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Parasympathetic Ganglia in the Head of Western Hedgehog
(Erinaceus europaeus). I. Otic ganglion
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Using the thiocholine method of Koelle and Friedenwald and histo-
logical techniques the otic ganglion of the western hedgehog, Erinaceus
europaeus Linnaeus, 1758 from the Province of Wroclaw was studied.
The ganglion was found to be a single oval cluster of neurons of gan-
glionic type, 24 mm long and 0.9 mm broad. The otic ganglion is
situated at the medial side of the mandibular nerve closely below the
maxillary artery. The ganglion is composed of typical ganglionic neurons
in compact arrangement, and is surrounded by a thick connective-tissue
capsule.

[Department of Anatomy, Institute of Biology, Pedagogical College,
Rew. Pazdziernikowej Str. 33, 25-518 Kielce, Poland].

1. INTRODUCTION

The parasympathetic cephalic ganglia have been studied in many
species of birds and mammals, and among the latter the rodents have
been given most attention (Gienc & Kuder, 1980; Kuder, 1980, 1983a,
1983b, 1985). On the other hand, no similar data are available on the
Insectivora. Earlier studies suggested certain correlations between the
morphological features and the topography of the parasympathetic ganglia
and the taxonomic position of animal species.

In view of this, a study was untertaken on the cephalic parasympathetic
ganglia in the hedgehog, since this might be of interest from the stand-
point of phylogenetic development. The present study is the first part
of this work.

2. MATERIAL AND METHODS

The reported investigations were carried out on eight adult western hedgehogs
Erinaceus europaeus Linnaeus, 1758 of either sex. The animals were killed by
decapitation under ether anaesthesia. For histochemical examinations five animals
were used exposing carefully by dissection the area of the trigominal nerve,
oculomotor nerve and the efferent ducts of the salivary glands. The material
prepared in this way was studied in situ by the thiocholine method of Koelle-
Friedenwald (1948), modified by Gienc (1976, 1977) for use in macromorphological
specimens. The procedure was described in detail elsewhere (Gienc, 1976, 1977).

From the remaining three animals tissue were taken for histological examina-
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tions. The sections were embedded in paraffin and cut serially at 10 um thickness
in a microtome. Staining was done by Nissl's method.

3. RESULTS

The otic ganglion in the hedgehog is a single oval cluster of neurons,
24 mm long and 0.9 mm broad. It is situated at the medial aspect of
the mandibular nerve, about 2 mm below the oval foramen and is visible as
a bulging structure lying closely below the maxillary artery (Plate V—VI,
Fig. 1, 2). This artery runs along the posterior aspect of the mandibular
nerve, and closely above the otic ganglion it bends crossing the nerve
over its medial side. The otic ganglion is thus related more closely to
the mandibular nerve than to the maxillary artery. As demonstrated by
histochemical examinations the delicate fascicles of postganglionic nerve
fibres enter into connections with the branches of the mandibular nerve,
mainly with the buccal nerve and auriculotemporal nerve. On the
fascicles minute additional clusters of ganglionic neurons were observed
(Fig. 1). Running upwards the fascicles of postganglionic fibres become
closely associated with maxillary artery, and pass thea to the ipsilateral
maxillary nerve.

Histological examinations demonstrated a very thick connective-tissue
capsule of the ganglion (about 500 pum) at the periphery, while the most
bulging middle part of the ganglion is coverd with only a thin (about
100 um) layer of connective tissue (Plate VI, Fig. 3). It was demonstrated,
moreover, that in the hedgehog the otic ganglion is a compact cluster
of cells fused to the medial aspect of the mandibular nerve and, in part,
to the maxillary artery (Fig. 3). The ganglionic neurons, usually 40 pum
in diameter, had a large clear nucleus with a well outlined nucleolus.
The neurons were seen in a compact arrangement over the whole area
of the cross-section. Satellite cells and few fibres were present between
them. In succesive microtome sections pterygoid nerves were found,
which branched off from the mandibular nerve and passed through the
main mass of the ganglion (Plate VI, Fig. 4).

4. DISCUSSION

The otic ganglion may be associated with the mandibular nerve as
well as with the maxillary artery. A comparative analysis of the topo-
graphic conditions in many animal species (Gienc & Kuder, 1985) dem-
onstrated that the location of the otic ganglion is determined, in the
first place, by a different position of the maxillary artery in relation to
the mandibular nerve. When the artery lies laterally the ganglion is
situated at the mandibular nerve (Cirkova, 1958, 1959; Godinho, 1968
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Kovsikova, 1958; Petela, 1974, 1979). On the other hand, in many animals
(mouse, rat, golden hamster, midday gerbil Meriomes meridianus, rabbit,
dog), in which the maxillary artery runs along the medial side of the
mandibular nerve (Fischbach & Dudzinska, 1970; Gienc & Kuder, 1983;
Kuder, 1983a, 1983b, 1985) the otic ganglion is associated, in the first
place, with this artery at the site where it crosses the mandibular nerve.
In such cases, the maxillary artery separates the main mass of the gan-
glion from this nerve. As stated by Gienc & Kuder (1985) the course of
the maxillary artery is, however, not a determinant of the topography
of the otic ganglion. In the guinea pig the maxillary artery, which runs
medially to the mandibular nerve, is not crossing the nerve near the
oval foramen but runs along its anterior aspect (Gienc & Kuder, 1980).
In that species the otic ganglion encloses the trunk of the mandibular
nerve on its medial, posterior and partly lateral sides. In the hedgehog
also the maxillary artery crosses the mandibular nerve on its medial
aspect but in such a way that the main mass of the ganglion lies below
this artery on the medial aspect of the nerve, while only the upper bor-
der of the ganglion touches the maxillary artery, and numerous fascicles
of the postganglionic fibres leave the ganglion at its upper border.

The morphologic features of the otic ganglion show a species-depend-
ent variability. A single compact cluster of ganglionic neurons is present
in the guinea pig (Gienc & Kuder, 1980), mouse, rat, and hamster (Kuder,
1980, 1983a, 1983h), rabbit (Fischbach & Dudzinska, 1970), cattle (Petela,
1971) and man (Zabotynski, 1953). The otic ganglion may have also the
form of several cell clusters interconnected each with others, as it is
observed in the wild pig (Petela, 1979), sheep, and goat (Cirkova, 1958,
1959), and dog (Gienc & Kuder, 1980). The otic ganglion of the hedgehog,
despite presence of additional cell clusters at it, should be included into
the former group. However, the presence of a thick capsule of con-
nective tissue makes impossibile an accurate determination of the shape
of the ganglion by the histochemical method. Only the middle, most
bulging, part of the ganglion covered by only a thin connective tissue
layer shows acetylocholinesterase activity.

The otic ganglion of the hedgehog is relatively large in relation to
these ganglia in other species (Gienc & Kuder, 1980, 1983; Kuder, 1983b,
1985).

As shown in the observations of Petela (1979) in the wild pig the
nasomedial part of the otic ganglion covers the initial part of the medial
pterygoid nerve, Similary as in cattle (Petela, 1974) since in that species
the otic ganglion lies along the medial pterygoid nerve. In the rabbit
this gangion is closely asscciated with the medial pterygoid nerve (Fisch-
bach & Dudzinska, 1970). The topographic association of these two stru-
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ctures is even more pronounced in the hedgehog, since in this species
the nerve passes through the main mass of the ganglion.

The fascicles of postganglionic fibres leave the otic ganglion in various
directions. In the guinea pig they form a characteristic plexus surround-
ing the trunk of the mandibular nerve on its medial and lateral aspects,
and then join the main branches of this nerve (Gienc & Kuder, 1980).
On the other hand, in the dog these fascicles of cholinergic fibres lie
on the superiorposterior side of the maxillary artery and join the auri-
culotemporal nerve and the buccal nerve (Gienc & Kuder, 1983). A
similar course of the postganglionic fibres was reported by Kuder (1983b)
in the mouse, rat, and golden hamster. The present study confirms this
course of the postganglionic fibres in the hedgehog as well, these fibres
lie on the wall of the maxillary artery and form parts mainly of the
buccal nerve and auriculotemporal nerve.

In the hedgehog the neurons in the otic ganglion show a compact
arrangement, with only a small number of fibres between them. A similar
arrangement of the ganglionic neurons was observed also in man (Zabo-
tynski, 1953), dog (Gienc & Kuder, 1983), golden hamster, and midday
gerbil Meriones meridianus (Kuder, 1983b, 1985). This suggests that the
morphology and topography of the otic ganglion are species-specific and
not related to the taxonomic position of the species.

REFERENCES

1. Cirkova V. P., 1958: Nekotoryje dannyje o sekrecji okolou$noj slunnoj zelezy
ovec i koz. Tr. VI Vsesojuznogo Sjezda Anat. Gist. i Embriol., Kijev, 2:
115—119.

2. Cirkova V. P, 1959: Innervacja slunnych Zelez ovec i koz. Diss. Avtoref.
Novolerk. Zoovet. Inst.,, Novoterkassk, 1—20.

3. Fischbach I. & Dudzinska B., 1970: Topografia zwoju usznego u krélika. Folia
morph. (Warsz.), 29: 241—247.

4. Gienc J., 1976: Poréwnawcza morfologia i topografia niektérych zwojow przy-
wspélczulnych oraz zazwojowych odcinkéw drég wydzielniczych duzych $linia-
nek u dos$wiadczalnych gryzoni i miesozernych w $§wietle badan histochemicz-
nych. Zesz. Nauk. ART Olsztyn, Wet., 6: 1—50.

5. Gienc J., 1977: The application of histochemical methods in the anatomical
studies on the parasympathetic ganglia and nerve bundles of postganglionic
axons in the sublingual region of some mammals. Zool. Pol.,, 26: 187—192.

6. Gienc J. & Kuder T. 1980: Morphology and topography of the otic ganglion
in guinea pig, detected with thiocholine technique. Folia morph. (Warsz.), 39:
79—85.

7. Gienc J. & Kuder T. 1983: The otic ganglion of the dog: topography and
macroscopic structure. Folia morph. (Warsz.), 42: 31—40.

8. Gienc J. & Kuder T. 1985: Relations between maxillary artery and the otic
ganglion. Folia morph. (Warsz.), 44: 212—215.

9. Godinho H. P, 1968: A comparative anatomical study of cranial nerves in goat,



Otic ganglion in hedgehog 119

sheep and bovine (Capra hircus, Ovis aries and Bos taurus), their distribution
and autonomic components. Iowa State University: 130—372, Ames — Iowa.

10. Koelle G. B. & Friedenwald J. S, 1949: A histochemical method for localizing
of cholinesterase activity. Proc. Soc. exp. Biol. Med., 70: 617—622.

11. Kovsikova L. P., 1958: USnoj uzel-gnl. oticum — domasnich Zyvotnych. Uéen-
nyje Zap. Viteb. Vet. Inst.,, 16: 111—114.

12. Kuder T. 1980: Przywspoélczulne komponenty tréjdzielnego nerwu myszy.
Streszcz. Ref. XII Zjazdu PTA, Krakéw, 80—81.

13. Kuder T. 1983: Przywspédlczulne zwoje glowowe, topograficznie zwigzane z
nerwem tréjdzielnym u szczura i chomika. Streszcz. Ref. XIII Zjazdu PTA,
Poznan, 69—70.

14. Kuder T., 1983: Comparative morphology and topography of cranial para-
sympathetic ganglia connected with the trigeminal nerve in mouse, rat and
hamster (Mus musculus L. 1759, Rattus morvegicus B. 1769, Mesocricetus aur-
atus W., 1839). I. Otic ganglion. Folia morph. (Warsz.), 42: 187—197.

15. Kuder T. 1985: Topography and macroscopic structure of parasympathetic
ganglia connected with the trigeminal nerve in midday gerbil (Meriones meri-
dianus — Mammalia: Rodentia). Acta biol. cracov., Zool., 27: 61—T1.

16. Petela L., 1974: Topografia nerwu tréjdzielnego u bydla. Cz. III. Nerw Zzuch-
wowy. Pol. Archwm. wet., 17: 559—580.

17. Petela L., 1979: Nerw tréjdzielny u dzika (Sus scrofa L. 1758). Zesz. Nauk.
AR Wroctaw, 17: 1—55.

18. Zabotynski J. M., 1953: Normalnaja i patologi¢eskaja morfologia vegetativnych
gangliev. Parasympatiteskaja nervna sistema. Izdat. Akad. Med. Nauk SSSR,
117—137. Moskva.

Received 9 April 1987, Accepted 14 July 1987.

Jan GIENC, Tadeusz KUDER, Aleksander SZCZURKOWSKI

PRZYWSPOLCZULNE ZWOJE GLOWOWE JEZA ZACHODNIEGO
(ERINACEUS EUROPAEUS). 1. ZWOJ USZNY

Streszczenie

Przy uzyciu tiocholinowej metody Koellego-Friedenwalda i techniki histologicz-
nej opracowano zwoj uszny jeza zachodniego, Erinaceus europaeus Linnaeus, 1758.
Stwierdzono, ze jest on pojedynczym, owalnym skupiskiem neurocytéw zwojowych
o dlugosci 2,4 mm i szeroko$ci 0,9 mm. Zlokalizowany jest na przysrodkowej
stronie nerwu zZuchwowego, tuz ponizej tetnicy szczekowej (Tablica V, Ryc. 1, 2).
Zwé6j uszny jeza utworzony jest z typowych neurocytéw zwojowych, o zwartym
ukladzie. Otoczony jest grubg torebka lgcznotkankowa (Ryc. 3). Wychodzace ze
zwoju wigzki widkien zazwojowych nawigzuja laczno$é z gléwnymi odgalezieniami
nerwu zuchwowego oraz z tetnica szczekowa. Srodkowa cze$é zwoju przebita jest
nerwami skrzydlowymi (Ryc. 4).

Zwdj uszny jeza zachodniego, zaréwno pod wzgledem ksztaltu jak i polozenia,
pomimo ogdélnych podobienstw do innych zwierzat, wykazuje wiele cech charakte-
rystycznych dla tego gatunku. Sg to: duze rozmiary zwoju, gruba torebka lgczno-
tkankowa oraz S$cisle zespolenie zwoju z nerwami zuchwowym i skrzydlowymi.
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EXPLANATION OF PLATES V—VI
Plate V

Fig. 1. Schematic drawing showing the shape and site of the otic ganglion in

the hedgehog. 1 — ftrigeminal nerve, 2 — lesser petrosal nerve, 3 — tympanic

chorda, 4 — auriculotemporal nerve, 5 — mylohyoid nerve, 6 — inferior alveolar

nerve, 7 — lingual nerve, 8 — masseteric nerve, 9 — buccal nerve, 10 — pterygoid

nerves, 11 — maxillary art.ry. The arrow shows the direction of the cross-section
presented in Fig. 3.

Plate VI

Fig. 2. Otic ganglion (left) in a hedgehog. Thiocholine method. Magnif. about

20 X. 1 — trigeminal nerve, 2 — site of severing of the ophthalmic and maxillary

rami, 3 — mandibular nerve, 4 — maxillary artery, 5 — middle most bulging part

of otic ganglion showing acetylcholinesterase activity, 5 — additional cluster of
otic ganglion neurons.

Fig. 3. Cross-section trough the  otic ganglion in a hedgehog on the left side.

Nissl’s metod. Magn. about 60 <. 1 — mandibular nerve, 2 — buccal nerve, 3 —
pterygoid nerves, 4 — maxillary artery, 5 — connective — tissue capsule of the
ganglion.

Fig. 4. Cross-section through the otic ganglion of a hedgehog. Pterygoid nerves
pass_ing"through the main mass of the ganglion are visible. Nissl's stain. Magnif.
about 90X. 1 — mandibular nerve, 2 — pterygoid nerve, 3 — maxillary artery.



