGRP release are consistent with the hypothesis that Y1-Rs act presynaptically to inhibit 

capsaicin-evoked exocytosis from capsaicin-sensitive nociceptors. Our data provide strong 

experimental support for this hypothesis because activation of Y1-Rs inhibited 

neurosecretion from capsaicin-sensitive nociceptors. Previous studies have demonstrated 

that the presence of VR1 receptor in the dorsal horn is of primary afferent origin (Guo et al., 

1999). The expression of the Y1-R on a proportion of the VR1 positive nociceptor 

population supports the hypothesis that the inhibitory effect of Y1-R inhibition of capsaicin-

sensitive neurons at least partially occurs at a presynaptic site of action.

To our knowledge this is the first report demonstrating that a sub-population of capsaicin-

sensitive nociceptors expresses the Y1-R. The co-localization of the Y1-R with the VR1-

expressing class of nociceptors indicates that activation of the Y1-R may directly inhibit 

capsaicin-evoked exocytosis. Interestingly the degree of co-localization of Y1 and VR1 in 

DRG (about 20%) did not correlate to the magnitude of Y1-R mediated inhibition of 

capsaicin stimulated iCGRP release from dorsal spinal cord (about 60%). Several 

hypotheses may explain this difference. First, there may be a difference in assay sensitivity 

between the RIA and immunohistochemistry protocols. It is possible that the extent of co-

localization is underestimated due to the stringent criteria used to identify a positively 

labeled cell. In this study, only strongly labeled cells were counted, so it is possible that cells 

with a functionally relevant density of co-localized receptors may not have been counted. 

Second, it is possible that Y1-R mediated inhibition of capsaicin-stimulated exocytosis in 

the dorsal horn is partially mediated by an indirect mechanism. A significant amount of the 

Y1-Rs found in the dorsal horn is not expressed on primary afferent fibers, as evidenced by 

maintenance of some Y1 immunoreactivity after rhizotomy (Brumovsky et al., 2002). These 

hypotheses are not mutually exclusive and it is possible that both contribute to our 

observations.

Our results are consistent with studies using the Y1 knockout mouse, demonstrating that the 

Y1-R is necessary for the anti-nociceptive effects of spinally administered NPY (Naveilhan 

et al., 2001). However, studies using the Y1 knockout mouse have reported that the 

antinociceptive effects of intrathecal NPY are exclusively due to the Y1-R. In contrast, our 
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results demonstrate that approximately 40% of NPY-mediated inhibition of capsaicin-

evoked CGRP was not blocked by pretreatment with a Y1-R antagonist. There are at least 

two hypotheses that may account for this difference. First, it is possible that the antagonist 

BIBP3226 may not have completely blocked the Y1-R pool (Doods et al., 1996). In order to 

minimize non-specific effects, we used a 100 nM concentration of BIBP3226 

(Vanderheyden et al., 1998; Van Liefde et al., 2001; Mollereau et al., 2001). The antagonist 

BIBP322 has a reported pA2 of 7.9 (Tough and Cox, 1996). Thus, concentrations of the 

antagonist were only one to two orders of magnitude greater than the pA2 values and, 

depending upon the spare receptor pool of Y1, it is possible that at least some small 

proportion of the receptor pool was available for activation. However, it should be 

recognized that similar concentrations of BIBP3226 were sufficient to completely block the 

effects of the Y1 selective agonist [Leu31Pro34]NPY. A second possibility is that NPY 

inhibits CGRP release through both Y1 and non-Y1-Rs. The NPY Y2 receptor is a possible 

candidate since NPY binds the Y1 and Y2 receptor with similar affinity (Larhammar, 1996; 

Blomqvist and Herzog, 1997). The mRNA of the Y2 receptor is present in sensory dorsal 

horn neurons, although they have not been previously identified on the capsaicin-sensitive 

population of neurons (Mantyh et al., 1994; Zhang et al., 1997).

In our study the Y1 antagonist did not have a significant effect on capsaicin-evoked iCGRP 

release (Fig. 4). Studies using a Y1 knockout mouse indicated that the Y1-R is necessary for 

capsaicin-evoked substance P (SP) release (Naveilhan et al., 2001). There are several 

possible reasons for the dissimilar findings concerning the role of the Y1-R on capsaicin-

evoked exocytosis. First, our study evaluated the effect of the Y1-R on capsaicin-evoked 

release at central terminals, while the knock-out study evaluated release from peripheral 

terminals. Second, we were evaluating CGRP release while the knockout study evaluated SP 

release. Finally, it is possible the finding that the Y1-R is necessary for capsaicin-evoked SP 

release is the result of developmental compensation in the knockout mouse. In fact studies of 

the NPY knock-out mouse have demonstrated significant differences in receptor expression 

in specific brain regions when compared with wild type (Trivedi et al., 2001).

Although CGRP is only one of several substances released from capsaicin-sensitive 

nociceptors, numerous studies using electrophysiologic, receptor antagonist, 

immunoneutralization and knockout approaches have all indicated that CGRP facilitates 

nociceptive processing in the spinal dorsal horn (Cridland and Henry, 1988; Gschossmann et 

al., 2001; Yu et al., 2002; Zhang et al., 2001). Thus inhibition of neurotransmission from 

capsaicin-sensitive nociceptors may mediate NPY-induced antinociception and 

antihyperalgesia. Collectively, the results of these studies indicate that Y1-R mediated 

inhibition of exocytosis from central terminals of capsaicin-sensitive neurons is a major 

mechanism mediating the antinociceptive and antihyperalgesic effects of NPY agonists.

The substantial upregulation of NPY expression and release after peripheral nerve injury or 

inflammation has been well established (Wakisaka et al., 1991, 1992; Ji et al., 1994; 

Marchand et al., 1999; Mark et al., 1997; Sten Shi et al., 1999). Injury-induced activation of 

the NPY system may have important implications in the development of these persistent 

pain states (Ossipov et al., 2002).
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Abbreviations

ANOVA analysis of variance

CGRP calcitonin generelated peptide

DRG dorsal root ganglion

iCGRP immunoreactive calcitonin gene-related peptide

NGS normal goat serum

NPY neuropeptide Y

SP substance P

VR1 vanilloid receptor type I

Y1-R Y1 receptor.
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Fig. 1. 
Effect of [Leu31Pro34]NPY (30 or 100 nM or vehicle) on capsaicin-evoked immunoreactive 

CGRP release from the dorsal half of rat lumbar spinal cord. Spinal cord slices were 

collected and superfused as described in the Experimental Procedures. Samples were 

collected every 3 min. For example the CGRP levels at t = 0 min after capsaicin represent 

the total CGRP released from 0 to 2.59 min of capsaicin. After equilibration and three 

fractions of baseline (9 min), the tissue was pre-treated with vehicle (n = 16), 30 nM 

[Leu31Pro34]NPY (n = 12) or 100 nM [Leu31Pro34]NPY (n = 12) for 3 min. Tissue was then 

stimulated with 300 nM capsaicin in the presence of the pretreated drug or vehicle for 3 min. 

Superfusates were assayed for iCGRP using radioimmunoassay. Data are presented as mean

±S.E.M. with both P<0.05 (*) and P<0.01 (**) versus capsaicin alone group as indicated.
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Fig. 2. 
Effect of pretreatment with [Leu31Pro34]NPY on capsaicin-evoked iCGRP from the dorsal 

half of lumbar spinal cord in rat. Tissue was collected and superfused as described in the 

Experimental Procedures. After equilibration, the tissue was treated with selected 

concentrations of [Leu31Pro34]NPY or with vehicle for 3 min. Tissue was then stimulated 

with 300 nM capsaicin in the presence of pretreated drug or vehicle for 3 min. Data are 

presented as percentage of capsaicin-evoked iCGRP release. EC50=10.6 nM.
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Fig. 3. 
Effect of [Leu31Pro34] NPY±the Y1-R antagonist BIBP3226 on capsaicin-evoked iCGRP 

release from the dorsal half of the rat lumbar spinal cord. Tissue was collected and 

superfused as described in the Experimental Procedures. After equilibration, the tissue was 

treated with vehicle or 100 nM BIBP3226 for 3 min (fraction 4). Tissue was then treated 

with vehicle, 10 nM [Leu31Pro34] NPY/100 nM BIBP3226, or 10 nM [Leu31Pro34] NPY/

vehicle for 3 min (fraction 5). Tissue was then stimulated with 300 nM capsaicin in the 

presence of the pretreated drug or vehicle for 3 min (fraction 6). Superfusate was assayed 

using radioimmunoassay for iCGRP. Data are presented as mean±S.E.M. Post hoc test with 

Newman-Keuls multiple comparison test with P<0.05 (*; [Leu31Pro34] NPY/Cap vs. 

BIBP3226/NPY/Cap and P<0.01(**; [Leu31Pro34] NPY/Cap vs Cap).
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Fig. 4. 
Effect of NPY±the Y1-R antagonist BIBP3226 on capsaicin-evoked iCGRP release from the 

dorsal half of rat lumbar spinal cord. Tissue was collected, pooled, and then superfused. 

After equilibration, the tissue was treated with vehicle or 30 nM BIBP3226 for 3 min 

(fraction 4). Tissue was then treated with vehicle, 3 nM NPY/30 nM BIBP3226 or 3 nM 

NPY/vehicle for 3 min (fraction 5). Tissue was then stimulated with 300 nM capsaicin in the 

presence of the pretreated drug or vehicle for 3 min (fraction 6). Superfusate was assayed 

using radioimmunoassay for immunoreactive CGRP. Data are presented as mean±S.E.M. 

Post hoc test with Newman-Keuls multiple comparison test with P<0.05 (*; NPY/Cap vs. 

BIBP3226/NPY/Cap) and P<0.01 (**; NPY/Cap vs Cap). None of the other effects were 

statistically significant.
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Fig. 5. 
Co-localization of VR1 immunoreactivity with Y1 immunoreactivity in DRG neurons and in 

the superficial dorsal horn. (A–C) Double labeling of VR1 (A; green) with Y1 (B; red) and 

overlay (C) in DRG (magnification = 20×). Co-localization is shown in yellow and by 

arrows. (D–F) Double labeling of VR1 (D; green) with Y1 (E; red) and overlay (F; 

magnification = 20×). Immunoreactivity for Y1 and VR1 are both localized in inner lamina 

II, as indicated by yellow and arrowhead. These images were digitally sharpened using 

Adobe Photoshop 5.0.
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