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Hypothalamic Neuropeptides in the 
Autonomic Innervation of Gingiva and Lip

Abstract
Background: Ample evidence indicates that the descending pathways from the 
hypothalamus play a role in the autonomic regulation of the lower gingiva and lip. 
Our goal was to identify the neurochemical nature of the hypothalamic neurons 
giving origin of these multisynaptic descending pathways and additionally to 
characterize the lower members of these pathways. 

Methodology: Retrogradely spreading Green Fluorescence Protein (GFP) 
labeled virus was injected into the lower gingiva or lip of Wistar rats. Intact and 
sympathectomized rats were included in the experiment. Virus labeling was looked 
for in frozen sections of the hypothalamus, brainstem, upper thoracic spinal cord, 
superior cervical, otic and submandibular ganglia. 

Results: In intact and sympathectomized rats, labeled neurons of the hypothalamic 
paraventricular nucleus showed oxytocin, vasopressin, but not Cholecystokinin 
(CCK) and Corticotropic hormone Releasing Hormone (CRH) immunoreactivities. In 
the perifornical region the virus labeled neurons showed orexin immunoreactivitiy. 
In intact and sympathectomized rats the members of the descending pathway 
were further characterized. In sympathectomized rats the labeling was missing 
from the locus ceruleus, the ventrolateral medulla, the raphe nuclei, the spinal 
cord, but labeling further existed in the gigantocellular, the salivatory nuclei and 
the hypothalamus suggesting their parasympathetic nature. 

Conclusion: Our paper demonstrates for the first time that oxytocin, vasopressin 
and orexin, but not CCK and CRH, immunoreactive hypothalamic neurons may 
influence both sympathetic and parasympathetic responses of the lower gingiva 
and lip. These are common command neurons. We also summarized the data 
step-by-step on the chemical characteristics of the lower part of the descending 
pathway. 
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Introduction
The transneuronal virus labeling is a suitable method to trace 
neural pathways which innervate peripheral target organs. It was 
found two decades ago that the pseudorabies virus could only be 
transported by neurons. After replication in a neuronal cell body, 
the virus can enter the next member of the neuronal chain and is 
able to demonstrate neuronal [1].

It is well known that the postganglionic parasympathetic fibers 
innervating the gingiva (G) or lip (L) tend to join the sensory 
or motor nerves [2]. In the human G the nerve fibers contain 
calcitonin Gene-Related Peptide (CGRP), Substance-P (SP), 
Vasoactive Intestinal Peptide (VIP) and Neuropeptide-Y (NPY). 
The presence of NPY and VIP fibers occasionally observed around 
blood vessels of the G suggests that they are autonomic in nature 
[3]. Another research group demonstrated noradrenergic fibers in 
the lamina propria and in the wall of the vessels [4]. Horseradish 
Peroxidase/Wheat Germ Agglutinin (HRP/WGA) administration 
into the molar gland and the lower lip-gingiva of cat showed 
retrogradely labeled neurons in the Otic Ganglion (OG), Superior 
Cervical Ganglion (SCG) and mandibular subdivision of the 
Trigeminal Ganglion (TriG) [5]. This observation suggests that 
the nerve fibers found in the gingiva and lip derive from these 
sources. It was also demonstrated that the mucous membrane of 
the human lip contains fibers immunoreactive for VIP, SP, NPY and 
Nitric Oxide Synthase (NOS) [6]. Lohinai et al. [7] described NOS 
immunoreactive fibers in cat and dog gingivae.

Numerous data accumulated in the literature on the location 
of neurons in the central nervous system which are involved 
in the autonomic innervation of many viscera including the 
suprarenal gland the ovary, the kidney, the colon, the penis, the 
prostate gland and the perineal muscles, the urinary bladder, 
the salivary and mammary glands [8-20]. As it was predicted 
by Strack et al. [21], who injected a retrograde pseudorabies 
virus into various sympathetic ganglia and the adrenal gland of 
rats, the premotor sympathetic neurons are generally found in 
several cell groups that regulate the entire sympathetic outflow: 
the hypothalamic Paraventricular Nucleus (PVN), perifornical 
region (Pf), A5 noradrenergic cell group, caudal raphe region, 
rostral Ventrolateral Medulla (VLM), the Locus Ceruleus (LC) 
and the Barrington's nucleus. Additionally, local interneurons 
in laminae VII and X of the spinal cord are also involved in the 
neuronal chain innervating the preganglionic neurons in the 
Intermediolateral cell group (IML). They also showed that the 
retrograde transneuronal viral labeling method could be used 
simultaneously with either neuropeptide or neurotransmitter 
synthetic enzyme immunohistochemistry.

Only a few data are available in the literature on the neuropeptides, 
located in the hypothalamic PVN and Pf, and on those involved in 
the regulation of the autonomic responses of peripheral organs. 
We observed that a retrograde spreading trans-synaptic virus 
injected in the mammary gland appeared in the PVN and the Pf. 
A subpopulation of the virus labeled cells in the PVN contained 
Oxytocin (OT) [20].

The major goal of this present study was to examine the 
chemical nature of the neurons, located in the PVN and Pf 

sending autonomic information through the brainstem and the 
spinal cord to the lower G and L. The lower members of the 
descending pathway were also characterized. We have used 
transneuronal retrograde tracing technique and neuropeptide 
immunohistochemistry. We carried out OT, Vasopressin (VP), 
Cholecystokinin (CCK) and Corticotropic hormone Releasing 
Hormone (CRH) immunostaining in the hypothalamic sections 
containing PVN. The presence of virus labeling in the Pf suggested 
that the virus labeling might also be present in Orexin (ORX) 
immunoreactive cells which were discovered about two decades 
ago [22-24]. 

In a part of the animals sympathectomy was carried out. This 
intervention gave us the possibility to investigate separately the 
retrograde projection of the parasympathetic innervation of 
the lower G and L. The reason why we examined these animal 
groups was because studies demonstrated neurons in PVN 
that are common command neurons of both sympathetic and 
parasympathetic regulation of the submandibular gland.

Materials and Method
Animals
Adult Wistar female rats (3-4 month old) were used for the 
experiments. The animals were kept in a light/dark cycle (lights 
on at 5:00 and lights off at 19:00) and temperature controlled 
vivarium (22 ± 2°C). The treatment of the animals was in 
accordance with the rules of the “European convention for the 
protection of vertebrate animals used for experimental and 
other scientific purposes”, Strasbourg, 1986 and The Hungarian 
Government Directive 243/98. Our protocol was approved by 
the Local Animal Care and Use Committee (Permission No: 
22.1/1158/3/2010). 

Preparing and injection of the virus
The same genetically modified Pseudorabies Virus (PRV) strain 
termed memGreen-PRV was used for the experiments as in 
our previous paper [25]. The construction of memGreen-PRV 
was previously described [25-27]. The virus expressed Green 
Fluorescence Protein (GFP) and the presence of virus was easily 
discovered using fluorescence microscope. The concentration 
of the virus was 8 × 108/mL plaque forming units. The spreading 
speed of the virus in a retrograde direction was 1,5 mm/h. Under 
general anesthesia (chloralhydrate 35 mg/100 gr bw), with the 
use of 10 µL Hamilton syringe, 4 µL of virus containing buffer was 
injected into the lower G or L and 6 µL into those receiving virus 
both G+L. The small amount of solution remained in loco in the 
G or the L [27]. The needle was left inside the structures for one 
minute to prevent the leakage of the solution. All nerve fibers in 
the infiltrated area could pick the virus up. The appearance of 
virus in the TriG indicated the successful spreading of the virus.

Sympathectomy
Prior to the virus inoculation (2-4 days), SCG was removed 
from both sides. Animals exhibiting ptosis and myosis (signs of 
sympathectomy) were used for the inoculation. The success 
of sympathectomy was also confirmed by the abscence of GFP 
labeling in the IML. In this animal group we could separately 
examine the parasympathetic neuronal chain.
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Preparing tissues for investigation
Six groups were included in the experiment. Numbers indicate 
the animals which survived. 

Group 1. 5 intact rats recieved virus in the lower G

Group 2. 5 intact rats recieved virus in the lower L

Group 3. 4 intact rats received virus into both G+L

Group 4. 3 sympathectomized rats received virus in the lower G

Group 5. 3 sympathectomized rats received virus in the lower L

Group 6. 2 sympathectomized rats received virus in the lower G+L

The animals were sacrificed 96 h after inoculation. We had to 
use this survival period leaving enough time for replication of 
the small amount of virus. The animals were anesthetized by 
chloral hydrate (35 mg/100 gr bw), the animals were perfused 
with potassium phosphate buffer (KPB) (0.1 M, pH 7.4) containing 
4% paraformaldehyde (Merck, Darmstadt, Germany) through the 
ascending aorta. The components of the buffer were purchased 
from Sigma-Aldrich (St. Louis, MO). The Submandibular Ganglion 
(SMG), SCG, upper thoracic part of the spinal cord was removed. 
Then the head was placed in the stereotaxic instrument, the 
skull was opened and the brain was transected 1.6 mm behind 
the bregma according to the Stereotaxic Atlas [28]. Then the 
brain behind the cut, TriG and OG were removed. The tissues 
were postfixed overnight, then from the forebrain only the 
hypothalamus was further processed. All tissues were washed 
in 0,1 M KPB and placed in sucrose solution (15%) (Reanal, 
Budapest, Hungary), then were embedded in Cryomatrix 
(Thermo Shandon, Pittsburg, PA). 20 µm thick sections were cut 
on cryostat (Cryotome, Thermo Shandon, Pittsburg, PA). The virus 
labeling (presence of GFP) was mapped and photographs were 
recorded by a multi-photon confocal microscope (Radiance 2100 
Rainbow Multiphoton Imaging System, Bio-Rad Laboratories, 
USA, coupled to an Eclipse E800 microscope, Nikon, USA) using 
a Zen 2012 software. 

Double labeling immunohistochemistry
One of the four series of the hypothalamic sections was stained 
for OT-neurophysin (OT-N), VP-neurophysin (VP-N), CCK, CRH or 
ORX immunoreactivity. After washing, the slides were treated 
with 1% Triton X-100 (Reanal) for better penetration of the 
antibody. OT-N and VP-N antisera were raised in mouse and 
characterized by Ben-Barak et al. [29] and were obtained as a 
kind gift from Dr. Gainer (NIH). Both were applied in a dilution 
of 1:200. CCK was raised in rabbit and characterized by Ciofi and 
Tramu [30]. CRH was purchased from Penninsula (San Carlos, CA, 
USA) and used in 1:500 dilutions. ORX antiserum was raised in 
goat, and purchased from Santa Cruz Biotechnology, Inc. (Santa 
Cruz, CA, USA) and used in 1:500 dilutions. Sections of the 
brainstem exhibiting GFP labeling were stained for Dopamine 
β-Hydroxylase (DBH) (indicating the presence of noradrenaline), 
Vesicular Acethylcholine Transporter (VAChT), Somatostatin 
(SS), Serotonin (SER), Leu-Enkephalin (L-ENK), OT-N or ORX 
immunoreactivity. The upper three segments of the spinal cord 
were stained for VAChT, DBH, OT-N, VP-N, L-ENK, CRH and ORX 
immunoreactivities. Sections of the SCG were stained for DBH, 

NPY, VAChT or VIP immunoreactivity. OG and SMG were stained 
for VAChT, NPY, DBH or VIP immunoreactivity. VIP, SS, NPY, L-ENK 
and SER antisera were raised in rabbit by Görcs and characterized 
by Gulyás et al. [31] (VIP, SS), Borostyánkoi et al. (NPY) [32], Lopez 
Costa et al. [33] (L-ENK, SER) and used in a dilution of 1:500. 
VAChT antiserum was raised in guinea pig and purchased from 
EMD Millipore (Temecula, CA). It was used in a dilution of 1:500. 
In every case we used biotinylated second antibodies. In each 
case the final reaction product of immunostaining was visualized 
by streptavidin Cy3 conjugate (Sigma-Aldrich, St. Louis, MO).

Evaluation of the number of virus labeled neurons 
in the hypothalamus 
From the hypothalamus, starting at P1, 6 mm behind the bregma, 
4 parallel series of 20 µm thick frontal sections were prepared. 
In every series we had 16 sections (one from every 100 µm thick 
tissue). The sections were mounted on gelatinized slides. In 4-8 
sections of the first series containing PVN and 12-16 sections 
containing Pf the number of virus labeled cells were counted. 
These ten sections were immunostained.

Evaluation of the number of virus labeled neurons 
containing OT-N and VP-N in the PVN and ORX in 
the Pf
When the double labeling was completed the number of double 
labeled cells was also counted.

Specificity tests
The neurotropic spreading and exclusively retrograde 
transportation of our virus strain were previously tested [25]. 
In the case of inoculation of the animals through the external 
jugular vein did not result labeling in the TriG. This indicates the 
exclusively neurotropic spreading. Inoculation of G and L resulted 
in labeling in the pseudounipolar neurons of the TriG but not in 
the second order neurons. This fact clearly shows that the virus 
could not spread in an anterograde manner. Two specificity 
tests were carried out by: 1) omitting the primary or secondary 
antibodies prevented the immunostaining, 2) positive control 
staining with the antibodies. Occurrence of OT-N, VP-N and CCK 
immunoreactivities in the hypothalamic PVN is well known for 
thirty-fourty years and ORX in the Pf for seventeen years [24, 30, 
34-36]. The presence of neuropeptides and neurotransmitter 
synthetizing enzymes in other investigated organs including OG, 
SMG, IML 37, 20, SCG, LC, rVLM, RPa, Gi, ISN, PVN and PF are also 
well established [20, 22, 37-42].

Results
 Virus labeling
When the virus was injected into the G or L of both intact and 
sympathectomized rats labeling always appeared in the TriG. This 
signal indicated the successful spreading of the virus as it was 
previously demonstrated [25].

Groups 1, 2 and 3. In intact animals labeling was always observed 
in the ipsilateral structures belonging to the peripheral autonomic 
nervous system: in the SCG (Figure 1J, 1M, 1P and 1T), the OG 
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(Figure 2A, 2D and 2G) of the animals of Group 1 and additionally 
in the SMG (Figure 2M, 2P, 2T and 2Z) of the animals of Group 2 
and 3. Labeling was also seen in the ipsilateral IML of the three 
upper segments of the spinal cord (Figure 1D), the LC (Figure 
3A), the ventral part of the Gigantocellular Reticular Nucleus (Gi) 
(Figure 3J) which arches above the pyramid, salivatory nuclei, the 
rostral VLM (rVLM) (Figure 3D), the PVN (Figure 4A, 4D and 4G) 
and the Pf (Figure 1J) as it was described in our previous paper 
[25]. In the hypothalamus the Pf and the PVN were labeled at 
both right and left sides. In the PVN the labeled cells were present 
mainly in the magnocellular but labeled cells also occurred in 
the periventricular parvocellular subdivision. In the Pf the virus 
labeled cells arched above the fornix and on the medial side. 

Groups 4, 5 and 6. Only those sympathectomized rats were 
further examined where the labeling was missing in the IML. 
In the brainstem of these latter groups the labeling was only 
observed in the salivatory nuclei and the Gi. In the hypothalamus 
it was present in the PVN and the Pf, but the number of virus 
labeled cells was less than in intact rats. In sympathectomized 
animals the labeling further existed in the OG of the animals and 
additionally in the SMG of the animals of Groups 5 and 6. 

Double labeling
The description of the descending autonomic pathways starts 
from the premotor third order hypothalamic neurons downwards 
to the periphery. 

Third order (premotor) neurons in the hypothalamic nuclei: In 
the hypothalamic PVN of intact rats about half of the GFP labeled 
cells showed OT-N (Figures 4A-4C) or VP-N immunoreactivity 
(Figures 4D-4F). We have found only one virus labeled cell 
which also showed CRH immunoreactivity (Figures 4G-4I). The 
double labeled cell is showed by the insert in Figure 4I. CCK 
immunoreactivity did not colocalize with virus labeling (Figure 
4M). In the Pf, the majority of virus labeled cells exhibited 
ORX immunoreactivity (Figures 4J-4L). Figures 4N and 4O 
schematically illustrate the localization of the virus labeled cells 
in the PVN and Pf.

Quantitative analysis of the distribution of virus labeled neurons 
and those containing OT-N and VP-N in the PVN and ORX in the 
Pf (Group 3): The number of the virus labeled cells was evaluated 
in the PVN and Pf at ipsi- and contralateral sides (Figures 5A-5C). 
Their number did not differ significantly from each other at the 
two sides of the PVN and Pf. Counting the cells revealed that 
about half of the virus labeled cells found in the PVN synthetized 
OT or VP (Figure 5D). Nearly all virus labeled cells in the Pf (Figure 
5D) showed ORX immunoreactivity.

Third order (premotor) neurons in the brainstem (Groups 1-3, 
intact rats): In the LC and the rVLM the virus labeled neurons 
exhibited DBH immunoreactivity (Figures 3A-3F, respectively) 
and received ORX fibers (not shown). In the raphe pallidus (RPa) 
(Figures 3G- 3I) and in the raphe magnus (RMg) (not shown) the 
virus labeled cells were SER immunoreactive. OT-N fibers entered 
the VLM, but not the LC (not shown).

Second order (preganglionic) parasympathetic neurons in the 
brainstem of sympathectomized rats (Groups 4-6): The virus 

labeled Gi neurons arching above the pyramid did not exhibit 
DBH (Figures 3J-3L), L-ENK (Figures 3M-3O), SER, SS and VAChT 
immunoreactivities (not shown). However, in the neighborhood 
of virus labeled cells many fibers, immunoreactive for the 
above-mentioned transmitters and peptides, were observed 
(not shown). The Gi neurons are common command neurons 
for both sympathetic and parasympathetic outflows, as we 
demonstrated previously [25]. Second order neurons of the 
parasympathetic pathway located in the salivatory nuclei were 
studied in sympathectomized rats. The neurons in these nuclei 
were immunopositive for VAChT (Figures 3P-3S). Virus labeled 
cells rarely showed colocalization with DBH immunoreactivity as 
well (Figures 3T-3V). 

Second order (preganglionic) sympathetic neurons (Groups 
1-3, intact rats): In the IML of the upper three segments of the 
spinal cord the preganglionic virus containing cell bodies were 
desintegrated in many cases; however, when the cells were intact 
we found colocalization with VAChT immunoreactivity (Figures 
1A-1C). The IML, where the virus labeling was always intensive in 
intact rats (Figure 1D), received many noradrenergic (Figure 1E), 
less oxytocinergic (Figure 1F), a few vasopressinergic (Figure 1G), 
enkephalinergic (Figure 1H), but not CRH immunoreactive fibers; 
however, the posterior horn showed dense CRH fiber labeling 
indicating that the antibody staining was successful (not shown). 
Orexin fibers were very sparse in the IML (Figure 1I).

First order (postganglionic) sympathetic neurons (Groups 1-3, 
intact rats): In the SCG many virus labeled cells were found. All 
virus labeled postganglionic cells contained DBH (Figures 1J-1L), 
and many of them, but not all contained NPY immunoreactivity 
(Figures 1M-1O). Some VAChT immunoreactive cells were also 
seen in the SCG. We have not found colocalization between 
the virus labeling and VAChT immunoreactivity; however, many 
VAChT immunoreactive fibers surrounded the virus labeled 
cells (Figures 1P-1S). Very rarely a few VIP cells were found 
and there was colocalization between virus labeling and VIP 
immunoreactivity as well (Figures 1T-1V). 

First order (postganglionic) parasympathetic neurons (Groups 
1-3 intact and Groups 4-6 sympathectomized rats): In the OG, 
some virus labeled cells was found. All labeled cells showed 
VAChT immunoreactivity (Figures 2A-2C) and about half of them 
were NPY immunoreactive (Figures 2D-2F). Many cells were 
DBH immunoreactive and nearly all viruses labeled cells showed 
colocalization with this immunoreactivity (Figures 2G-2I). VIP 
immunoreactive cells were also observed in the OG and the virus 
labeled cells partially colocalized with this immunoreactivity 
(Figures 2J-2L). 

In the SMG the virus labeling also appeared. The virus labeled 
cells showed VAChT (Figures 2M-2O), NPY (Figures 2P-2S), DBH 
(Figures 2T-2V) and VIP immunoreactivities (Figures 2Y and 2Z). 

Discussion
In our previous paper besides the demonstration of the descending 
autonomic pathway to the lower G and L we clearly demonstrated 
that not only the L but the G also received both sympathetic and 
parasympathetic innervation [25]. The parasympathetic fibers of 
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Figure 1 Microphotographs demonstrating colocalization between the virus labeling and neurotransmitter or neuropeptide immunoreactivities 
in the IML of the upper thoracic spinal cord (A-I) and the SCG (J-V). The slides are derived from the animals belonging to Group 3 
(intact rats). In the IML the virus labeled cells also exhibited VAChT immunoreactivity (A-C). D shows virus labeling with a small 
magnification, E-I show DBH, OT-N, VP-N, L-ENK or ORX immunoreactive fiber labeling in the IML. In SCG nearly all virus labeled 
cells exhibited DBH immunoreactivity (J-L). All NPY immunoreactive cells contained virus labeling (M-O). A limited number of VAChT 
immunoreactive cells occurred in the SCG. These cells did not show virus labeling (P-S). Similarly a very few VIP cells were observed. 
And these cells contained virus (T-V). Arrows in same position indicate virus labeled cells which also show the given immunoreactivity 
(A-C, J-O and T-V), arrow in D demonstrates virus labeled cells and fibers, arrowheads indicate immunoreactive fibers in E-I. In 
R and S asterisks show VAChT immunoreactive cells which did not contain virus. Abbreviations: DBH: Dopamine β-Hydroxylase; 
Gm: Grey matter; IML: Intermediolateral cell column; L-ENK: Leu-Enkephalin; NPY: Neuropeptide-Y; ORX: Orexin; OT-N: Oxytocin 
Neurophysin; SCG: Superior Cervical Ganglion; VAChT: Vesicular Acetylcholine Transporter; VIP: Vasoactive Intestinal Polypeptide; 
VP-N: Vasopressin-N; WM: White Matter. Scale: 30 μm in J-V; 50 μm in A-C; 200 μm in D and 250 μm in E-I.
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Figure 2 Microphotographs show colocalization between virus labeling and neurotransmitter or neuropeptide immunoreactivities in the OG 
(A-L) and the SMG (M-Y). The slides derive from the animals belonging to Group 3 (intact rats G+L). In OG virus labeling colocalized 
with VAChT (A-C), NPY (D-F), DBH (G-I) and VIP (J-L) immunoreactivities. In the SMG virus labeling also colocalized with all the 
four immunoreactivities (M-Y). Arrows in same position indicate virus labeled cells which also show the given immunoreactivity 
Abbreviation: DBH: Dopamine β-Hydroxylase; NPY: Neuropeptide-Y; OG: Otic Ganglion; SMG: Submandibular Ganglion; VAChT: 
Vesicular Acetylcholine Transporter; VIP: Vasoactive Intestinal Polypeptide. Scale: 75 μm in A-L and P-Y; 60 μm in M-O.
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Figure 3 Microphotographs illustrate co-localization between virus labeling and neurotransmitter or neuropeptide immunoreactivity in the 
LC, rVLM, RPa, Gi and ISN. The photos in A-I derive from the animals belonging to Group 3 (intact rats G+L) and the photos in 
J-V derive from animals belonging to Group 6 (sympathectomized rats). In LC (A-C) and rVLM (D-F) virus labeled cells show DBH 
immunoreactivity. In the RPa (G-I) many virus labeled cells exhibited SER immunoreactivity. In Gi the virus labeled cells contained 
neither DBH (J-L) nor L-ENK (M-O) immunoreactivity. In ISN all virus labeled cells showed VAChT (P-S) and some cells showed 
DBH immunoreactivity (T-V). Arrows in the same position indicate virus labeled cells which also show the given immunoreactivity 
(A-I and P-V). Arrowheads show virus labeled cells which did not show the given immunoreactivity (J-O). Asterisks in G-I indicate 
the midline. All the other sections derive from the injection (ipsilateral) side. Abbreviations: 4V: fourth Ventricle; 7: facial nerve; 
DBH: Dopamine β-hydroxylase; Gi: ventral gigantocellular reticular nucleus; ISN: Inferior Salivatory Nucleus; LC: Locus Ceruleus; 
L-ENK: Leu-Enkephalin; py: pyramid; RPa: Raphe Pallidus; rVLM: rostral Ventrolateral Medulla; SER: Serotonin; VAChT: Vesicular 
Acetylcholine Transporter. Scale: 100 μm.
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Figure 4 : The diagram demonstrates the mean number of virus 
labeled cells in the hypothalamic PVN and Pf (A-C). There is no significant 
difference between the ipsi-(right) and contralateral (left) sides of the 
virus inoculation. There is no considerable difference between the three 
animal groups (G, L and G+L). D shows the percent of neuropeptide 
immunoreactive cells compared to the 100% of virus labeled cells in the 
given nucleus.

Figure 4 Microphotographs illustrate colocalization between virus labeling (GFP fluorescence) and neuropeptide immunoreactivities in the 
PVN and Pf. The photos derive from the animals belonging to Group 3 (intact G+L). In PVN many virus labeled cells exhibited OT-N (A-
C) and VP-N (D-F) immunoreactivities (see text). The virus labeled cells occasionally showed colocalization with CRH immunoreactivity 
(G-I). The virus labeling did not colocalize with CCK immunoreactivity (M). In Pf the major part of virus labeled cells showed ORX 
immunoreactivity (J-L). N and O schematically illustrate the localization of PVN (1.8 mm behind the bregma) and PF (2.5 mm behind 
the bregma) in the frontal sections of the hypothalamus. Asterisks indicate the localization of the GFP expressing neurons. Arrows in 
the same position show virus labeled cells which also show the given immunoreactivity. Abbreviations: AH: anterior hypothalamic 
area; ARC: Arcuate Nucleus; CCK: Cholecystokinin; CRH: Corticotropic Hormone Releasing Hormone; DM: Dorsomedial Nucleus; fx: 
fornix; mth: mammilothalamic tract; ORX: Orexin; OT-N: Oxytocin-Neurophysin; Pf: Perifornical region; PVN: Paraventricular Nucleus; 
Rch: Retrochiasmatic area; SO: Supraoptic nucleus; VM: Ventromedial Nucleus; VP-N: Vasopressin-Neurophysin; ZI: Zona Incerta; 
Scale: 100 in A-L and 50 μm in M.
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the lower G derive from the OG, and the parasympathetic fibers 
of the lower L derive from both OG and SMG. We traced the 
members of the descending sympathetic and parasympathetic 
pathways step-by-step using transneuronal retrograde spreading 
virus. Both sympathetic and parasympathetic premotor (third 
order) neurons were located in the hypothalamus and the 
brainstem. The second order neurons of the parasympathetic 
pathway may be present in the brainstem and the sympathetic 
neurons in the spinal cord. It was also revealed that the neurons 
of the Gi located above the pyramid are involved in both 
sympathetic and parasympathetic descending pathways.

In the present work we further investigated these pathways. In 
spite of the fact that using Phaseolus vulgaris tracing technique, 
demonstrated that mainly the parvocellular cells of the PVN 
project to the intermediolateral cell column of the spinal cord, 
observed virus labeling in the magnocellular subdivisions as 
well after virus inoculation of the submandibular gland [34, 43]. 
The PVN is devided into 3 magnocellular and 5 parvocellular 
subdivisions and in the present experiment the majority of the 
virus labeled cells were located in the lateral magnocellular 
subdivision [34, 44]. The number of virus labeled neurons in 
the PVN and Pf of animals where the virus was injected in the G 
(Group 1) or in the L (Group 2) was nearly the same (Figures 5A 
and 5B) as in those received virus in both places (Group 3, Figure 
5C). Whereas the number of virus labeled cells was much lower 
in sympathectomized rats (Groups 4-6).

In this present work we also showed that the hypothalamic 
premotor third order autonomic neurons located in the PVN 
use OT-N and VP-N (51% vs. 41% respectively), but not CCK and 

CRH. We have to consider that the virus injected animals did not 
receive colchicine, which is usually used to demonstrate CRH 
or CCK cell bodies in PVN. Because the colchicine prevents the 
axonal transportation we could not use this pretreatment. The 
virus labeled neurons located in the Pf use ORX (about 80%) 
for influencing autonomic responses of the lower G and L. It 
was demonstrated three years ago that a retrograde spreading 
virus injected in the mammary gland of lactating rats appeared 
in the PVN and the subpopulation of virus labeled neurons also 
showed OT-N immunoreactivity [20]. Geerling et al. [9] injected 
retrogradely transported virus in the suprarenal gland and the 
kidney. The labeling appeared in ORX immunoreactive neurons 
of the Pf. They supposed that the ORX neurons regulate general 
sympathetic functions. Our data suggest that other hypothalamic 
peptides such as OT and VP have similar general function. 

The fact that the mean number of GFP labeled cells is nearly the 
same in the animals receiving virus either in the G or the L, as in 
those receiving virus in both places at the same time suggests, 
that the same PVN neurons participate in the innervation of G 
and L through a multisynaptic descending pathway. The presence of 
OT-N, VP-N and ORX immunoreactive fibers was demonstrated in the 
IML of the spinal cord where the preganglionic sympathetic neurons 
are located [45-48]. Oxitocinergic, vasopressinergic and orexinergic 
fibers are also found in the brainstem [49, 50]. PVN neurons densely 
innervate the parasympathetic preganglionic neurons located in the 
SSN and less in the ISN and some fibers descend to IML which are 
involved in the transynaptic innervation of the G and L [25, 51, 52]. 

The amount of data concerning the chemical coding of the 
hypothalamic parasympathetic command neurons which is 

Figure 5 The diagram demonstrates the mean number of virus labeled cells in the hypothalamic PVN and Pf (A-C). There is no significant 
difference between the ipsi-(right) and contralateral (left) sides of the virus inoculation. There is no considerable difference between 
the three animal groups (G, L and G+L). D shows the percent of neuropeptide immunoreactive cells compared to the 100% of virus 
labeled cells in the given nucleus.
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Figure 6 Schematic drawing demonstrates the neuropeptides and neurotransmitters playing a role in the descending autonomic innervation 

of the lower G and L. Abbreviations: 7n: facial nerve; 9n: glossopharyngeal nerve; DBH: dopamine β-hydroxylase;   fx: fornix; Gi: 
Gigantocellular reticular nucleus; IML: Intermediolateral cell column; ISN: Inferior Salivatory Nucleus; LC: Locus ceruleus; L-ENK: 
Leu-Enkephalin; NPY: Neuropeptide-Y; OG: Otic Ganglion; ORX: Orexin; OT-N: Oxytocin; Ot: Optic tract; Pf: Perifornical area; PVN: 
Paraventricular Nucleus; Py: Pyramid; R: Raphe; Rch: Retrochiasmatic area; SCG: Superior Cervical Ganglion; SER: Serotonin; SMG: 
Submandibular Ganglion; SSN: Superior Salivatory Nucleus; VAChT: Vesicular Acetylcholine Transporter; VIP: Vasoactive Intestinal 
Polypeptide; rVLM: rostral Ventrolateral Medulla; VP-N: Vasopressin-N; WCR: White Communicating Ramus.

involved in the descending innervation of lower G and L is 
limited. A recent paper by Hettigoda et al. [43], who described 
the central neurons which were involved in both sympathetic and 
parasympathetic regulation of the submandibular gland, did not 
examine the chemical nature of these neurons. They hypothesized 
that whilst the peripheral sympathetic and parasympathetic 
pathways were separate, the distribution of premotor neurons in 
higher brain regions often overlapped.

Our study on the characterization of the members of the 
descending autonomic pathways to the G and L summarizes partially 
the data available in the literature and what we have found. Figure 6 
schematically illustrates the chemical coding of the entire length of 
the descending pathways. From PVN OT and VP fibers descend to the 
brainstem LC, VLM, ISN, SSN and GI. From LC and VLM noradrenergic 
fibers, and directly from PVN oxytocinergic and vasopressinergic 
fibers, descend to the IML. From the ISN, SSN cholinergic and from 
GI non-characterized fibers reach the otic ganglion, from the IML to 
the SCG also cholinerg fibers descend. In OG VAChT, VIP, NPY and 
DBH, in the SCG DBH, NPY and VIP immunoreactive neurons were 
found that may innervate G and L.

It was demonstrated that besides the well known neurotransmitter 

and neuropeptides the parasympathetic OG and SMG cell 
bodies also contain DBH which is a charateristic sympathetic 
neurotransmitter converting enzyme. Hoard and her co-workers [53] 
found that the half of the cholinergic neurons of human and primate 
intrinsic parasympathetic cardiac ganglia have a dual cholinergic/
noradrenergic phenotype. Another research group found DBH in the 
OG. They supposed that this enzyme is an embryological remnant 
and it has no functional significance [37]. The question arises 
whether it is true for the oral structures as well.
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