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tal development, namely maturation (from young to adults). 
The SCG of dogs, cats and horses were spindle shaped and 
located deeply into the bifurcation of the common carotid 
artery, close to the distal vagus ganglion and more related 
to the internal carotid artery in dogs and horses, and to the 
occipital artery in cats. As to macromorphometrical data, 
that is ganglion length, there was a 23.6% increase from 
young to adult dogs, a 1.8% increase from young to adult 
cats and finally a 34% increase from young to adult horses. 
Histologically, the SCG’s microstructure was quite similar be-
tween young and adult animals and among the 3 species. 
The SCG was divided into distinct compartments (ganglion 
units) by capsular septa of connective tissue. Inside each 
ganglion unit the most prominent cellular elements were 
ganglion neurons, glial cells and small intensely fluorescent 
cells, comprising the ganglion’s morphological triad. Given 
this morphological arrangement, that is a summation of all 
ganglion units, SCG from dogs, cats and horses are better 
characterized as a ganglion complex rather than following 
the classical ganglion concept. During maturation (from 
young to adults) there was a 32.7% increase in the SCG’s con-
nective capsule in dogs, a 25.8% increase in cats and a 33.2% 
increase in horses. There was an age-related increase in the 
neuronal profile size in the SCG from young to adult animals, 
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 Abstract 

 The superior cervical ganglion (SCG) provides sympathetic 
input to the head and neck, its relation with mandible, sub-
mandibular glands, eyes (second and third order control) 
and pineal gland being demonstrated in laboratory animals. 
In addition, the SCG’s role in some neuropathies can be clear-
ly seen in Horner’s syndrome. In spite of several studies pub-
lished involving rats and mice, there is little morphological 
descriptive and comparative data of SCG from large mam-
mals. Thus, we investigated the SCG’s macro- and micro-
structural organization in medium (dogs and cats) and large 
animals (horses) during a very specific period of the post-na-
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that is a 1.6-fold, 1.9-fold and 1.6-fold increase in dogs, cats 
and horses, respectively. On the other hand, there was an 
age-related decrease in the nuclear profile size of SCG neu-
rons from young to adult animals (0.9-fold, 0.7-fold and 0.8-
fold in dogs, cats and horses, respectively). Ganglion con-
nective capsule is composed of 2 or 3 layers of collagen 
fibres in juxtaposition and, as observed in light microscopy 
and independently of the animal’s age, ganglion neurons 
were organised in ganglionic units containing the same 
morphological triad seen in light microscopy. 

 Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 The autonomic nervous system in rats and in other 
mammals consists of a vast array of nerves and ganglia 
connected to the central nervous system on one side and 
to the viscera on the other side. The sympathetic cervical 
chain lies dorsally to the vagus nerve and ventrally to 
transverse processes of vertebrae and prevertebral mus-
cles. Two ganglia are present in the neck region, the su-
perior cervical ganglion (SCG) or cranial cervical gan-
glion and the caudal cervical ganglion or stellate ganglion 
(which includes the uppermost thoracic sympathetic 
ganglia); a small intermediate (middle) cervical ganglion 
is sometimes found [Hedger and Webber, 1976; Baljet 
and Drukker, 1979; Gabella, 2004].

  The SCG, which is a paravertebral ganglion, provides 
sympathetic input to the head and neck as well as to the 
mandible, submandibular glands, pineal and eyes (sec-
ond and third order control) in laboratory animals
[Luebke and Wright, 1992; Hubbard et al., 1999; Moller 
and Liu, 1999; Hayakawa et al., 2000; Ladizesky et al., 
2000]. In rats, the SCG is an attractive model because it 
is easily located and is used as a model to investigate neu-
robiological disorders. Furthermore, the SCG has rela-
tively straightforward pre-ganglionic inputs and well-
characterized target organs [Purves and Lichtman, 1978; 
Luebke and Wright, 1992].

  In addition, the presence of adrenergic nerves in bone 
is well documented and several recent studies have re-
ported the effects of sympathetic denervation, namely 
SCG ganglionectomy, on skeletal tissues. A reduction in 
periosteal bone apposition at the end of the first week 
following sympathectomy in rats was clearly demon-
strated by Sandhu et al. [1987]. Furthermore, the effects 
of unilateral SCG ganglionectomy on bone mineral con-
tent and density of the rat’s mandible has been shown by 
Ladizesky et al. [2000], who reported that bone model-

ling and remodelling are highly regulated processes in 
the mammalian skeleton and that the disruption of the 
sympathetic control of modelling may lead to various 
bone diseases.

  On the other hand, the SCG’s role in some neuropa-
thies is clearly seen in Horner’s syndrome as described by 
Bell et al. [2001] in humans and by Boydell [1995] and 
Panciera et al. [2002] in dogs. Indeed, several studies have 
been published on the SCG of stroke-prone rats due to its 
role in the innervation of cerebral vessels during stroke 
[Cardinali et al., 1981; Sadoshima et al., 1981; Sadoshima 
and Heistad, 1982; Coutard et al., 2003].

  Nevertheless, in large mammals little is known about 
the SCG, although in the last 20 years they have been 
studied frequently with the help of pharmacology, elec-
trophysiology, immunohistochemistry and biochemical 
techniques mostly in rats, mice and guinea pigs, espe-
cially because their innervation territory includes intra-
cranial organs such as cerebral vessels, pineal and eye 
[Miolan and Niel, 1996].

  In mammals, ageing, which is part of the post-natal 
development, is associated with decrements in cellular 
and physiological functions and a major incidence of de-
generative diseases. These alterations are the result of in-
teraction amongst many factors and one may say that 
ageing is therefore a multifaceted phenomenon [Szweda 
et al, 2003]. In the nervous system, the changes most fre-
quently related are neuron loss, atrophy and hypertrophy 
[Cabello et al., 2002]. However, these claims are contro-
versial because there are regional differences between 
various components of the nervous system amongst ani-
mal species [Finch, 1993; Vega et al., 1993].

  Additionally, some quantitative studies have been 
published estimating the total number of SCG neurons 
during ageing in rats [Santer, 1991] or allometrically re-
lated changes in SCG neuron number in mammals of 
very different body weights, such as rats, capybaras and 
horses [Ribeiro et al., 2004].

  Hence, in the present study our first aim was to find 
out whether or not ageing, especially maturation, would 
affect the morphological organization of the sympathetic 
nervous system of non-laboratory animals by looking at 
SCG’s size, microstructure and ganglion neuron size.

  Our second aim was that the current collected data 
would shed light on future investigations involving the 
use of large animal models (who are allometrically closer 
to humans) to pursue ageing studies on the autonomic 
nervous system as well as to elucidate a possible modula-
tory role of SCG in the cerebral vasculature innervation 
in stroke-affected humans and non-human patients. 



 Structure of the Superior Cervical 
Ganglion in Dogs, Cats and Horses 

Cells Tissues Organs 2007;186:129–140 131

Thirdly, all these data may help researchers to under-
stand and treat animal sympathetic disorders such as 
Horner’s syndrome [Panciera et al., 2002] and other ani-
mal neuropathies such as stroke [Campbell et al., 2000; 
Shaibani et al., 2006; Palmer, 2007] and epilepsy [Kokaia 
et al., 1994] which are related to SCG, as details of their 
diagnosis and therapy are still unclear to most neurosci-
entists and neurologists of large mammals.

  Materials and Methods 

 Animals 
 Dogs 
 In this investigation, a total of 20 left SCG from 20 mongrel 

male dogs were used. The animals came from the Veterinary Hos-
pital, College of Veterinary Medicine, University of São Paulo, 
Brazil. According to the animal’s age, the specimens were divided 
into 2 groups.

  Group 1 consisted of young dogs (1 month old; body weight 
3–4 kg). In this group, 10 ganglia were used, 4 for gross anatomy 
description and 6 for the microscopic study (3 for semi-thin light 
microscopy and 3 for scanning electron microscopy).

  Group 2 comprised adult dogs (12–14 months old; body weight 
7–15 kg). In this group, 10 ganglia were used, 4 for gross anatomy 
description and 6 for the microscopic study (3 for semi-thin light 
microscopy and 3 for scanning electron microscopy).

  Cats 
 In this investigation, a total of 30 left SCG from 30 cross-breed 

male cats were used. The animals came from the Veterinary Hos-
pital, College of Veterinary Medicine, University of São Paulo, 
Brazil. According to the animal’s age, the specimens were divided 
into 2 groups.

  Group 1 consisted of young cats (1–2 months old; body weight 
1–3 kg). In this group, 15 ganglia were used, 5 for gross anatomy 
description and 10 for the microscopic study (5 for semi-thin light 
microscopy and 5 for scanning electron microscopy).

  Group 2 comprised adult cats (10–12 months old; body weight 
5–7 kg). In this group, 15 ganglia were used, 5 for gross anatomy 
description and 10 for the microscopic study (5 for semi-thin light 
microscopy and 5 for scanning electron microscopy).

  Horses 
 In this study, 20 left SCG from 20 cross-breed male horses were 

used. The animals came from the Veterinary Hospital, College of 
Veterinary Medicine, Octávio Bastos Foundation, São João da 
Boa Vista, Brazil. According to the animal’s age, the specimens 
were divided into 2 groups.

  Group 1 contained young horses (1–7 months old; body weight 
100–220 kg). In this group, 10 ganglia were used, 4 for gross anat-
omy description and 6 for the microscopic study (3 for semi-thin 
light microscopy and 3 for scanning electron microscopy).

  Group 2 consisted of adult horses (12–24 months old; body 
weight 250–450 kg). In this group, 10 ganglia were used, 4 for 
gross anatomy description and 6 for the microscopic study (3 for 
semi-thin light microscopy and 3 for scanning electron micros-
copy).

  Gross Anatomy Study 
 Dead animals (dogs, cats and horses) were injected with a red-

stained (Suvinil S/A) latex bicentrifugate CIS I-4 polyisoprene via 
the thoracic aorta and perfused with a 20% formaldehyde solution 
in PBS (0.1  M , pH 7.4).

  A ventral midline incision was made from the intermandibu-
lar space to the middle cervical region. The sternomastoid muscle 
was deflected to expose the left common carotid artery, internal 
jugular vein and vagosympathetic nerve trunk. By dissecting 
these structures, it was possible to observe the left SCG and 
branches of the common carotid artery. The sternomastoid, ster-
nooccipital and digastric muscles, and the thyreoid gland were 
dissected for a full observation of SCG.

  SCG and their nerve trunks were dissected in their entirety 
and immersed in a 60% acetic acid alcoholic solution and 20% 
hydrogen peroxide aqueous solution in order to permit a better 
identification of all nerve structures. Each ganglion was mea-
sured for its long and short axes using a digital pachymeter (Di-
gimess � ). The length or long axis was taken as the distance be-
tween the 2 poles and the width or short axis as the major trans-
verse distance.

  The microdissection was pursued using a M651 Leica �  surgi-
cal microscope with 6 ! , 10 ! , 16 !  and 20 !  objective lenses.

  Histology 
 Animals (cats, dogs and horses) were killed using aceproma-

zine 0.2% (0.2–1.0 mg/kg, intravenously) and an overdose of an-
aesthetic (Na pentobarbitone, 80 mg/kg, intravenously) in con-
nection with other experiments carried out by several research 
groups at the Veterinary Hospital, College of Veterinary Medi-
cine, University of São Paulo, Brazil. With a skin incision along 
the neck, the left common carotid artery and the left jugular vein 
were exposed. A bulbed cannula was inserted into the common 
carotid artery and about 100 ml of pre-wash fluid (PBS, Na nitrite 
and heparin) was perfused, followed by about 200 ml of fixative 
(5% glutaraldehyde and 1% formaldehyde in 100 m M  sodium cac-
odylate) used at room temperature. Drainage was obtained by slit-
ting the jugular vein with the same procedure pursued by Ga-
bella et al. [1988].

  In all 3 species, the neurovascular bundle was isolated at the 
base of the neck. Vagus nerve and cervical sympathetic trunk 
were dissected from the common carotid artery. The left cervical 
sympathetic trunk was followed cranially along the common ca-
rotid artery, while removing surrounding muscles, up to the cra-
nial cervical ganglion (SCG).

  All nerve trunks issuing from the ganglion were cut and the 
ganglion was dissected in its entirety.

  Semi-Thin Section Light Microscopy 
 The ganglia from cats, dogs and horses were placed in fresh 

fixative (the same fixative used for perfusion) for 1–2 weeks before 
embedding. The ganglia were cut transversely with a razor blade 
and a calibrated ruler into 3 or 5 slabs comprising the whole gan-
glion.

  All the ganglion slabs were washed thoroughly in sodium 
cacodylate buffer, post-fixed in 2% osmium tetroxide in caco-
dylate buffer, block stained with a saturated solution of uranyl 
acetate, dehydrated in graded ethanols and propylene oxide, and 
embedded in resin (Araldite). The resin was cured at 70   °   C for 3 
days.
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  Morphometry 
 Each ganglion slab was exhaustively cut and for the morpho-

metric study 70–80 serial sections were cut at 2  � m thickness us-
ing a Leica Ultracut UCT ultramicrotome with glass knives. For 
each ganglion, 30 consecutive sections were collected on glass 
slides, stained with toluidine blue and mounted under a cover slip 
with a drop of Araldite. A test system comprised of 8 different 
unbiased counting frames was put over each section field’s image 
projected on a computer screen. The total sampled area in the test 
systems was 40,000  � m 2 .

  A fraction of the counting frames was random uniform and 
systematically sampled, using a random start between 1 and 
fraction. The sampled field’s images were observed on a com-
puter screen using a Leica DMR microscope coupled with a Lei-
ca DFC 300FX digital camera. In each counting frame (with a 
surrounding guard area), only the neurons located inside the 
counting frame and not outside the forbidden lines were mea-
sured [Gundersen, 1977]. This approach was also adopted in a 
three-dimensional view ‘brick counting frame’ [Howard and 
Reed, 2005]. Each neuron received the same number in all se-
rial sections, and its largest perikaryon profile as well as its larg-
est nuclear profile were identified and therefore measured for 
the cross-sectional area using the Leica Q-Win image analysis 
system. In each animal, a total of 100 neurons and 70 neuronal 
nuclei were measured.

  Scanning Electron Microscopy 
 The ganglia from dogs, cats and horses were cut transversely 

with a razor blade and a calibrated ruler into 3 or 5 slabs compris-
ing the whole ganglion, digested chemically and prepared for 
scanning electron microscopic study in accordance with Fujiwara 
and Uehara [1980], Baluk and Fujiwara [1984], Matsuda and Ue-
hara [1984], Baluk [1986], Baluk and Gabella [1987] and Chun-
habundit et al. [1993]. Thus, all ganglion slabs were digested with 
trypsin I (Sigma; 2.5 mg/ml), in PBS at 37   °   C for 1 h, collagenase 
I (Sigma; 8 mg/ml) at 37   °   C for 20 h and collagenase III (Sigma;
1 mg/ml) at 37   °   C for 1 h. Later, fragments were immersed in a 37% 
HCl aqueous solution for 20 min at 60   °   C with constant agitation 
and fixed in 2.5% glutaraldehyde solution (Merck) and in PBS (pH 
7.4, 0.1  M ) for 24 h at room temperature.

  All ganglion slabs were washed in PBS, post-fixed in 1% os-
mium tetroxide in PBS (0.1  M ) for 2 h, dehydrated in graded eth-
anols, critical point dried in a CPD 020 (Balzers Union � ), mount-
ed on metal stubs and sputter coated with gold in an Emitech �  
K550. The material was finally examined and photographed un-
der a 435VP Leo �  scanning electron microscope.

  Statistical Analysis 
 Quantitative results are shown as means with coefficients of 

variation given in parentheses (coefficient of variation = SD/
mean). For continuous distribution data (ganglion measure-
ments, cell area and nuclear area), the analysis accounted for the 
age effect between groups within each animal species (young 
and adult animals), using one-way ANOVA with the Statistical 
Analysis System   software, version 8.02 (SAS). In case of signifi-
cant data (p  !  0.05), the t test was applied for multiple compari-
sons.

  Results 

 Anatomy 
 In the 3 species studied, the SCG was located at the 

most cranial part of the cervical region, close to the base 
of the skull and represented the cranial portion of the 
sympathetic trunk which was associated with the vagus 
nerve forming the vagosympathetic trunk. The position 
of the SCG was close to the internal carotid artery in dogs 
and horses and to the occipital artery in cats ( fig. 1 ).

  In terms of topographic anatomy, the SCG is located 
dorsocranially to the larynx, craniomedially to the thy-
roid gland and ventrocaudally to the tympanic bulla in 
all species.

  These ganglia are also related to the longus capitis 
muscle, to the hypoglossal nerve and they are very close 
to the distal vagus ganglion ( fig. 1 ).

  In all species studied, the SCG was white in colour and 
roughly spindle shaped, independent of the animal’s age 
( fig. 1 ).

  Nerve fibres of the sympathetic trunk join to the SCG 
in the caudal extremity by a single trunk. In addition, the 
number of connected fibres to the SCG in its cranial ex-
tremity varied and the internal carotid nerves (1–3 
branches) and jugular nerves (1–2) were always seen. Two 
to 3 nerves were observed emerging from either the cau-
dal or the ventral-lateral part of the ganglion and were 
directed to the external carotid artery. They were named 
external carotid nerves.

  Macromorphometrical Data (Ganglion Size) 
 Dogs 
 In young dogs, ganglion length and width were 3.5 

mm (0.05) and 1.8 mm (0.07), respectively. In adults, they 
were 4.4 mm (0.02) and 2.34 mm (0.11), respectively. Dif-
ferences between groups were insignificant (p = 0.3).

  Cats 
 In young cats, ganglion length and width were 3.3 mm 

(0.03) and 0.8 mm (0.17), respectively. In adults, they 
were 3.3 mm (0.02) and 1.6 mm (0.18), respectively. Dif-
ferences between groups were insignificant (p = 0.4).

  Horses 
 In young horses, ganglion length and width were 19.6 

mm (0.01) and 5.9 mm (0.08), respectively. In adult hors-
es, they were 26.3 mm (0.01) and 6.4 mm (0.03), respec-
tively. Differences between groups were insignificant
(p = 0.4).
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  Microstructure (Young and Adult Animals) 
 Under semi-thin section light microscopy, all ganglia 

were enveloped by a connective capsule which sent septa 
of connective tissue inside the SCG, dividing it into sev-
eral ganglionic units. This general pattern was found in 
all 3 species either in young or adult animals.

  The capsule of the ganglion was conspicuous and com-
posed of layers of collagen fibres and flattened fibro-
blasts.

  Therefore, each ganglion consisted of an agglomera-
tion of clusters of neurons separated by nerve fibres, cap-
illaries and prominent septa of collagen fibres ( fig. 2 ).

  In dogs the ganglion capsule thickness was 16.2  � m 
(0.22) in pups and 21.5  � m (0.26) in adults. No differ-
ences between age groups were observed (p = 0.1).

  In cats the ganglion capsule thickness was 14.7  � m 
(0.24) in young animals and 18.5  � m (0.30) in adults. No 
differences between age groups were observed (p = 0.13).

  In horses the ganglion capsule thickness was 51.4  � m 
(0.07) in young animals and 68.5  � m (0.08) in adults. No 
differences between age groups were observed (p = 0.1).

  Each ganglionic unit was composed of various cell 
types and the units were separated from each other by 
nerve fibres, intraganglionic capillaries (placed encircl-
ing each ganglionic unit) and septa of collagen fibres 

( fig. 2 ). Given this cytoarchitectural arrangement, SCG 
was described as a true ganglionic complex rather than 
having a classical ganglion structure. Further, the capil-
laries were placed encircling each ganglionic unit ( fig. 2 ). 
These intraganglionic capillaries were named inter-unit 
capillaries.

  Within the ganglion, the stroma consisted of bundles 
of collagen fibres isolated or gathered into intragangli-
onic septa. The septa contained fibroblasts and blood 
vessels, mainly capillaries but also arterioles and ve-
nules.

  Cell Types 
 The main cell types observed in the SCG were gan-

glion neurons, glial cells and small intensely fluorescent 
(SIF) cells which comprise the morphological ganglion 
triad. Ganglion neurons were generally spindle shaped 
and readily distinguishable due to their large size, clear 
nucleus and the evident nucleolus. Moreover, SIF cells 
were seen arranged in 2 different locations, namely close 
to neurons or encompassing tight clusters comprised of 
2–5 cells in the proximity of blood vessels.

  Ganglion neuron profiles were surrounded by 1–2 in-
traganglionic capillaries (in this case they were named 
intra-unit capillaries) as well as by 1–3 glial cell nuclei 

a

b

c

  Fig. 1.  Macrostructure of the SCG of an 
adult dog ( a ), cat ( b ) and horse ( c ). The 
SCG is located near the distal vagus gan-
glion (DVG) and related to internal carot-
id artery (IC), hypoglossal nerve (H), com-
mon carotid artery (CC) and occipital ar-
tery (O) in the cat. 
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(satellite cells) and glial cell processes formed the gan-
glion neuron’s glial capsule ( fig. 3 ).

  Furthermore, the ganglion neuron profiles were cir-
cular or more commonly spindle shaped in all species 
( fig. 2 ,  3 ).

  In horses, the neuronal perikarya occupied a larger 
proportion of the sectional area than in dogs and cats and 
the neuropil was therefore proportionally less extensive 
( fig. 2 ).

  All neurons were mononucleate and some nuclei were 
located in the centre of the perikaryon, while the major-
ity were eccentric, but none resided at the periphery of the 
neuronal profile. Between 1 and 2 nucleoli were observed 
in each neuron nucleus.

  Morphometry 
 Cell Profile Size 
  Dogs.  The neuronal cross-sectional area was 475.3 

 � m 2  (0.17) in young dogs and 778.3  � m 2  (0.23) in adults. 
Differences between age groups were significant (p = 
0.02). 

   Cats.  The neuronal cross-sectional area was 357.1 
 � m 2  (0.22) in young cats and 678.5  � m 2  (0.21) in adults. 
Differences between age groups were significant (p = 
0.01).

   Horses.  The neuronal cross-sectional area was 537.1 
 � m 2  (0.25) in young horses and 878.7  � m 2  (0.27) in 
adults. Differences between age groups were significant 
(p = 0.03).

  Nuclear Profile Size 
  Dogs.  The nuclear cross-sectional area was 70.3  � m 2  

(0.19) in young dogs and 63.3  � m 2  (0.22) in adults. Dif-
ferences between age groups were significant (p = 0.04).

   Cats.  The nuclear cross-sectional area was 67.1  � m 2  
(0.21) in young horses and 47.5  � m 2  (0.25) in adults. Dif-
ferences between age groups were significant (p = 0.03).

a

b

c

  Fig. 2.  Fine structure of the SCG of an adult dog ( a ), cat ( b ) and 
horse ( c ) in semi-thin sections photographed at the same magnifi-
cation and showing several ganglion units. The horse’s ganglion 
shows the largest neuropil, i.e. large spaces occupied by glial cells, 
nerve processes and inter-ganglionic unit capillaries (c). In the gan-
glion of dogs and even more in that of horses, the nerve cell bodies 
(N) are separated by post-ganglionic fibres (arrowheads), connec-
tive tissue and capillaries. Toluidine blue. Scale bar = 20  � m. 
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   Horses.  The nuclear cross-sectional area was 97.1  � m 2  
(0.21) in young cats and 80.7  � m 2  (0.15) in adults. Differ-
ences between age groups were significant (p = 0.03).

  Scanning Electron Microscopy 
 The surface aspects of SCG and its components were 

observed using scanning electron microscopy. The con-
nective tissue of the ganglionic capsule covered all the 
ganglion and was composed of 2 or 3 layers of collagen 
fibres in juxtaposition and gave rise to intraganglionic 
connective tissue.

  In order to describe the morphological aspects of the 
principal ganglion neurons, we digested the extracellular 
matrix and removed collagen fibres that covered gangli-
on neurons and other elements. Ganglion neurons had a 
spherical aspect, but more commonly elongated types 
(spindle shaped) were seen ( fig. 4 ).

  The ganglion neuron surface had a homogeneous as-
pect and presented branches of pre-ganglionic fibres that 
connected to ganglion neurons.

  As observed in light microscopy and independently of 
the animal’s age, ganglion neurons were organized in 
ganglionic units which were separated by collagen and 
nerve fibres. Moreover, satellite cells were observed in the 
vicinity of neurons. The satellite cell nuclei were spherical 
and located close to the other neuronal cells. The same 
cellular triad was observed using semi-thin sections un-
der scanning electron microscopy.

  Discussion 

 Anatomy 
 The SCG of dogs, cats and horses were located near 

the base of the skull and deep into the bifurcation of the 
common carotid artery, in the source of the external and 
internal carotid arteries close to the distal ganglion of 

a

b

c

  Fig. 3.  High-magnification view of ganglia of an adult dog ( a ), cat 
( b ) and horse ( c ) at the same magnification. Glial cell nuclei (g), 
myelinated axons (m), intra-ganglionic unit capillaries (c), neu-
rons (N) and their nucleoli (n) and post-ganglionic fibres (arrow-
heads) can be recognised. Nuclei of glial cells (g) are visible in the 
large spaces between nerve cell bodies, especially in the horse. 
Toluidine blue. Scale bar = 10  � m. 
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the vagus nerve and more related to the internal carotid 
artery in dogs and horses and to the occipital artery in 
cats. In the same way, sympathetic and parasympathet-
ic nerve structures of young pigs (SCG and distal vagus 
ganglion) were just close to each other without any con-
nection and located near the base of the skull and could 
descend to the first cervical vertebra level [Pospieszny 
and Bruzewicz, 1998; Kabak et al., 2005]. Hence, SCG 
was located deeply into the bifurcation of the common 
carotid artery and superficially related to the longus ca-
pitis muscle as in adult albino rats [Hedger and Webber, 
1976].

  Concerning the morphological aspects of the SCG in 
all species (young and adult animals), they were spindle 
shaped and white in colour. This morphological arrange-
ment was independent of the animal’s age and species. 
Further, a similar morphological feature was seen in adult 
rats [Hedger and Webber, 1976], though in pigs ganglion 
shape was very variable and complex, ranging from oval 
shaped to slightly resembling a triangle [Pospieszny and 
Bruzewicz, 1998; Kabak et al., 2005].

  As to macromorphometrical data, that is ganglion 
length, there was a 23.6% increase from young to adult 
dogs, a 1.8% increase from young to adult cats and fi-
nally a 34% increase from young to adult horses. This 
finding is in agreement with the results reported by Ri-
beiro et al. [2004] (rats, capybaras and horses) and Ga-
gliardo et al. [2005] (dogs) where the authors stated a 
positive correlation between body size and SCG size. 
The latter was expressed in those studies as the ganglion 
volume.

  Reviewing the literature, several data concerning 
SCG’s dimensions have been reported in different ani-
mal species, for example a length of 16.59–19.45 mm in 
young pigs [Kabak et al., 2005], 15–20 mm in camels 
[Cui et al., 1998], 3.1–3.4 mm in rats, 15.1–16.3 mm in 
adult capy baras and 17.1–24.8 mm in adult horses [Ri-
beiro et al., 2004], and 12.2–14.5 mm in young capybaras 
[Ribeiro, 2006].

  From a surgical point of view, it may be useful to know 
macrostructural SCG dimensions as well as its accurate 

a

b

c

  Fig. 4.  Scanning electron micrograph of SCG of an adult dog ( a ), 
cat ( b ) and horse ( c ) evidencing superficial details of ganglionic 
units which are constituted mainly by ganglion neurons (N) and 
glial cells (arrow). The ganglionic units are separated by intragan-
glionic septa of collagen fibres (c). Scale bars = 100  � m ( a ) and 10 
 � m ( b ,  c ). 
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localisation, especially when pursuing operative proce-
dures in the neck of animals, for example in cervical tu-
mours, Horner’s syndrome [Boydell, 1995; Panciera et al., 
2002], Wobbler syndrome [Nanai et al., 2006] or during 
the treatment of guttural pouch mycoses in horses [Free-
man, 2006; Millar, 2006].

  Microstructure 
 The SCG’s microstructure was quite similar between 

young and adults and among the 3 species. Therefore, 
SCG was divided into distinct compartments by capsu-
lar septa of connective tissue as reported for mamma-
lian sympathetic ganglia by Gabella et al. [1988], Szurs-
zewski and King [1989], Szurszewski and Miller [1994], 
Miolan and Niel [1996], Schmidt [1996], Ribeiro et al. 
[2002], Gagliardo et al. [2003] and Ribeiro et al. 
[2004].

  Gabella et al. [1988] described that the sheep’s SCG is 
composed of several ganglion units, each one being con-
stituted of neurons and glial capsule. In addition, we have 
found various cell types compounding the SCG, such as 
ganglion neurons, SIF cells, Schwann cells, fibroblasts, 
mast cells and capillaries limited by connective septa 
coming from the ganglion capsule and therefore forming 
several compartments or ganglionic units whose concept 
represents an expansion of that stated by Gabella et al. 
[1988] and also adopted by Ribeiro et al. [2002]. These 
authors have suggested that there are variations in the 
general architecture of the sympathetic ganglia in large 
mammals when compared to that in small laboratory ro-
dents, such as rats [Ribeiro et al., 2004] and mice [Purves 
et al., 1986].

  The fact is that in large mammals, SCG is, structur-
ally, a ganglionic complex rather than a classical single 
paravertebral sympathetic ganglion such as in laboratory 
animals [Appenzeller, 1990; Szurszewski and Miller, 
1994; Miolan and Niel, 1996; Ribeiro et al., 2002].

  Inside each ganglionic unit the most prominent cel-
lular elements were ganglion neurons, glial cells and SIF 
cells, which were altogether named as the ganglion mor-
phological triad, similar to that reported for the dog’s ce-
liac and caudal mesenteric ganglia by Ribeiro et al. [2002] 
and Gagliardo et al. [2003], respectively. Given this mor-
phological arrangement, the SCG from dogs, cats and 
horses is much better characterised as a ganglion com-
plex, and this structural arrangement might be due to the 
presence of very specific SCG innervation territories and 
target organs as seen by injecting retrograde neurotracers 
that revealed the exact localisation of the labelled neu-
rons in SCG [Bowers and Zigmond, 1979; Flett and Bell, 

1991; Luebke and Wright, 1992; Andrews et al., 1996; 
Hayakawa et al., 2000].

  As for SIF cells, Matthews and Raisman [1969] and 
Jew [1985] have reported the presence of small granule-
containing cells which are distinct to sympathetic neu-
rons and other satellite cells. These small granule-con-
taining cells were identified as SIF cells and formed tight 
clusters associated with small capillaries and, as stated 
by Miolan and Niel [1996],  may play a neuroendocrine 
role.

  SIF cells were classified into 2 types: type 1 with gran-
ular vesicles ranging from 80 to 100 nm and type 2 with 
granular vesicles varying from 150 to 300 nm [Gabella, 
2004]. This author also described that SIF cells presented 
synapses to pre-ganglionic fibres and few SIF cells had 
synaptic contacts to ganglion neurons. Furthermore, SIF 
cells which had afferent and efferent synapses were named 
interneurons.

  With regards to the ganglion capsule thickness during 
the animal’s maturation, there was a 32.7% increase in 
dogs (from young to adults), a 25.8% increase in cats 
(from young to adults) and a 33.2% increase in horses 
(from young to adults). In addition, comparatively, a 0.14-
fold increase was observed from cats to dogs, a 2.2-fold 
increase from dogs to horses and finally a 2.6-fold in-
crease from cats to horses.

  In the literature, Ribeiro et al. [2004] have reported 
that the SCG capsule thickness in adults ranged from 15 
to 30  � m in rats, from 30 to 70  � m in capybaras and from 
60 to 80  � m in horses. More recently, for dog’s inferior 
mesenteric ganglion capsule, Gagliardo et al. [2005] have 
reported ranges of 11.8–21.3  � m (pups), 17.6–21.3  � m 
(adults) and 16.7–28.3 (middle-aged animals). Ribeiro 
[2006] has reported a range of 30–50  � m for SCG from 
young capybaras which represents a 28.5% reduction in 
relation to adult capybaras. At present, it is not clear why 
ganglion capsule thickness increases in adults. Is this due 
to the presence of more connective tissue in adults which 
could be implicated in the protection of ganglion neu-
rons? Or is it due to the requirement of increased blood 
supply (blood vessels in connective tissue) to the in-
creased ganglion?

  Morphometry 
 Within each animal species there was an age-related 

increase in the neuronal profile size in the SCG from 
young to adult animals, that is a 1.6-fold, 1.9-fold and 1.6-
fold increase in dogs, cats and horses, respectively. On the 
other hand, there was an age-related decrease in the nu-
clear profile size of SCG neurons from young to adult 
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animals: 0.9-fold, 0.7-fold and 0.8-fold in dogs, cats and 
horses, respectively.

  The increase in the neuronal profile size during post-
natal development was also reported by Gagliardo et al. 
[2005] for the caudal mesenteric ganglion of dogs as well 
as for the SCG of capybaras during maturation [Ribeiro 
et al., 2004; Ribeiro, 2006].

  The proportion of cell body occupied by the nuclei also 
changes during maturation. Generally speaking, the frac-
tion of cell body occupied by the nucleus decreases dur-
ing post-natal development [Ribeiro et al., 2004; Gagliar-
do et al., 2005; Ribeiro, 2006], whereas the cell body itself 
increases. The same pattern was also found in the present 
study, that is a 0.4- to 0.5-fold decrease in the nucleus-cell 
body ratio from young to adult dogs, cats and horses, as 
well as in rabbit spinal ganglion neurons with ageing 
[Ledda et al., 2000].

  This ratio decreases when the area occupied by cyto-
plasm increases compared to the nuclear area and that 
seems to be the case during post-natal development [Led-
da et al., 2000; Gagliardo et al., 2005].

  As to the scanning electron microscopic study and as 
reported by Matsuda and Uehara [1984] and Chunhab-
undit et al. [1993], we observed a large amount of irregu-
lar connective tissue covering the surface of the ganglion 
neurons and it was therefore difficult to observe the mor-
phological details of ganglion cells.

  In order to solve this morphological question, longer 
digestion periods (20 h in collagenase I) were performed 
to expose the ganglion neuron surfaces as recommended 
by Baluk and Fujiwara [1984] and Matsuda and Uehara 
[1984].

  Inside ganglionic units, neuron clusters were separat-
ed by septa of connective tissue confirming the same pat-
tern which had been observed in light microscopy. Fur-
thermore, neurons were spherical or spindle shaped 
which is in line with either circular or oval profiles ob-
served in light microscopy and with the results reported 
by Matsuda and Uehara [1984] for the rat’s dorsal root 
ganglia, where neurons were described as spindle shaped 
in bipolar neuroblasts, spherical in pseudo-unipolar neu-
rons and possessing several short finger-like processes in 
multipolar cells.

  There is little data in the literature concerning scan-
ning electron microscopic studies on sympathetic gan-
glia. Barton and Causey [1958] and Chunhabundit et al. 
[1993] observed oval or polygonal neurons in the vicinity 
of the capillaries of common tree shrew’s SCG and rat’s 
SCG, respectively. In a further study published by Baluk 
and Fujiwara [1984], frog heart neurons were described 

as generally smooth with short stubbly projections which 
represent satellite cells attachment points.

  Baluk [1986] has reported that on the surface of some 
ganglia there were tightly packed clusters of cells which 
were smaller than the smallest neurons, and that these 
probably correspond to clusters of small granular cells (or 
SIF cells). In the present paper, similar clusters were nei-
ther seen in dogs and cats nor in horses.

  Various authors have studied both pre- and post-gan-
glionic processes in SCG by several methods [Kondo et 
al., 1980; Kiraly et al., 1989; Abdel-Magied, 1995]. In the 
present study, thick processes were seen associated with 
the cell body of ganglion neurons as well as thin intense-
ly ramified processes. A meshwork of nerve fibres on the 
neurons’ surface was also observed by Chunhabundit et 
al. [1993].

  Remarks for Future Studies 
 In conclusion, this paper sheds light on some aspects 

of domestic carnivorous and equine SCG’s post-natal de-
velopment which was represented here by the period from 
young to adult animals (maturation period). The main 
aspects seen here were the macrostructure (gross anato-
my) and microstructure (especially the ganglion organi-
zation in units and the morphological cellular triad, i.e. 
ganglion neurons, SIF cells and glial cells).

  In addition, due to the fact that only 2 life stages were 
looked at, namely young and adult animals (maturation 
period), future studies should concentrate on more age 
groups per animal species (foetus, newborn and middle-
aged animals) and apply stereological methods in order 
to figure out possible changes in the total number of 
neurons during ageing (in both pre- and post-natal de-
velopment periods) as well as to elucidate the mecha-
nisms of a possible neurogenesis (using mitosis markers: 
BrdU, activin, Ki-67) or cell death (through apoptosis 
markers: caspases), the details of which are still un-
clear.

  In addition, the use of retrograde neurotracers as well 
as DiI injections would clarify whether or not there is any 
relation between the ganglionic units of a compartment-
ed SCG in large mammals and its innervation territories 
and target organs, i.e. whether SCG morphological units 
are true functional units in large animals.

  By taking into account all of this, and seeing this study 
from a functional and applied point of view, it is expected 
that the current data may throw light on forthcoming in-
vestigations involving the use of large animal models 
(that are allometrically closer to humans) to pursue age-
ing studies on the autonomic nervous system as well as to 
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elucidate a possible SCG modulatory role in the cerebral 
vasculature innervation in stroke-affected humans and 
non-human patients. Furthermore, all these data may 
support the understanding and treatment of animal neu-
ropathies such as Horner’s syndrome, stroke and epilep-
sy, whose diagnosis and therapy are still unclear to most 
veterinary neurologists.
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