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The morphology and topography of the ciliary ganglion in the Egyptian spiny
mouse were studied with use of histochemical and histological techniques. The
ciliary ganglion of the Egyptian spiny mouse consisted of between 3 and 4 ag-
glomerations of nerve cells. The largest was situated at the point where the
ventral branch of the oculomotor nerve divides into two branches. The next two
smaller aggregations were located on the superior and lateral surfaces of the
optic nerve where it crossed the oculomotor nerve. From the main agglomera-
tions of neurocytes arose between 3 and 4 intensively stained postganglionic
cholinergic fibres. These followed the optic nerve to the eyeball. On the cross-
sections of these bundles small agglomerations of neurocytes were observed.
These decreased in size to only 2 or 3 cells towards the sclera. The ganglionic
neurocytes in the largest ganglion varied from 15 to 30 µm in diameter. They
were distributed uniformly over the whole surface of the sections. All the gan-
glia had connective capsules.
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INTRODUCTION
Anatomical data concerning the ciliary ganglion

are extremely important not only for comparative
anatomy but also in experimental investigations. It
is known that the herpes simplex virus type 1-HIV-1
can be localised in the ciliary ganglion [3]. Using ret-
rograde transport methods it has been possible to
discover where the postganglionic autonomic fibres
leave the ciliary ganglion and reach the lacrimal gland
in the cat [4]. In addition, immunoreactive methods
have enabled neurotransmitters to be investigated
on the synapse level [10, 24, 29, 35, 40].

Since the ciliary ganglion in man was first de-
scribed by Schacher in 1701, this nerve structure has
been observed and described by several researchers

in several species of vertebrates including reptiles,
birds and mammals [25, 36]. In reptiles the ciliary
ganglion was first discovered by Lenhossek [26]. In
birds this parasympathetic ganglion became one of
the most frequently investigated autonomic struc-
tures, forming only single cell aggregation [1, 2, 5–
–7, 12, 28, 30]. This parasympathetic ganglion was
seen to contain two kinds of neuronal cell bodies,
large and small. Marwitt et al. [27] was the first to
term the large and small cells ciliary and choroid
neurons. The axons of large neurocytes formed the
long ciliary nerve, whereas the axons of small cells
formed the short ciliary nerves.

The results of many investigations on mammals
revealed that the ciliary ganglia usually formed a large
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main ganglion and several smaller cell aggregations,
accessory ganglia [11, 17–20]. Only in the mouse
was the ciliary ganglion different from the ganglion
of other mammals. It was composed of several ag-
gregations of nerve cells and formed a plexo-gangli-
onic structure around the nerves entering the orbit
[21]. Nevertheless, there are no morphological stud-
ies (except a congress abstract [38]) of the ciliary
ganglion in other species of the Muridae family. Be-
cause of this, observations have been made on its
morphology, topography and cytoarchitectonics in
the Egyptian spiny mouse (Acomys cahirinus, Des-
marest), which belongs to the Muridae family, in
order to complete the data and to carry out a com-
parative anatomical analysis.

MATERIAL AND METHODS
The studies were performed on 14 Egyptian spiny

mice (Acomys cahirinus) of both sexes. The animals
were deeply anaesthetised with ether and an intrap-
eritoneal injection of Nembutal (20–40 mg/kg). Both
orbit areas were dissected under a binocular micro-
scope. The oculomotor and optic nerves from 10
animals were exposed. The material was then rinsed
in a physiological solution and fixed for 30 min in
10% neutral formalin. The further procedures fol-
lowed the thiocholine method [14] adapted for mac-
romorphological investigation [9]. The whole con-
tent of the orbits from 4 animals were taken for his-
tological examination, fixed in 4% neutral formalde-
hyde, embedded in paraffin and cut on a microtome
into 5–8 µm sections (parallel to the equatorial plane
of the eyeball). The sections were stained with Har-
ris haematoxylin and eosin and using Nissl’s tech-
niques.

RESULTS

Histochemical studies

The ciliary ganglion of the Egyptian spiny mouse
is a structure consisting of between 3 and 4 agglom-
erations of ganglionic neurocytes. The largest is ellip-
tical in shape, 220 µm long and 100 µm wide. It is
situated in the place where the ventral branch of the
oculomotor nerve divides into two branches (Fig. 1).
The first branch went to the straight muscle of the
eyeball inferior and the second branch to the oblique
muscle of eyeball inferior. The next two smaller and
usually oval aggregations (170–200 µm long and
100–140 µm wide) were observed on the superior
and lateral surfaces of the optic nerve where it
crossed the oculomotor nerve (Fig. 2, 3). They were

connected to each other with delicate intensively
stained cholinergic fibres. By this means they creat-
ed a band-like structure around the optic nerve. Fur-
thermore, a small aggregation of nerve cells,
110 µm long and 25 µm wide, was observed on the
ventral branch of the oculomotor nerve. From the
main agglomerations of neurocytes arose 3 or 4 in-
tensively stained postganglionic cholinergic nerve
fibres. These left the cell aggregation and followed

Figure 2. Two aggregations of nerve cells (arrows) on the sur-
face of the optic nerve (on); om — orbit muscle, vb — ventral
branch of oculomotor nerve. Thiocholine method.

Figure 1. Scheme of topography of the ciliary ganglion in the
Egyptian spiny mouse; o — orbita, on — optic nerve, db — dor-
sal branch of oculomotor nerve, vb — ventral branch of oculo-
motor nerve.
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the optic nerve to the eyeball and tunica adventitia
of the branches of the ciliary artery. For this reason
they were interpreted as short ciliary nerves.

Histological studies

Histological examinations showed that the big-
gest agglomeration of neurocytes consisted of be-
tween 30 and 40 nerve cells in cross-section. It
differs in shape from individual to individual but is
most often triangular or elliptical. Laterally it is cov-
ered by the levator muscle of the upper eyelid and
medially by the straight muscle of the eyeball inferi-
or. The neurocytes have a compact arrangement, uni-
form over the whole surface of the sections. They
have a large clear nucleus with a central dark nucle-
olus. The diameter of the neurocytes varied from
15 to 30 µm. A further two smaller aggregations of
nerve cells were noticed at the dorsal and lateral
surfaces of optic nerve. These consisted of between
10 and 25 nerve cells on the cross-section (Fig. 4, 5)
and were located inside the perineurium. The ar-
rangement of the cells was uneven with the nerve
cells located mainly on the surface of ganglia. The
remaining part was filled up by nerve fibres.  Along
the optic nerve (from the main ganglion towards
the sclera) between 2 and 4 ciliary nerves were ob-
served with small agglomerations of neurocytes
(2 to 15 cells on the cross-sections) (Fig. 6). These
were decreased in size to only 2 or 3-cell ganglia
towards the sclera (Fig. 7). A characteristic feature
of all the ganglia investigated was the presence of
connective tissue capsules which surrounded the cell
aggregations.

Figure 4. Cross-section through the orbit of the level of two
nerve cell aggregations; on — optic nerve, g — ganglia,
om — orbital muscle. H and E method.

Figure 5. The lateral part of Figure 4 in higher magnification. Ab-
breviation as in Figure 4.

Figure 3. Elongated aggregations of ganglionic cells (g) on the
surface of the optic nerve (on). Thiocholine method.
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Figure 6. Cross-section through the short ciliary nerve and small
accessory ciliary ganglion; g — ganglion, on — optic nerve,
om — orbit muscle. H and E method.

Figure 7. Section through the distal part of the optic nerve near
the sclera with two ganglion cells (arrows). H and E method.

DISCUSSION
As the review of the literature indicates, the cili-

ary ganglion in reptiles is usually a single oval-shaped
cluster of neurocytes. Exceptionally, in snakes, it can
consist of two parts only [15, 26, 34]. The ciliary
ganglion in birds is a large and conical in shape but
always a single agglomeration of cells [1, 5, 7, 12,
27, 28, 30].

In most mammals the ciliary ganglion is a single
agglomeration of nerve cells topographically connect-
ed with the oculomotor nerve [37, 39, 41]. In the cat,
dog, horse, sheep, pig, deer, raccoon, marten, mid-
day gerbil, rat, rabbit, spotted suslik, macaque and
man accessory ciliary ganglia have been found as well
as the main ciliary ganglion [8, 11, 13, 19, 23, 31,
33]. These were connected mostly with short ciliary
nerves, which varied in size from some single-nerve
cells to appreciable aggregations of neurocytes. The
accessory ciliary ganglion in a cat consists of 300 cells.
These accessory ganglia can probably be found in all
species of mammals [17, 19].

The ciliary ganglion in the mouse differs from this
structure in most mammals. This is a plexo-ganglion
consisting of some (most frequently 5) aggregations
of ganglionic cells connected to each other with bun-
dles of postganglionic fibres [21]. The ganglion ex-
amined in the Egyptian spiny mouse, although simi-
lar to the plexo-ganglionic structure in a mouse, con-
sisted of two large agglomerations of cells localised
on both sides of the optic nerve crossing the oculo-
motor nerve. These two aggregations of neurocytes
are connected to each other by a thick bundle of nerve
fibres forming a kind of band around the optic nerve.
In addition, further agglomerations of cells were found
at the point of division of the ventral branches of the
oculomotor nerve into a branch to the straight mus-
cle of eyeball inferior and a branch to the oblique
muscle of eyeball inferior. The postganglionic fibres,
interpreted as the short ciliary nerves, were observed
running to the eyeball along the optic nerve. Addi-
tional agglomerations of neurocytes, differing in size,
were localised along the postganglionic fibres. Ac-
cording to Kuchiiwa’s interpretation [19], the main
ciliary ganglion in the Egyptian spiny mouse investi-
gated consists of 3 aggregations of cells with addi-
tional smaller ciliary ganglia, accessory ciliary ganglia,
inside the short ciliary nerves. In spite of some differ-
ences, there is similarity in the morphological rela-
tions of ciliary ganglion between the Egyptian spiny
mouse (Acomys cahirinus) and the mouse (Mus mus-
culus). This is linked to the close relationship between
these two species of family Muridae. Moreover, a sim-
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ilar morphology and topography of the ciliary gangli-
on has been observed in the chinchilla (Chinchilla lan-
iger) [16]).

Another morphological type of ciliary ganglion
was described in the Syrian hamster (Mesocricetus
aureatus). In this species the ganglionic neurocytes,
forming a single structure, were localised both on
the surface and inside the oculomotor nerve. Because
of this, the ciliary ganglion of the hamster is consid-
erably different from the typical ganglion of other
species of mammal [22].

It has been difficult to distinguish precisely be-
tween the motor and sympathetic roots of the cili-
ary ganglion in many species of vertebrate: mouse
[21], Syrian hamster [22], rabbit [11] and man [36].
In some species, the sympathetic fibres pass to the
eyeball through accessory ciliary ganglia [32].
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