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produces antinociception through activation of spinally projecting
serotonergic neurons in the rostral ventromedial medulla
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Background: Supraspinal delivery of neurotensin (NTS), which may contribute to
the effect of a systemically administered agonist, has been reported to be either
pronociceptive or antinociceptive. Here, we evaluated the effects of systemically
administered NTSR1 agonist in a rat model of neuropathic pain and elucidated the
underlying supraspinal mechanism.

Methods: Neuropathic pain was induced by L5 and L6 spinal nerve ligation in
male Sprague-Dawley rats. The effects of intraperitoneally administered NTSR1
agonist PD 149163 was assessed using von Frey filaments. To examine the role of
5-HT neurotransmission, a serotonin (5-HT) receptor antagonist dihydroergocristine
was pretreated intrathecally, and spinal microdialysis studies were performed to
measure the change in extracellular level of 5-HT in response to PD 149163 ad-
ministration. To investigate the supraspinal mechanism, NTSR1 antagonist 48692
was microinjected into the rostral ventromedial medulla (RVM) prior to systemic PD
149163. Additionally, the effect of intrathecal DHE on intra-RVM PD 149163 was
assessed.

Results: Intraperitoneally administered PD 149163 exhibited a dose-dependent at-
tenuation of mechanical allodynia. This effect was partially reversed by intrathecal
pretreatment with dihydroergocristine and was accompanied by an increased extra-
cellular level of 5-HT in the spinal cord. The PD 149163-produced antinociception
was also blocked by intra-RVM SB 48692. Direct injection of PD 149163 into the
RVM mimicked the maximum effect of the same drug delivered intraperitoneally,
which was reversed by intrathecal dihydroergocristine.

Conclusions: These observations indicate that systemically administered NTSR1
agonist produces antinociception through the NTSR1 in the RVM, activating de-
scending serotonergic projection to release 5-HT into the spinal dorsal horn.
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INTRODUCTION

Neurotensin (NTS) is a 13-amino acid neuropeptide neu-
rotransmitter expressed in the peripheral organs and
central nervous system (CNS) [1]. Peripherally, NTS acts as
a paracrine and endocrine modulator of cardiovascular
function and gastrointestinal motility in the heart, liver,
lung, and digestive tract [2]. In the CNS, it acts as a primary
neurotransmitter and a modulator of other molecules in-
cluding dopamine, glutamate, GABA, acetylcholine, and
serotonin (5-hydroxytriptamine, 5-HT), which suggest
that NTS participates in the several pathophysiology of
CNS diseases such as Parkinson’s disease, schizophrenia,
and pain [3].

There are three characterized receptors mediating the
effects of NTS in the CNS; high affinity NTS1 receptor
(NTSR1), low affinity NTS receptor (NTSR2), and intracel-
lular NTS receptor (NTSR3) [4]. Among them, NTSRI, a G-
protein coupled receptor, is broadly expressed in cell bod-
ies in the structures of the basal forebrain area and rostral
ventromedial medulla (RVM), as well as in the substantia
gelatinosa of the spinal cord and dorsal root ganglion [5,6].
These results indicate a possible antinociceptive role of
NTS, mediated by supraspinal and spinal mechanisms.
Intrathecal delivery of a selective NTSR1 agonist attenu-
ated pain behavior in the rat model of inflammatory (7]
and neuropathic pain [8], which were blocked by a selec-
tive antagonist of NTSR1. Thus, the antinociceptive ac-
tion of NTSR1 and NTS by intrathecal delivery are clearly
demonstrated in the literature. On the other hand, supra-
spinal action of NTS, which may contribute to the effect of
a systemically administered agonist, has been reported to
be either pronociceptive or antinociceptive. Intracerebro-
ventricular injection of NTS at higher doses (> 100 ng) de-
creased acute thermal nociception, however, at lower dos-
es (25 ng), it antagonized the analgesic effect of intrathecal
morphine [9]. Microinjection of NTSR1 agonist into the
nucleus raphe magnus (NRM) produced an antinocicep-
tive effect in a tail-flick test [6]. On the contrary, delivery
of NTS antagonist into the nucleus reticularis paragigan-
tocellularis lateralis enhanced morphine antinociception,
thus demonstrating the pain facilitating action of NTS [10].

These observations indicate that the supraspinal action
of NTS exhibits not only inhibitory but also facilitatory
effects on pain modulation, depending on the dose of ad-
ministration and the distinct area of activation mediating
descending facilitation or inhibition of pain transmission
[11,12]. Consequently, the effects of systemically delivered
NTSR1 agonist may vary according to the amount of the
substance reaching a specific brain area. However, the
net effects of NTSR1 activation by systemic administra-
tion and the underlying supraspinal mechanisms are not
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clearly defined yet.

In the present study, we evaluated the effects of systemi-
cally administered NTSR1 agonist in a rat model of neuro-
pathic pain, and elucidated the underlying mechanism of
action using pharmacological analyses of behavior and in
vivo microdialysis study.

MATERIALS AND METHODS
1. Animals

The experimental protocol was reviewed and approved
by the Institutional Animal Care and Use Committee of
Chonnam National University (No. IACUC-H-2016-47).
Totally, 125 adult male Sprague-Dawley rats with weights
ranging from 260 to 320 g were used in the present study.
Animals were housed in a room with a constant tempera-
ture (22°C-23°C), with an alternating 12-hour light/dark
cycle, and free access to food and water. Neuropathic
pain was evoked by L5 and L6 spinal nerve ligation (SNL),
according to the method described previously [13]. Rats
exhibiting an inability to flex the left hind limb, indicating
L4 nerve damage, were excluded from the study. Animals
displaying a 50% withdrawal threshold of < 4.0 g by post-
operative day 5 were considered to be neuropathic. For an
intrathecal administration of the experimental drugs, a
polyethylene-10 tubing was implanted intrathecally under
sevoflurane anesthesia, as described previously [14]. Seven
days were allowed after the surgery for recovery.

2. Drugs

The following drugs were used in the current study: PD
149163 (Sigma-Aldrich; St. Louis, MO), a selective NTSR1
agonist, was dissolved in saline. SR 48692 (Tocris Cook-
son Ltd., Bristol, UK), a selective non-peptide NTSRI1 an-
tagonist, and dihydroergocristine (Tocris Cookson Ltd.),
a 5-HT receptor antagonist, were dissolved in 100% and
70% dimethyl sulfoxide (DMSO), respectively. Intrathecal
administration of the experimental drugs was performed
using a hand-driven, gear-operated syringe pump through
an implanted catheter in a volume of 10 uL, followed by
flushing the catheter with 10 pL of saline.

3. Behavioral and pharmacological analysis of
systemic NTSR1 agonist effects

Behavioral analysis was done using the von Frey test, mea-
suring the mechanical withdrawal threshold, at which a
positive response was assumed when brisk withdrawal or
flinching of the paw was observed during or immediately

Korean J Pain 2021;34(1):58-65



60

Li, etal

after applying one of the filaments with logarithmically in-
creasing stiffness (0.4, 0.7, 1.2, 2.0, 3.6, 5.5, 8.5, and 15.0 g).
Then, the 50% probability paw withdrawal threshold was
calculated using the up and down method [15]. The cutoff
valuewas 15 g.

On the day of the experiment, animals were acclima-
tized in a box with a wire mesh floor for at least 20 minutes
and randomly allocated into the experimental groups
for intraperitoneal delivery of the experimental drug or
vehicle solution. Behavioral testing was carried out by
an investigator blinded to the treatments. To investigate
the effect of systemically administered NTSR1 agonist on
pain behavior, PD 149163 (10, 30, 100, or 300 ug/kg, n =6
for each group) was administered intraperitoneally. Me-
chanical withdrawal thresholds were measured at 30, 60,
90, 120, 150, and 180 minutes after the drug administra-
tion. To elucidate the role of the 5-HT signaling in NTSR1
agonist effect, non-selective 5-HT receptor antagonist
dihydroergocristine (30 ug, n = 6) was injected 15 minutes
prior to the delivery of NTSR1 agonist. The doses of the ad-
ministered drugs were chosen based on a previous report
[16].

4. In vivo microdialysis study and HPLC
quantification of spinal 5-HT release

For assessing the effect of systemically administered
NTSR1 agonist on spinal release of 5-HT, microdialysis
studies were performed as described previously [17]. The
rats were anesthetized with sevoflurane in 100% oxygen.
The right femoral vein was cannulated for intravenous ad-
ministration of lactated Ringer’s solution at a rate of 1 mL/
hr. The rectal temperature was controlled at 37°C-38°C
with a heating pad placed under the abdomen. After per-
forming laminectomy at the level of the T13-L1 vertebrae,
and subsequent exposure of the L3 to L5 segment of the
spinal cord, the dural surface was covered with mineral oil
and the rat was placed in a stereotaxic holder. After open-
ing the dura, a microdialysis probe (outer diameter, 0.22
mm; inner diameter, 0.20 mm; length, 1 mm; Eicom Co.,
Kyoto, Japan) was inserted just lateral to the dorsal root
into the dorsal horn by advancing at an angle of 30° and to
a depth of 1 mm using a micromanipulator (model MM-
3; Narishige, Tokyo, Japan). The probe was perfused with
Ringer’s solution (147.0 mmol/L NaCl, 4.0 mmol/L KCl,
and 2.3 mmol/L CaCl,) at a constant rate (1 uL/min) using
a microsyringe pump (ESP-64; Eicom Co.). After 120 min-
utes of constant perfusion, two samples were consecutive-
ly collected to determine the basal 5-HT concentrations
in the dialysate [18]. To measure the change of 5-HT level
by systemically injected NTSR1 agonist, 300 ug/kg of PD
149163 (n = 5) was injected intraperitoneally. Thereafter,

Korean J Pain 2021;34(1):58-65

the 15-minute fractions of perfusate were collected into an
autoinjector (EAS-20; Eicom Co.).

The samples (15 pL) were injected automatically into
the HTEC-500 system (Eicom Co.) to analyze the 5-HT
concentrations by high-performance liquid chroma-
tography (HPLC) with electrochemical detection. The
chromatographic conditions were as follows. The mobile
phase comprised 0.1 mol/L ammonium acetate buffer (pH
6.0), methanol (7:3 vol/vol) containing 0.05 mol/L sodium
sulfonate, and 50 mg/L EDTA-2Na. The column was an
EICOMPAC CAX (2.0 x 200.0 mm; Eicom Co.). The working
electrode was glassy carbon (WE-3G; Eicom Co., flow rate
0.25 mL/min). The detector voltage and temperature were
set at 0.45 V and 35.0°C, respectively. The retention time
for 5-HT was 13.1 minutes and the detection limit was 30 fg
per injection.

5. Intracranial microinjection study

To investigate the role of RVM NTSRI1 in the antinocicep-
tive effect of NTSR1 agonist, intracranial RVM cannula-
tion was performed by a stereotaxic surgery according to
coordinates derived from the brain atlas of Paxinos and
Watson [19]. Under sevoflurane anesthesia, a 26-gauge
stainless steel guide cannula (Plastics One, Roanoke, VA)
was directed just dorsal to the NRM of RVM (anteropos-
terior, Bregma -11 mm; mediolateral, midline 0.0 mm;
dorsoventral, skull -9 mm). Cannulae were secured to the
skull by acrylic dental cement and stainless-steel screws,
and were fitted with a solid 25-gauge stainless steel obtu-
rator (Plastics One). Animals were allowed to recover for 7
days. Intracranial microinjections of experimental drugs
(0.5 uL) were performed using injectors extended 1 mm
beyond the tip of the implanted guide cannula, at a rate of
0.2 pL/min, using a microsyringe pump (ESP-101; Eicom
Co.).

On the day of the experiment, animals were acclima-
tized in the experimental room as described above. To
determine whether the systemic administration of NTSR1
agonist acts through the receptors in the NRM, a selec-
tive antagonist SR 48692 (10 pg, n = 5) was delivered via
the implanted intracranial cannula 10 minutes prior to
the intraperitoneal injection of NTSR1 agonist, and von
Frey tests were performed thereafter. The behavioral ef-
fect of NTSR1 activation in the NRM was further tested
by microinjection of PD 149163 (5, 10, 20 ng, n = 5 for each
group) through the cannula. Finally, to elucidate the role
of descending serotonergic projection to the spinal cord
from NRM in the NTSR1 signaling, dihydroergocristine (30
ug, n = 5) was intrathecally administered 10 minutes prior
to the intra-NRM injection of PD 149163 (n = 5). The doses
of the administered drugs were chosen based on pilot ex-
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Fig. 1. Time-response (A) and dose-response (B) data showing the effects of intraperitoneally administered PD 149163, on the hind paw withdrawal
response in spinal nerve-ligated rats. Data are presented as the mechanical withdrawal thresholds in grams or the area under the time course curve
(AUC) for the withdrawal threshold. Each line or bar represents the mean + standard error of mean of 6 rats. i.p.: intraperitoneal, BL: baseline value, i.t.:
intrathecal, DHE: dihydroergocristine. *P = 0.048 compared to the vehicle group. $P < 0.001 compared to the vehicle group. TP = 0.032 compared to the

PD 149163 300 ng/kg group.

periments.

After testing, animals were decapitated and the brains
were rapidly removed and immersed in 10% formalin for
24 hours and then in 30% sucrose for 48 hours. The tissues
were frozen sectioned for verification of the cannulation
site, using microscopic examination. Data from animals
with misplaced cannulas were removed from the analyses.

6. Statistical analysis

All data are shown as mean * standard error of mean.
The time-response data are exhibited as the withdrawal
threshold in grams. The dose-response data are quantified
as the area under the time course curves (AUC) for each
dose using the trapezoidal rule, which was analyzed by
one-way analysis of variance (ANOVA) with the Bonferroni
post hoc test. The antagonistic effects of PD 149163 were
compared using an unpaired t-test. For these parametric
techniques, the Kolmogorov-Smirnov test for assessing the
normality of the distribution of data and Levene’s test for
equality of variances were performed. When the assump-
tion of equal variance was violated, a compensated t-value
and Welch'’s statistics with the Games-Howell post hoc test
was presented for the t-test and ANOVA, respectively. For
the microdialysis data, the Friedman test, with a Wilcoxon
signed rank test with the Bonferroni adjustment for post
hoc testing, was performed. All statistical analyses were
performed using PASW Statistics software (version 18.0;
IBM Co., Armonk, NY) and P values < 0.05 were considered
to indicate statistical significance.
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RESULTS

1. Systemic administration of NTSR1 agonist exhibits
an antiallodynic effect in a dose-dependent
manner

SNLresulted in a characteristic mechanical allodynia (Fig.
1A). The baseline values did not differ among the groups.
Intraperitoneal administration of PD 149163 increased the
mechanical withdrawal thresholds to von Frey stimulation
in a dose dependent manner (Fig. 1). A one-way ANOVA of
the AUCs of time-response curves revealed a statistically
significant differences among the groups with the vehicle
and different doses of PD 149163 treatments, Welch’s F (4,
11.99) = 110.96, P < 0.001. Post-hoc comparisons using the
Games-Howell procedure indicated that the AUCs for the
PD 149163 100 and 300 pg/kg groups were significantly dif-
ferent from that of the vehicle-treated control group, with
P =0.048 and < 0.001, respectively.

2. Spinal release of 5-HT mediates NTSR1 agonist-
produced antinociception

The antiallodynic effect of intraperitoneal PD 149163 (300
ug/kg) was attenuated by intrathecal pretreatment with a
non-selective 5HT receptor antagonist dihydroergocris-
tine (P = 0.032, Fig. 1B). For assessing the effect of systemic
NTSRI agonist on spinal 5-HT release, a microdialysis
study was performed to measure the change of extracel-
lular concentration of 5-HT in the spinal dorsal horn. The
baseline levels of extracellular 5-HT between the groups of
saline and PD 149163 treatments did not significantly dif-
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fer; 232.16 + 83.83 fg/uL and 143.93 + 24.34 fg/uL, respec-
tively, P = 0.350. The Friedman test revealed a statistically
significant difference in 5-HT level across time periods in
the PD 149163 group, y° (4, n = 5) = 4, P = 0.019. Significant
differences compared to baseline were shown at 15, 30,
and 45 minutes of PD 149163 administration, by post hoc
testing with the Wilcoxon signed rank test (P = 0.009, 0.009,
and 0.010, respectively, Fig. 2).

3. Involvement of RVM in NTSR1 agonist-produced
antinociception

To determine whether the RVM participates in the effect
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Fig. 2. Microdialysis measurements of spinal 5-HT following intraperito-
neal administration of PD 149163 (300 pg/kg) or vehicle. Data are pre-
sented over time as a mean + standard error of mean percentage of the
baseline (n = 5 in each group). BL: baseline value. *P < 0.05 compared
to baseline value.
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of systemic NTSR1 agonist, a selective NTSR1 antagonist,
SR 48692, was microinjected into the NRM 10 minutes
prior to the delivery of PD 149163. SR 48692 administered
alone into the NRM did not affect baseline pain behavior.
And neither did the vehicle DMSO affect the effect of PD
149163. The antinociception produced by intraperitoneal
administration of PD 149163 (300 pug/kg) was significantly
reduced by pretreatment with intra-NRM SR 48692 (10 pg,
P =0.002, Fig. 3).

4. Involvement of descending serotonergic
projection to the spinal cord from RVM

To further investigate the role of RVM NTSRI and seroto-
nergic projection to the spinal cord, NTSR1 agonist was
directly injected into the NRM with or without pretreat-
ment with intrathecal 5-HT antagonist. Intra-NRM micro-
injection of PD 149163 increased mechanical withdrawal
thresholds to von Frey stimulation (Fig. 4). A one-way
ANOVA of AUCs of time-response curves revealed a statis-
tically significant difference among the groups, F (3, 16) =
12.40, P < 0.001. Post-hoc comparisons using the Bonfer-
roni correction indicated that the AUCs for 5, 10, and 20 ng
groups of PD 149163 were significantly greater compared
to that of the control group (P = 0.005, 001, and < 0.001,
respectively). However, the AUCs did not differ among the
groups of different doses. Intrathecal pretreatment with
dihydroergocristine significantly reduced the antiallo-
dynic effect of intra-NRM PD 149163 (5 ng, P = 0. 048, Fig.
4B).
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Fig. 3. Time-response data (A) and quantification by area under the time course curves (AUC) (B) showing the effects of microinjection of SB 48692 or
vehicle into the nucleus raphe magnus (NRM) and intraperitoneal administration of PD 149163 or vehicle. Data are presented as the mechanical with-
drawal thresholds in grams or the AUC for the withdrawal threshold. Each line or bar represents the mean + standard error of mean of 5 rats. inj.: injec-
tion, i.p.: intraperitoneal, BL: baseline value, DMSO: dimethyl sulfoxide. *P = 0.002 compared to the intraperitoneal PD 149163 group (300 ug/kg).
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Fig. 4.Time-response (A) and dose-response (B) data showing the effects of intra-nucleus raphe magnus (NRM) administration of PD 149163, on the
hind paw withdrawal response in spinal nerve-ligated rats. Data are presented as the mechanical withdrawal thresholds in grams or the area under the
time course curve (AUC) for the withdrawal threshold. Each line or bar represents the mean + standard error of mean of 5 rats. BL: baseline value, i.t.:
intrathecal, DHE: dihydroergocristine. *P < 0.005 compared to the vehicle group. $P = 0.048 compared to the PD 149163 5 ng group.

DISCUSSION

The present study demonstrated that intraperitoneally
administered PD 149163 exhibited a dose-dependent at-
tenuation of mechanical allodynia in a rat model of neuro-
pathic pain. The antiallodynic effect of systemic PD 149163
was partially reversed by intrathecal pretreatment with di-
hydroergocristine, and was accompanied by an increased
extracellular level of 5-HT in the spinal dorsal horn. The
antinociception produced by intraperitoneal administra-
tion of PD 149163 was dependent on NTSR1 in the NRM
of the RVM. Direct injection of PD 149163 into the NRM
mimicked the maximum effect of the same drug deliv-
ered intraperitoneally, which was reversed by intrathecal
dihydroergocristine. Taken together, these observations
indicate that systemically administered NTSR1 agonist
produces antinociception through the NTSR1 in the RVM,
activating descending serotonergic projection to release
5-HT into the spinal dorsal horn.

The present study shows that systemic or intra-RVM
injection of NTSR1 agonist produces a dose-dependent an-
tinociceptive effect, in contrast to the previous studies re-
porting bipolar actions. This discrepancy may result from
receptor selectivity of the chemicals and the diversity in
the pathophysiology of the animal model used. Bipolar ac-
tions on pain modulation was reported when NTS peptide,
rather than a selective agonist of NTSR1, was administered
cerebroventricularly or intracranially in an acute nocicep-
tion model [9-12]. Because multiple NTSRs with varying
degree of affinity exist, a non-selective agonist NTS pep-
tide may activate either facilitatory or inhibitory pathways
of pain modulation through distinct receptor subtypes,
depending on the dose of administration [4,11]. This find-
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ing suggests that the role of endogenous NTS is in main-
taining homeostatic balance in the individual response to
pain by acting biphasically. Contrarily, we could assume
that a selective activation of NTSR], in the current study,
might have produced a dose-dependent antinociception
in a model of pathologic pain. Additionally, the bipolar
effects of NTS may depend on the intensity of nociceptive
stimulation. In a study by Bodnar et al. [20], intracerebro-
ventricularly delivered NTS antiserum produced either
hyperalgesia or antinociception, depending on the degree
of noxious stimuli.

In the present study, systemically administered PD
149163 enhanced the release of 5-HT into the extracellular
space in the spinal cord, which was revealed by an in vivo
microdialysis study. The antinociception produced by
the same drug was attenuated by an intrathecal blockade
of 5-HT receptors. Therefore, the increased extracellular
level of 5-HT by PD 149163 might have contributed to this
antinociceptive effect. Based on the observation that vir-
tually all the serotonergic fibers projecting to the spinal
cord arise from the brain [21], we could assume that intra-
peritoneally administered PD 149163 acts supraspinally to
increase spinal release of 5-HT.

A majority of serotonergic innervation to the spinal cord
arises within the vicinity of the RVM, which has been
known as an important supraspinal site of the descending
pain modulatory system [21,22], although a small propor-
tion of serotonergic fibers from the dorsal raphe nucleus—
which predominantly innervates the forebrain—modestly
contributes to the spinal projection [23]. Among the subdi-
visions of the RVM, NRM is a structure rich in serotonergic
neurons projecting to the superficial laminae of the spinal
dorsal horn to modulate pain transmission [21]. There-
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fore, we performed intra-NRM microinjection study to
elucidate supraspinal mechanism of systemic PD 149163.
This study clearly demonstrated that the antinociception
produced by systemic PD 149163 was reversed by blockade
of NTSR1 expressed in the NRM. Furthermore, the behav-
ioral effect of activation of NRM NTSR1 by microinjection
of PD 149163 was attenuated by intrathecal pretreatment
with 5-HT receptor antagonist. These results clearly indi-
cate that systemically administered NTSR1 agonist acts on
the NTSR1 in the NRM of the RVM to activate descending
serotonergic neurons projecting to the spinal dorsal horn
cord, consequently releasing 5-HT into the extracellular
space to produce antinociception.

The observations from the current study are consistent
with previous reports. Buhler et al. [6] demonstrated by
immunohistochemical technique that NTSR1 is co-local-
ized in the serotonergic neurons, projecting to the spinal
cord from the NRM. Intra-RVM injections of NTS or selec-
tive NTSR1 agonist increased the tail flick latency that was
blocked by pretreatment with intrathecal 5-HT receptor
antagonist [6,24]. These observations raised a possible role
for descending serotonergic neurons in the RVM in NTSR1-
mediated antinociception. The present study provides the
first verification of this pathway by administrating NTSR1
agonist systemically and by identifying the change in ex-
tracellular level of 5-HT using in vivo microdialysis study.

In contrast to the current study, in the chemotherapy-in-
duced peripheral neuropathy (CIPN) model, the antinoci-
ceptive effect of systemically administered NTSR1 agonist
was not suppressed by an intrathecal blockade of 5-HT
receptor antagonist [16]. This discrepancy may result from
the differences in the experimental pain model, behavior-
al test, and the species used. For example, a recent study
using a rat model of CIPN reported increased activation
of serotonergic RVM neurons and increased expression of
5-HT at the superficial dorsal horn together with up-reg-
ulation of pronociceptive 5-HT3 receptor, indicating a fa-
cilitatory rather than an inhibitory role for the descending
serotonergic transmission in CIPN [25]. Therefore, differ-
ences in the neurochemical and functional organization
of the nociceptive pathways in CIPN from that in the nerve
injury-induced neuropathic pain model used for the cur-
rent study might have contributed to this inconsistency.

There are several limitations to the present study. The
antiallodynic effects of both intraperitoneal and intra-
NRM PD 149163 were only partially reversed by intrathecal
pretreatment with dihydroergocristine. Therefore, there
may be other mechanisms that underlie the antinocicep-
tive effect of NTSR1 agonist. For example, the expression
of NTSR1 in the spinal dorsal horn and the antinociceptive
effect of intrathecally delivered NTSR1 was reported [5,8].
In addition, the antinociceptive action of NTS was inhib-
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ited by the depletion of spinal norepinephrine [26]. There-
fore, the roles of spinal NTSR1 and noradrenergic neuro-
transmission remain to be investigated in future studies.
We need to consider that the present study utilized a small
sample size which may lead to a low power, increasing
false positives, and overestimated effect sizes.

In conclusion, the current study demonstrated that
systemically administered NTSR1 agonist produces anti-
nociception through the NTSR1 in the RVM, activating de-
scending serotonergic projection to release 5-HT into the
spinal dorsal horn.
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