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Abstract

AlIM: To prove that neurons in the different structures of
the brainstem that express tyrosine hydroxylase (TH) are
involved in the transmission and modulation of visceral or
somatic nociceptive information in rat.

METHODS: Immunohistochemical double-staining method
was used to co-localize TH and Fos expression in neurons
of the rat brainstem in visceral or subcutaneous noxious
stimulation models.

RESULTS: Neurons co-expressing TH/Fos were observed
in lateral reticular nucleus (LRT), rostroventrolateral reticular
nucleus (RVL), solitary tract nucleus (SOL), locus coeruleus
(LC), A5, A7 neuronal groups and ventrolateral subdivision
of the periaqueductal gray (VIPAG) in both models. But the
proportion and number of the double-labeled neurons
responding to the two noxious stimuli were significantly
different in the LRT, RVL and LC nuclei. The proportion and
number of the TH/Fos double-labeled neurons in the visceral
pain model were smaller than that in the subcutaneous pain
model. However, in the case of SOL, they were similar in
the two models.

CONCLUSION: Differences of Fos expression in TH
immunoreactive neurons in animals after visceral and somatic
noxious stimulation indicate that the mechanisms of the
transmission and modulation of visceral nociceptive
information in the brainstem may be different from that of
somatic nociceptive information.
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INTRODUCTION
Tyrosine hydroxylase (TH) is a catecholamine (including

noradrenaline, adrenaline and dopamine) synthesis enzyme.
In the brainstem, except that substantianigra (SN) TH ismainly
involved in the locomotive modulation, TH immunoreactive
(TH-ir) neurons are mainly located in the lateral reticular
nucleus (LRT), rostroventrolateral reticular nucleus (RVL),
solitary tract nucleus (SOL), locus coeruleus (LC), A5, A7
neuronal groups and ventrolateral subdivision of the midbrain
periaqueductd gray (VIPAG). All theseregions, except for RVL
and SOL, are regarded as the origins of the descending
inhibitory system, which uses predominantly noradrenaline
(NA) and 5-hydroxytryptamine (5-HT) as neurotransmitterg® 2.
Morphological evidence has shown that these nuclei directly
or indirectly project to the superficial laminea of the spinal
and medullary dorsal hornsand SOL, forming intrinsic circuits
that modulate the visceral and peripheral nociceptive message
transmission', Electrophysiolgical results proved that NTS,
VLM, PBL, and vIPAG were involved in visceral message
transmission and modulation and electrical stimulation of
VIPAG depressed visceral message transmission®®, RVL is
mainly associated with cardiovascular regulation™ and projects
to spinal autonomic nucleit®, while SOL ismainly involved in
the visceral nociceptive message transmission, convergence
and cardiovascular reflection® 1,

c-fos proto-oncogene is expressed within the neurons
following voltage-gated calcium entry into the cell** 2, Fos
protein, which is encoded by c-fos, has been regarded as a
third messenger molecule which coupled the short term
extracellular signals with the long term alteration in cell
function after neurons were excited** 4. Mapping studies have
shown that noxious stimulation could induce Fos expression
in the central neuronal system and visceral organg*>?l. Thus,
Fosis usually used as a marker to indicate the activation of
neurons?,

Itiswell known that the brainstem noradrenergic (NAergic)
system playsan important rolein the process of antinociception
and that the mechanism of visceral noxious message
modulation is different from those of somatic noxious message
modulation'®!. It isreasonablefor usto proposethat thelocation
of Fosexpression, under the effects of different noxious stimuli
in the structures of brainstem, which express TH, could be
diverse. In order to prove this hypothesis, we studied the
expression pattern of Fosinduced by visceral or subcutaneous
noxious stimuli as well as the co-localization of Fosand TH
protein expression using an immunohistochemical double-
staining method.

MATERIALS AND METHODS

Materials

Experiments were carried out using 40 Sprague-Dawley male
rats (weighing 200-250 g). The ratswere kept in adark facility
for 24 hours before the experiment, and then randomly divided
into two experimental groupsand two control groups (for each
groups, n=10). All procedures described below were approved
by the Committee for Animal Care and Usage for Research
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and Education from the Fourth Military Medical University
(Xi’ an, P. R. China).

Methods

All rats were anesthetized by being placed into a transparent
glass container with methoxyflurane gas. After anesthesia, 2
mL of 100 mL/L formalin or 2 mL distilled water was perfused
into the oesophagus and stomach through a fine plastic tube,
or 0.1 mL of 100 mL/L formalin or 0.1 mL distilled water was
injected subcutaneously into the left forepaw in the rats of
experimental or control groups respectively. Then the animals
were put back into the cages and 2 hours later, all rats were
anesthetized with sodium pentobarbital intraperitoneally (60
mg/kg) were intracardially perfused with 100 mL of saline
followed by 500 mL of 4 % paraformaldehyde in 0.1 mol/L
phosphate buffer (PB, pH 7.4). The brainstems were
immediately removed, placed into the same fresh fixative for
4 hours (4 °C), and saturated with asolution of 300 g/L sucrose
in 0.1 mol/L PB (pH 7.4) overnight at 4 “C. Thirty-mm thick
serid frontal sectionswere cut on acryostat and serialy collected
into 5 dishes separately. Then all sections were washed with
0.01 mol/L phosphate-buffered saline (PBS, pH 7.4).

The first section was initially incubated overnight at room
temperature with rabbit antisera against Fos (1:1 000 dilution;
SantaCruz, USA) in 0.0l mol/L PBS containing 50 mL/L normal
horse serum, 3 g/L Triton X-100, 0.05 g/L NaN3 and 5 g/L
carrageenan (PBS-NHS). Secondly, the sectionswere incubated
with goat anti-rabbit 1gG (1:100 dilution; Capple, USA) in PBS-
NHS for 3 hours, and followed by rabbit peroxidase anti-
peroxidase (PAP) complex (1:200 dilution; Polysciences, USA)
inPBSfor | hour. Finaly, Fos-immunoreactive (Fos-ir) neurons
were visualized by incubated the sections with 0.05 mol/L Tris-
HCI buffer (pH 7.6) containing 0.4 g/L diaminobenzidine
tetrahydrochloride (DAB) (Dgjin, Japan), 0.03 mL/L H,O, and
0.4 g/L Ni(NH,),S0, for 30-40 minutes.

The second section was incubated at room temperature with
mouse antiseraagaingt TH (1:3 000 dilution; Chemicon, USA)
overnight, followed by biotinylated horse anti-mouse IgG (1:
100 dilution; Vector, USA) for 3 hours, and then with ABC
(avidin-biotin peroxidase complex) Elite kit (1:50 dilution;
Vector) for 1 hour. Finally, TH-immunoreactive (TH-ir)
neurons were visualized by incubated the sections with 0.05
mol/L Tris-HCI buffer (pH 7.6) containing 0.4 g/L DAB, 0.03
mL/L H,O, and 0.4 g/L Ni(NH,),SO, for 30-40 minutes.

The third section was incubated overnight at room
temperature with a mixture of rabbit anti-Fos and mouse anti-
TH, followed by goat anti-rabbit 1gG or biotinylated horse anti-
mouse |gG for 3 hours, and then with rabbit PAP for 1 hour.
The sectionswerefirstly reacted with 0.05 mol/L Tris-HCI buffer
(pH 7.6) containing 0.4 g/L DAB, 0.03 mL/L H,O, and 0.4 g/L
Ni(NH,).SO, for 30-40 minutesto intensify DAB-based reaction
to Fos-ir neurons. Then the reacted sections were washed three
timesin PBS for 30 minutes and incubated with ABC Elite kit
for | hour, and finally reacted in the same reaction solution
without Ni(NH,4),SO, for 30-40 minutesto detect TH-ir neurons
and TH/Fos double-labeled neurons. The number of TH-ir
neurons, Fos-ir neurons, and TH/Fos double-1abeled neurons
was counted from the sections from the third section of each rat.
Thedigtribution of the immunohistochemically stained neurons
in two animalsin each modd was charted with the aid of acamera
and one rat was used to represent each experimental group.

A mixture of normal rabbit serum and normal mouse serum
was used to replace rabbit anti-Fos and mouse anti- TH antisera
to incubate the fourth section. The subsequent staining
procedures were the same as those used for the third section.

All the sections were washed and mounted onto gelatin-
coated glass slides and examined with light microscope (BH-
2; Olympus, Japan).

The fifth section was mounted onto gelatin-coated slides
and processed for Nisd staining.

Statistical analysis

Values were expressed as x+s. Statistical differences between
means of TH/Fos double-labeled neurons were determined by
Student’ st test. The differencein proportion of TH/Fos double-
labeled neurons to Fos-ir neurons was analyzed by Crosstab’ s
test. A P<0.05 is considered to be significant.

RESULTS

On thefirst, second, and third sections from the experimental
groups, three kinds of immunocytochemically positive neurons
wereidentified in the nucle of the brainstem: Fos-ir neurons,
TH-ir neuronsand TH/Fos double-labeled neurons. The cellular
nucle of the Fos-ir neuronswere dark with oval or round shape,
leaving their cytoplasm unstained. In contrast to Fos-ir neurons,
TH-ir neurons showed brownish cytoplasm and dendrites with
unstained nuclei. Scattered among those Fos- and TH-ir
neurons, some neurons with dark nuclei and brownish
cytoplasm exhibiting the co-localization of Fosand TH in the
neurons were also observed.

On thefirst sections of experimental groups, Fos-ir neurons
were mainly located in the caudal subnucleus of the spinal
trigeminal nucleus (Sp5C), lateral reticular nucleus (LRT),
rostroventrolateral reticular nucleus (RVL), nucleus solitary
tract (SOL), nucleus raphe obscurus (ROb), nucleus raphe
palidus (RPa), paramedian raphe nucleus (PMN), lateral
paragigantocel lular nucleus (L PGi), aphapart of gigantoce lular
reticular nucleus (Gia), nucleus raphe magnus (NRM), locus
coeruleus (LC), parabrachial nuclear complex (PBNC), nucleus
raphe pontis (RPn), dorsal raphe nucleus (DR), ventrolateral
subregion of the midbrain periagueductal gray (VIPAG), and
median raphe nucleus (MnR) (Figure 1, 2). Fos-ir neuronsin
these nuclei of the subcutaneous noxious stimulation group was
somewhat more than that in the visceral noxious stimulation
group, but in the SOL, the number of the Fos-ir neuronsin both
visceral and subcutaneous noxious stimulations was similar
between the experiment groups (Table 1). On the sections of
the control groups, only afew Fos-ir neuronal cell bodies were
observed in the superficial part of the Sp5C or SOL.

Table 1 The number and distribution of the immunopositive
neurons in the brainstem

TH Fos TH/Fos
Nuclei
Visc Sub Visc Sub Visc  Sub
SOL 203+13 214+17 254431 99+7 6015 5415
LRT and RVL 4215 252+24 577 151+13* 31+4 90102
LC 328+26  330+25 42+6 103+12% 2643 72192

Data are shown as (x+s) 2P<0.05 Sub vs Visc. Visc: visceral nox-
ious stimulation; Sub: subcutaneous noxious stimulation; TH:
TH-ir neurons; Fos: Fos-ir neurons; TH/Fos: TH/Fos double-
labeled neurons.

On the second sections of both experimental and control
groups, the distribution of TH-ir neuronal cell bodies were
mainly in LRT, RVL, SOL, A4, A5, LC, A7, vIPAG and
substantia nigra (SN) (Figures 1 and 2). There was no
remarkable difference in the number and distribution of TH-ir
neurons between the experimental and control groups.

Immunohistochemical staining of the third sections from
experimental groups showed, except that TH-ir and Fos-ir
neurons were the same as that seen on the first and second
sections of the experimental groups, TH/Fos double-labeled
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neurons were mainly distributed in the LRT, RVL, SOL, A5,
LC, A7 and VIPAG in both visceral (Figures1, 3, 32, 3¢, 3¢,
3eand 3€' ) and subcutaneous (Figures 2, 3b, 3b’, 3d, 3d’, 3f
and 3f’ ) pain models. In LRT, RVL, A5, A7, LC, and VIPAG,
the proportion and number of TH/Fos double-labeled neurons
in visceral pain model were less than those in subcutaneous
pain model (Table 1). Itisinteresting to note that in the SOL,

TH/Fos double-labeled neurons in both visceral and
subcutaneous pain models were similar (Table 1). TH/Fos
double-labeled neurons, with medium to large (20-35 nm)
fusiform, oval, multipolar shaped neuronal cellular bodies,
were observed.

In the brainstem, there was no expression of Fos and/or
TH in the neurons from the fourth dish of both the groups.

Figure 1 Drawing of the brainstem areas showing the distribution of TH, Fos and TH/Fos immunoreactive neurons after visceral
noxious stimulation. EachBrepresents three TH-ir neurons. EachOrepresents five Fos-ir neurons. Each Arepresents one TH/Fos
double-labeled neuron. Abbreviations: 12: hypoglossal nuclei; 7n: facial nerve or its root; icp: inferior cerebellar peduncle; PAG:
the midbrain periaqueductal gray; Pn: pontine nuclei; py: pyramidal tract; pyx: pyramidal decussation; scp: superior cerebellar
peduncle; sol: solitary trace; SOL.: solitary trace nuclei; sp5: spinal trigeminal tract; Sp5: spinal trigeminal nuclei.

Figure 2 Drawing of the brainstem areas showing the distribution of TH (B), Fos (O) and TH/Fos (A) immunoreactive neurons
after subcutaneous noxious stimulation on the left forepaw. The ratios for each marker to present the number of TH, Fos and TH/
Fos immunoreactive neurons and the abbreviations are the same as Figure 1.
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Figure 3 Photomicrographs showing the distribution and morphological characteristics of TH-ir neurons (arrowheads), Fos-ir
neurons (arrows) and TH/Fos double-labeled neurons (double arrowheads) in SOL (a,a” and b, b”), RVL (¢c,c¢” and d,d”) and LC
(e,e”and f, ). a,a’, ¢, ¢’ and e, e” were taken from visceral noxious stimulating rats, while b, b”, d, d” and f, f* were taken from
subcutaneous noxious stimulating rats, respectively. a, b, ¢, d, e and f are lower magnification photomicrograph (original magni-
fication x100).a’,b”, ¢c”, d”, e” and f are higher magnification photomicrograph (original magnification x1 000) of the rectangle in a,
b, ¢, d, e and f, respectively. Abbreviations: 4V: the fourth ventricle. cc: central canal. LC: locus coeruleus. LRT: lateral reticular
nucleus. RVL: rostroventrolateral reticular nucleus. sol: solitary tract. SOL: solitary tract nucleus.
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DISCUSSION

TH is acritical enzyme for the synthesis of catecholamine.
NA is thought to be one of the two neurotransmittersin
descending inhibitory system, which can exert potent
superspinal control of nociceptive information via various
pathwayd?* 1, In the brainstem, the descending inhibitory
systemismainly composed of LRT, LC, VIPAG, rostral ventra
ventromedial medulla and its surrounding reticular nuclei and
other brainstem raphe nuclei®™. NA caninhibit either excitatory
transmitters (glutamate, substance P, etc.) released from
primary afferent terminals or the EPSCs produced by primary
afferent fibers via postsynaptic G-proteiniz 29, Intrathecal
injection of naloxone could reverse the NA-produced
antinociception at the spina level®), indicating theinvolvement
of endogenous opiate peptides in the antinociceptive effects
of theNA. LRT and LC including NAergic neurons project to
SOL and are thought to be involved in visceral nociceptive
message modulation and antinociception, which is proved by
the electrophysiolgical experimentd® 2%, These results suggest
that NA isan important neurotransmitter for the control of the
nociceptive transmission in the central nervoussystem. In RVL
and SOL, the neurons containing TH receive nociceptive
message and produce somatic-visceral or viscera-somatic
reflection” 1%, which do not belong to the descending inhibitory
system. There exist many diseaseswith pain in viscera organs,
and therapeutic methods for visceral pain are similar to those
for somatic paini®-%4, But it is not clear whether the neurons
containing NA play different rolesin different pain models. In
order to clarify the functional roles of the NAergic neuronsin
the visceral and somatic pain models, we observed the
expression pattern of both Fos and TH in which Fos protein
was used asamarker to indicate TH-ir neurons activation using
aimmunohistochemical double- staining method.

In the present study, we observed TH/Fos double-labeled
neuronsin the LRT, RVL, SOL, A5, LC, A7 and vIPAG and
then compared the distribution, number and proportion of TH-
ir neurons related to visceral and somatic noxious stimuli. Our
results suggested that visceral and subcutaneous nociceptive
inputs triggered similar TH immunoreactive in neuronsin the
brainstem, and indi cated that these nuclei in the brainstem were
involved in both visceral and subcutaneous nociceptive
message convergence and modulation. Our results also
indicated that the mechanismsinvolved could be different. As
we know neither the factors resulting in c-fos expression nor
the consequences of Fos protein expression, caution must be
taken in interpreting these data. It might not be the case that
all labeled neurons are nociceptive; on the other hand, the
absence of Fosin these neurons does not exclude that these
Neurons are nociceptive Since some noci ceptive neurons might
not be activated by the experimental conditions used.
Nevertheless, this method allows us to monitor the response
of alarge number of neuronsto noxious stimulation in awaken
animals, which complements to the electrophysiolgical tests
on anaesthetized animals.

It is accepted that anesthesiaiis effective in triggering Fos
expression in many brain regions, such as descending inhibitory
system, RVL and SOL. More Fos-ir neurons were found in
the experiment groups than those in the control groups. Based
on these phenomena, we suggest that in addition to anesthetic
effect, the noxious stimuli might be one of the inducing factors
of Fos expression.

In LRT and RVL, there were fewer TH/Fos double-labeled
neuronsin viscera pain mode than thosein subcutaneouspain
model. Both visceral and subcutaneous noxious stimuli can
induce Fos expression in TH-ir neurons of LRT and RVL,
indicating the occurrence of nociceptive neuronsin this area.
Asthisareaisknown to be crucid for vasomotor functiong? !,

and connected with SOLF®, NAergic neurons in this region
are probably involved in eliciting the neurovegetative reaction
induced by pain and producing somatic-visceral reflection.

Several evidences have suggested that the LC played a
significant role in the descending inhibitory systemi*4, TH/
Fos double-labeled neurons were observed in the LC in both
visceral and subcutaneous noxious stimuli models. This
indicates the induction of NAergic neuronal activation in the
LC in both models. The localization of these neuronsis
correspondent with the functional dataimplicating a role of
LC in antinociception®!, Therefore, we suggest that NAergic
neurons in the LC probably receive the visceral nociceptive
convergence and probably mediate the behavioral and
physiological characteristics of visceral pain as well. The
difference in the proportion and number of TH/Fos double-
labeled neurons in visceral and subcutaneous pain models
shows that NAergic neuronsin LRT, RVL and LC may be
mainly involved in somatic nociceptive message transmission
and modulation.

SOL, which receives most of the visceral primary
terminations from the majority of organs in the neck, chest
and abdomen, is closely related to visceral nociceptive message
transmission and convergence and pain-induced sensory-
cardiovascular reflectioni 437, Neurons in the SOL also
projected to lateral parabrachial nucleus (L PB)®. These results
provide anatomical evidence for physiological data, confirms
the involvement of this nucleus in nociceptive transmission.
In addition, our data proved that TH/Fos double-labeled
neurons were mainly located in the middle portion of SOL in
both models, but TH/Fos double-labeled neurons in the
subcutaneous nociceptive model were more rostral than those
in the visceral nociceptive model. These results indicate that
TH/Fos double-labeled neurons are distributed topographically
in two pain models and the mechanism that the NAergic
neuronsin SOL are involved in transmission and modulation
of nociceptiveinformation in visceral pain modelsis different
from that in subcutaneous pain models.
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