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Abstract

AIM: To determine whether medullary catecholaminergic neurons
expressing Fos induced by chemical stimulation of the stomach proj-
ect to the paraventricular nucleus of hypothalamus (PVH) in rats.

METHODS: Horseradish peroxidase (HRP) was introduced stereotax-
ically into the PVH of rats. Histochemical analysis of coronal sections
through the medulla were analyzed using triple-label immunohisto-
chemistry to identify cells that were retrogradely labeled with HRP,
Fos (ABC method), and tyrosin hydroxylase (TH) (PAP method).

RESULTS: Seven kinds of labeled neurons were found in the nucleus
tractus solitarii (NTS), the ventrolateral medulla (VLM) and the retic-
ular formation (RF) of the medulla: Fos-like immunoreactive (FosLI)
neurons, TH-like immunoreactive (TH-LI) neurons and HRP retro-
gradely single-labeled neurons, FosLI/HRP, FosLI/TH-LI and HRP/
TH-LI double-labeled neurons, and FosLI/HRP/TH-LI triple-labeled
neurons.

CONCLUSION: Ascending projections from the NTS, VLM and RF
to the PVH might be involved in the transmitting process of visceral
noxious stimulation.
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INTRODUCTION

It is well known that catecholaminergic medullary neurons are
mainly located in the Al and A2 regions of the brain stem, while a
few of them are distributed in the reticular formation (RF) between
Al and A2 regions?. It has been previously reported that only a
few neurons in nucleus tractus solitarii (NTS) sent projective fibers
to the paraventricular nucleus of hypothalamus (PVH)®™!; however,
recent studies have demonstrated that many neurons in the NTS
and ventrolateral medulla (VLM) send their axons directly to the
PVH™, with some of them originating from A1 and A2 regions'. The
paraventricular nucleus of hypothalamus (PVH) is an important part
of the hypothalamus, and hypothalamus is known to play an impor-
tant role in regulating visceral activities. Additionally, after injection
of formalin into the stomach, numerous Fos-like immunoreactive
(FosLI) neurons were detected within the central nervous system
of the rats, including the NTS, VLM and RFY.. Therefore, in this
study, we investigated whether the catecholaminergic neurons in
rat medulla projecting to the PVH responded to the gastrointestinal
noxious stimulation.

MATERIALS AND METHODS

Twelve male Sprague-Dawley rats, weighing 180-230 g, were used.
The rats were kept in a dark, warm and quiet facility for 36 h before
experiment. Then the rats were randomly divided into one experi-
mental group (n = 6) and three control groups (n = 2 for each

group).

Experimental group

The rats were anesthetized with sodium pentobarbital (40 mg/kg,
i.p.) and stereotaxically injected unilaterally with 0.1 uL of a 30%
solution of horseradish peroxidase (HRP) dissolved in 0.9% saline
into the PVH. Forty-eight hours later, the rats were anesthetized
again by placing the animals into a transparent glass box containing
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Figure 1 A: Horseradish peroxidase labeled neuron (open triangle), Tyrosin hydroxylase-
like immunoreactive neuron (arrow) and Fos-like immunoreactive/Tyrosin hydroxylase-like
immunoreactive double-labeled neuron (black triangle) in the ventrolateral medulla and
reticular formation of medulla, x 200; B: Tyrosin hydroxylase-like inmunoreactive neuron
(open triangle) and Horseradish peroxidase/Tyrosin hydroxylase-like immunoreactive
double-labeled neuron (arrow in the nucleus tractus solitarii of medulla, x 400; C: Fos-like
immunoreactive neuron (arrows) and Fos-like immunoreactive/Horseradish peroxidase
double-labeled neuron (open triangle) in the nucleus tractus solitarii of medulla, x 400.

methoxyflurane gas and then administered with 2 mL of 1% forma-
lin directly into the stomach through a plastic tube. Within 3-5 min
after the injection, the animals awoke. Two hours later, the rats were
re-anesthetized with an overdose of sodium pentobarbital, perfused
through the ascending aorta with 150 mL of 0.9% saline, followed
by 500 mL of a fixative containing 4% paraformaldehyde in 0.1 mol/
L phosphate buffer (PB, pH7.4), and 200 mL of 10% sucrose in PB.
The brains were removed and stored in 30% sucrose in 0.1 mol/L
PB overnight at 4 C. The brains were cut through the medulla into
coronal sections 40 um thick on a freezing microtome.

The sections were processed with a triple labeling technique!®.
For the histochemical demonstration of injected and transported
HRP, tetramethylbenzidine (TMB) was used as a chromogen and
sodium tungstate as a stabilizer. The HRP reaction products were
intensified with diaminobenzidine (DAB) and CoCl2. Then, the sec-
tions were used for immunohistochemical staining for Fos according
to the avidin biotin peroxidase complex (ABC) method. The sections
were successively incubated with sheep anti Fos protein antibody
(1:4000; Cambridge Biochemical Research, United Kingdom) for
48 h at 4 C, followed by biotinylated rabbit anti sheep IgG (1:300;
Vector) for 4 h at room temperature (RT) and finally streptavidin
HRP complex (1:300; Vector) for 1 h at RT. Then, the sections were
treated using the glucose oxidase DAB nickel method, the reactions
usually lasted between 30-50 min at RT.

Finally, the sections were washed in 0.01 M phosphate buffered
saline (PBS), and were then used for immunocytochemical staining
for tyrosine hydroxylase (TH) by the peroxidase anti peroxidase (PAP)
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method. The sections were successively incubated with a monoclonal
antibody against TH (1:300; Biochringer Mannbein Biochemical) for
48 h at 4 C, followed by goat anti mouse IgG (1:100; Sigma) and
finally @ mouse PAP complex (1:300; Sigma), each for 24 h at 4 C.
The sections were then treated with 0.05% DAB and 0.03% H20: in
0.05 mol/L Tris HCI buffer (pH7.6) for 10-20 min at RT.

Control groups

The control experiments (groups 1 to 3) were performed in six rats
as follows: Two rats were reared as described above without any
treatment; two rats were only anesthetized by methoxyflurane gas
without any formalin injected into the stomach and two received HRP
injection into the PVH without any additional treatment. After survival
for 36 h, 2 h and 48 h, respectively, the rats were anesthetized with
sodium pentobarbital (40 mg/kg, i.p.) and transcardially perfused as
described above. The sections obtained from these six control rats
were processed for immunohistochemical staining for Fos only.

Some of the sections obtained from the experimental rats were
selected for the primary antibody substitution test (control group 4),
in which the anti-Fos sera and monoclonal antibody against TH were
replaced by 0.01 mol/L PBS (1:50-100).

RESULTS

Experimental group

Under light microscope, seven kinds of labeled cells (i.e. HRP, TH-LI
and FosLI single-labeled neurons; hRP/TH-LI, FosLI/TH-LI and
FosLI/HRP double-labeled neurons; hRP/FosLI/TH-LI triple-labeled
neurons) were observed in the medulla.

HRP reaction products were seen as black punctate granules in
the cytoplasm (Figure 1A), while FosLI neurons appeared with a
dark, round or ovoid nuclei and exhibited no staining in the cyto-
plasm (Figure 1C and Figure 2A). The cytoplasm of TH-LI neurons
were homogeneously brown (Figure 1A, 1B and Figure 2B). Thus,
HRP/TH-LI double-labeled neurons were identified by the presence
of black punctate granules on a homogeneous brown background
(Figure 1B); FosLI/TH-LI double-labeled neurons were character-
ized by the presence of a dark nucleus with a homogeneous brown
cytoplasm (Figure 1A and 2A). Numerous black punctate granules
surrounding a dark nucleus were seen in FosLI/HRP double-labeled
neurons (Figure 1C). HRP/FosLI/TH-LI triple-labeled neurons con-
tained a dark nucleus and black punctate granules on homogeneous
brown background of the cytoplasm (Figure 2B). As the three differ-
ent reaction products were clear and definite, the differently labeled
neurons could easily be distinguished.

Retrogradely labeled HRP neurons were predominately observed
in the medulla ipsilateral to the HRP injection site. Most of them
were distributed in the NTS and VLM at the middle and caudal levels
of the medulla. Most HRP labeled cell bodies in the NTS and VLM
were fusiform or oval in shape, and medium or small in size with
a diameter ranging from 15 to 30 um. A few HRP labeled neurons
were scattered in the medulla reticular formation (RF) between the
NTS and VLM.

TH-LI neurons were mainly distributed in the A1 and A2 regions
at the middle and caudal levels of the medulla. TH-LI neurons in
NTS and VLM were fusiform or oval in shape and small or medium in
size with diameters ranging from 20 to 30 um. A few TH-LI neurons
were also found in the RF.

FosLI neurons were bilaterally distributed and were frequently
observed in the medial subnucleus (SolM) and commissural sub-
nucleus (SolC) of the NTS at the middle and caudal levels of the
medulla, although they were distributed throughout the entire rostro-
caudal extent of the medulla, and additionally in the VLM and RF.

The number of labeled neurons was counted in one rat (Table 1).
The total number of HRP labeled neurons was 162, while TH-LI neu-
rons was 263, and FosLI neurons was 1275 in the medulla. FosLI/
TH-LI double-labeled neurons (314) were most numerous among
all double-labeled neurons and constituted 14.4% (314/2185) of
the total population of labeled neurons. On the other hand, HRP/
TH-LI and FosLI/HRP double-labeled neurons were much less fre-
quent than FosLI/TH-LI double-labeled neurons, with 77 HRP/TH-LI
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Figure 2 A: Fos-like imimunoreactive neurons (open triangle) and Fos-like inmunoreactive/
Tyrosin hydroxylase-like immunoreactive double-labeled neuron (arrow) in the nucleus
tractus solitarii of medulla; B: Tyrosin hydroxylase-like immunoreactive (open triangle) and
Fos-like immunoreactive/Horseradish peroxidase/Tyrosin hydroxylase-like inmunoreactive
triple-labeled neuron (arrow) in the nucleus tractus solitarii of medulla, x 400.

Table 1 Number of seven kinds of labeled neurons in nucleus tractus

solitarii, ventrolateral medulla and reticular formation of the medulla in the
sections of a rat

HRP TH-LI FosLl HRP/ FosLl/ FosLI/ HRP/FosLl/ Total

TH-LI TH-LI HRP  TH-LI
NTS 119 153 937 41 77 28 33 1388
RF 11 32 204 7 19 6 2 281
VLM 32 78 134 29 218 9 16 516
Total (%) 162 263 1275 77 314 43 51 2185
(74) (120) (584) (35) (144) (20) 23) (100)

HRP: Horseradish peroxidase; TH-LI: Tyrosin hydroxylase-like immunoreactive; FosLI:
Fos-like immunoreactive; NTS: Nucleus tractus solitarii; VLM: ventrolateral medulla; RF:
Reticular formation.

neurons constituting 3.5% (77/2185) of the total labeled neurons.
FosLI/HRP double-labeled neurons only constituted 2.0% (43/2185)
of the total labeled neurons. HRP/FosLI/TH-LI triple-labeled neurons
only constituted 2.3% (51/2185) of all labeled neurons.

Control groups

Rats that did not receive either the formalin injection into the stom-
ach or the HRP injection (group 1) did not express any FosLI neu-
rons in the medulla.

Rats that did not receive a formalin injection into their stom-
achs, but did inhale the methoxyflurane gas anesthesia (group 2)
did express a minimal amount of FosLI neurons in the medial septal
nucleus and the PVH at 2 h after inhalation.

Rats subjected to HRP injection into the PVH and sacrificed 48 h
later (group 3) did not express FosLI neurons in the medulla.
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The sections that were used to verify the antibodies using the
substitution test (group 4) were negative, with neither FosLI nor
TH-LI detected in the medulla of these sections.

DISCUSSION

A previous study had demonstrated that after a tritiated amino acid
tracer was injected into the NTS of rats, the longest distance of the
labeled ascending fibers and terminals was observed at the level
of the pons'¥., A different study found that the injection of HRP into
the PVH led to a significant number of HRP labeled neurons in the
VLMP), Other more recent studies have confirmed that neurons in
the NTS and VLM send axons to the PVHP*®°!, Our results have
proved that the projection fibers to the PVH originated mainly from
the SolM and SolC and NTS and the VLM, with fewer projections
from RF at the middle and caudal segments of medulla. However,
the transmitters, modulaters and function of these projecting neu-
rons were not known. Phaseolus vulgaris leucoagglutinin (PHA-L)
anterograde tracing study has demonstrated that the neurons in the
Al and A2 regions project to the PVH!?!, In this study, we found that
FosLI neurons were observed within the NTS, VLM and RF of the rat
following gastrointestinal (visceral) noxious stimulation'”.

Our results show that 77% (1683/2185) of the total population
of labeled neurons in the NTS, VLM and RF responded to visceral
noxious stimulation, and were Fos positive. About 15% (333/2185)
of all seven kinds of labeled neurons in the NTS, VLM and RF sent
their axons to the PVH, about 5.9% of the neurons projected to the
PVH exhibited TH-LI, and some of these TH-LI neurons were Fos
positive. These results suggest that TH-LI neurons in the NTS, VLM
and RF might be involved in the transmission of nociceptive informa-
tion from the stomach to the PVH.
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