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INTRODUCTION
As one of the important neurotransmitters in the central ner-

vous system (CNS), serotonin (5-hydroxytryptamine, 5-HT) is 
concerned in nociceptive transmission through regulation of the 
descending pathways in the spinal level initiating in the rostral 
ventromedial medulla (RVM) [1-3]. Serotonergic projections from 
nucleus raphe magnus to the spinal cord dorsal horn are recog-
nized to modulate pain sensations [2,4,5].

Pain from the orofacial area to the trigeminal subnucleus 

caudalis (Vc) is transmitted by sensory fibers, including the thin 
myelinated Aδ- and unmyelinated C-fibers [6,7], which innervate 
in the lamina I and much of lamina II (substantia gelatinosa, 
SG) [8,9] of the Vc. The Vc, also called the medullary dorsal horn 
(MDH), which resembles the spinal dorsal horn in both structure 
and function, is a key element in nociceptive transmission [10]. 
Therefore, the SG of the Vc is considered to contribute an es-
sential role in the control of orofacial nociceptive encoding to the 
higher brain centers [11].

Glycine, the main inhibitory neurotransmitter in the CNS, is 
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ABSTRACT The lamina II, also called the substantia gelatinosa (SG), of the trigeminal 
subnucleus caudalis (Vc), is thought to play an essential role in the control of orofa-
cial nociception. Glycine and serotonin (5-hydroxytryptamine, 5-HT) are the impor-
tant neurotransmitters that have the individual parts on the modulation of nocicep-
tive transmission. However, the electrophysiological effects of 5-HT on the glycine 
receptors on SG neurons of the Vc have not been well studied yet. For this reason, 
we applied the whole-cell patch clamp technique to explore the interaction of intra-
cellular signal transduction between 5-HT and the glycine receptors on SG neurons 
of the Vc in mice. In nine of 13 neurons tested (69.2%), pretreatment with 5-HT po-
tentiated glycine-induced current (IGly). Firstly, we examined with a 5-HT1 receptor 
agonist (8-OH-DPAT, 5-HT1/7 agonist, co-applied with SB-269970, 5-HT7 antagonist) 
and antagonist (WAY-100635), but 5-HT1 receptor agonist did not increase IGly and 
in the presence of 5-HT1 antagonist, the potentiation of 5-HT on IGly still happened. 
However, an agonist (α-methyl-5-HT) and antagonist (ketanserin) of the 5-HT2 recep-
tor mimicked and inhibited the enhancing effect of 5-HT on IGly in the SG neurons, 
respectively. We also verified the role of the 5-HT7 receptor by using a 5-HT7 antago-
nist (SB-269970) but it also did not block the enhancement of 5-HT on IGly. Our study 
demonstrated that 5-HT facilitated IGly in the SG neurons of the Vc through the 5-HT2 
receptor. The interaction between 5-HT and glycine appears to have a significant role 
in modulating the transmission of the nociceptive pathway.
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also present in high concentrations in the SG neurons [12,13]. In 
the spinal dorsal horn and the medullary dorsal horn, glycine 
inhibits the glutamate-induced depolarization and attenuates the 
firing of the dorsal horn neurons [14,15]. Inhibitory glycinergic 
neurotransmission has been shown to have a principal role in 
the processing of nociceptive events from the periphery to higher 
brain areas [16,17]. Recently, many physiological studies reported 
that the functional features of glycine receptor-mediated outcomes 
were changed by phosphorylation of the glycine receptor through 
intracellular second messenger-triggered protein kinases [18-
20]. In contrast, several second messengers such as cyclic-3’,5’-
adenosine monophosphate  (cAMP), diacylglycerol, inositol-
1,4,5-trisphosphate, and Ca2+ has been studied to be paired with 
the serotonin (5-HT) receptor [21]. In addition, 5-HT has been 
demonstrated to potentiate the inhibitory effects of glycine in 
some types of neurons, such as rat sacral dorsal horn commis-
sural neurons [22] and the superficial laminal neurons of the rat 
spinal dorsal horn [23]. However, electrophysiological proof of the 
5-HT influence on the glycine receptors on SG neurons of the Vc 
has not been well established yet. Therefore, in the present study, 
a whole-cell patch clamp technique was performed to explore the 
interaction through the intracellular signal transduction between 
5-HT and glycine receptors on SG neurons.

METHODS

Brain slice preparation

All experiment protocol on living animals described below 
was approved by the Institutional Animal Care Use Committee 
of Chonbuk National University (CBNU 2016-61). Immature 
male ICR mice (7–20 postnatal day) (Damul Science, Suwon, 
Korea) used in the present study were housed under 12-h light/
dark cycles (lights on at 06:00 h) with access to water and food ad 
libitum. The procedure to prepare brain slices was similar to our 
previous study [24]. After ICR mice were decapitated, their brains 
were taken out quickly and coronal slices (180–200 μm thick) 
including the MDH were cut using a vibratome (VT1200S; Leica 
biosystems, Wetzlar, Germany) in ice-cold artificial cerebrospi-
nal fluid (ACSF). The components of ACSF were included (in 
mM): 126 NaCl, 2.5 KCl, 2.4 CaCl2, 1.2 MgCl2, 11 D-glucose, 1.4 
NaH2PO4, 25 NaHCO3 and 0.5 sodium ascorbate (pH 7.3 to 7.4, 
bubbled with 95% O2 and 5% CO2). The slices were kept in well-
oxygenated ACSF before electrophysiological recordings were 
performed at room temperature for at least 1 h.

Electrophysiology

Each brain slice was transferred into the recording chamber, 
submerged, and continuously perfused with oxygenated ACSF 
adjusted the flow at the rate of 4–5 ml/min. An upright micro-

scope (BX51WI; Olympus, Tokyo, Japan) with Nomarski differ-
ential interference contrast optics was used to observe the slices. 
The SG (lamina II) of the MDH was identified obviously as a 
translucent band just medial to the spinal trigeminal tract that 
went along the lateral fringe of the slice.

Membrane current recordings were carried out using the 
whole-cell patch clamp recording mode of an Axopatch 200B 
(Molecular devices, Union City, CA, USA). A Flaming/Brown 
micropipette puller (P-97; Sutter Instruments Co., Novato, CA, 
USA) with the thin-wall borosilicate glass-capillary tubing 
(PG52151-4; WPI, Sarasota, FL, USA) was used to pull the patch 
pipettes. The pipette solution contained the following (in mM): 
140 KCl, 1 CaCl2, 1 MgCl2, 10 HEPES, 4 MgATP, and 10 EGTA 
(pH 7.3 with KOH). The resistance of the recording pipettes was 
4–6 MΩ. The membrane currents were sampled online by a Digi-
data 1322A interface (Molecular devices) connected to a desktop 
computer. The signals were filtered (2 kHz, Bessel filter of Axo-
patch 200B) before being digitized at a speed of 1 kHz. The hold-
ing potential was kept at –60 mV during the experiments. The 
mean holding current alterations within the control and treated 
period were measured as the mean of the peak-to-peak amplitude 
of individual points within each period. The acquisition and then 
subsequent analysis of the achieved data were processed by the 
Clampex 10.6 software (Molecular devices). All recordings were 
performed carefully at room temperature.

Chemicals

Glycine (30 μM), 5-HT (10 μM), and the chemical substances 
for ACSF were bought from Sigma (St. Louis, MO, USA). SB-
269970 (10 μM), 8-OH-DPAT (30 μM), WAY-100635 (1 μM), ket-
anserin tartrate (30 μM), and α-methyl-5-HT maleate (30 μM) 
were bought from Tocris Bioscience (Ellisville, MO, USA).

Stocks of all chemicals were made according to their solubil-
ity in distilled water, except SB-269970 and ketanserin tartrate, 
which were prepared in dimethyl sulfoxide. Stock solutions were 
diluted to desired final concentrations in ACSF immediately 
before cell treatment. Chemicals were applied to the neurons via 
bath application.

Data and statistical analyses

The traces were plotted using Origin 7 software (OriginLab 
Corp., Northampton, MA, USA). All values were represented as 
the mean ± standard error of the mean. A paired t-test was ap-
plied to compare the mean amplitudes of the inward currents 
between the two groups. A p-value < 0.05 was defined to be statis-
tical significance level.
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RESULTS
The voltage clamp recordings were got from 41 SG neurons 

that belonged to 30 male ICR mice with 7–20 postnatal day.

Potentiation of the IGly response by 5-HT

To investigate whether there were any changes in the glycine-
induced inward current (IGly) by 5-HT, we compared the responses 
elicited by glycine (30 μM) alone and glycine with the simultane-
ous application of 5-HT (10 μM). Firstly, repeated glycine applica-
tions at 5-min time interval showed that there was no difference 
between the first and second applications. In the next step, brain 
slice was pretreated with 5-HT for approximately 10 min, then 
glycine was applied. The successive application of glycine in the 
attendance of 5-HT enlarged the IGly (Fig. 1A). This potentiation 
was shown in the plurality of the neurons tested (9 of 13 neurons, 
69.2%) (in four remaining neurons, IGly in the presence of 5-HT 
did not change when compared with IGly alone). There was no sig-
nificant difference between the mean inward currents by the first 
and second applications of glycine (71.5 ± 15.7 pA and 73.5 ± 14.9 
pA, respectively, n = 9; p > 0.05). In contrast, the mean amplitude 
of IGly was significantly potentiated by 5-HT (104 ± 25.1 pA, n = 
9; p < 0.05) (Fig. 1B). These results indicate that 5-HT partially 
potentiated the glycine-induced current on the SG neurons of the 
Vc.

Identification of 5-HT receptor subtypes accountable 
for the potentiation of IGly

5-HT functions on numerous receptor subtypes that have been 
distributed into seven distinct classes based on molecular bio-
logical and pharmacological studies [25,26]. Therefore, to detect 
which receptor subtypes manage the enhancement of IGly, several 
selective agonists and antagonists of 5-HT receptors in the SG 
neurons of the Vc were investigated.

Firstly, we examined a 5-HT1 receptor agonist and antagonist 
(Fig. 2). 8-OH-DPAT, a 5-HT1/7 receptor agonist, was used. A pre-
vious study by Yang et al. [27] demonstrated that 5-HT7 receptors 
were functionally represented in the SG neurons of the Vc , so we 
bath-applied SB-269970, a 5-HT7 antagonist, together with 8-OH-
DPAT to check the selective effects of the 5-HT1 receptor. The 
representative trace shows that in the spontaneous presence of 
30 μM 8-OH-DPAT and 10 μM SB-269970, the glycine receptor-
mediated response was not increased (Fig. 2A). The bar graph 
illustrates that 8-OH-DPAT and SB-269970 did not have any sig-
nificant effect on the enhancement of IGly (85 ± 16% of the control, 
n = 4; p > 0.05) (Fig. 2B). In addition, 1 μM WAY-100635, a 5-HT1 
selective antagonist, was co-applied with 30 μM glycine and 10 
μM 5-HT. As we anticipated, WAY-100635 did not show any in-
fluence on the potentiation of IGly by 5-HT (Fig. 2C). The increase 
in IGly was shown in seven of 10 neurons (70%). As shown in the 
bar graph, 5-HT and WAY-100635 increased the IGly to 133 ± 6% 
of the control (p < 0.01) (Fig. 2D). This means that the enhance-
ment of 5-HT to IGly was not mediated by the 5-HT1 receptors.

In the next stage of the experiment, the role of the 5-HT2 re-
ceptor by an agonist and antagonist were analyzed (Fig. 3). As 
we expected, α-methyl 5-HT, a 5-HT2 receptor-selective agonist, 
reproduced the effect of 5-HT on the IGly. After pretreatment with 
30 μM α-methyl 5-HT for 10 min, the glycine (30 μM)-induced 
inward current was potentiated (Fig. 3A). In nine neurons tested 
with the 5-HT2 agonist, six neurons (66.7%) showed the potentia-
tion of IGly. As shown in the bar graph, α-methyl 5-HT increased 
the IGly to 150 ± 18% of the control (p < 0.05) (Fig. 3B). Further-
more, when ketanserine, a 5-HT2 receptor-selective antagonist, 
was co-supplied, the augmentative potency of 5-HT on IGly was 
blocked (Fig. 3C). There was no detectable effect on the enhance-
ment of glycine-induced inward current by pretreatment with 30 
μM ketanserine and 30 μM 5-HT for 10 min. There was no sig-
nificant change between the averages of the relative amplitudes of 
IGly and that of IGly in the presence of ketanserine and 5-HT (98 ± 
7% of the control, n = 5; p > 0.05) (Fig. 3D). These results suggest 

Fig. 1. Potentiation of glycine-induced current (IGly) by 5-hydroxytryptamine (5-HT). (A) Representative trace shows the similarity of the repeated 
response induced by glycine (30 μM) and then the facilitating effect of 5-HT (10 μM) on IGly in substantia gelatinosa neuron. (B) Bar graph compares 
the average values obtained repeated application of glycine and glycine in the presence of 5-HT (*p < 0.05). NS, not significant.

A B
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that the activation of the 5-HT2 receptor mostly contributed to 
the potentiation of IGly by 5-HT.

We also verified whether 5-HT7 receptors had any involvement 
in the potentiation of 5-HT on the IGly (Fig. 4). We again used 

10 μM SB-269970, a 5-HT7 antagonist, to co-apply with 30 μM 
glycine and 10 μM 5-HT. As the results from the experiments of 
5-HT1 receptors, 5-HT7 also did not show any role on the poten-
tiation of the glycine-induced inward currents. In the presence of 

Fig. 2. Actions of 5-HT1 agonist and 
antagonist on the 5-HT potentiation 
of glycine-induced current (IGly). (A) 
The represent trace shows that IGly was 
not increased in the presence of SB-
269970 (10 μM), a 5-HT7 antagonist, and 
8-OH-DPAT (30 μM), a 5-HT1/7 receptor 
agonist. (B) There was no significant 
difference between the mean relative 
amplitudes of IGly alone and IGly with 5-HT1 
receptor agonist. (C) Glycine-induced 
inward current was increased by the si-
multaneous application of 5-HT (10 μM) 
and WAY-100635 (1 μM), a 5-HT1 selec-
tive antagonist. (D) There is a significant 
difference between the mean values 
produced by glycine alone and that pro-
duced by glycine in the presence of 5-HT 
and WAY-100635 (**p < 0.01). 5-HT, 5-hy-
droxytryptamine; NS, not significant.

A B

C D

Fig. 3. Actions of 5-HT2 agonist and 
antagonist on the 5-HT potentiation 
of glycine-induced current (IGly). (A) 
The represent trace showing IGly was 
potentiated by α-methyl 5-HT (30 μM), a 
5-HT2 receptor-selective agonist. (B) Bar 
graph showing a statistical comparison 
of mean relative amplitudes between 
the application glycine (30 μM) alone 
and glycine in the presence of α-methyl 
5-HT. (C) 5-HT (10 μM) failed to potenti-
ate IGly in the presence of kentaserin 
(30 μM), a 5-HT2 receptor-selective 
antagonist. (D) Bar graph indicates no 
significant difference the mean relative 
amplitudes of IGly compared with IGly with 
5-HT2 antagonist (*p < 0.05). 5-HT, 5-hy-
droxytryptamine; NS, not significant.

A B

C D
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SB-269970, 5-HT still increased IGly (Fig. 4A). This potentiation 
was shown in seven of 10 neurons (70%). As demonstrated in the 
bar graph, 5-HT and SB-269970 increased the IGly to 158 ± 8% of 
the control (p < 0.01) (Fig. 4B). These results help to exclude the 
potentiation of 5-HT to IGly was mediated by 5-HT7 receptors.

DISCUSSION
Glycine and 5-HT have been shown to apparently attenuate 

the activity of the spinal dorsal horn neurons [2,3,28]. Both these 
neurotransmitters have been demonstrated to be extensively 
innervated in the spinal dorsal horn by fibers descending from 
RVM or local inhibitory neurons. Stimulation of the ventrome-
dial medulla evoked, either directly or indirectly, the co-release of 
glycine, as well as 5-HT, and is possibly crucial for participating 
in RVM-spinal synaptic pathway [23,29].

The glycine receptor is a member of the ligand-gated ion chan-
nel family which can evoke inward current created via chloride 
conduction activation [23,30]. Study of the fundamental structure 
of glycine receptors has demonstrated that protein phosphory-
lation of these receptors could regulate their inhibitory func-
tion [31-33]. On the other hand, many reports have proposed that 
numerous neurotransmitters which adjust intracellular second 
messenger aspects can have the efficiently effect in the synaptic 
transmission by modulating the phosphorylation of ion chan-
nels [20,31,34]. And among those neurotransmitters, the 5-HT 
receptor has been recognized to be paired with second messen-
gers. A variety of recent reports have shown that the potentiation 
of 5-HT on GABAergic neuronal activities [35-37]. Moreover, 
the co-localization of glycine and GABA in the same cell of the 
spinal dorsal horn has led to the suggestion that glycine and 
GABA could be activated as co-transmitters [13,38]. Therefore, 
the speculation that 5-HT is also accountable for the increase of 
glycine releases in the spinal dorsal horn is reasonable. Our pres-

ent results are consistent with this theory.
Phosphorylation is an important process which results in the 

alteration in the functional properties of the proteins. The main 
mechanism of this reaction is that the highly-charged phosphate 
group of ATP is added to a threonine, tyrosine, or serine side 
chains of a substrate protein [39]. Enzymes which catalyze for this 
covalent modification of a substrate protein are known as protein 
kinases. The glycine receptor, a ligand-gated ion channel protein, 
can be phosphorylated by second messenger-regulated proteins, 
such as cAMP-dependent protein kinase A (PKA) and protein 
kinase C (PKC) [19,34,40]. This operation seems to be a crucial 
mechanism for the modulation of the glycine receptor functions, 
for example raising the probability of channel opening, affecting 
the maximal chloride inflow, accelerating the desensitization, in-
creasing the glycine receptor internalization rate via endocytosis, 
and changing the conformation of glycine binding-site [19,31,41-
43]. Both these protein kinases can alter the amplitude of glycine 
currents; however, the way of the modifications is not always con-
sistent. These alterations clearly depend on the kind of cell and 
the experimental methodology. For instance, potentiation of IGly 
after PKA activation was shown in neurons isolated from spinal 
trigeminal neurons [44], Xenopus oocytes isolated from nervous 
tissue [19], and trigeminal neurons isolated from lower medul-
la [45] of rats but the same application of PKA reduced IGly in the 
rat ventromedial hypothalamic neurons [46]. Similarly, PKC has 
been reported to enhance IGly in cultured hippocampal [18] and 
trigeminal neurons [45] of rats but to decrease IGly in rat oocyte 
expression systems [19,47]. The facilitation of 5-HT on glycine-
induced current has been demonstrated through the mediation of 
PKC in sacral dorsal commissural neurons [22] and in the super-
ficial laminal neurons of the rat spinal dorsal horn [23]. Multiple 
PKC isoenzymes were shown to be plentiful in the lamina II of 
the rat spinal cord through autoradiographic and immunohisto-
chemical studies [48,49]. Further research needs to be undertaken 
to ascertain which type of intracellular protein kinase modulates 

Fig. 4. Actions of 5-HT7 receptors on the 5-HT potentiation of glycine-induced current (IGly). (A) The represent trace illustrates that the IGly was still 
increased in the presence of both 5-HT (10 μM) and SB-269970 (10 μM), a 5-HT7 selective antagonist. (B) Bar graph demonstrates that there is a signifi-
cant difference between the mean values created by glycine alone and by glycine in the simultaneous application of 5-HT and SB-269970 (*p < 0.01). 
5-HT, 5-hydroxytryptamine.

A B
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the potentiation of the glycine response by 5-HT in the SG neu-
rons of the Vc.

Structurally, glycine receptors are created by a combination of 
five distinct transmembrane protein subunits, four α subunits 
(α1–α4) and one b subunit. Each receptor subunit includes a large 
extracellular N-terminal domain, four transmembrane spanning 
domains (term TM1-TM4), and a long intracellular loop connect-
ing TM3 and TM4 (TM3-4) [50]. This intracellular loop consists 
of the residues which are important for the phosphorylation pro-
cess [19,51]. More detail, the process has been reported to activate 
the α subunit of the glycine receptor at the serine 391 residue 
located in the cytoplasmic TM3-4 loop in response to either PKA 
or PKC activators in intact spinal cord neurons [19]. However, 
the phosphorylation site is not always the same which may result 
from the different subunit composition of glycine receptor in 
various types of cells. For instance, PKC appears to phosphorylate 
the glycine α1 subunit at the serine residue S391 [51], while PKA 
has been shown to phosphorylate the serine residue sited in the 
α1ins and α3 subunit [41,52]. Besides, the glycine b-subunit isolat-
ed from rat spinal cord also hold a PKA consensus location in the 
TM3-4 domain at the position T363 [32]. On the other hand, late-
ly, an additional PKC phosphorylation place (serine residue S403) 
was found in the b-subunits of mice spinal cord neurons [53].

Molecular cloning has classified 5-HT receptors into seven 
groups (from 5-HT1 to 5-HT7), all of which are G-protein-cou-
pled receptors, apart from the 5-HT3 receptor subtype (ligand-
gated ion channel) [25]. Many 5-HT receptor subtypes have 
been detected in the Vc, including 5-HT1, 5-HT2, 5-HT3 and 
5-HT7 [27,54-56] and all of them could modulate transmission in 
the SG [57-59].

5-HT1 receptor was the first 5-HT receptor which the genomic 
clone was isolated in the human [60]. This subtype 5-HT receptor 
has a powerful affinity for 8-OH-DPAT [61]. 5-HT1 receptor has 
been indicated to bind with numerous effectors, such as adenylyl 
cyclase, ion channels or protein kinase [62]. Electrophysiologi-
cal studies have clearly indicated that 5-HT1 in the spinal cord 

mediates inhibitory transmission of the nociceptive informa-
tion [63,64]. Another subtype of the 5-HT receptor, 5-HT2 re-
ceptors, have been clone from diverse tissues and species [65]. 
This 5-HT binding level is very rich in layer IV of the neocortex, 
claustrum and olfactory tubercle; all other brain areas have a 
lower concentration of this receptor [66]. Structurally, 5-HT2 

receptors are coupled to Gq/11 proteins which suggest excitatory 
effects [67,68]. Besides, some studies have been shown numerous 
distinct signaling pathways of 5-HT2 receptors such as coupling 
to Ca2+ influx, intracellular Ca2+ release, activation PKC, and uti-
lization phosphatidylinositol turnover [69,70] which involved in 
the modulation of many molecular mechanisms. Especially, the 
5-HT3 receptors are designated as the class of peripheral 5-HT 
receptors because their pharmacological effects in the peripheral 
nervous system are distinct from 5-HT1 and 5-HT2 identified in 
the brain [71]. Latterly, 5-HT3 has been also found in the mam-

malian brain and spinal cord, with the highest concentration 
located in the region related to the vomiting reflex [72,73]. The 
stimulation these subtype receptors evoked excitatory responses 
due to their connection to nonselective cationic channel [63]. 
The 5-HT3 receptor functions have been proved to be concerned 
with numerous aspects such as sensory processing, pain trans-
mission, integration of the vomiting reflex and management of 
anxiety [74]. Finally, the last identified member of the big family 
of 5-HT is the 5-HT7 receptor subtype, a G-protein-couple recep-
tor which consists of seven transmembrane domains [25]. 5-HT7 

receptor mRNA was detected both in the brain, mainly in the 
thalamus, hypothalamus, cortex, and hippocampus, and in the 
peripheral nervous system, mainly in the intestines and the blood 
vessels [75-77]. This receptor has been confirmed to link positive-
ly to adenylate cyclase, adding to the level of intracellular cAMP 
formation [77]. The operation of 5-HT7 receptors which produces 
the anti-nociception results in the inhibition of nociceptive 
transmission [27,68]. Interestingly, it has been now known that 
5-HT7 and 5-HT1 receptor share a relatively high-affinity agonist 
compound, 8-OH-DPAT, that leads to confusion concerning the 
complex functions of these two 5-HT receptor subtypes [78]. Our 
present study indicated that a 5-HT1 and 5-HT7 receptor had no 
significant effects on the potentiation of IGly by 5-HT. Neverthe-
less, the 5-HT2 receptor selective agonist (α-methyl-5-HT) and 
antagonist (ketanserin) mimicked or blocked the potentiation 
effects of 5-HT on IGly, respectively. This suggests that the 5-HT2 
receptor subtype was mostly accountable for the enhancement 
of IGly. Consistent with this observation, at the spinal level, there 
have been some reports which demonstrated that glycinergic 
transmissions were also augmented by activation of the 5-HT2 
receptors [22,23].

In summary, this study supplies fresh evidence that 5-HT facil-
itated IGly in the SG neurons through the 5-HT2 receptor subtypes. 
This operation might occur via the phosphorylation process. 
Taken together, this is the first report to supporting a positive 
correlation between these two inhibitory neurotransmitters in 
the SG neurons of the Vc in mice. The descending 5-HT pathway 
which mediated by the RVM-spinal tract enhanced glycinergic 
effects through the 5-HT2 receptor, resulting in modifying pain 
perception. In brief, our present study supplies additional learn-
ing into the complex mechanism of 5-HT on the modulation of 
nociceptive information in the SG neurons of the Vc.
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