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Involvement of A5/A7 noradrenergic neurons and B2 
serotonergic neurons in nociceptive processing: a fiber 
photometry study 

Shunpei Moriya1, *, Akira Yamashita1, Daiki Masukawa2, Junichi Sakaguchi1, 
Yoko Ikoma1, Yoshimune Sameshima3, Yuki Kambe3, Akihiro Yamanaka4, 
Tomoyuki Kuwaki1

Abstract  
In the central nervous system, the A6 noradrenaline (NA) and the B3 serotonin (5-HT) cell groups are well-recognized players in the 
descending antinociceptive system, while other NA/5-HT cell groups are not well characterized. A5/A7 NA and B2 5-HT cells project to the 
spinal horn and form descending pathways. We recorded G-CaMP6 green fluorescence signal intensities in the A5/A7 NA and the B2 5-HT 
cell groups of awake mice in response to acute tail pinch stimuli, acute heat stimuli, and in the context of a non-noxious control test, using 
fiber photometry with a calcium imaging system. We first introduced G-CaMP6 in the A5/A7 NA or B2 5-HT neuronal soma, using transgenic 
mice carrying the tetracycline-controlled transactivator transgene under the control of either a dopamine β-hydroxylase or a tryptophan 
hydroxylase-2 promoters and by the site-specific injection of adeno-associated virus (AAV-TetO(3G)-G-CaMP6). After confirming the specific 
expression patterns of G-CaMP6, we recorded G-CaMP6 green fluorescence signals in these sites in awake mice in response to acute 
nociceptive stimuli. G-CaMP6 fluorescence intensity in the A5, A7, and B2 cell groups was rapidly increased in response to acute nociceptive 
stimuli and soon after, it returned to baseline fluorescence intensity. This was not observed in the non-noxious control test. The results 
indicate that acute nociceptive stimuli rapidly increase the activities of A5/A7 NA or B2 5-HT neurons but the non-noxious stimuli do not. The 
present study suggests that A5/A7 NA or B2 5-HT neurons play important roles in nociceptive processing in the central nervous system. We 
suggest that A5/A7/B2 neurons may be new therapeutic targets. All performed procedures were approved by the Institutional Animal Use 
Committee of Kagoshima University (MD17105) on February 22, 2018.
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Introduction 
Pain symptoms frequently present in various mental and 
physical disorders and are sometimes difficult to treat 
(Makris et al., 2014). The role of monoaminergic signaling in 
nociceptive processing in the central nervous system (CNS) 
is well known. Part of the pain management system is the 
descending antinociceptive system (DAS) (Melzack and Wall 
1965; Costa et al., 2019), whose main pathways are the 
noradrenergic (NAergic) locus coeruleus (A6)–spinal horn 

circuit and serotonergic (5-HTergic) periaqueductal grey–
rostral ventromedial medulla (B3)–spinal horn circuit (Yakch 
et al., 1981; Hirschberg et al, 2017). In the CNS, the subsets of 
noradrenaline (NA) cells are classified into groups A1–A7 from 
the caudal to the rostral direction (Dahlstrom and Fuxe, 1964; 
Pertovaara, 2006). The A6 NA cell group is a well-recognized 
player in the DAS (Yaksh et al., 1981), while other NA cell 
groups are not well characterized. However, a few studies 
have reported that A5 and A7 NA cell groups were implicated 
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in the regulation of antinociception (Nuseir and Proudfit, 
2000; Mravec et al., 2012). The A5 cell group is located in the 
ventrolateral part of the pons and the A7 cell group is located 
in the lateral part of the pons (Proudfit and Clark, 1991). The 
A5/A7 and A6 NA cells mainly project into the superficial spinal 
horn (Proudfit and Clark, 1991). The 5-HTergic and NAergic 
systems have extensive innervations in the CNS; the subsets 
of serotonin (5-HT, 5-hydroxytryptamine) cells are classified 
as groups B1–B9 from the caudal to the rostral direction 
(Dahlstrom and Fuxe, 1964). Although the B3 5-HT group is a 
known player in the DAS, the other 5-HT cell groups have not 
been studied sufficiently well (Jacobs and Azmitia, 1992). The 
B2 (nucleus raphe obscurus) 5-HT cell group is located in the 
ventral part of the medullary reticulum (Jacobs et al., 2002). 
Unlike the B3 group, the B2 group mainly projects into the 
spinal intermediolateral cell column (IML) (Allen and Cechetto, 
1994; Benarroch, 2014) and spinal ventral horn (Saruhashi 
et al., 1996). The B2 group regulates the autonomic (Allen 
and Cechetto, 1994; Benarroch, 2014) and motor function 
(Saruhashi et al., 1996; Benarroch, 2014). Few studies have 
assessed the contribution of the B2 group in regulating 
nociceptive processing. Recently, it has been reported that 
the activities of A6 NA neurons and B3 5-HT neurons in awake 
mice are rapidly increased in response to acute nociceptive 
stimuli measured using a fiber photometry system (Moriya et 
al., 2019). In this study, we have chosen the A5/A7 and B2 cell 
groups to explore the role of monoaminergic signaling in DAS. 
Fiber photometry with a calcium (Ca2+) imaging system is an 
advanced tool for evaluating nociceptive signaling; this was 
demonstrated in a recent study focused on B9 5-HT (Moriya 
et al., 2020a) and A13 dopamine (DA) neurons (Moriya et al., 
2020b). Therefore, we assessed the activities of A5/A7 NA and 
B2 5-HT neurons in response to acute nociceptive stimuli. 
 
Materials and Methods 
Animals
We used transgenic mice carrying tetracycline-controlled 
transactivator transgene (tTA) under the control of a dopamine 
β-hydroxylase (DBH) (24.0 ± 1.0 g, n = 12) or a tryptophan 
hydroxylase-2 (TPH2) promoters (23.8 ± 1.1 g, n = 6) (DBH-tTA 
mice or TPH2-tTA mice, respectively, from Research Institute 
of Environmental Medicine, Nagoya University, Nagoya, Japan) 
(Moriya et al., 2018, 2019, 2020a) (Figure 1A); 10–14-week-
old male mice were used in this experiment). Rearing was 
carried out in standard conditions, with lights on at 7:00 a.m. 
and off at 7:00 p.m., a temperature of 24 ± 1°C, and food 
and water available ad libitum. We made efforts to minimize 
animal suffering and reduce the number of animals used. 
All experimental procedures were performed following the 
National Institute of Health Guide for the Care and Use of 
Laboratory Animals and approved by the Institutional Animal 
Use Committee of Kagoshima University (MD17105) on 
February 22, 2018. 

Stereotaxic adeno-associated virus injection
Adeno-associated virus (AAV) vectors were produced 
using the AAV Helper-Free system (Agilent Technologies, 
Inc., Santa Clara, CA, USA) and purified as described 
previously (Inutsuka et al., 2016). AAV-TetO(3G)-G-CaMP6 
(Serotype: DJ; 0.3 μL/injection, 4 × 1013 copies/mL) and 
AAV-Tet(3G)-mCherry (Serotype: DJ; 0.3 μL/injection,  
6 × 1012 copies/mL) were produced using the Tet system 
(Figure 1B). The specific sequences of AAV vectors are 
provided (Additional file 1). We slowly siphoned AAV into a 
glass micropipette (1B150F-3, World Precision Instruments, 
Inc., Sarasota, FL, USA) connected to an injection manipulator 
(I-200J, Narishige, Tokyo, Japan) linked to a nitrogen pressure 
source through a polyethylene tubing. Under the influence 
of 2–3% of isoflurane (Pfizer Inc., New York, NY, USA) as the 
inhalation anesthetic, the mice were fixed with a stereotaxic 
instrument (ST-7, Narishige) with the help of a supportive ear 

bar (EB-6, Narishige). To minimize suffering, the surfaces of 
their ears were covered with a local anesthetic jelly (lidocaine, 
2% xylocaine [Fujifilm Wako Pure Chemical Inc., Osaka, Japan]) 
and both eyes were preserved with Vaseline. Head hair was 
shaved using an electric shaver and the cranial dura mater 
was cut open with small scissors. We chose target coordinates 
according to Paxinos and Flanklin’s the Mouse Brain in 
Stereotaxic Coordinates, Fifth Edition (Paxinos and Franklin, 
2019). AAV was unilaterally injected into the target sites (A5: 
bregma –5.52 mm, lateral +1.4 mm, and ventral –5.30 mm 
from the cranium; A7: bregma –4.96 mm, lateral +1.88 mm, 
and ventral –3.10 mm from the surface of the brain; B2: 
bregma –7.56 mm and ventral –3.93 mm from the cranium) 
(Figure 1C) and the glass microtube was left in the sites for 
10 minutes before being withdrawn. Postoperative antibiotic 
administration was carried out by subcutaneous injection 
(penicillin G: 40,000 U/kg) to prevent postoperative infections. 
After operation, the mice were maintained at standard rearing 
conditions (as described above) for 14 days to recover from 
the surgery and to allow the G-CaMP6/mCherry fluorescent 
protein to be fully expressed before the experimental sessions.

Immunohistochemistry
After the experiment, we performed immunohistochemistry to 
confirm the AAV-induced site-specific expression of G-CaMP6 
and mCherry in mice. We perfused the mice transcardially 
with 20 mL of phosphate-buffered saline (PBS) and 20 mL 
of 4% paraformaldehyde solution under anesthesia with 
urethane (1.6 g/kg, i.p.). The brain was removed, fixed with 4% 
paraformaldehyde, and soaked in 30% w/v of sucrose in PBS 
for 2 days. We created a series of 30 µm slices, including the 
target sites with a cryostat (Cryotome FSE, Thermo Scientific, 
Yokohama, Japan), and immersed the sections in PBS for 24 
hours at 4°C. Every third section was used for analysis. We 
washed the sections with PBS three times and incubated them 
with primary antibodies overnight at 4°C. We diluted the primary 
antibodies in blocking buffer at the following concentrations: A5/
A7: rabbit anti-tyrosine hydroxylase (TH) (AB152, EMD Millipore 
Corp., Temecula, CA, USA), 1:500; B2: sheep anti-TPH antibody 
(AB1541, EMD Millipore Corp.), 1:1000. The next day, we 
washed the sections with PBS three times and incubated them 
with secondary antibodies at room temperature for 2 hours. 
We diluted the secondary antibodies in PBS at the following 
concentrations: A5/A7: CF647 donkey anti-rabbit (20047, 
Biotium Inc., Fremont, CA, USA), 1:200; B2: CF647 donkey 
anti-sheep (20284, Biotium Inc.), 1:200. Next, we washed the 
sections with PBS once, mounted them on microscope slides 
(PRO-02, Matsunami, Osaka, Japan), and covered them with 
a micro cover glass (C024601, Matsunami). We observed the 
sections under a fluorescence microscope (BZ-X700, Keyence, 
Osaka, Japan) and created images using the Adobe Photoshop 
CC software (Adobe Systems Inc., San Jose, CA, USA).

In vivo fiber photometry system
In this study, we used the same fiber photometry system with 
two channels that was used in previous studies (Moriya et al., 
2018, 2019, 2020a, b). The scheme of the fiber photometry 
system is illustrated in Figure 2A. In brief, a high-power LED 
driver (LEDD1B/M470F3, Thorlabs Inc., Newton, NJ, USA) 
generated an excitation blue light (470 nm) or yellow light (590 
nm) of power 0.1 mW at the tip of the silica fiber; the blue or 
yellow light passed the excitation bandpass filter (passband—
blue light: 475 ± 12.5 nm; yellow light: 590 ± 12.5 nm), was 
reflected by a dichroic mirror-1, and joined the single silica 
fiber (diameter: 400 µm; numerical aperture: 0.6). The blue/
yellow light emitted from the tip of the silica fiber reflected 
the G-CaMP6/mCherry fluorescent proteins; the reflected 
green/red fluorescence signals were detected and transmitted 
to the same tube. The signals passed the dichroic mirror-1, 
were reflected by dichroic mirror-2, and passed the bandpass 
emission filter (passband—green: 510 ± 12.5 nm; red: 607 ± 
12.5 nm). Finally, the signals were guided to a photomultiplier 
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tube (PMTH-S1-1P28, Zolix Instruments, Beijing, China). The 
signals were digitized by an A/D converter (PowerLab8/35, AD 
Instruments Inc., Dunedin, New Zealand) and recorded with 
the LabChart version-7 software (AD Instruments Inc.). 

Experimental protocol 
In this study, we divided the experimental mice into three 
groups: A5, A7, and B2 groups. Fourteen days prior to 
recording, AAV was unilaterally injected into the A5/A7 regions 
in DBH-tTA mice and B2 region in TPH2-tTA mice (Figure 1C). 
Each mouse was individually maintained in standard breeding 
conditions for 14 days after the operation. In this study, we 
recorded the G-CaMP6/mCherry green/red fluorescence 
intensities of A5/A7 NA and B2 5-HT neuronal cell bodies in 
response to acute nociceptive stimuli. 

We carried out the recording according to the following 
procedure. Each mouse was anesthetized using 2–3% 
isoflurane using a vaporizer and fixed with a stereotaxic 
instrument (ST-7, Narishige) using a supportive ear bar (EB-
6, Narishige). Surfaces of the ears were smeared with a local 
anesthetic jelly (lidocaine, 2% xylocaine) to minimize suffering. 
We then carried out the silica fiber implantation operation. 
The silica fiber was placed just above the A5 site (bregma 
–5.52 mm, lateral +1.4 mm, and ventral –5.30 mm from the 
cranium), A7 site (bregma –4.96 mm, lateral +1.88 mm, and 
ventral –3.10 mm from the surface of the brain), and B2 site 
(bregma –7.56 mm and ventral –3.93 mm from the cranium). 
The coordinates were confirmed according to Paxinos and 
Flanklin’s the Mouse Brain in Stereotaxic Coordinates, Fifth 
edition (Paxinos and Franklin, 2019). We implanted the 
silica fiber slowly while monitoring the fluorescence signal 
intensity; the fluorescence intensity was increased rapidly 
when the optical position approached the target sites (Figure 
2B). After implantation, we stopped administering anesthesia. 
We waited for 2 hours after ceasing anesthesia for the 
first stimulus when the possible effects of anesthesia were 
reduced. To reduce any possible effects of a previous stimulus, 
we set the inter-stimulus interval to 30 minutes; the order of 
stimuli was as follows: first was the low heat stimulus (25°C), 
second gentle touch, third the heat stimulus (55°C), and last 
the pinch stimulus (Figure 2C). We used the pinch meter (PM-
201, Soshin-Medic, Chiba, Japan) for the tail pinch stimulus 
and attached the apparatus to the root of the tail for three 
seconds with a force of 400 × g. We also used a heating probe 
(5R7-570, Oven Industries, Inc., Mechanicsburg, PA, USA), 
for the heat stimulus, set at 55°C, and attached the probe 
to the root of the tail for three seconds. For non-noxious 
control stimuli, we used the same heat probe for the low heat 
stimulus and a cotton stick for the gentle touch; these stimuli 
were attached to the root of the tail for three seconds.

We defined the neuronal activity characteristic index as 
follows: F—the averaged fluorescence signal intensity value 
measured for three seconds just before each stimulus and 
defined as 100%; ΔF: the maximum fluorescence signal 
intensity value during each stimulus, F; onset latency: the 
time from the start of the stimulus to the time when the 
fluorescence signal intensity exceeded the maximum value 
during the baseline period; peak latency: the time from the 
start of the stimulus to the maximum peak signal intensity.

Statistical analysis
Statistical analyses were conducted using a two-way analysis 
of variance (ANOVA) with Sidak’s test for post hoc analyses. 
The two factors influencing ΔF/F were the mode (mechanical 
vs. thermal) and intensity (nociceptive vs. control) of the 
stimulus. The two factors influencing onset/peak latency were 
mode of the stimulus (pinch vs. heat) and target sites (A5 vs. 
A7 vs. B2). Data values were expressed as means ± standard 
errors of the mean (SEM). Probability values of P < 0.05 were 
considered statically significant. Analyses were performed 
using GraphPad Prism version 7 (GraphPad software, San 
Diego, CA, USA).

Results
Expression patterns of AAV-induced G-CaMP6/mCherry
The specific expression patterns of G-CaMP6/mCherry were 
confirmed in the A5/A7 NA (Figure 3A and B) and B2 5-HT 
neuronal soma (Figure 3C). G-CaMP6/mCherry-positive 
neurons were rarely observed outside the A5, A7, and B2 
areas. TH-positive cells were found in the A5 and A7 areas. A 
large proportion of them expressed G-CaMP6 (A5 area: 90.6%, 
A7 area: 90.9%; n = 6, each; Figure 3D and E). All G-CaMP6 
positive cells expressed mCherry, and a large proportion of 
them expressed TH (A5 area: 97.0%, A7 area: 85.7%; Figure 
3D and E). TPH-positive cells were found in the B2 area. A 
large proportion of them expressed G-CaMP6 (91.8%; n = 6; 
Figure 3F), and all G-CaMP6-positive cells expressed mCherry, 
while 94.3% expressed TPH (Figure 3F). Therefore, green/red 
fluorescence was confirmed to be derived from specific A5/
A7/B2 sites. 

Effects of acute nociceptive stimuli on G-CaMP6/mCherry 
fluorescence intensity
We histologically confirmed that the fiber was properly 
positioned (Additional Figure 1).  G-CaMP6/mCherry 
fluorescence intensity was abruptly increased when the optical 
position was just above the target sites (Figure 2C). Figure 4 
shows the averaged traces of G-CaMP6/mCherry fluorescence 
intensities in response to acute nociceptive stimuli or a non-
noxious control test (n = 6, each). ANOVA revealed that the 
G-CaMP6 fluorescence intensity was significantly different 
across different stimulus intensities (A5 group: pinch vs. touch: 
F(1, 5) = 36.84, P = 0.0018, heat vs. low heat: F(1, 5) = 24.28, P = 
0.0044; A7 group: pinch vs. touch: F(1, 5) = 12.36, P = 0.0170, 
heat vs low heat: F(1, 5) = 11.48, P = 0.0195; B2 group: pinch 
vs touch: F(1, 5) = 50.10, P = 0.0009, heat vs. low heat: F(1, 5) = 
23.81, P = 0.0046; Figure 5A). ANOVA revealed no significant 
differences in onset/peak latency values across stimulus 
intensities (onset latency: pinch vs. touch: F(2, 10) = 0.3465, P 
= 0.7153; heat vs low heat: F(2, 10) = 0.1266, P = 0.8825; peak 
latency: pinch vs. touch: F(2, 10) = 0.4141, P = 0.6718; heat vs. 
low heat: F(2, 10) = 0.1148, P = 0.8927). ANOVA revealed that 
the mCherry fluorescence intensity was not significantly 
different across stimulus intensities (A5 group: pinch vs. touch: 
F(1, 5) = 0.3742, P = 0.5675, heat vs. low heat: F(1, 5) = 1.0350, P = 
0.3557; A7 group: pinch vs. touch: F(1, 5) = 0.3585, P = 0.5755, 
heat vs. low heat: F(1, 5) = 0.0225, P = 0.8867; B2 group: pinch 
vs. touch: F(1, 5) = 0.0014, P = 0.9719, heat vs. low heat: F(1, 5) = 
0.3598, P = 0.5747).

The fluctuation in fluorescence intensity during the baseline 
period was as follows: G-CaMP6: A5 group (0.67 ± 0.14%), A7 
group (0.68 ± 0.15%), and B2 group (0.62 ± 0.14%); mCherry: 
A5 group (0.74 ± 0.11%), A7 group (0.53 ± 0.12%), and B2 
group (0.51 ± 0.11%). The G-CaMP6 fluorescence intensity in 
all the groups was rapidly increased in response to an acute 
nociceptive stimuli but not to a non-noxious control test (ΔF/F  
values: A5 group: pinch/touch = 7.98 ± 1.07/0.91 ± 0.12, P 
< 0.001, heat/low heat = 7.22 ± 1.41/0.98 ± 0.22, P < 0.001; 
A7 group: pinch/touch = 8.20 ± 2.16/ 0.68 ± 0.22, P = 0.0018, 
heat/low heat = 6.63 ± 1.84/0.71 ± 0.19, P = 0.014; B2 group: 
pinch/touch = 7.97 ± 0.89/0.70 ± 0.19, P < 0.001, heat/low 
heat = 9.00 ± 1.56/0.74 ± 0.27, P < 0.001, n = 6, by Sidak’s 
test; Figure 5A). The mCherry fluorescence intensity in all the 
groups did not significantly change in response to stimuli (ΔF/F  
values: A5 group: pinch/gentle = 0.59 ± 0.13/0.70 ± 0.11, 
heat/low heat = 0.70 ± 0.13/0.89 ± 0.10; A7 group: pinch/
gentle = 0.79 ± 0.26/0.61 ± 0.19, heat/low heat = 0.52 ± 
0.11/0.51 ± 0.16; B2 group: pinch/gentle = 0.62 ± 0.13/0.61 ± 
0.16, heat/low heat = 0.76 ± 0.12/0.63 ± 0.18, n = 6, by Sidak’s 
test; Figure 5A). The response patterns to a tail pinch and 
heat stimuli were not significantly different between the three 
groups; this was shown by the statistical results of onset and 
peak latencies (P > 0.05, by Sidak’s test; Figure 5B and C). 
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Figure 1 ｜ NA or 5-HT neuron-specific expression patterns of G-CaMP6 or 
mCherry fluorescent proteins adopting the Tet system. 
(A) Genetic scheme of DBH-tTA or TPH-tTA mice, carrying tTA under the 
control of DBH-tTA or TPH2 promoter, respectively. (B) G-CaMP6 and 
mCherry fluorescent proteins are expressed using the tTA/TetO system. (C) 
AAV injection into the target sites (A5, A7, and B2). 5-HT: Serotonin; AAV: 
adeno-associated virus; DBH: dopamine β-hydroxylase; NA: noradrenaline; 
Tet: tetracycline; TPH: tryptophan hydroxylase; tTA: tetracycline-controlled 
transactivator transgene.

C

A B

Figure 2 ｜ Experimental procedures. 
(A) Schematic representation of the fiber photometry system with two 
channels. (B) Monitoring of the fluorescence signal intensity. It is confirmed 
that the fluorescence intensity increases rapidly when the optical position 
approaches the target sites. (C) Recording procedure. Each of the four stimuli 
are delivered once to each mouse. We set the inter-stimulus interval to 30 
minutes to reduce any possible effects of previous stimuli. 
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Figure 3 ｜ Expression of AAV-induced G-CaMP6/mCherry. 
(A–C) Specific expression patterns of G-CaMP6 (green)/mCherry (red) confirmed in A5/A7 NA neuronal soma (white arrowheads) (A, B) and B2 5-HT neuronal 
soma (white arrowheads) (C). TH-positive cells (purple) found in the A5 and A7 areas (A, B). TPH-positive cells (purple) found in the B2 area (C). Scale bars: 
100 µm. (D, E) A large proportion of TH-positive cells expressed G-CaMP6 (A5 area: 90.6%, A7 area: 90.9%; n = 6, each). All G-CaMP6-positive cells expressed 
mCherry and a large proportion of them expressed TH (A5 area: 97.0%, A7 area: 85.7%). (F) A large proportion of TPH-positive cells expressed G-CaMP6 (91.8%; 
n = 6). All G-CaMP6 positive cells expressed mCherry and 94.3% expressed TPH. 5-HT: Serotonin; AAV: adeno-associated virus; NA: noradrenaline; TH: tyrosine 
hydroxylase; TPH: tryptophan hydroxylase. 
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Figure 4 ｜ Averaged traces 
of G-CaMP6/mCherry (green/
red) fluorescence intensity in 
response to stimuli.  
(A, B) Acute nociceptive stimuli or 
(C, D) a non-noxious control (n = 
6, each). G-CaMP6 fluorescence 
intensity in A5/A7 groups and 
B2 group is rapidly increased in 
response to acute nociceptive 
stimuli but not to non-noxious 
control stimuli. Short scale bar: 1 
second; long scale bar: 3 seconds.
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Discussion
Our findings clearly demonstrated that the activities of A5/
A7 NA or B2 5-HT neurons were rapidly increased by acute 
nociceptive stimuli but not by a non-noxious control test. 
As mentioned earlier, A5 NA neurons are located in the 
ventrolateral pons and A7 NA neurons are located in the 
lateral part of the pons, with A5/A7 NA neurons projecting into 
the spinal cord and forming a part of the pontospinal NAergic 
system (Proudfit and Clark, 1991). The neuronal population 
of the NAergic DAS comprised of about 80% A6, 12% A5, and 
8% A7 neurons (Howorth et al., 2009). A few studies have 
demonstrated that A5 NA neurons appeared to be chemically 
induced during pain (Tavares et al., 1997; Marques-Lopes 
et al., 2010). Martins et al. (2015) reported that pCREB 
expression was significantly increased in the A5 site of the 
spinal nerve injury in animals. Another study reported that the 
A5-spinal pathway increased noxious-evoked c-Fos expression 
(Tavares and Lima, 2002). These findings are consistent with 
our data.

A few studies have also reported that the chemical (Yeomans 
et al., 1992; Jeong et al., 2012; Wei and Pertovaara, 2013) 
or electrical (Yeomans and Proudfit, 1992) stimulation of A7 
NA neurons regulates nociceptive processing. Some studies 
have assessed the physiological state of A7 NA cells. To the 
best of our knowledge, our study is the first study to assess 
the activities of A5/A7 NA neuronal soma in response to 
nociceptive stimuli using an electrophysiological method 
(a fiber photometry system). Our results clearly show a 
momentary reaction of A5/A7 and lay forth a new perspective 
concerning DAS.

Regarding the onset latency/peak latency, A5/A7 NA neurons 
did not show any significant differences, meaning that the 
response patterns of A5/A7 NA neurons did not depend on the 
type of stimuli. In a previous study, it was shown that acute 
nociceptive stimuli rapidly increased the activity of A6 NA 
neurons in awake mice in real-time conditions measured using 
a fiber photometry system (Moriya et al., 2019). In this study, 
the onset latency/peak latency values in the A6 site were as 
follows: pinch group, 0.4 ± 0.2/1.9 ± 0.3, heat group, 0.7 ± 
0.1/3.5 ± 0.7. Our data suggest that A5/A6/A7 NA neurons 
nearly simultaneously react to acute nociceptive stimuli. In 
the future, studies comparing these characteristics in the 
same experimental system will be of interest. In addition, 
the LC-spinal NAergic system (A6 related) and pontospinal 
system (A5/A7 related) may work nearly simultaneously in 
response to acute nociceptive processing. Wei and Pertovaara 
(2013) reported that the A7 NA neurons affected the A6 NA 
neurons by projecting their neuronal axons to the A6 area 
and regulating pain sensitivity. Taking these findings into 
consideration, our data suggest that the A7-spinal NAergic 
pathway, A6-spinal NAergic pathway, and A7-A6 NAergic 

pathway might influence each other. Studies investigating 
these possibilities will be needed in the future. 

The role of B2 5-HT neurons in nociceptive processing is poorly 
understood. As mentioned in the Introduction, B2 5-HT neurons 
hardly project into the spinal dorsal horn, mainly targeting the 
IML nucleus (Allen and Cechetto, 1994; Benarroch, 2014) or 
the spinal ventral horn (Saruhashi et al., 1996), but regulate 
the autonomic (Allen and Cechetto 1994; Benarroch, 2014) 
or motor function (Benarroch, 2014). To the best of our 
knowledge, our study is the first to assess the activities of 
B2 5-HT neurons using an electrophysiological method. Our 
data clearly showed that B2 5-HT neurons were implicated 
in nociceptive processing. The IML and spinal ventral horn, 
like B2, are not well understood in the context of nociceptive 
processing. In addition to DAS, the B2-IML/spinal 5-HTergic 
pathway may be implicated in nociceptive processing. Studies 
assessing this will be of interest in the future. 

In a previous study, it was confirmed that the activities 
of B3 5-HT neurons were rapidly increased in response 
to acute nociceptive stimuli (Moriya et al., 2019). Some 
electrophysiological studies have mentioned the activation of 
B3 5-HT neurons in response to nociceptive stimuli (Gautier 
et al, 2017). As with A5/A7, B2 did not show significant 
differences in onset latency/peak latency, meaning that the 
response patterns of B2 5-HT neurons did not depend on 
the type of stimuli. In our previous paper, onset latency/
peak latency values in B3 were as follows: pinch group, 0.5 
± 0.1/2.4 ± 0.5; heat group, 1.8 ± 1.0/5.2 ± 1.8) (Moriya et 
al., 2019). It may be because the B2/B3 5-HT neurons nearly 
simultaneously react to acute nociceptive stimuli. Future 
studies assessing this issue will be of interest. Our present 
results provide new evidence on descending 5-HTergic 
nociceptive processing.

In this study, we used a fiber photometry system using 
G-CaMP6/mCherry proteins as intracellular calcium ion 
indicators. This calcium imaging system enables a high 
temporal resolution and is not affected by time lag and 
metabolism; thus, it differs from other electrophysiological 
and chemical methods. Therefore, our results are robust in 
that they are the product of momentary and non-medicated 
data. We chose acute pain over slow pain because we 
considered it important to appraise momentary fluctuation 
while using a fiber photometry system. In this study, we 
did not study responses to slow pain using the formalin or 
carrageenan test, or the complete Freund’s adjuvant model. 
However, in the future, studies that compare the responses to 
acute and slow pain are of interest.

Especially in the case of mental disorders, the pathogenetic 
mechanisms underlying the onset of pain are sometimes 
unclear. In psychiatry, pain symptoms present in the form of 

Figure 5 ｜ Effects of acute nociceptive stimuli 
or a non-noxious control on G-CaMP6/mCherry 
fluorescence signals.
(A) G-CaMP6 fluorescence intensity in all groups is 
rapidly increased in response to acute nociceptive 
stimuli but not to a non-noxious control. (B) The 
response patterns to a tail pinch and heat stimuli are 
not significantly different between different groups, 
as indicated by the statistical results of the onset and 
peak latency values. Data are expressed as values 
of the mean ± SEM and analyzed using a two-way 
analysis of variance with the Sidak’s test (n = 6, each). 

A

B C

Tail pinch

Heat Tail pinch Tail pinch

Heat 

Heat 

20

15

10

5

0

Δ
F/

F 
(%

 )
20

15

10

5

0

Δ
F/

F 
(%

 )

2

1

0

O
ns

et
 la

te
nc

y 
(s

)

2

1

0

O
ns

et
 la

te
nc

y 
(s

)

3

2

1

0
P

ea
k 

la
te

nc
y 

(s
)

3

2

1

0

P
ea

k 
la

te
nc

y 
(s

)

  A5       A7       B2   A5       A7       B2   A5       A7       B2   A5       A7       B2

  A5                      A7                      B2

  Touch   Pinch   Touch   Pinch   Touch   Pinch

  A5                      A7                      B2

25°C     55°C 25°C     55°C 25°C      55°C

P < 0.001 P < 0.001P = 0.0018 P < 0.014P < 0.001 P < 0.001



886  ｜NEURAL REGENERATION RESEARCH｜Vol 17｜No. 4｜April 2022

neuropathic pain (Attal and Bouhassira, 2019), somatoform 
pain disorder (Maggio et al, 2020), major depressive disorder 
(Gebhardt et al., 2016), and sleep-related disorder (Morin et 
al., 2015). The monoaminergic system in the CNS is thought 
to be involved in the etiology of these diseases (Nardone et 
al., 2015; Llorca et al., 2016). In psychiatric clinical medicine, 
antidepressants are frequently prescribed for pain symptoms, 
with serotonin noradrenaline reuptake inhibitors (SNRIs) 
used most frequently. SNRIs mainly act on the synapses of NA 
neurons in the CNS and take at least a few weeks to improve 
symptoms (Mitsi and Zaxhariou, 2016). Some studies have 
suggested that SNRIs inhibit the transmission of nociceptive 
information (Attal, 2012; Lelic et al, 2016). In theory, a few 
weeks after starting to take SNRIs, the amount of NA in A5–
A7 synapses is increased. This may affect the activities of A5/
A7 NA neurons. Besides SNRIs, selective serotonin reuptake 
inhibitors (SSRIs) or tricyclic antidepressants are also frequently 
prescribed. SSRIs mainly act on the synapses of 5-HT neurons 
in the CNS and affect the amount of 5-HT, which may in turn 
affect the activities of B1/B2 5-HT neurons. We suggest that 
A5/A7/B2 neurons may represent new therapeutic targets.

There are some limitations to this study. We did not use 
SNRI/SSRI drugs and therefore did not assess how these 
drugs affected the activities of A5/A7 NA neurons or B2 5-HT 
neurons. We focused on pontine nuclei originating in the brain 
stem but not on the target areas to which they project. In the 
future, the simultaneous measurement of neuronal activities 
in nuclear origins and spinal cord will be of interest. In 
addition, we used acute nociceptive stimuli rather than slow 
nociceptive stimuli. In the future, studies using chronic stimuli 
will be needed. 

In conclusion, acute nociceptive stimuli rapidly increased 
the activities of A5/A7 NA or B2 5-HT neurons. This suggests 
that A5/A7 NA or B2 5-HT neurons play important roles in 
nociceptive processing in the CNS. 
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Additional Figure 1 Confirmation of fiber implantation.12
The silica fiber (dotted rectangles in blue) located just above the A5, A7, and B2 areas (dotted ovals) that express13
G-CaMP6 (arrowheads). Scale bars: 300 µm.14
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