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Abstract The distribution of accessory otic ganglia anderve parasympathetic preganglionic fibers in the chorda

connections between the ganglia and the chorda tympgnipani nerve are mediated in the accessory otic ganglia

nerve were investigated in the cat in order to determiaed then join the branches of the mandibular nerve to

the parasympathetic preganglionic facial nerve afferestgpply the target mandibular tissues.

to the otic ganglia using whole mount acetylthiocholin-

esterase (WATChE) histochemistry. The otic ganglkey words Glossopharyngeal nerve - Otic ganglion -

consist of a sigle main prominent ganglion and ma®alivatory nucleus - Blood flow - Cranial nerve -

small accessory ganglia lying on a plexus around the dtterygopalatine ganglic:n

gins of the branches of the mandibular nerve and near

the junction of the chorda tympani nerve and lingual

nerve. In cell analysis of Nissl-stained preparations, thtroduction

neurons composing the accessory otic ganglia were mor-

phologically similar to the main otic ganglion neuronRRecent evidence indicates that the cat lower lip is inner-

Connecting branches from the chorda tympani nervewviited by parasympathetic vasodilator fibers of the facial

the peripherally located acccessory otic ganglia weterve as well as the glossopharyngeal parasympathetic

found and they were not stained by WATChE histochegystem (Izumi and Karita 1991). It has been speculated

istry. WATChE-positive connecting branches from th#at the lower lip vasodilative fibers pass along the chor-

ganglia to the inferior alveolar, lingual, and mylohyoida tympani nerve and the lingual nerve, and/or the inferi-

nerves were also found in the same preparations. Bhnealveolar nerve (Izumi and Karita 1991, 1993). In our

WATChE histochemistry on various autonomic nervoysevious anatomical study, however, we could find no

tissues revealed that autonomic postganglionic nerverfierphological evidence for the direct lingual nerve pro-

bers are selectively stained darkly and that pregangliojgction to the lower lip or the existence of direct connec-

fibers remain unstained. Therefore, it is considered thi@hs between the lingual nerve and inferior alveolar

the WATChE-negative connections from the chordraerve (Kuchiiwa and Kuchiiwa 1996).

tympani nerve consist chiefly of autonomic preganglion- Microdissection of cat mandibular tissue blocks has

ic fibers, whereas the WATChE-positive connections tevealed the existence of several prominent parasympa-

the branches of the mandibular nerve are mainly pasietic microganglia associated with the chorda tympani

ganglionic fibers. This suggests that some of the faci@rve or the lingual nerve, but a relationship between the
ganglia and the vasodilator pathway has not been detect-
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ed (Kuchiiwa and Kuchiiwa 1996). Hence, the location
of the ganglionic way station of this pathway has been
unclear. It has been hypothesized that both facial and
glossopharyngeal preganglionic vasodilator fibers to the
lower lip are mediated in the otic ganglion (Kuchiiwa et
al. 1992; Izumi and Karita 1992; Kuchiiwa and Ku-
chiiwa 1996). Until recently, however, no anatomical ev-
idence to support this hypothesis was available.

In newly developed whole-mount acetylthiocholines-
terase (WATChE) histochemistry, small clusters of auto-
nomic ganglion cells and fine bundles of autonomic fi-

Kagoshima University, Sakuragaoka 8-35-1, Kagoshima 890, lapa&fs can now be detected in three dimensions in whole-
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mount preparations under a dissecting microscope_ptaparatio_n was thoroughly rinsed in dis_tilled water (at least five
this histochemistry, postganglionic autonomic fibers afanges) in the vacuum chamber. The stained preparation was stored

- . - 1N.0.2% phosphate buffered (pH 7.4) sodium azide solution at 4° C.
selectively stained darkly but preganglionic fibers remah The selectively stained preparations were dissected under a

unstained (Kuchiiwa 1990; Kuchiiwa and Kuchiiwainocular dissecting microscope with special attention to the dis-
1996). It is therefore to be expected that postgangliomibution of the main and accessory otic ganglia, connections be-
roots formed mainly by autonomic postganglionic fibef%?ﬁ” the %@le“a and thev\%‘orda lympani rerve. and the gra”.Ches
. . P ) ; o}, the mandibular nerve. When necessary, fine nerves and micro-
W.'” be .dlsce.m'ble in whole-mount preparations underg nglia were dissected out, dehydrated in graded alcohol, cleared
dissecting microscope. _ _ in xylene, mounted on slides, and observed with a light micro-
The purpose of this study was to investigate the tegope. Larger parts of the tissue were mounted on slides with
jectories of the parasympathetic facial nerve fibers inn@f—40% polyvinylpyrrolidone (Sigma) dissolved in 30% acetic ac-

vating the mandibular tissues, and to demonstrate the gyvithout dehédra(;ion (?ienc 1977), and observed with a light
istence of connections from the chorda tympani nerve 1o 0>C0Pe and a dissecting microscope.

the otic ganglia in order to present anatomical evidence
for the hypothesis that both facial and glossopharyng€all analysis
preganglionic vasodilator fibers to the lower lip are me-

. : . . . . ain and accessory otic ganglia were removed from the right side
diated in the otic ganglla. We also wished to Cla”fy t the facial tissue block in three cats. For cell-size analysis, serial

distribution of the accessory otic ganglia. 40-pm-thick sections were cut on a freezing microtome, mounted
on slides, stained with thionine and coverslipped. All the cells that
were present in an individual alternative section that contained a
nucleolus were drawn at x400, using a microscope equipped with
a drawing tube. The long and short axes and the cross sectional ar-
a of each neuron drawing were measured on a Power Macintosh
800/180 using a public domain NIH Image program.

Materials and methods

Animal care and experiments were carried out under the respog
bility of the Ethical Committee of The Institute of Laboratory Ani-
mal Science, Kagoshima University.

A total of nine adult cats (body weight=1.6-3.4 kg) were used.
The cats were deeply anesthetized with an intramuscular injeCRgsults
of ketamine hydrochloride (30-50 mg/kg) and an intraperitoneal In-
jection of Nembutal (sodium pentobarbital: 20-40 mg/kg), and pgt- : : ;
fused through the ascending aorta with sodium phosphate-buffe&ia&he WATChE-preparanns the foI_Iowmg were Stam.ed
physiological saline (pH 7.4) followed by 10% buffered formalin. INt€nsely: the superior cervical ganglion, the postganglion-

ic branches of the superior cervical ganglion, the main and

) _ the accessory pterygopalatine ganglia, most peripheral
WATCRE histochemistry branches derived from the pterygopalatine ganglion, the

A preliminary dissection was performed on the left side of the fftain and the accessory submandibular ganglia, the post-
cial tissue block to expose appropriate tissues around the ramifganglionic branches from these ganglia in the submandib-
tion site of the mandibular nerve and the point of union of thgar gland, the microganglia in the sphenotympanic fissure
chorda tympani nerve and the lingual nerve. Connective t'ssueghenotympanic ganglia), the oromandibular ganglion

I 1

dissected without damage to the underlying fine nerves and .. " - )
pose tissue was removed under a binocular dissecting microscde€ Kuchiiwa and  Kuchiiwa 1996), fine peripheral

The tissue was treated by WATChE histochemistry (modifideranches from the oromandibular ganglion, the perilingual
from Kuchiiwa and Kuchiiwa 1996) to facilitate detection of miganglia (see Kuchiiwa and Kuchiiwa 1996), and the lin-

croganglia and fine autonomic nerve connections and to demarﬂra| ganglia. The following remained unstained: the optic
strate the postganglionic nerve roots.

The WATChE histochemistry was as follows. The tissue wlEIve, the tr.unk _Of the OCl_JlomOtor nerve, the trochlear
soaked in 400 ml of a 20% phosphate-buffered sodium sulfate sBiarve, the trigeminal ganglion, the root of the abducens
tion (pH 7.4) at 40° C and depressurized in a vacuum chamber ugiegve, the trunk of the facial nerve, the genicular ganglion,
a vacuum pump until the temperature of the solution cooled to 35{(g ?vestigulocochlear nerve, vestibular ganglion, the supe-

I

Then the solution was taken out of the vacuum chamber and : . . H
specimen was exposed to microwave irradiation until the solut and inferior glossopharyngeal ganglion, the superior

was warmed up to 40° C, and then depressurized again to 358Kl inferior vagal ganglion, and th(—:: accessory nerve.
This depressurization and irradiation was repeated for 3 h to facili-The main and the accessory ciliary ganglion and the

tate penetration of the solution into the deeper parts of the tissue.gHrt ciliary nerves were stained darkly, but the inferior
specimen was then incubated in 400 ml of 0.05 M acetate buﬁer’@h

lution (pH 5.0) containing 4 mM of acetylthiocholine iodide, 75 m nch of the oculomotor nerve contained no stained fi-
of glycine, and 15 mM of copper sulfate for 180 min at 35-40°R€rS. The greater petrosal nerve was observed to be un-
with ‘the depressurization and irradiation procedure. It was tigf@ined, but the deeper petrosal nerve was stained in-
rinsed in distilled water in a vacuum chamber (over five changes@fsely; the Vidian nerve to the pterygopalatine gangli-
30 min each) and washed at 4° C over night. The tissue was tigpSshowed a striped pattern of stained and unstained fi-
ferred to 1.25% sodium sulfide solution (three changes of at leas] In the t - | the t -

min each), and again rinsed in distilled water (at least five changeS%fS- 1N the tympanic plexus, the tympanic nerve was
15 min each, in the vacuum chamber at room temperature nd to be unstained, but the rest of the nerve network
washed in a refrigerator at 4° C overnight. The specimen was tfrem the superior cervical ganglion was stained darkly_

placed in a solution of 1% silver nitrate for about 5-15 min at roohe |lesser petrosal nerve central to the Sphenotymparuc
temperature in the vacuum chamber depending upon the degr%ﬁ

staining desired. It was subsequently rinsed in distilled water (at | glia was founq to be unSt.amed’ but th.at peripheral to
three changes of 10 min each) and treated in 1% sodium thiosuf3g ganglia contained a few intensely stained WATChE-
(three changes of 30 min each) in the vacuum chamber. Finallypsitive fibers.
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Considered together, these findings showed that tbeated within 2 mm centrally. Each accessory otic gan-
nerves consisting chiefly of the postganglionic autonomlion was connected with WATChE-positive fine nerves
ic fibers were stained intensely but that those consistangd a nerve plexus around the branches of the mandibu-
chiefly of preganglionic, sensory and/or motor fibers r&ar nerve (Fig. 2).
mained unstained (Fig. 1A). Generally, accessory ganglia were very small; most of

In the mandibular tissue, a single darkly stained maimem were 0.1-1.0 mm in long diameter. On rare occa-
otic ganglion was observed on the lateral surface of #iens, larger polygonal, horseshoe-shaped or stelliform
origin of the mandibular nerve (Fig. 1). It was fusiforrganglia, over 1.0 mm in long diameter, were found, and
or oval in shape and measured approximately 1.5-#hey were considered to be unions of several accessory
mm in long diameter and 0.7-1.2 mm in short diametatic ganglia. Occasionally, a single neuron or clusters of
(n=9). The lesser petrosal nerve was observed to berdiurons were observed on the network of the postgangli-
vided into several to over ten branches near the mainaric nerve branches from the main otic ganglion.
ic ganglion, and some of them were found to join the The accessory ganglion neurons were generally oval
main otic ganglion. The main ganglion was discernibie shape and closely resembled neurons of the main otic
from the accessory otic ganglia because it was alwaynglion (Fig. 3). The component cells of the both gan-
the largest. glia varied in size from small to large, as shown in the

Many (15-28:n=9) intensely stained accessory otibistograms in Fig. 4. Quantitative analysis of the dimen-
ganglia were found around the main otic ganglion, te®ns of the neuronal somata observed in Nissl-stained
trunk of the mandibular nerve, and the origins of ttsections indicated that the accessory otic ganglia consist-
branches of the mandibular nerve. Most accessory gad-of groups of neurons that had the same range of cell
glia were located within 6 mm peripheral to the main atizes as neurons in the main otic ganglion. The neurons
ic ganglion. Mostly peripherally located accessory gaimthe accessory otic ganglia had a mean cross-sectional
glia were found in the vicinity of the union of the chordarea of 1029.4 uf (Fig. 4A; SD=500.6 pm
tympani nerve and the lingual nerve. On the other hanainge=216.3-2512.0 &m=691), with a mean long axis
only a few accessory ganglia were found on the lessér42.8 um (Fig. 4B; SD=11.8 pm; range=19.3-77.1
petrosal nerve just proximal to the main otic gangliopm). The main otic ganglion neurons had a mean cross

sectional area of 1001.1 @rfFig. 4C; SD=492.8 uf

range=197.3-2551.7 |&m=915), with a mean long axis
Fig. 1 A Photomicrograph of the whole-mount acetyithiocholine&f 41.2 pm (Fig. 4D; SD=11.5 um, range=18.3-73.1).
terase (WATChE) preparation showing the selectively stained pddt distinction could be made between the accessory otic

ganglionic nerves in the submandibular and infraorbital regionsginglia and the main otic ganglion on the basis of their
the cat. The mainQG) and accessory otidQG) ganglia, retroor- component cells

bital plexus RO), retroorbital gangliaROG), chorda tympani gan- : .

glion (CTG) and the autonomic postganglionic nerves are stained The chorda tympani nerve was _obser\{ed to be. un-
darkly, but the chorda tympani nerv€T), lesser petrosal nervestained except for WATChE-positive microganglion
(LP) and most branches of the submandibular nerve and the maxéurons (chorda tympani ganglion; Fig. 1A) and the

lary nerve ¥2) remain unstained. A black film plate is inserted unsmall bundles of axons on the surface of the nerve (Gib-
der the chorda tympani nerve in order to show the connect

branches between the chorda tympani nerve and the accessorﬁgﬂé etal. 1984,)' In_seven of the nine cases, two or three
ganglion APPG accessory pterygopalatine ganglisl auriculo- WATChE-negatlve fine nerves Separated from the chor-

temporal nervelA inferior alveolar nervelN lingual nerve Mh da tympani nerve were found to enter peripheral acces-
mylohyoid nerve,PC Vidian nerve). The rectangular frame 'nd'Sory otic ganglia (Fig. 1B, arrows). Several to over ten

cates position of the magnified photomicrograph. Bar 5 mm. : PSR :
B Photomicrograph showing the WATChE-negative connecti rkly stained postganglionic fine nerves derived from

branches from the chorda tympani nerve to the peripheral accetdg- aCCESSOrY ganglia were a'_SO found to join the inferi-
ry otic ganglion érrows). Bar 1 mr or alveolar, lingual or mylohyoid nerve. The former un-
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Fig. 2 A sketch of the WAT-
ChE preparation showing the
distribution of the main and ac-
cessory otic ganglia and con-
nections between the ganglia
and the chorda tympani nerve

and the branches of the mandib- AOG \

ular nerve Arrowheadsndicate L/
the WATChE-negative connec- . \ /( ) y
tions from the chorda tympani \ AT L
nerve to the accessory otic gan- _ ’—‘d
glia. Long arrowsindicate the /,L‘ 0G
WATChE-positive connections / }/

from the accessory otic ganglia

to the inferior alveolar and my-

lohyoid nerves. Left subman- <
dibular tissue: ventral view with

the central side to the tol{ y

mandibular nerveBu buccal Py

nerve,IM internal maxillary ar- VA

tery, TT nerve of tensor

tympan /‘\
S

A\ G
Bu V3 \\\\&z'k\nil"; QA
/%\i“w»‘#‘,) —
?

AOG ‘.ﬂ” v

Fig. 3 Photomicrograph of Nissl-stained sections of the accessgtained connections between the chorda tympani nerve
otic ganglion &) and the main otic gangliorBf showing that and the accessory olic ganglia were usually so fine that

neurons in the accessory otic ganglia morphologically resem Py f : .
those in the main otic ganglion. Stained with thionine, 40-u _eey were difficult to detect in the unstained connective

thick frozen sectionBars 100 pn: tissue. It is possible that the connective branches had
been cut during the microdissection procedure in the
two cases in which the connections were not detected.
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Fig. 4 Histograms showing the distribution of somatic cross sec- The present WATChE-preparations revealed that auto-

tional areasA) and long axis diameter of neurons in the accessqiymic ganglia and nerves consisting chiefly of the post-
otic ganglia B); and somatic cross sectional are@} &nd long

axis diameter of the neurons in the main otic gangli@ndrawn ganglionic fl_be_rs were selectively Stameq (_1arkly, but
from 40-um-thick Nissl-stained preparations. Note that the accB&rves consisting mainly of the preganglionic, sensory
sory otic ganglia consist of neurons that have the same morpand/or motor fibers remained unstained, indicating that
logical characteristics and the same range of cell size as thosghia postganglionic roots are discernible in the WATChE-
the main ofic ganglion preparations under a dissecting microscope.

The chorda tympani nerve was found to be WATChE-
negative. This agrees with the view that the chorda tym-
Discussion pani nerve consists chiefly of taste fibers from the

tongue and parasympathetic preganglionic facial nerve
In the microdissection study of the WATChE-preparatioriihers originating in the superior salivatory nucleus. The
the main otic ganglion of the cat was distinguishable frarannections between the chorda tympani nerve and the
the accessory otic ganglia through its size. In the cell araleessory otic ganglia were found to be WATChE-nega-
ysis of the Nissl-stained preparations, however, the nguve; on the other hand, the connections from the acces-
rons composing the accessory otic ganglia were morpbory otic ganglia to the inferior alveolar, lingual and
logically similar to neurons of the main otic gangliomylohyoid nerve were stained intensely, indicating that
These findings agree with our histochemical and immurtbe former connections chiefly consist of autonomic
histochemical experiments for neurotransmitters includipgeganglionic fibers and that the latter are mainly post-
nicotinamide adenine dinucleotide phosphate-diaphoragmglionic. Because it is considered on the basis of
vasoactive intestinal polypeptide, calcitonin gene relatdining intensity that the latter connections contain few
peptide, neuropeptide Y and substance P in both gandliany sensory fibers, it is conceivable that the former
(unpublished). We conclude that the accessory otic galso contain few or no sensory fibers of passage. This
glia consist of ganglion neurons displaced from the mainggests that some of the preganglionic facial nerve fi-
otic ganglion, i.e., that the accessory otic ganglia fornbars in the chorda tympani nerve are mediated in the ac-
part of the otic ganglionic system. cessory otic ganglia, and then pass to the mandibular
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target tissues by way of the inferior alveolar, lingual ¢ion suggests that some of the preganglionic facial nerve
mylohyoid nerve. fibers in the chorda tympani nerve are mediated in the
It has been reported that electrical stimulation of tlecessory otic ganglia as well as the glossopharyngeal
peripheral cut end of the facial trunk or the chorda tymreganglionic fibers. Therefore, there is a possibility that
pani nerve elicits vasodilatation response in the lower the superior and inferior salivatory nuclei form an insep-
(lzumi and Karita 1991, 1993). This indicates that tlaable nucleus, and that the nucleus sends vasodilator
blood vessels in this portion are innervated by the papseganglionic fibers subserving the mandibular blood
sympathetic facial nerve fibers as well as the glossopkiassels to two different pathways, the facial nerve and
ryngeal nerve. Since the response was significantly tiee glossopharyngeal nerve, and that both pathways are
duced by pretreatment with hexamethonium, an autoediated in the accessory otic ganglia observed in the
nomic ganglionic blocker, it is conceivable that the reresent study.
sponse is parasympathetic vasodilatation, but not the anThe present study has revealed many accessory otic
tidromic vasodilatation mediated by the sensory nervganglia and complex networks of parasympathetic plexus
(lzumi and Karita 1993). The response is never affecteglar the junction of the chorda tympani nerve and the
by lesion of the ipsilateral pterygopalatine ganglidmgual nerve, and around the branches of the mandibular
(lzumi and Karita 1992), and no labeled neurons warerve. We conclude that great care must be taken in elec-
observed in the pterygopalatine ganglion or in its accé®physiological experiments that employ electrical stim-
sory microganglia after tracer injections into the lowettation of the nerves in the mandibular tissue, especially
lip (Kuchiiwa etal. 1992; Kuchiiwa and Kuchiiwathe lingual and chorda tympani nerves near the chorda
1996), indicating that the response is not mediated in tiimpani-lingual nerve junction.
pterygopalatine ganglion. The vasodilative response was
abolished by sectioning the inferior alveolar ner/Acknowledgements We thank Ms. Akiko Nishida for her expert
(1zumi and Karita 1993). Hence, i is probable that HHEYcd ssiance, T research s supportd by the Kodama
parasympathetic facial nerve vasodilator fibers passing to
the lower lip pass through the chorda tympani nerve and
the inferior alveolar nerve by way of the connectiieaferences
branches between the chorda tympani nerve and the ac-
cessory otic ganglia observed in the present study.  cContreras RJ, Gomez MM, Norgren R (1980) Central origins of
As mentioned above, the hypothesis that some pre-cranial nerve parasympathetic neurons in the rat. J Comp Neu-
ganglionic facial nerve fibers synapse in the otic gangg r?:\s%?l?:grz;ggﬁ JE, Bevan JA (1984) Perivascular nerves with
has been presgnted In th? previous repo.r.ts (Kuchiiwa 'mmunbreactivity to vasoactive intestinal polypeptide in ce-
al. 1992; Izumi and Karita 1992; Kuchiiwa and Ku- phalic arteries of the cat: distribution, possible origins and
chiiwa 1996). The present study provides the first signif- functional implications. Neuroscience 13:1327-1346
icant anatomical evidence of this. Gienc J (1977) The application of histochemical method in the an-

i~ni~atomical studies on the parasympathetic ganglia and nerve
e o o O o Fostaraion S b bl (o o
C ‘ Halil® some mammals. Zool Pol 26:187-192
malian species. In man, however, a communicatin@mi H, Karita K (1991) Vasodilator responses following intra-
branch from the greater petrosal nerve to the lesser pet<ranial stimulation of the trigeminal, facial and glossopharyn-
rosal nerve was observed consistently in cadaversé(ViFiun%??_‘: Merves t(q%g;‘)t %‘;%'g;‘\-/fg‘git'zggn5g?:g;;;;’/ mpathetic
and Y_OUf_]g 19_67)' This raises the pOSSIbII!ty that t_he p e nerve fibers to elicit the vasodilatation in cat lip.J Auton Nerv
ganglionic facial nerve afferents to the otic ganglia pass syst 37:99-108
through this route in man. Izumi H, Karita K (1993) Innervation of the cat lip by two groups
It has been generally accepted that the superior sali-of parasympathetic vasodilator fibres. J Physiol 465:501-512

L hiwa S (1990) Intraocular projections from the pterygopala-
vatory nucleus sends preganglionic axons to the faé?&?tine ganglion in the cat. J Comp Neurol 300:301-308

nerve an_d that the inferior salivatory nucleus sends pk@chiiwa S, Kuchiiwa T (1996) Autonomic and sensory innerva-
ganglionic axons to the glossopharyngeal nerve, and thation of cat molar gland and blood vessels in the lower lip, gin-
the two nuclei are independent of each other. However,giva and cheek. J Auton Nerv Syst 61:227-234

iatribti iAi chiiwa S, Izumi H, Karita K, Nakagawa S (1992) Origins of
the area of distribution of the preganglionic neuroﬁé‘ parasympathetic postganglionic vasodilator fibers supplying

sending their axons to the glossopharyngeal nerve conspe |ips and gingivae: a WGA-HRP study in the cat. Neurosci

siderably overlaps that of neurons sending their axons toLett 142:237—240

the chorda tympani nerve (Nomura and Mizuno 198Xyuchiiwa S, Ushikai M, Kuchiiwa T, Nakagawa S (1994) A histo-

Moreover, the preganglionio neurons o the ofic gangia SPETIE S e Senoie o ey e I VL G

are C_ytOIOQ'Ca_‘”y 'nd!St'ngu'Shable from those of the Japan-Korea Anatomical Joint Meeting Yamagata Seminar, pp

ganglia associated with the facial nerve (Contreras et al.137-138

1980). Histochemical and immunohistochemical expeNemura S, Mizuno N (1982) Central distribution of afferent and

ments show that most neurotransmitters in the parasym-£fferent components of the glossopharyngeal nerve: an HRP
athetic ganglia associated with the facial nerve apgSludy in the cat Brain Res 236:1-13 : ,

P gang . . ¢ B, Young PA (1967) Gross and microscopic observations on

common with thlose associated with the g|0350_phary'nge'the communicating branch of the facial nerve to the lesser pet-

al nerve (Kuchiiwa etal. 1994). The present investiga- rosal nerve. Anat Rec 158:257-262




