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Purpose: The nociceptin receptor (NOP) was discovered in 1994 and was designated opioid-

like receptor; activation of NOP leads to reduced neuronal excitability. Although suggested by 

the anatomical localization of NOP in brain or spinal cord, the cardiovascular or nociceptive 

effects of its endogenous ligand, nociceptin, are equivocal. Taking advantage from intrathe-

cal application of nociceptin to simultaneously activate NOP on sympathetic preganglionic 

neurons in the intermediolateral column (IML) and superficial laminae of dorsal horn, we 

investigated whether the nociceptin-induced cardiovascular effects engage the participation 

of baroreflex, and whether the concurrently elicited changes in blood pressure and pain 

responses are interrelated.

Methods: NOPs in the thoracic spinal cord of ICR or C57BL/6 mice were identified with 

immunofluorescence staining and were activated through intrathecal administration of noci-

cetpin. The elicited changes in cardiovascular parameters and tail-flick nociceptive responses 

were measured.

Results: Positive immunoreactivity against NOP colocalized with neurons in the IML and 

superficial dorsal horn layers of thoracic spinal cord. Intrathecal administration of nociceptin (1, 

2, or 5 nmol) elicited a significant and dose-dependent decrease in blood pressure or heart rate 

that was paralleled by reduced baroreflex-mediated sympathetic vasomotor tone and mirrored 

by augmented cardiac vagal baroreflex, alongside prolonged tail-flick latency with an efficacy of 

hypotension <<< antinociception. Coadministration of the specific NOP antagonist, UFP101 (10 

nmol), blunted all nociceptin-elicited responses. However, restoring blood pressure to baseline 

level failed to affect the antinociceptive actions of nociceptin.

Conclusion: Activation of thoracic spinal NOP in ICR and C57BL/6 mice induces blood pres-

sure and heart rate by decreasing the sympathetic outflow of both arms of the baroreflex arc to 

the blood vessels and the heart, and the antinociceptive responses to nociceptin are independent 

of and disproportional to its cardiovascular actions.

Keywords: nociceptin, intermediolateral column, superficial layers of dorsal horn, tail-flick 

test, baroreflex-mediated sympathetic vasomotor tone, cardiac vagal baroreflex

Introduction
The nociceptin receptor (NOP) was discovered in 1994 and was designated opioid-

like receptor (ORL-1) because it shares a high homology of amino acid sequence 

with opioid receptors although its affinities for opioid ligands are greatly reduced.1 

The highly selective and endogenous ligand for NOP, which was discovered in 1995, 

is the 17-amino acid neuropeptide nociceptin/orphanin FQ.2 Nociceptin shows only 

very modest affinity for μ, δ, or κ receptors,3 and naloxone does not antagonize most 
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of the effects of nociceptin.1 At the cellular level, activa-

tion of NOP by nociceptin inhibits the formation of cyclic 

adenosine monophosphate, mediates a pronounced inhibition 

of voltage-gated Ca2+ channels, and facilitates the opening 

of inwardly rectifying K+ channels.4–6 The overall effect of 

NOP activation leads to reduced neuronal excitability and 

reduction of neurotransmitter release.7,8

Anatomical studies have shown that NOP is localized 

in brain or spinal nuclei that are related to cardiovascular 

or nociceptive responses.9–11 However, nociceptin has been 

reported to decrease or increase blood pressure (BP) or 

heart rate (HR).7,12–15 Likewise, nociceptin reportedly pro-

duces hyperalgesia and allodynia,2,3,16or antinociception.16,17 

These equivocal cardiovascular and antinociceptive effects 

of nociceptin may have arisen from differences in sites of 

action because of the routes through which this peptide was 

administered. In particular, the disparate cardiovascular 

responses to nociceptin may have resulted from differential 

effects induced by this peptide on the baroreflex-mediated 

sympathetic vasomotor tone and cardiac vagal baroreflex, 

which are responsible, respectively, for the short-term and 

long-term regulation of BP and HR.18,19 Another possibility 

arises from the complex relationship between BP and pain. 

Whereas hypertension has generally been associated with 

hypoalgesia,20,21 increased pain sensitivity in chronically low 

BP or hypotension concomitant with antinociception has also 

been reported.22–24

Intrathecal application of nociceptin simultaneously acts 

on NOP present in the dorsal horn where primary afferents 

from nociceptive receptors terminate,25 and intermediolateral 

(IML) column where sympathetic preganglionic neurons that 

innervate the blood vessels and the heart reside.26 The present 

study exploited this advantage to decipher whether by act-

ing on the IML, which constitutes the common sympathetic 

output component in the circuit for the baroreflex-mediated 

sympathetic vasomotor tone and cardiac vagal baroreflex, the 

cardiovascular effects of activation of NOPs in the spinal cord 

engage the participation of both arms of baroreflex. We also 

examined whether, on an equimolar basis, the concurrently 

induced changes in BP and pain responses by nociceptin 

are interrelated.

Materials and methods
ethics statement
All experimental procedures carried out in this study were 

approved by the Institutional Animal Care and Use Commit-

tee of the Kaohsiung Chang Gung Memorial Hospital and 

were in compliance with the guidelines for animal care and 

use set forth by that committee. All efforts were made to 

reduce the number of animals used and to minimize animal 

suffering during the experiment.

animals
Adult male ICR mice (30–35 g, n=33) or C57BL/6 mice 

(28–30 g; n=62) were purchased from the Experimental 

Animal Center of the Ministry of Science and Technology and 

BioLASCO, Taiwan, Republic of China. They were housed in 

an AAALAC International-accredited Center for Laboratory 

Animals under temperature control (24°C–25°C) and 12 hour 

light–dark cycle. Standard laboratory mouse chow and tap 

water were available ad libitum.

Double immunofluorescence staining
We examined the expression of NOP in the dorsal horn and 

IML of the thoracic spinal cord by double immunofluores-

cence staining.27 Mice that received an intraperitoneal injec-

tion of pentobarbital sodium (50 mg kg−1) were transcardially 

perfused with warm isotonic saline solution, followed by 

ice-cold 4% paraformaldehyde in 0.1 M PBS (pH 7.2). The 

thoracic spinal cord was removed, postfixed by submersion 

in the latter solution overnight at 4°C, and cryoprotected by 

30% sucrose in 0.1 M PBS. Frozen transverse section (20 

μm) of the thoracic spinal cord was cut on a cryostat (Leitz, 

Wetzlar, Germany) and collected in 0.1 M PBS. The staining 

procedures were modified from those reported previously.27 

In brief, free-floating sections of the thoracic spinal cord 

were incubated with a rabbit polyclonal anti-NOP antiserum 

(orb11143; Biorbyt, Cambridge, UK), together with a mouse 

monoclonal anti-NeuN antiserum (MAB377, Chemicon, 

Temecula, CA, USA). The sections were subsequently incu-

bated concurrently with two appropriate secondary antisera 

(Molecular Probes, Eugene, OR, USA), a goat anti-rabbit 

IgG conjugated with Alex Fluor 488 (A11034) for NOP, 

and a goat anti-mouse IgG conjugated with Alexa Fluor 

586 (A11031) for NeuN. The specificity of NOP antiserum 

was validated by its omission from the staining procedure. 

Viewed under a Fluoview FV1000 laser scanning confocal 

microscope (Olympus, Tokyo, Japan), immunoreactivity for 

NeuN exhibited red fluorescence, and NOP exhibited green 

fluorescence.

subarachnoid catheterization
The design and implantation of thoracic intrathecal catheters 

in mice followed our previously developed procedure.28 

Briefly, under pentobarbital sodium anesthesia (50 mg kg−1, 

intraperitoneal), the left interspinous space between T12 and 
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T13 was exposed after the supraspinous ligament and the left 

interspinous ligament between T12 and T13 was removed. 

A 0.5 cm long PU-10 catheter (Strategic Application Inc., 

Libertyville, IL, USA) was inserted tangentially into the 

subarachnoid space along the dorsal surface of the spinal 

cord through a dural opening. After flushing with 3–5 μL of 

artificial cerebrospinal fluid (aCSF), the exterior end of the 

catheter was sealed by heat. The catheter was further secured 

on the fascia of the paravertebral muscle with suture, and 

the sealed end was buried under the skin. Sodium penicillin 

(1,000 IU) was given intramuscularly to prevent postopera-

tive infection. The animals were returned to the animal room 

(temperature maintained at 24°C ± 0.5°C) for postoperative 

recovery. They were allowed free access to standard mouse 

chow and water. Only animals that showed full recovery 4–5 

days after surgery and with no observable motor deficit were 

used in subsequent experiments.

general preparation for physiologic 
experiments
Anesthesia was induced in an induction chamber with 4% 

isoflurane (Abbot Laboratories, Abbot Park, IL, USA) in 

oxygen for 30 seconds at a constant flow of 1.0 L/min using 

a Matrx VIP 3000 vaporizer (Midmark, Orchard Park, NY, 

USA).29 After induction, mice were placed on an operating 

table and anesthesia was maintained with 2% isoflurane in 

100% oxygen through a nose piece to carry out preparatory 

surgery. This included cannulation of the right femoral artery 

with a PE-10 catheter (Clay Adams, Franklin Lakes, NJ, 

USA) to measure arterial pressure. In some experiments, the 

left femoral vein was also cannulated with a PE-10 catheter 

(Clay Adams). After surgery, animals were placed on a mouse 

adaptor (Kopf, Tujunga, CA, USA) and were connected to 

the anesthesia machine (Univentor, Zejtun, Malta) with a 

mouse mask (Kopf).

Determination of BP, hR, and 
spontaneous baroreflex
Anesthesia was maintained at 1% isoflurane during the 

recording session, and mice were placed on a heating pad 

and their rectal temperature was maintained at 37°C ± 

0.5°C. The recorded BP signals from the femoral artery 

were processed by an arterial BP analyzer (Notocord, 

Croissy-Sur-Seine, France) and the systolic blood pressure 

(SBP) signals were simultaneously subject to online and 

real-time spectral analysis (Notocord) to detect the power 

density of the low-frequency component of SBP spectrum 

(BLF; 0.15–0.6 Hz).30,31 The power density of this spectral 

band has been demonstrated to be a valid experimental 

index for spontaneous baroreflex-mediated sympathetic 

vasomotor tone.30–33 To evaluate the spontaneous cardiac 

vagal baroreflex, we employed a baroreflex sequence ana-

lyzer (Notocord) to determine baroreflex sensitivity (BRS) 

based on online detection of spontaneous sequences of 

consecutive increases or decreases in SBP associated with 

parallel changes in HR.31,34 With reference to Laude et al,33 

the settings were analysis window: 60 seconds; synchroni-

zation delay: three cycles; and minimum sequence length: 

three cycles. HR was derived instantaneously from the BP 

signals. Concurrent temporal changes in SBP, mean arte-

rial pressure (MAP), and HR were continuously recorded, 

alongside power density of the BLF band or BRS. To avoid 

potential bias created by nonstationary disturbances, only 

stationary segments of data from spectral analysis were 

used for statistical analysis.

Tail-flick nociceptive test
We employed the tail-flick nociceptive test because this 

paradigm evaluates specifically spinally-mediated pain 

responses.35,36 Under concurrent measurement of the car-

diovascular responses as described earlier, the tail of the 

mice was immersed in a hot water bath maintained at 55°C 

± 0.5°C. The time taken for the animal to flick its tail away 

from hot water was recorded, with a cutoff time of 15 seconds 

imposed to prevent tissue damage. The averaged value of 

three determinations separated by 1 minute was taken as the 

measured tail-flick response.

intrathecal administration of nociceptin 
and its antagonist
The sealed end of the implanted subarachnoid catheter 

was retrieved and was flushed with 3 μL of aCSF to ensure 

patency. Nociceptin,37 a selective agonist of NOP (1, 2, 5 

nmol; Tocris Bioscience, Bristol, UK), was given at a volume 

of 3 μL over 1 minute using a 25 μL Hamilton microsyringe, 

followed by an additional 3 μL of aCSF to flush the cath-

eter. In experiments that engaged the specific antagonist,36 

UFP101 (10 nmol; Tocris Bioscience) was similarly delivered 

intrathecally, together with nociceptin (5 nmol) or aCSF. The 

doses used were adopted from the relevant literature.36,37 The 

effects of drug treatments on MAP, HR, BLF power, and BRS 

were routinely followed for 60 minutes after administration, 

and the effects on tail-flick responses were evaluated 30 min-

utes after intrathecal injection of nociceptin or UFP101 plus 

nociceptin. Injection of 3 μL of aCSF served as the vehicle 

control for nociceptin and UFP101.
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evaluation of relationship between tail-
flick responses and BP
In some experiments, after the effects of intrathecal admin-

istration of nociceptin on tail-flick responses as described in 

the tail-flick nociceptive test earlier were completed, the BP 

was titrated back to baseline level by intravenous infusion of 

dopamine. Tail-flick latency measurements after nociceptin 

administration were repeated after stabilization of the car-

diovascular parameters.

statistical analysis
Data were expressed as mean ± SEM. They were analyzed 

using one-way ANOVA or two-way ANOVA with repeated 

measures for assessment of group means, followed by the 

Scheffé or Dunnett post hoc multiple-range analysis for indi-

vidual means. Statistical significance was accepted at P<0.05.

Results
nOP is present in the dorsal horn neurons 
and iMl column of thoracic spinal cord
Based on the anatomical location of immunoreactivity in the 

spinal cord (Figure 1A), double-immunofluorescence staining 

revealed that NOPs were distributed in the dorsal horn and 

IML column of the thoracic spinal cord (Figure 1B). Viewed 

under a laser scanning confocal microscope, NOP immunore-

activity was found to intermingle with cells stained positively 

with the neuronal marker, NeuN, in the superficial layers of the 

dorsal horn (Figure 1C–E), or colocalized with NeuN-positive 

cells in the IML (Figure 1F–H) of the thoracic spinal cord.

activation of spinal nOP decreases BP, 
HR, or baroreflex-medicated sympathetic 
vasomotor tone and increases cardiac 
vagal baroreflex in ICR and C57BL/6 mice
Intrathecal administration of nociceptin (1, 2, or 5 nmol) in 

ICR mice elicited a significant and dose-dependent decrease 

in MAP and HR over our 60 minute observation period 

(Figure 2). The power density of the low-frequency (BLF) 

component of SBP spectrum, an experimental index for 

spontaneous baroreflex-mediated sympathetic vasomotor 

tone,30–33 also underwent a dose-dependent reduction over a 

time course that paralleled the changes in MAP. At the same 

time, the BRS, an experimental index for spontaneous cardiac 

vagal baroreflex,31,34 exhibited a dose-dependent increase that 

mirrored the decrease in HR. On the other hand, intrathecal 

administration of aCSF (vehicle control) was ineffective.

Repeating this series of experiments in C57BL/6 mice 

to exclude strain-related responses revealed comparable 

results.38,39 Intrathecal administration of nociceptin (1, 2, or 

5 nmol) similarly resulted in a dose-dependent reduction in 

MAP, HR, or BLF power and augmentation in BRS over our 

60 minute observation period (Figure 3). The only differ-

ence is that the nociceptin-elicited cardiovascular responses 

were shorter in duration in the C57BL/6 mice. Intrathecal 

administration of a specific NOP antagonist, UFP101 (10 

nmol), when delivered together with nociceptin (5 nmol), 

significantly antagonized the decrease in MAP or BLF power 

and increase in BRS induced by this peptide (Figure 4).

activation of spinal nOP induces 
cardiovascular depression and 
antinociception in an independent and 
disproportional manner
In addition to the elicited cardiovascular responses, intra-

thecal administration of the three doses (1, 2, or 5 nmol) of 

nociceptin also simultaneously elicited a dose-dependent 

increase in tail-flick latency (Figure 5A), an experimental 

paradigm that evaluates specifically spinally mediated pain 

responses.35,36 This antinociceptive effect was antagonized 

by coadministration of UFP101 (Figure 5B). On the other 

hand, the dose-dependent depression of tail-flick nociceptive 

responses was not affected (Figure 5A) on deliberately restor-

ing the nociceptin-suppressed MAP, HR, or BLF power and 

enhanced BRS to baseline level by intravenous infusion of 

dopamine (0.8 μg μL−1) at an infusion rate of 0.5 μL min−1 

(Table 1). Of note is that, measured on an equimolar basis, 

the maximal increase from baseline in tail-flick latency (1 

nmol, 126%; 2 nmol, 207%; 5 nmol, 536%) induced by noci-

ceptin was discernibly larger than the maximal decrease from 

baseline in MAP (1 nmol, 6%; 2 nmol, 13%; 5 nmol, 21%).

Discussion
The present study took advantage that intrathecal applica-

tion of nociceptin simultaneously acts on NOP in the IML 

and dorsal horn to decipher whether this endogenous opioid 

peptide elicits its cardiovascular depressive effects by act-

ing on the baroreflex-mediated sympathetic vasomotor tone 

and cardiac vagal baroreflex, and whether the concurrently 

induced changes in BP and pain responses are interrelated. 

Our results showed that activation of spinal NOP reduces BP 

and HR by decreasing the sympathetic outflow of both arms 

of the baroreflex arc to the blood vessels and the heart, and 

the antinociceptive responses to nociceptin are independent 

of and disproportional to its cardiovascular actions.

The baroreflex-mediated sympathetic vasomotor tone 

and cardiac vagal baroreflex represent the most fundamental 
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A 1Sp 2SpO

IMLCC

2Spl

3Sp

B

DH

IML

NeuN

DH

IML

NOP MergeC

F

D E

G H

Figure 1 illustrative examples of expression of nOP in the thoracic spinal cord of icR mice (n=3 animals).
Notes: (A) Diagrammatic representation of mouse thoracic spinal cord. (B) corresponding low-power laser scanning confocal microscopic image indicating our areas of 
interests (boxes) in the thoracic spinal cord. (C–H) high-power confocal microscopic images showing cells in the Dh (C–E) or the iMl (F–H) that were immunoreactive 
to a neuronal marker, NeuN (red fluorescence) (C, F), NOP (green fluorescence) (D, G), or both (merge) (E, H). 1sp = lamina 1; 2spi = lamina 2, inner; 2spO = lamina 2, 
outer; 3sp = lamina 3; cc = central canal. scale bar =200 µm in (B) and 20 µm in (C–H).
Abbreviations: iMl, intermediolateral column; Dh, dorsal horn; nOP, nociceptin receptor.

regulatory mechanisms for short-term and long-term main-

tenance of BP and HR.18,19 To sustain a reduction in BP and 

HR, it is, therefore, imperative that the baroreflex-mediated 

sympathetic vasomotor tone must be depressed and the car-

diac vagal baroreflex augmented. Our present results revealed 

that this essential modus operandi indeed underlies the car-

diovascular depressive effects of activation of spinal NOP. 

We found that on intrathecal administration of nociceptin, the 

decrease in BLF power and increase in BRS, our experimental 

indices for the two arms of the baroreflex, were accompanied 

by concomitant reduction in MAP and HR. Lai et al8 showed 

in rat slices that nociceptin concentration-dependently sup-

presses the excitatory postsynaptic potentials evoked by focal 

stimulation and hyperpolarizes a population of antidromically 
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Figure 3 Effects of activation of nociceptin receptor in the thoracic spinal cord on cardiovascular responses in C57BL/6 mice.
Notes: Temporal changes in MaP, hR, BlF power, or BRs in mice that received intrathecal administration of nociceptin (1, 2, or 5 nmol) or acsF (Veh) into the thoracic 
spinal cord (at arrow). Values are expressed as mean ± seM (n=7 or 8 animals per experimental group). *P<0.05 vs Veh group at corresponding time points in the post hoc 
scheffé multiple-range test.
Abbreviations: aCSF, artificial cerebrospinal fluid; B, baseline; BLF power, power density of the low-frequency component of systolic blood pressure spectrum; BRS, 
baroreflex sensitivity; HR, heart rate; MAP, mean arterial pressure; Veh, vehicle control.

Figure 2 effects of activation of nociceptin receptor in the thoracic spinal cord on cardiovascular responses in icR mice.
Notes: Temporal changes in MAP, HR, BLF, an index for baroreflex-mediated sympathetic vasomotor, or BRS, an index for cardiac vagal baroreflex, in mice that received 
intrathecal administration of nociceptin (1, 2, or 5 nmol) or acsF (Veh) into the thoracic spinal cord (at arrow). Values are expressed as mean ± seM (n=7 or 8 animals per 
experimental group). *P<0.05 vs Veh group at corresponding time points in the post hoc scheffé multiple-range test.
Abbreviations: aCSF, artificial cerebrospinal fluid; B, baseline; BLF, power density of the low-frequency component of systolic blood pressure spectrum; BRS, baroreflex 
sensitivity; hR, heart rate; MaP, mean arterial pressure; Veh, vehicle control.
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identified sympathetic preganglionic neurons. It is, therefore, 

conceivable that activation of NOP on the IML neurons 

sustains a decrease in BP by lessening the efficacy of the 

baroreflex-mediated sympathetic vasomotor tone via a reduc-

tion in sympathetic outflow to the blood vessels. On the other 

hand, by inhibiting the IML neurons, nociceptin sustains a 

decrease in HR by potentiating the cardiac vagal baroreflex 

via a reduction in sympathetic excitatory outflow to the heart 

that normally balances the cardiac inhibitory effects of the 

vagal outflow from the nucleus ambiguus.
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Figure 4 effects of nociceptin receptor antagonist on the cardiovascular responses to nociceptin.
Notes: Temporal changes in MAP, HR, BLF power, or BRS in C57BL/6 mice that received intrathecal administration of nociceptin (5 nmol), together with a nociceptin 
receptor antagonist, UFP101 (10 nmol), or acsF (Veh) into the thoracic spinal cord (at arrow). Values are expressed as mean ± seM (n=6 or 7 animals per experimental 
group). *P<0.05 vs preinjection baseline in the post hoc Dunnett multiple-range test; and +P<0.05 vs nociceptin + Veh group at corresponding time points in the post hoc 
scheffé multiple-range test.
Abbreviations: aCSF, artificial cerebrospinal fluid; B, baseline; BLF power, power density of the low-frequency component of systolic blood pressure spectrum; BRS, 
baroreflex sensitivity; HR, heart rate; MAP, mean arterial pressure; Veh, vehicle.
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Figure 5 Effects of activation of nociceptin receptor in the thoracic spinal cord on tail-flick latency in C57BL/6 mice.
Notes: (A) Temporal changes in tail-flick latency in mice at baseline, during concurrent cardiovascular depression induced by intrathecal administration of nociceptin (1, 2, 
or 5 nmol), or after blood pressure was restored to baseline level by intravenous infusion of dopamine while still under the influence of nociceptin. (B) Tail-flick latency in 
mice that received intrathecal administration of nociceptin (5 nmol), together with UFP101 (10 nmol) or acsF (Veh), or acsF and UFP101 (10 nmol). in (A) and (B), values 
are expressed as mean ± seM (n=6 or 7 animals per experimental group). *P<0.05 vs preinjection baseline (Basal) in the post hoc Dunnett multiple-range test; and +P<0.05 
vs nociceptin + Veh group in the post hoc scheffé multiple-range test.
Abbreviations: aCSF, artificial cerebrospinal fluid; Veh, vehicle.
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Direct injection of nociceptin into the nucleus tractus 

solitarii increases BP and HR,15 and microinjection of this 

peptide into the rostral ventrolateral medulla causes hypo-

tension and bradycardia.14 Electrophysiologic results from 

rat slices also showed that nociceptin decreases GABAergic 

neurotransmission to cardiac vagal neurons in the nucleus 

ambiguus.40 Collectively, these observations are consistent 

with the notion that nociceptin may act on key components of 

the baroreflex circuits to depress baroreflex-mediated sympa-

thetic vasomotor tone and enhance cardiac vagal baroreflex. It 

is, therefore, possible that our present results may have arisen 

from inadvertent diffusion of the intrathecally delivered noci-

ceptin to the brain stem. This possibility is deemed unlikely 

because we have demonstrated that given intrathecally at a 

volume of 3 μL using our method, the highest levels of the 

spinal cord that the injected agents may reach are T1–T2.28

The relationship between BP and pain is equivocal at best. 

Hypoalgesia has been described in animal models of hyperten-

sion.20,41,42 An inverse relationship between BP and pain sensi-

tivity has also been reported.23 Based on concurrent evaluation 

of changes in BP and pain responses, our results revealed that 

the cardiovascular actions of spinally-applied nociceptin are 

independent of and disproportional to its antinociceptive effects. 

We demonstrated that restoring the reduced MAP, HR, or BLF 

power and augmented BRS to baseline levels with the infusion 

of dopamine did not affect the increase in tail-flick latency 

induced by nociceptin. Intriguingly, for a given dose, there was a 

disproportional degree of inhibition in the order of antinocicep-

tion >>> hypotension. Similar observations have been reported 

previously for clonidine and guanabenz.22,24 Nevertheless, our 

study design does not allow us to offer a mechanistic explana-

tion. Speculatively, on an equimolar basis, the much larger areas 

and hence presumably higher presence of NOP in the dorsal 

horn when compared to the IML may account for the differ-

ential cardiovascular depressive and antinociceptive effects of 

nociceptin. Nociceptin has been shown to produce biphasic 

effects in the hole-board exploration test in mice.43 Perhaps its 

depressive effects on nociception and cardiovascular function 

are similarly manifested. By showing that nociceptin induced 

dose-dependent cardiovascular depression and antinociception 

(Figures 2, 3, and 5A), the possibility for nociceptin to exhibit 

biphasic dose-related responses is deemed minimal.

Denayer et al44 pointed to the importance of selecting 

the appropriate mouse strain for mechanistic investigation. 

Mattson38 and Mogil et al39 also drew attention to potentially 

strain-related differences in cardiovascular and antinocicep-

tive responses. By showing comparable results from an 

outbred strain (ICR mice) and inbred strain (C57BL/6 mice), 

we confirmed that our observed cardiovascular responses to 

nociceptin were not strain-specific. We recognize that our 

results on tail-flick latency were obtained under 1% isoflu-

rane and may hence be confounded by the use of anesthesia. 

However, as our experimental design calls for simultaneous 

evaluation of the cardiovascular responses, an appropriate 

level of sedation is a mandatory requirement by our Institu-

tional Animal Care and Use Committee. We reason that as 

the tail-flick latency is a specific measurement of spinally 

mediated pain response,35,36 and intrathecal administration of 

nociceptin elicited a dose-related increase in this nociceptive 

Table 1 Dissociation of changes in tail-flick latency from 
cardiovascular effects on activation of nociceptin receptor in the 
thoracic spinal cord of C57BL/6 mice

Dose of 
nociceptin

1 nmol 2 nmol 5 nmol

MAP 
(mmHg)

Basal 73.7±1.1 74.1±1.1 73.9±1.2
nociceptin 66.4±2.4* 60.7±2.1* 51.2±3.9*
nociceptin + 
dopamine

73.7±1.4† 72.7±1.2† 70.7±1.4†

BLF 
(mmHg2)
Basal 0.043±0.003 0.043±0.002 0.043±0.001
nociceptin 0.038±0.003 0.032±0.002* 0.026±0.002*
nociceptin + 
dopamine

0.043±0.003 0.042±0.001† 0.041±0.002†

HR (bpm)
Basal 417.1±21.0 418.1±18.4 415.9±15.9
nociceptin 407.2±23.9 397.1±5.7 354.0±18.3*
nociceptin + 
dopamine

438.0±25.9 435.9±4.9 411.1±19.0†

BRS (ms/
mmHg)
Basal 2.11±0.10 2.10±0.12 2.11±0.13
nociceptin 2.33±0.16 2.54±0.21 3.06±0.21*
nociceptin + 
dopamine

2.06±0.07 2.08±0.12 2.09±0.21†

Tail-flick 
latency 
(seconds)
Basal 1.5±0.2 1.4±0.1 1.4±0.1
nociceptin 3.4±0.5* 4.5±0.4* 9.2±0.9*
nociceptin + 
dopamine

3.3±0.2* 4.8±0.5* 9.3±0.9*

Notes: Changes in tail-flick latency in mice concurrent with cardiovascular 
depression induced by intrathecal administration of nociceptin (1, 2, or 5 nmol); or 
after restoration of cardiovascular parameters to baseline level by intravenous infusion 
of dopamine. Values are expressed as mean ± seM (n=6 or 7 animals per experimental 
group). *P<0.05 vs preinjection baseline (basal) in the post hoc Dunnett multiple-range 
test and †P<0.05 vs nociceptin group in the post hoc scheffé multiple-range test.
Abbreviations: BlF, power density of the low-frequency component of systolic 
blood pressure spectrum BRS, baroreflex sensitivity; HR, heart rate; MAP, mean 
arterial pressure.
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response that is independent of its cardiovascular effects, the 

influence of anesthesia on our results is deemed minimal. 

The doses of nociceptin we used (1, 2, or 5 nmol=1.8, 3.6, 

or 9 μg) in anesthetized mice compared favorably with the 

intrathecal antinociceptive half-maximal effective dose value 

(8.2 μg) in awake mice.45

Conclusion
Based on the concurrent activation of NOP on the IML 

and dorsal horn via the intrathecal route, the present study 

revealed that nociceptin reduces BP and HR by decreasing the 

sympathetic outflow of both arms of the baroreflex arc from 

the IML to the blood vessels and the heart. We further found 

that the cardiovascular depressive actions of nociceptin are 

independent of its antinociceptive responses and were in the 

order of hypotension <<< antinociception. The latter finding 

may have promising therapeutic implications, because it is 

ideal to have a drug that is high in antinociceptive potency and 

has much lower depressive effects on hemodynamic functions.
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