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Abstract

BACKGROUND & AIMS: The pathogenesis of pain in chronic pancreatitis (CP) is poorly 

understood and treatment remains difficult. We hypothesized that nerve growth factor (NGF) plays 

a key role in this process via its effects on the transient receptor potential vanilloid 1, TRPV1.

METHODS: CP was induced by intraductal injection of trinitrobenzene sulfonic acid in rats. 

After 3 weeks, anti-NGF antibody or control serum was administered daily for 1 week. Pancreatic 

hyperalgesia was assessed by nocifensive behavioral response to electrical stimulation of the 

pancreas as well as by referred somatic pain assessed by von Frey filament testing. TRPV1 

currents in pancreatic sensory neurons were examined by patch-clamp. The expression and 

function of TRPV1 in pancreas-specific nociceptors was examined by immunostaining and 

quantification of messenger RNA levels.

RESULTS: Blockade of NGF significantly attenuated pancreatic hyperalgesia and referred 

somatic pain compared with controls. It also decreased TRPV1 current density and open 

probability and reduced the proportion of pancreatic sensory neurons that expressed TRPV1 as 

well as levels of TRPV1 in these neurons.

CONCLUSIONS: These findings emphasize a key role for NGF in pancreatic pain and highlight 

the role it plays in the modulation of TRPV1 expression and activity in CP.
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Chronic pancreatitis (CP) remains a common and challenging clinical syndrome. Its cardinal 

feature, pain, has been difficult to treat effectively despite a multitude of empiric therapeutic 

approaches.1 This reflects, in large part, our lack of knowledge about the underlying 

neurobiological mechanisms. Although much needs to be learned about the pathogenesis of 
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pain in CP, there is a growing body of evidence that supports a shift in emphasis toward 

neurogenic mechanisms rather than the traditional focus on morphologic changes in the 

pancreas.2 Careful and detailed studies on resected specimens from large numbers of 

patients with CP has revealed evidence of neural hypertrophy along with perineural and 

endoneural inflammation that correlates with pain scores.3–5 A conceptual approach to 

reconcile the mechanical and neurogenic theories of pain in CP is to view increases in 

pressure or minor exacerbations in inflammation as pain triggers against a background of a 

sensitized pain signaling system. The result is both hyperalgesia (a greater response to the 

same stimulus intensity) and allodynia (the perception of innocuous or physiological stimuli 

as painful). Although central sensitization (at the spinal or higher levels) inevitably follows, 

sensitization of primary nociceptors (peripheral sensitization) is the critical and initiating 

event in pain owing to local tissue injury/inflammation. An increased “afferent barrage” 

from sensitized primary neurons in turn leads to sensitization of higher-order neurons, with 

amplification and persistence of pain.6

Nerve growth factor (NGF) is among the most important and well-characterized molecular 

mediators of peripheral sensitization.7 Experimental blockade of NGF has been shown to 

decrease afferent nerve activity and nociceptor sensitivity, as well as prevent the 

hyperalgesia associated with experimental inflammation,8,9 whereas exogenous NGF 

produces hyperalgesia in vivo.10 Specifically, experimental and clinical studies of chronic 

pancreatitis show an increase in NGF, its receptor TrkA, and several NGF-responsive gene 

products such as substance P, calcitonin gene-related peptide, and the vanilloid receptor 

TRPV1, a key molecular transducer of diverse noxious stimuli.11–15 We therefore 

hypothesized that the pathogenesis of pain in CP involves changes in pancreas-specific 

nociceptor excitability mediated by NGF and its downstream gene target, TRPV1. By using 

a previously described and validated model of trinitrobenzene sulfonic acid (TNBS)-induced 

CP in rats,15 we show that antagonism of NGF reverses pancreatic hyperalgesia and 

suppresses TRPV1 expression and currents.

Materials and Methods

Induction of CP, Cell Labeling, and Implantation of Electrodes

CP was induced in adult, male, Sprague–Dawley rats by retrograde infusion of 0.5 mL of 

6mg/mL TNBS (Sigma, St Louis, MO) in 10% ethanol in phosphate-buffered saline (PBS) 

(pH 8.0) into the pancreatic duct, as described previously.15 Briefly, the common bile duct 

was temporarily occluded with a clamp and a 30-gauge needle was connected to the 

polyethylene-10 tubing, which was inserted into the duodenum and guided through the 

papilla into the pancreatic duct to allow for the slow injection of the TNBS solution. For 

experiments with healthy control rats, we administered PBS/10% ethanol only intraductally. 

For experiments involving electrical stimulation, a pair of electrodes (Myo-Wires; A&E 

Medical, Farmingdale, NJ) was sutured into the pancreas soon after the TNBS infusion and 

the open ends were subcutaneously tunneled and externalized at the dorsal neck region. For 

experiments involving immunohistochemistry and electrophysiology the pancreas was 

injected with the lipid-soluble fluorescence dye 1,1’-dioleyl-3,3,3’,3-

tetramethylindocarbocyanine methanesulfonate (DiI) (Molecular Probes, Eugene, OR), 25 
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mg in 0.5 mL methanol, at 8–10 sites on the exposed pancreas in 2-μL volumes, before 

TNBS infusion. For experiments involving laser capture microdissection to isolate 

messenger RNA (mRNA) for gene-expression analysis, pancreas-specific dorsal root 

ganglion (DRG), neurons were labeled retrogradely with cholera toxin B (Molecular Probes) 

2 mg/mL in PBS (2 uL per site at 8–10 sites) in a second surgical procedure 2 weeks after 

TNBS infusion.

Anti-NGF Treatment

Three weeks after intrapancreatic TNBS infusion, rats were injected either with 0.5 mL of 

neutralizing polyclonal NGF antibody (16 ug/kg body weight) in PBS (R&D Systems, 

Minneapolis, MN), or as control an equal volume of nonimmune normal goat serum (MP 

Biomedicals, Solon, OH) by the intraperitoneal route daily for 7 days.

Von Frey Filament Testing

Von Frey filament testing was performed as described previously.15 Briefly, rats were placed 

in a plastic cage with a mesh floor and after a 30-minute adaptation period Von Frey 

filaments (Stoelting, Wood Dale, IL) of various caliber/strengths were applied to the shaved 

belly of the animals in ascending order to the abdomen 10 times each for 1–2 seconds with a 

10-second interval between applications. A positive response consisted of lifting the belly 

and/or scratching and licking the abdomen. The data were expressed as the number of 

responses during the 10 applications of the filaments. Once a level of 10 was reached in a 

given animal, further testing was not performed and for analysis purposes it was assumed 

that higher filament strengths also would result in the same score. All tests were performed 

in a blinded manner.

Electrical Stimulation of the Pancreas and Measurement of Nocifensive Responses

The previously implanted electrodes in the pancreas were connected to an electrical 

stimulator (A310 Accupulser; WPI, Sarasota, FL). Animals received successive applications 

of current at 2, 5, and 10 mA for 5 minutes with a 20-minute rest between stimulations. The 

number of nocifensive behaviors was counted during each 5-minute stimulation period. 

These behaviors consisted of stretching, licking of the abdomen, contraction of abdominal 

wall muscles, and extension of the hind limbs, as previously described.15

Electrophysiological Study of Pancreatic Nociceptors

At day 7 after anti-NGF and/or serum injection, DRG neurons were harvested as described 

previously.14,16 Briefly, after decapitation and spinal cord exposure, DRGs were bilaterally 

dissected out along T9–T13 and transferred to ice-cold minimal essential medium (Gibco, 

Grand Island, NY) supplemented with penicillin-streptomycin (2×; Gibco). Axons and 

connective tissue were trimmed under a dissecting microscope. After rinsing, DRGs were 

isolated and transferred into Hank’s balanced salt solution containing 5 mg/mL collagenase 

type 2 (Worthington, Lakewood, NJ) and incubated for 1.5 hours at 36.5°C, 5% CO2. A 

single-cell suspension subsequently was obtained by trituration through flame-polished 

Pasteur’s pipette. The dissociated cells then were centrifuged at 270 × g for 5 minutes twice 

and the pellet was resuspended in neurobasal media (Gibco) supplemented with albumin 
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solution (0.7%; Sigma), penicillin-streptomycin (2×), B27 with retinoic acid (2×; Invitrogen, 

Carlsbad, CA), β-mercaptoethanol (0.11 mmol/L; Gibco), and L-glutamine (2×; Gibco). 

After 3 hours, the dish was mounted on the patch clamping stage (TE200; Nikon, 

Yokohama, Japan) and DiI-labeled neurons were identified using a rhodamine filter 

(excitation wavelength, 546 nm; barrier filter, 580 nm). Capsaicin was delivered to the cell in 

a fast-flowing system (BPS-4/VM4; ALA Scientific Instruments, Inc, Farmingdale, NY). 

Signals were acquired using an Axopatch 200B amplifier and digitized with Digidata 1200 

(Axon Instruments, Union City, CA) using low-pass, 4-point, Bessel-filtered settings at 2 or 

5 kHz and then digitized at 5 or 20 kHz. Data were stored and analyzed offline. Single-

channel events including amplitude and open probability were generated through trace 

idealization, amplitude histogram, and Levenberg–Marquardt evaluation from Clampfit 9 

(Axon Instruments).

Immunohistochemistry for TRPV1 in DRG Sections

Four weeks after injection with DiI into the pancreas and at the end of a week’s course of 

anti-NGF/control serum treatment as described earlier, rats were perfused transcardially with 

saline (0.9% wt/vol NaCl) followed by 4% paraformaldehyde in 0.1 mol/L PBS (pH 7.4). 

DRGs (T9–T10) were removed and postfixed in the fixative solution overnight and 

cryoprotected in 30% sucrose in PBS (24 hours at 4°C). Tissue was embedded in optimal 

cutting temperature medium and frozen sections (10 m) were prepared. To ensure that a 

neuron was counted only once, serial sections were placed on consecutive slides with at least 

50 μm between sections on the same slide. The sections were washed in PBS and placed in 

blocking buffer containing 5% normal goat serum (NGS)/2% bovine serum albumin with 

PBS for 1 hour. Then sections were stained with 1:250 rabbit anti-TRPV1 antibody (Santa 

Cruz Biotechnology, Inc, Santa Cruz, CA) in 0.1 mol/L PBS containing 5% NGS and 0.03% 

Triton-X 100 at 4°C overnight. After washing with PBS, sections were incubated for 1 hour 

with 1:300 donkey anti-rabbit antibody (Alexa Fluor 488; Invitrogen) in 1% bovine serum 

albumin with PBS. Sections were viewed using a Nikon Eclipse E600 microscope equipped 

with wavelength 450–500 for Alexa 488 dye and 532–683 for DiI. Cells were counted from 

4–5 sections per individual DRG per animal by a blinded investigator. Results were 

expressed as the percentage of pancreas-specific (DiI-labeled) neurons that were positively 

stained for TRPV1.

Laser capture of pancreatic sensory neurons and measurement of TRPV1 
mRNA.—Rats injected with cholera toxin B into the pancreas were perfused transcardially 

with 150 mL ice-cold Tyrode’s solution containing 5 U/mL heparin. DRGs T9–T10 from 

both sides were snap-frozen in optimum cutting temperature on dry ice. Ten-micrometer 

frozen sections were fixed for 1 minute in 75% ethanol, washed for 10 seconds in 50% 

ethanol, 10 seconds in DEPC water, 10 seconds in 50% ethanol, 45 seconds in 75% ethanol, 

10 seconds in 95% ethanol, 1 minute and 5 minutes in 100% ethanol, and 1 minute and 5 

minutes in xylene. Sections were air-dried under a fume hood. Pancreas-specific afferent 

neurons were identified under a fluorescein isothiocyanate green filter and captured using a 

Leica LMD6000 laser microdissection system (Buffalo Grove, IL). Microdissected neurons 

were collected and the total RNA was purified using the RNeasy Plus Micro Kit (Qiagen, 

Valencia, CA).
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RNA from T9 and T10 DRG segments then was combined before complementary DNA 

(cDNA) synthesis and pre-amplified for 14 cycles in the presence of proprietary primers for 

TRPV1 and glyceraldehyde-3-phosphate dehydrogenase per the manufacturer’s instructions 

(Invitrogen). Pre-amplified cDNA was diluted 1:20 in 1× Tris–ethylenediaminetetraacetic 

acid buffer before quantitative real-time measurements for the earlier-listed genes per the 

manufacturer’s instructions (Invitrogen). Relative changes in mRNA levels of test genes 

were calculated by the delta delta Ct (DDCt) method using glyceraldehyde-3-phosphate 

dehydrogenase for normalization.

Data Analysis

Behavioral and TRPV1 expression data were analyzed by appropriate tests (analysis of 

variance [ANOVA] and t tests for comparisons of means and chi-square tests for 

comparisons of proportions) using GraphPad Prism 5 (GraphPad Software, La Jolla, CA). 

Data from patch clamp were analyzed by pClamp 9 (Axon Instrument, Foster city, CA) and 

Origin 7 (Northampton, MA).

Results

Systemic Anti-NGF Treatment Reduces Referred Somatic Sensitization and Pancreatic 
Hyperalgesia in CP but not in Control Rats

To determine whether NGF mediates pancreatic nocifensive behavior in CP, we first 

measured the sensitivity of the abdomen to mechanical stimulation using Von Frey filament 

probing (an assay for referred somatic hyperalgesia) before and after administration of anti-

NGF or control serum in TNBS-treated rats (Figure 1, top panels). Overall, the response 

frequencies of rats (n = 7 each) treated with anti-NGF 3 weeks after TNBS infusion were 

robustly lower compared with pretreatment baseline, with the stimulus-response curve 

shifting lower (2-way repeated-measures ANOVA: stimulus effect, P < .0001; treatment 

effect, P < .0001). Rats treated with serum as controls showed a mild increase in the 

response frequency 3 weeks after TNBS infusion (stimulus effect, P < .0001; treatment 

effect, P < .0001). Thus, NGF antagonism produced a marked reduction in the sensitivity to 

mechanical probing of the abdomen in TNBS-treated rats.

Next we examined pancreatic hyperalgesia specifically, using a previously established 

paradigm of electrical stimulation. Our results (Figure 1, bottom panel) suggest that overall 

the response curve to graded electrical stimulation was again significantly shifted lower after 

a week of treatment with anti-NGF in rats with CP compared with pretreatment responses 

(2-way, repeated-measures ANOVA: stimulus effect, P < .0001; treatment effect, P < .0001). 

Applying a Bonferroni post hoc test, this effect is significant at all 3 levels of electrical 

stimulation. On the contrary, control serum treatment shifted the stimulus response curve 

upward (stimulus effect, P < .0001; treatment effect, P < .001).

We also treated healthy control rats (ie, with intraductal injection of PBS instead of TNBS) 

with a similar regimen as described earlier using both anti-NGF and control serum. No 

significant effect of either treatment was seen on the responses to Von Frey filament probing 

or electrical stimulation (Figure 2).
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Anti-NGF Treatment Results in Down-Regulation of TRPV1 Expression

TRPV1 mRNA levels (normalized to glyceraldehyde-3-phosphate dehydrogenase) from 

thoracic 9 and 10 DRG levels were slightly but significantly reduced in the anti-NGF group 

to 90% ± 2.2% of the control group (n = 6; P = .04). In addition, the proportion of pancreatic 

nociceptors in the same levels (as determined by DiI labeling) that expressed TRPV1 was 

significantly lower in animals treated with anti-NGF as compared with control serum-treated 

animals (40.61% ± 2.61% vs 57.60% ± 5.08%; P = .02) (Figure 3).

Anti-NGF Treatment Results in Suppression of TRPV1 Activity in Pancreas-Specific 
Primary Sensory Neurons in Rats With CP

We studied DRG neurons from 5 rats in the anti-NGF group (n = 35 cells in total, at least 5 

cells per rat) and 4 rats in the control group (n = 30 cells in total, at least 5 cells per rat).

Whole-cell currents.—Application of capsaicin (CAP, 1 μmol/L) elicited a depolarizing 

inward current at−60 mV holding potential in DiI-labeled neurons from both anti-NGF and 

control serum-treated rats (Figure 4). In both groups, sustained-type CAP-evoked currents 

were observed as described previously.13 Anti-NGF treatment was associated with a 

significant reduction in current density (pA/pF) in pancreatic nociceptors (19.73 ± 2.9 

pA/pF, n = 27) as compared with controls (43 ± 4.05 pA/pF, n = 19; P = .05). In addition, 

CAP-induced responses were seen in 53.8% (21 of 39 neurons) of all recorded neurons from 

the anti-NGF group as compared with 75% (18 of 24) of neurons from the control group (P 
= .05).

Single-channel currents.—We also examined single-channel TRPV1 currents. In on-cell 

configuration when cells were superfused with standard solution, single-channel activity was 

seen in both groups (Figure 4). The single-channel conductance was similar in both groups 

at different holding potentials at baseline (90 ± 7.3 picosiemen(pS) in the anti-NGF group vs 

91 ± 8.1 pS in the control serum-treated group) and in response to 1 μmol/L CAP (90 ± 3.5 

pS vs 93 ± 5 pS). However, the channel open status was significantly lower after NGF 

treatment. Overall, total open probability in response to CAP (1 umol/L) was reduced 

significantly in the neurons from rats receiving anti-NGF as compared with controls (0.3 ± 

0.1 vs 0.65 ± 0.18; P ± .05, t test).

Discussion

In this article, we describe a pivotal role for NGF in the pathogenesis of pain in CP. We 

previously have shown that TNBS-induced CP results in peripheral sensitization of sensory 

neurons leading to and/or accompanied by an increase in excitatory signaling to second-

order neurons.15,16 We also have shown that NGF expression is up-regulated significantly in 

the pancreas in that model. In this study we have taken these observations further and report 

that systemic administration of anti-NGF antibody results in significant attenuation of pain 

behavior in rats with CP. By contrast, we did not show an effect of anti-NGF treatment in 

rats with a normal pancreas, suggesting that at least at the doses we used, this treatment may 

be effective only in conditions in which NGF is up-regulated and does not interfere with its 

normal trophic function on sensory neurons under baseline conditions. We also previously 
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described an increased expression of NGF as well as other neurotrophic factors in the 

pancreas of animals with acute pancreatitis (induced by L-arginine).17,18 In further 

experiments, we showed that referred hyperalgesia in this model was associated with an 

increase in levels of phosphorylated trkA in the pancreas and could be suppressed by 

treatment with the tyrosine kinase inhibitor k252a,19 implying a role for NGF. Along with 

the results of this study, NGF thus emerges as a major factor in neuronal sensitization in 

both acute and chronic pancreatitis.

NGF is known to have several different sensitizing effects on sensory neurons.20,21 

Activation of trkA by NGF can alter the responsiveness of several membrane proteins and/or 

ion channels (including TRPV1, sodium, calcium, or even potassium channels) by post-

translational mechanisms (early sensitization). Transcriptional up-regulation of several genes 

involved in nociception also occurs after retrograde transport of the NGF–trkA complex to 

the cell body in the DRG (late sensitization). In this report, we have focused on TRPV1, a 

key molecule that determines nociceptor responsiveness and excitability. This receptor is 

expressed by nociceptive primary afferents, and responds to and appears to integrate several 

noxious stimuli produced during tissue injury, including heat, local tissue acidosis, and 

several pro-algesic metabolites. Activation of the receptor results in a cationic, calcium-

preferring current, which leads to depolarization of the membrane. Sensitization of TRPV1 

may lead to a reduction in the temperature threshold for activation such that it starts firing 

spontaneously at normal body temperature and thus contributes to neuronal excitability. The 

promiscuous nature of TRPV1 implies a diverse repertoire of mechanisms by which it can 

be both activated and sensitized, often in parallel. In addition to transcriptional up-

regulation, these mechanisms include changes in the phosphorylation status of its 

intracellular domain by various kinases and phosphatases, displacement of 

phosphoinositides from key sites in the molecule, and increased membrane trafficking from 

intracellular pools.22

We previously have shown that TRPV1 currents are enhanced in pancreas-specific sensory 

neurons in rats with CP, accompanied by an increase in both protein and mRNA expression 

in pancreatic DRG neurons. Further, TRPV1 antagonism can reverse pain-related behavior 

in CP.14 NGF is a plausible candidate for mediating these changes because it can increase 

TRPV1 responsiveness by both transcriptional and post-translational means.23–30 We now 

show that administration of anti-NGF affects TRPV1 responsiveness in pancreas-specific 

sensory neurons from rats with CP in several ways. First, it reduces the proportion of 

pancreatic neurons expressing TRPV1 as well as those responding to capsaicin, suggesting 

that NGF can induce increased TRPV1 expression in CP in previously CAP-unresponsive 

(silent) nociceptors. This can produce an increase in the total number of afferent nerves 

participating in nociception and contribute to the increased pain in this condition. Second, 

and perhaps more importantly, anti-NGF also attenuates the increase in TRPV1 current 

density in individual neurons that is associated with CP. Our single-channel analysis showed 

a significant decrease in open probability after treatment, implicating an important role for 

NGF in the post-translational sensitization of TRPV1. There was also a slight but significant 

reduction in TRPV1 mRNA in pancreatic nociceptors, suggesting an additional 

transcriptional effect.
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NGF previously has been shown to increase TRPV1 protein levels and antegrade transport of 

the receptor in models of somatic inflammation, an effect mediated by a transcription-

independent mechanism requiring p38.27 Our results, consistent with our previous article,14 

suggest that pancreatic inflammation may be different in that both translational and 

transcriptional up-regulation of TRPV1 occur along with post-translational effects, and that 

NGF may contribute to all of these to some degree. Thus, together, our results suggest that 

NGF contributes to pain in CP via multiple effects on TRPV1 signaling. However, the 

sensory innervation of the pancreas is complex,31 and caution should be exercised in 

correlating electrophysiological responses of neurons to nocifensive behavior in vivo.

Although both NGF and brain-derived neurotrophic factor can up-regulate TRPV1 in 

different sets of sensory neurons in response to inflammation,32 our overall results suggest 

that, in CP at least, TRPV1 sensitization is predominantly under the influence of NGF. 

However, NGF also may exert its effects on other targets not examined in this study. Thus, 

retrograde transport of the NGF–TrkA complex to the cell body in the DRG leads to up-

regulation of genes including those that encode spinal neurotransmitters such as substance P 

and calcitonin gene-related peptide, both of which are important in enhancing the response 

of dorsal horn neurons to noxious stimuli7,33 and whose expression also is increased in CP.15

In conclusion, we have shown that neutralization of NGF reverses the hyperalgesia of CP, 

and significantly attenuates the changes in pancreatic nociceptor excitability, TRPV1 

currents, and TRPV1 expression. However, given the complex effects of NGF on sensory 

nerves, this should be regarded as only one of many factors that may contribute to pain in 

CP. Nevertheless, along with our previous study on reversal of pain behavior by a TRPV1 

antagonist, these findings present the possibility of an additional target for the treatment of 

pain in this condition.
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Figure 1. 
Anti-NGF treatment attenuates behavioral responses to noxious stimulation in CP. Upper 
panels: Von Frey filament (VFF) response, a measure of referred somatic sensitization, at 

baseline (pre, dotted lines) and after 1 week of treatment (post, solid lines) with infusion of 

control immunoglobulin G (left) and anti-NGF antibody (right) in rats with CP. The graphs 

show a plot of the average number of responses (out of 10 applications per filament) with 

standard errors. The response frequencies of rats (n = 7 each) treated for 1 week with anti-

NGF (begun 3 weeks after TNBS infusion) shifted down significantly, indicating a reduction 

in sensitization compared with pretreatment baseline (2-way, repeated-measures ANOVA: 

stimulus effect, P < .0001; treatment effect, P < .0001). By contrast, rats treated with control 

serum showed a mild increase in the response frequency (stimulus effect, P < .0001; 

treatment effect, P < .0001). Lower panels: behavioral response to electrical stimulation of 

the pancreas from pre-infusion (dotted lines) and post-infusion (solid lines) of control 

immunoglobulin G (left) and anti-NGF antibody (right) in rats with CP. The number of 

nocifensive behaviors induced by 2-, 5-, and 10-mA current stimulation of the pancreas was 

reduced significantly after a week of treatment with anti-NGF in rats with CP compared with 
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pretreatment responses (2-way, repeated-measures ANOVA: stimulus effect, P < .0001; 

treatment effect, P < .0001). Applying a Bonferroni post hoc test, this effect is significant at 

all 3 levels of electrical stimulation. By contrast, the stimulus response curve shifted slightly 

up in rats treated with control serum (stimulus effect, P < .0001; treatment effect, P < .001).
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Figure 2. 
Anti-NGF treatment does not affect behavioral responses in healthy rats. These experiments 

are similar to those described in Figure 1 except that control rats (these rats were given 

intraductal PBS) were used instead of rats with CP (which were given intraductal TNBS). 

Results are displayed in an identical manner. No significant effect of either control serum 

(left) or anti-NGF (right) was seen on the responses to Von Frey filament(VFF) probing 

(upper panel) or electrical stimulation (lower panel).
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Figure 3. 
Anti-NGF treatment decreases expression of TRPV1 in pancreatic sensory neurons. (A) An 

example of TRPV1-positive neurons (green) in a DRG section from a control-treated rat (i) 
and a rat treated with anti-NGF (v). Dil labeling (ii and vi), nuclear staining with DAPI (iii 
and vii), and merge of TRPV1-positive staining and Dil labeling in the same sections also is 

shown (iv and viii). (B) The graph shows the percentage of TRPV1-positive Dil-labeled 

neurons in total Dil-labeled DRG (T9–T10) neurons. (C) The lower graph shows the 

expression of TRPV1 mRNA in laser-captured pancreatic neurons, normalized to 

glyceraldehyde-3-phosphate dehydrogenase and expressed as a percentage of the average 

values in the control-treated group (*P < .05).
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Figure 4. 
Anti-NGF treatment attenuates TRPV1 currents in pancreatic sensory neurons. (A, i–iii) 
TRPV1 current densities in pancreatic sensory neurons. An example of a sustained current 

evoked by 1 umol/L CAP application to a pancreas-specific DRG neuron from a rat treated 

with anti-NGF (i) and control serum (ii). The membrane potential was held at −60 mV. The 

bar above the traces indicates the duration of CAP application. (iii) Bar graph shows the 

mean peak current densities in pancreas-specific DRG neurons from rats treated with anti-

NGF (19.73 ± 2.9 pA/pF; n = 27) or control serum (43 ± 4.05 pA/pF; n = 19; P = .024). (B) 
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Single-channel activity in on-cell configuration. (i–vi) The bath and pipette composition was 

configured to set up the membrane potential close to 0 mV. Membrane potentials and 

corresponding currents at this configuration were converted by multiplying by (−1). The 

dotted line indicates close status. Currents are shown without additional adjustments of 

filtering, leakage reduction, and gap conjunction. When depolarizing over a time period of 

800 ms (ie, the patch potential or command potential was stepped from 0 to −60 mV), 

channel activity was seen that increased remarkably when CAP was added. Representative 

traces at +20, 0, and −60 mV were recorded from the same cell from a rat treated with anti-

NGF antibody (i) or control serum (iii). (ii and iv) Exposure of 1 umol/L CAP to the same 

cells, respectively. (v) I/V (current/voltage) plot from traces such as shown in i–iv, indicating 

the unitary conductances (ie, 90 pS), are similar under the conditions with and without CAP, 

between the anti-NGF and control groups. (vi) Open probability.
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