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Abstract
The caudal mesenteric ganglion (CaMG) is a prevetrebral ganglion which provides innervation to
a number of organs in the abdominal and pelvic cavity. The morphology of CaMG and the chemical
coding of neurones in this ganglion have been described in humans and many animal species, but data
on this topic in the sheep are entirely lacking. This prompted us to undertake a study to determine the
localization and morphology of sheep CaMG as well as immunohistochemical properties of its neurons. The study was carried out on 8 adult sheep, weighing from 40 to 60 kg each. The sheep were
deeply anaesthetised and transcardially perfused with 4% paraformaldehyde. CaMG-s were exposed
and their location was determined. Macroanatomical observations have revealed that the ovine
CaMG is located at the level of last two lumbar (L5 or L6) and the first sacral (S1) vertebrae. The
ganglion represents an unpaired structure composed of several, sequentially arranged aggregates of
neurons. Immunohistochemical investigations revealed that nearly all (99.5%) the neurons were
DβH-IR and were richly supplied by VACHT-IR nerve terminals forming „basket-like” structures
around the perikarya. VACHT-IR neurones were not determined. Many neurons (55%) contained
immunoreactivity to NPY, some of them (10%) stained for Met-ENK and solitary nerve cells were
GAL-positive. CGRP-IR nerve fibres were numerous and a large number of them simultaneously
expressed immunoreactivity to SP. Single, weakly stained neurones were SP-IR and only very few
nerve cells weakly stained for VIP.
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Introduction
The caudal mesenteric ganglion (CaMG) belongs
to prevetrebral ganglia, considering autonomic ganglia in the modern anatomical nomenclature (Nickel
et al. 2004, NAV 2005, Koenig and Liebich 2007). It
consists of neurons located within the caudal mesenteric plexus, which is a posterior prolongation of the
abdominal aortic plexus (Nickel et al. 2004, Koenig
and Liebich 2007). In humans, the abdominal part of
the sympathetic nervous system forms inter alia the
intermesenteric plexus (abdominal aortic plexus) and
the secondary plexus, the inferior mesenteric plexus,
found in the neighbourhood of the caudal mesenteric
artery (Bochenek and Reicher 2002). The inferior
mesenteric plexus contains some clusters of neurons,
irregular in shape and location, without forming a distinct ganglion, which is regularly observed in domestic
mammals and called the CaMG (Bochenek and
Reicher 2002, Nickel et al. 2004, Koenig and Liebich
2007).
The physiology and pathophysiology of the CaMG
and corresponding plexus is widely discussed in the
literature (Melman and Kapskya 1960, Nozdrachev
1968, Kostina 1971, Komissarov and Krivobok 1975,
Archakova 1979, Kaleczyc et al. 1995, Sann et al.
1995, Berthoud and Powley 1996, Elfvin et al. 1997,
Ribeiro et al. 2000a, Ribeiro et al. 2000b, Pasichnichenko and Skok 2002, Gagliardo et al. 2003,
Koval et al. 2004, Gagliardo et al. 2005, Pidsudko et
al. 2011). Unfortunately, the lack of detailed descriptions of these structures in domestic mammals, besides some general comments provided by anatomical
textbooks (Dyce et al. 2002, Nickel et al. 2004, Koenig
and Liebich 2007), have partly prompted us to undertake anatomical studies regarding the ovine CaMG.
In laboratory animals, the anatomy of the cranial cervical ganglion, coeliac ganglion and pelvic ganglia
have been widely described (Gabella et al. 1988, Gabella et al. 1992, Gabella and Uvelius 1993, Gabella
1995, Miolan and Niel 1996, Gabella and Davis 1998,
Gabella and Uvelius 1998). Anatomical investigations
performed in domestic mammals have dealt with the
cranial cervical ganglion and the cervicothoracic ganglion in the sheep (Pospieszny 1979, Gabella et al.
1988), the coeliac ganglion in the goat (Bhamburkar
et al. 1993), buffalo (Ribeiro et al. 2000b), cat (Feher
and Burnstock 1991, Ribeiro et al. 2000a) and birds
(Kuder et al. 2003) and the aorticorenal ganglion in
the sheep (Pospieszny 1977), cat (Pospieszny and
Kleckowska-Nawrot 2002) and dog (Pospieszny et al.
2003). Immunohistochemical studies on CaMG were
mainly performed in laboratory animas such as the rat
(Herbrecht et al. 1995, Sann et al. 1995), guinea pig
(McLachlan and Llewellyn-Smith 1986, Sann et al.

1995, Parr and Sharkey 1996) and cat (Cupo et al.
1988, Bagnol et al. 1993). Considering large animals,
immunohistochemical properties of CaMG structures
were investigated mainly in the pig, but except few
papers (Lakomy et al. 1994, Lakomy et al. 1996, Kaleczyc et al. 2003) dealing with the general anatomy of
this ganglion, most of the studies investigated specific
subpopulations of CaMG neurones supplying different organs (Kaleczyc et al. 1994, Kaleczyc et al. 1995,
Kaleczyc 1998, Pidsudko et al. 2001, Klimczuk and
Kaleczyc 2010, Sienkiewicz 2010a,b). However, the literature in the field contains no information on immunohistochemical features of the ovine CaMG. As
clearly seen from the above literature overview there
is a lack of comprehensive studies dealing with immunohistochemical properties of neurones in CaMG
in large domestic animals. Complementing the missing data will allow a more precise determination of
the chemical coding of neuronal subpopulations, defined for example, during research based on neuronal
tracing, and thus to determine precisely their target
organ specificity. Therefore, the anatomical and immunohistochemical investigations of CaMG in the
sheep can be a valuable contribution to the modern
knowledge on the anatomy and physiology of autonomic nervous system.

Materials and Methods
The study was carried out on 8 adult sheep of
Polish merino breed, weighing from 40 to 60 kg each.
The animals were housed and treated in accordance
with the rules approved by the local Ethics Commission (confirming the principles of Laboratory Animal
Care, NIH publication No. 86-23, revised in 1985).
Thirty minutes before the main anaesthetic, tiopental
(Tiopental; 25 mg/kg of b.w.) was given intravenously,
the sheep were pre-treated with xylazine (Vetaxyl; 0,5
mg/kg of b.w. i.m.) and 20 min later with ketamine
(Vetaketam; 10mg/kg/b.w/i.v.). Then, they were transcardially perfused with 1 l of preperfusion solution
containing 0.9% sodium chloride (Chemia, Gliwice,
Poland), 2.5% polyvinylpyrolidone (Sigma, Deisenhofen, Germany), 0.5% procaine hydrochloride
(Polfa, Warsaw, Poland) and 20 000 IU of heparin
(Heparinum; Polfa; added ex tempore), followed by
8-10 l of 4% ice-cold buffered paraformaldehyde (pH
7.4) and the abdominal cavity was cut open. Caudal
mesenteric ganglia were exposed and their topographical location was determinated considering the
skeletotopy, syntopy and holotopy. All macroanatomical measurements were carried out three times with
an electronic caliper and the mean values were estimated. The findings were documented with photos
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Table 1. Antisera used in the study.
Antigen

Host

Type

Dilution

Cat. No.

Supplier

Primary antisera
DβH

mouse

monoclonal

1:500

MAB308

Milipore

NPY

rabbit

polyclonal

1:400

NA1233

Biomol

GAL

rabbit

polyclonal

1:2000

RIN 7153

Peninsula Lab.

SP

rat

monoclonal

1:150

8450-0505

ABD Serotec, UK

CGRP

rabbit

polyclonal

1:2000

11535

Cappel

VACHT

rabbit

polyclonal

1:5000

V5387

Sigma

VIP

mouse

monoclona

1:500

MaVIP

East Acres Biologicals

Met-ENK

rabbit

polyclonal

1:500

RPN 1562

Amersham

Secondary antisera
Host

Fluorochrom

Dilution

Code

Supplier

Goat-anti-rabbit IgG (H+L)

Alexa Flour 488

1:500

A11008

Invitrogen

Goat-anti-mouse IgG (H+L)

Alexa Flour 488

1:500

A11001

Invitrogen

Goat-anti-rabbit IgG (H+L)

Alexa Flour 568

1:500

A11011

Invitrogen

Goat-anti-mouse IgG (H+L)

Alexa Flour 568

1:500

A11004

Invitrogen

Goat-anti-rat IgG (H+L)

Alexa Flour 488

1:500

A11006

Invitrogen

and schemes. Afterwards, the ganglia were collected.
The tissues collected were postfixed by immersion in
the same fixative for 2 hours, rinsed with phosphate
buffer (pH 7.4) and transferred to and stored in 30%
buffered sucrose solution (pH 7.4) until further processing. The ganglia were cut into 12 μm-thick cryostat sections, which were processed for double-immunofluorescence method on slide mounted sections.
The sections were washed 3x10 min. in PB, incubated
45 min. in 10% normal horse serum (NHS, Cappel,
Warsaw, Poland) in PBS containing 0.25% Triton
X-100 (Sigma, USA) and then incubated overnight in
room temperature (RT) with antibodies (Table 1) diluted in PB containing 1% of normal swine serum
(NSS) and 0.25% Triton X-100. After incubation with
primary antiserum, the sections were washed 3x10
min. in PB and further incubated with secondary antisera 1h in RT. After incubation, the sections were
washed 3x10 min. in PB, coverslipped with buffered
glycerol and examined under a confocal microscope
(Zeiss LSM 700). Control of specificity of staining was
performed by preabsorbtion of a diluted antiserum
with 20 ,g/ml of an appropriate antigen (except DβH
and VACHT), which abolished the specific immunoreaction completely. In addition, experiments
were carried out in which the primary antiserum was
replaced by non-immune serum, or by PBS, in order
to verify the specificity of particular immunoreactions.
Counting of neurons: to determinate percentages
(presented as mean values from all the animals
studied, rounded up to the value without the decimal)

of particular neuronal populations, at least 200 of
neuronal profiles from every animal investigated for
each combination of antisera were counted. The sections were collected from different, representative regions of the ganglia (from their upper, middle and
lower one-third). To avoid double-counting of the
same neurons, appropriate distance (minimum five
sections = 60 μm) between the sections was maintained. The number of immunolabelled profiles was
calculated as a percentage of immunoreactive neurons
in regard to all perikarya counted.

Results
Macroanatomical investigations proved unite and
impaired structure of CaMG in sheep (Fig. 1). The
ganglion consisted of 3-6 chain-like clusters of neurons with multiple connecting branches located within
the distal mesocolon. Considering the morphology of
this structure we suggested to called it the caudal mesenteric plexus/ganglion complex (CaMPG). The
length of the CaMPG complex was ca. 56.1 mm
(Table 2). Initial segment of the caudal mesenteric
artery with its branches were clearly visible between
the layers of the mesocolon. The left colic artery was
arch shaped and ran parallel to the CaMPG. The skeletotopic localization of the structures investigated was
between L5-S1 (Table 3), nearby the cranial pelvic
aperture organs, dorsally to the colon descendens and
caudally to the caudal mesenteric artery origin. The
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Table 2. Total length of the ovine caudal mesenteric plexus/ganglion complex.
No.

1

2

3

4

5

6

7

8

mean

[mm]

55.2

64.2

42.2

54.3

74.7

53.8

51.3

52.8

56.1

Table 3. Skeletotopy of the ovine caudal mesenteric plexus/ganglion complex.
No.

1

2

3

4

5

6

7

8

range

Skeletotopy

L6-S1

L5-S1

L6-S1

L6-S1

L5-S1

L6-S1

L6-S1

L6-S1

L5-S1

CaMPG receive nervous branches from the intermesenteric plexus, whereas the connection between
the CaMPG and pelvic plexus was accomplished by
the hypogastric nerve. The neurons of the CaMPG
gave off branches to the caudal mesenteric artery,
which accompanied its wall to reach the descending
colon and cranial part of the rectum.
Microscopical analysis revealed that ganglia forming the sheep CaMPG consisted of several groups of
neurons including small ganglia comprising tens of
pericarya (up to 10 groups) and large ganglia (up to
6 groups) comprising up to few thousands of neuronal
cell bodies. Double immunohistochemical stainings
revealed that nearly all neurons (99.5%) of the
CaMPG expressed immunoreactivity to DβH (Fig.
2a), but were immunonegative for VACHT (Fig. 2b).
However, they were richly supplied by VACHT-immunoreactive nerve terminals forming „basket-like”
structures around the perikarya (Fig. 2b). Only single
neurons were DβH-negative (Fig. 3a). Approximately
55% of the neurons contained immunoreactivity to
NPY (Fig. 3b). Neurons immunonegative for DβH
also did not stain for NPY (Figs. 3a,b). Among the
DβH-immunoreactive neurons (Fig. 4a) about 10%
contained immunoreactivity to Met-ENK (Fig. 4b).
Numerous intraganglionic Met-ENK-immunoreactive
nerve fibres were observed, and sometimes they were

found to run in a close vicinity to the neuronal somata
(Fig. 4a,b). Some Met-ENK-immunoreactive nerve
terminals were found to surround DβH-immunoreactive perikarya forming „basket-like” structures (Fig.
5a,b). Double staining against DβH and GAL revealed the presence of a moderate number of intraganglionic GAL-immunoreactive nerve fibres (Fig.
6a,b). Only single nerve terminals contained simultaneously DβH-immunoreactivity. GAL-positive axons
formed also networks, usually located at the periphery
of the ganglia (Fig. 6b). Solitary neurones expressed
GAL-immunoreactivity ant they were always
DβH-positive (Fig. 7a,b). Numerous intraganglionic
nerve fibres stained for SP (Fig. 8a). Most of them
were simultaneously CGRP-positive (Fig. 8b). Single,
weakly stained neurones exhibited SP-immunoreactivity (Fig. 8a), but they were CGRP-negative.
CGRP-positive nerve fibres were even more numerous than those containing immunoreactivity to SP,
and a great proportion of them simultaneously stained
for SP (Fig. 8a,b). Double labelling against VIP and
VACHT revealed only very few weakly stained
VIP-positive neurons (Fig. 9a). They were
VACHT-negative, but were surrounded by numerous
VACHT-positive
nerve
terminals
forming
„basket-like” structures (Fig. 9a,b).

←
Fig. 1. Morphology of the caudal mesenteric ganglion in the sheep. The ganglion was located between the laminas of the
peritoneum forming the mesentery of the descending colon, and represented an unpaired structure resembling longitudinally
oriented chain of ganglia. Legend: 1 – arteria mesenterica caudalis, 2 – rami cum plexo intermesenterico, 3 – arteria iliaca
communis, 4 – arteria iliaca interna, 5 – arteria iliaca externa, 6 – ganglia mesenterica caudalia et plexus mesentericus caudalis,
7 – nervus hypogastricus, R-rumen, IJ-intestinum jejunale; Fig. 2. Section through the ovine caudal mesenteric ganglion stained
with antibodies against DβH and VACHT. Nearly all of the neurons exhibited immunoreactivity to DβH (Fig. 2a). Very
numerous VACHT-immunoreactive nerve fibers formed „basket-like structures” surrounding DβH-IR perikarya (Fig. 2b); Fig.
3. Caudal mesenteric ganglion stained with antibodies against DβH (Fig. 3a) and NPY (Fig. 3b). Half of the neurons contained
simultaneously DβH- and NPY-immunoreactivity. DβH-negative neurons did not stain for NPY (large arrow). The remaining
neurons were always DβH-immonopositive (examples indicated by arrows).
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Discussion
The morphology of the CaMG has been a rarely
considered issue in the field of veterinary anatomy.
Textbooks of veterinary anatomy contain only general
descriptions of the abdominal part of the sympathetic
nervous system, especially its caudal portion (Klimov
and Akajewski 1953, Nickel et al. 2004, Koenig and
Liebich 2007). Except some contributions (Gagliardo
et al. 2003, Berghes 2007), the literature lacks of wider
information on the caudal mesenteric ganglion gross
anatomy.
Even the organisation of the abdominal autonomic plexus ganglia has not been clearly recognised.
The CaMG is usually described as a paired structure
only in cattle (Nickel et al. 2004). Bilateral ganglia
show tendency to fuse, forming the impaired structure
in the pig and horse or 1-4 groups of neurons in the
cat (Nickel et al. 2004). The data regarding the pig are
in contrast to our previous studies involving tracer investigations of genital organs and dealing with immunohistochemical properties of neurones innervating these organs (Kaleczyc et al. 1994, Kaleczyc et al.
1995, Kaleczyc 1998, Klimczuk and Kaleczyc 2010, Sienkiewicz 2010b). In these studies we always found
the CaMG as the paired structure. Gagliardo et al.
(2003) have proved the canine CaMG to be the impaired structure. This well documented study performed on 40 individuals are in disagreement with
a report (Zacharko et al. 2004) describing the localisation of neurones supplying the prostate gland and
claiming that the retrogradely traced neurones were
found within bilateral CaMG-s. In humans, the
CaMG is usually defined as a part of the secondary
plexus emerging from the intermesenteric plexus
(Bochenek and Reicher 2002). Our investigations
have revealed disseminated and impaired structure of
the ovine caudal mesenteric plexus/ganglion complex,
not similar to that observed in other large ruminants
(Nickel et al. 2004). In contrast to this textbook
knowledge, Berghes (2007) has reported in calves
CaMG possessing impaired, single structure or represents impaired multiple ganglioa with chain-like morphology located between the layers of the mesentery.
The latter morphological variation seems to be similar
to that observed in the sheep.
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In the sheep the nervous connections, the number and
direction of the branches of CaMG, are similar to
observed in calves (Berghes 2007). The nervous connections of the caudal mesenteric ganglion in the cat
involve: the hypogastric nerve, intermesenteric nerves,
colic branches and lumbar spinal nerves (L3 and L4)
(Jule et al. 1983). Despite the sacral spinal nerves, the
arrangement of the ovine CaMG resembles that observed in the cat.
The present immunohistochemical investigations
have revealed that almost all neurones within the
ovine CaMG express immunoreactivity to catecholamine synthesising enzyme, DβH. Only very few
neurones (less than 0.5%) were DβH negative. This
observation does not fully correspond with previous
reports claiming the presence of much more numerous non-catecholaminergic neurones within the porcine (Kaleczyc et al. 1995, Majewski et al. 2002, Kaleczyc et al. 2003, Klimczuk and Kaleczyc 2010) and
guinea-pig (Parr and Sharkey 1996, Elfvin et al. 1997)
ganglia. Also the middle cervical ganglion in the sheep
has been found to contain a lower number of catechoalminergic neurones (slightly over 95%) (Arciszewski and Wasowicz 2006). Surprisingly in the ganglia studied no VACHT-IR neurones were determined, whereas cholinergic nerve fibres formed very
dense intraganglionic network. In the porcine CaMG,
cholinergic neurones are more abundant and form
a population comprising a few percent neurons (Kaleczyc et al. 2003). A small population of choline
acetyltransferase immunoreactive neurons has been
identified also in the CaMG of the guinea pig (4.6%
of all the neurons), ferret (6.4%) and rat (0.4%)
(Sann et al. 1995). In the porcine CaMG, nearly all
adrenergic and cholinergic neurons are supplied with
VAChT-positive (putative preganglionic) nerve fibres
and many of them also stain for VIP (Kaleczyc et al.
2003). Similarly, in the ovine CaMG a very dense network of the cholinergic nerve terminals was found, but
among them only single fibres were VIP-positive.
A large number of ovine CaMG neurons contained
immunoreactivity to NPY (55%), whereas in the
guinea-pig less than 20% of nerve cell bodies in
CaMG stained for this peptide (McLachlan and
Llewellyn-Smith 1986). In the middle cervical ganglion of the sheep a large population of noradrenergic

←
Fig. 4. DβH- (fig 4a) and Met-ENK-positive (Fig. 4b) nerve structures in the caudal mesenteric ganglion. About 10% of the
neurons contained Met-ENK-immunoreactivity and they were simultaneously DβH-positive. Met-ENK-IR intraganglionic nerve
fiberswere moderate in number: some of them formed „basket-like” structures supplying neurons (arrows); Fig. 5. Large
magnification of DβH- and Met-ENK-positive neurones (Fig. 5a) in the caudal mesenteric ganglion supplied by numerous
Met-ENK-immunoreactive nerve endings (Fig. 5b); Fig. 6. DβH- (Fig. 6a) or GAL-positive (Fig. 6b) nerve structures in the
caudal mesenteric ganglion. GAL-immunoreactivity was observed in nerve fibers running through the ganglion and in fibers
forming a network around the DβH-positive neurons, particularly in peripheral regions of the ganglion (arrow).

386

W. Sienkiewicz et al.

Caudal mesenteric ganglion in the sheep...
neurons exhibited immunoreactivity to NPY (over
60%), but single (2%) NPY-positive perikarya lacking
noradrenergic markers were also observed (Arciszewski and Wasowicz 2006). In our study it was found
that all the NPY-positive neurons were catecholaminergic.
Enkephalinergic neurons and nerve fibers were
found in the CaMG of many mammalian species including the guinea-pig (Dalsgaard et al. 1983b, Chiba
and Masuko 1989, Herbrecht et al. 1995), cat (Cupo
et al. 1988, Bagnol et al. 1993), rat (Herbrecht et al.
1995) and pig (Lakomy et al. 1994, Kaleczyc et al.
1995, Kaleczyc et al. 2003). Unfortunately the above
mentioned papers contain no informationon the frequency of neurons exhibiting immunoreactivity to enkephalins, so it is difficult to compare previous results
with the present findings. The ovine CaMG contained
moderate in number GAL-IR nerve fibers which is
consistent with previous observations obtained in the
guinea pig (Elfvin et al. 1994). In the above mentioned paper the authors (Elfvin et al. 1994) described
GAL-IR SIF-cells. Even application of colchicine or
vinblastine onto the IMG did not result in the appearance of immunoreactivity to GAL in the principal
ganglion cells (Elfvin et al. 1994). Contrary to that we
fond single, principal, GAL-positive neurons in the
ovine CaMG.
The present study have revealed that immunoreactivity to SP and CGRP has been found
mainly in nerve fibres richly supplying nerve cell bodies of the ganglion studied. The morphology and immunohistochemical properties of these nerve terminals were very similar to those observed in the pig
(Kaleczyc et al. 2003). SP and/or CGRP-IR nerve
fibres are likely to be collaterals of peripheral processes of primary sensory neurones and such possibility was already mentioned by other authors (Dalsgaard et al. 1983a, Matthews and Cuello 1984, Kaleczyc et al. 2003). Despite the fact that the ovine CaMG
contains only single neurones positive for SP, it should
be noted that in the ganglion of other species such as
the pig (Lakomy et al. 1996, Kaleczyc et al. 2003) and
guinea-pig (Dalsgaard et al. 1983a,c, Parr and Sharkey
1996) there are no nerve cells containing immunoreactivity to this peptide.
A small population of VIP-positive neurones
(1-2%) were found in the CaMG of the pig (Lakomy
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et al. 1996) and guinea-pig (Parr and Sharkey 1996).
In the cat CaMG, VIP-positive neurons are extremely
rare (Heym et al. 1984). This observation is consistent
with that regarding immunohistochemical characteristics of the CaMG neurones in the sheep.
This article provides thorough information on the
immunohistochemical characteristics of CaMG in the
sheep. Comparison of our findings with the results
obtained by other researchers has revealed the existence of significant differences between the animal
species studied. The most important difference is the
lack of cholinergic neurons in the CaMG of the sheep,
whereas such nerve cells are present in lesser or
greater numbers in the ganglion of other animal species. Providing accurate data on immunohistochemical characteristics of neurons in ovine CaMG would
help to determine neurochemical properties of ganglionic neuronal subpopulations supplying various organs and thus to establish the chemical coding of their
supplying nerve fibres.
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