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Abstract

The present study investigated the distribution and chemical properties of nerve cell bodies 
within the trunk of the vagus nerve in juvenile female pigs (n=4) using double-labelling immuno-
fluorescence. The neurons appeared mostly as single cells or formed streaks of cells or small 
ganglia. Many of the perikarya were cholinergic (VAChT-positive; VAChT+) or adrenergic 
(DβH+) in nature and no SP+ or CGRP+ neurons were encountered. There were no distinct  
left-right differences regarding the number and chemical coding of the neuronal somata,  
however, these characteristics significantly varied between particular nerve segments investi- 
gated. The vagosympathetic trunks, and thoracic and abdominal segments of the vagus nerve  
contained on average (the numerical values represent the means for both the left and right corre-
sponding nerve segments) 142, 236, and 111 PGP 9.5-positive neurons, respectively. Proportions 
of cholinergic and adrenergic neurons were as follows: 0% and 100%, 54.2% and 33.2%,  
and 52.8% and 35.4%, respectively. Relatively many neurons in the thoracic and abdominal  
segments stained also for NOS (39.2% and 39.9%, respectively). It remains to be determined 
whether the porcine intravagal neurons represent a developmental relic, or whether they have any 
specific functional significance.
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Introduction

The literature in the field contains few papers  
reporting the presence of single neurons or micro- 
ganglia within the trunk and branches of the vagus 
nerve in some mammalian species including humans 
and pigs (Botar et al. 1950, Szteyn 1969, Matysek et al. 

2003). However, such essential information as that on 
the chemical coding of these nerve cells and its poten-
tial segmental variations is still unavailable. Therefore, 
the present study investigated the distribution and 
chemical properties of nerve cell bodies within the 
trunk of the vagus nerve in juvenile female pigs.
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Materials and Methods

The study was carried out on 4 juvenile female pigs 
of the Large White Polish race (12-15 kg of body 
weight). The animals were housed and treated in accor-
dance with the rules approved by the local Ethics Com-
mission. The pigs were pharmacologically euthanized 
with pentobarbital sodium overdose, transcardially  
perfused with buffered paraformaldehyde (pH 7.4),  
and both left and right vagosympathetic trunks as well 
as the complete thoracic and abdominal segments of the 
vagus nerve were collected. The cryostat, longitudinal 
sections of the nerves were processed for double-label-
ling immunofluorescence (for the method and controls 
of staining specificity, see Sienkiewicz et al. 2010)  
using antibodies (for details, see Kaleczyc et al. 2020) 
against protein gene product 9.5 (PGP 9.5; to visualize 
the nerve cell bodies), vesicular acetylcholine trans-
porter (VAChT), dopamine β-hydroxylase (DβH), sub-
stance P (SP), calcitonin gene-related peptide (CGRP) 
and nitric oxide synthase (NOS).

The sections labelled were viewed under Zeiss  
Axiophot microscope equipped with epi-fluorescence 
and an appropriate filter set. They were also investiga- 
ted and images were recorded with a Zeiss LSM 700 
confocal laser scanning microscope (Zeiss, Jena,  

Germany), using a 20 × 0.8 plan-apochromat objective 
lens and ZEN Software 2009. Channels were scanned 
consecutively to avoid cross-talk.

To determine percentages of the neuronal subpopu-
lations, at least 100 PGP 9.5-positive neuronal profiles 
for each combination of antisera were analysed in one 
animal. To avoid double-counting of the same neurons, 
appropriate distance (minimum 5 sections = 50 µm)  
between the sections was maintained. The number  
of immunolabelled profiles was calculated as a percent-
age of the immunoreactive neurons in relation to all 
PGP-9.5-positive perikarya counted.

Results and Discussion

The left and right vagus nerves contained many 
PGP 9.5-positive neurons (Fig. 1). They occurred  
as solitary nerve cell bodies or formed streaks of neu-
rons or small ganglia. The numerous perikarya were 
cholinergic (VAChT-positive; VAChT+) or adrenergic 
(DβH+) in nature and many neuronal somata stained  
for NOS but no SP+ or CGRP+ nerve cells were  
encountered (Fig. 2A-C). There were no distinct  
left-right differences regarding the number and chemi-
cal coding of the neurons, however, these characteris-

Fig. 1.  Graphs of the number and chemical coding of neurons in the vagosympathetic trunk (VST) as well as the thoracic (TVN)  
and abdominal (AVN) segments of the left (L) and right (R) or ventral (V) and dorsal (D) vagus nerves in pigs. Bars and error bars 
represent means and SEM, respectively. Numerical data are given within the bars.
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tics significantly varied between particular nerve seg-
ments investigated (Figs. 1-4).

The present study revealed that relatively many 
neurons are distributed within the trunk of the porcine 
vagus nerve. This neuronal population comprises not 
only cholinergic but, unexpectedly, many adrenergic 
and also non-adrenergic, non-cholinergic nerve cells.

It is difficult to speculate about the reason for the 
presence of the neurons in a rather unusual location 
such as the trunk of the vagus nerve. Nevertheless,  
the very sparse literature on the subject contains some 
information which gives rise to certain assumptions.  
It seems that this may be related to the phenomena con-
cerning the ontogenetic development of the peripheral 
autonomic nervous system (for reviews see Young et al. 
2011, Uesaka et al. 2016). It has been established on the 
basis of studies conducted mainly on laboratory mam-
mal and chick embryos that enteric neuronal precursors 
that derive from the vagal (caudal hindbrain) neural 
crest cells (NCC) colonize the foregut while the sacral 
NCC-originated precursors invade the hindgut. More-
over, migrating vagal NCC and vagal nerve fibres  
follow the same pathway from the hindbrain to the fore-
gut, but the cells exit the hindbrain and arrive at the gut 
prior to the nerve terminals. Sympathetic ganglia were 
shown to arise from NCC that emigrate from the neural 
axis caudal to the fifth somite. Thoracic neural crest  
derived cells and some those that emigrate from the 
neural tube adjacent to somites 1–4 (anterior vagal) 
were proposed to give rise to the superior cervical gan-
glion (SCG). Furthermore, the trunk NCC are the origin 
of paravertebral sympathetic ganglia. Thus this fairly 
ordered developmental system may correspond in some 
way with a rather distinct distribution pattern of speci- 

fically coded neurons in different parts of the porcine 
vagal trunk; only adrenergic neurons are present in the 
vagosympathetic trunk, while in the remaining vagal 
segments, adrenergic neurons accounted for about  
a third and cholinergic neurons for more than half  
of all nerve cells. However, it remains to be determined 
whether these intravagal neurons represent a develop-
mental relic, or whether they have any specific func-
tional significance.
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Fig. 2.  Confocal laser scanning microscope images showing the distribution of protein gene product 9.5-positive [PGP 9.5+; green; 
Alexa 488 visualization (A488)] and DβH+ (Fig. 2A), NOS+ (Fig. 2B) or VAChT+ (Fig. 2C) [red; Alexa 555 visualization 
(A555)] neurons in sections from the left VST, right TVN and ventral AVN, respectively; green and red channels were digitally 
superimposed, so neurons that stained for both PGP and one of the other markers are yellow to orange.


