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I. INTRODUCTION

Somatotopic organization of the facial nucleus has been
studied 1in a variety of mammals by the }morpho]ogica1 and
electrophysiological techniques (Yagita, 1910; Szentdgothai,
1948; Kitai et al., 1972; Dom et al., 1973; Dom and Zielinsky,
1977; Kume et al., 1978; Shohara and Sakai, 1983; UemUra-Sumi et
al., _1986. for further reviews, cf. Papez, 1927; Vraa-Jensen,
1942; Courvi]]e, 1966; Martin and Lodge,. 1977; Dom, 1982;
Hinrichsen ahd Watson, 1984, Baisden et al., 1987). The previous
morphological studies usually used transection of individual
facial nerve braﬁches and retrograde degeneration techniques for
identification of facial motoneurons which send their axons to
the facial nerve branches (for reviews, cf. Yagita, 1910; Papez,
1927 Vraa—Jehsen, 1942; Courville, 1966). More recént]y, kthe
retrograde HRP (horseradish peroxidase) method has been developed
(for review, cf. Mesulam, 1982). Since this method was shown to
.enab1e an easier and clearer identification of subgroups of
motoneurons to be made (Mizuno et al., 1975), a group of studies
have been carried out on the myotopic organization of the facial
nucleus after injection of HRP into the facial muscles in the
opossum (Dom and Zielinsky, 1977; Provis, 1977), bat (Friauf and
‘Herbért, 1985), mouse (Ashwell, 1982; Komiyama et al., 1984), rat

(Watson et al., 1982; Hinrichsen and Watson, 1984;¥Friauf and



Herbert, 1985), kitten (Radpour, 1977), cat (Kume et al., 1978;
Parnes et al., 1982), and rhesus and cynomolgus monkeys (Parnes
et al., 1982). Correlation of the subdiyisions of the facial
nucleus with the peripheral branches of the facial nerve has also
been examined after applying HRP to the facial nerve branches in
"the opossum (Dom, 1982), rat (Sembé, 1984), guinea pig
(Uemura-Sumi et al., 1986), and rabbit (Baisden et al., 1987).
The results of the previous studies indicate that there more or
less exist species differences in the somatotbpic organization of
the facial nucleus.

The somatotopic organization of the facial nucleus of the
mécaque monkeys has not been systematically studied by the HRP
method. The present study, therefore, was attempted to examine
the correlation of the main peripheral branches of the facial

nerve with cytoarchitectonic divisions of the facial nucleus in

the Japanese monkey (Macaca fuscata) to shed more light on the
general organizatioh qf the facial nucleus in mammalian Species.
For the purpose of comparison, the study was also pérformed in
the rabbit as a representative of the most common laboratory
»anfmals, although a study in the rabbit has already been reported

(Baisden et al., 1987).



IT. MATERIALS AND METHODS

Thé present reports are based on the results which were

obtained from 18 Japanese monkeys (Macaca fuscata) weighing 3 -

12 kg, and 35 adult rabbits weighing 1.8 - 3.0 kg. The
experiments were perforhed according to.the NIH Guide for the
Care and Use of Laboratory Animals (National Institute of Health
Pub1ications No. 85-83, Revised 1985). Horseradish peroxidase
(HRP) was purchased from Toyobo, Japan (HRP; Grade-1-C: RZ= 3.3

or 3.4).

1. Application of HRP

1) monkey

The monkeys were anesthetized with an intraperitoneal
injection of sodium‘pentobarbital (30 - 35 mg/kg body weight).
Supbiementany doses were given as necessary to maintain a deep
‘Tevel of anesthesia during long surgical procédures.

In 12 monkeys, the main branches of the facial nerve
supplying the superficial facial huscTes were exposed
uhi]ateré]1y with an aid of an operation microscope. They were
CUt, and both proxfmal and distal cut-ends were 1igatedb(F1g.

la). Subsequent]y, at the sites close to the proxima] cut-end,



multiple injections of the total of 0.1 - 0.5 p1 of 30% HRP
dissolved in 0.9% saline were made manually by pressure through a
glass micropipette (tip diameter: 40 - 60 ﬁm) coupled to a 10—p1
Hamilton microsyringe; the main branches other than the target
nerve branch had been cut and ligated with thin thread before the
'HRP 1njectidn into the target nerve branéh. The proximal cut-end
of the target nerve branch injected with HRP was further inserted
~into a piece of polyethylene tube which was filled with 30% HRP
dissolved in sterile 0.9% saline. The open énd of the tube was
then sealed with vaseline. Subsequent]y; the tube was fixed to
the neighboring region. with é quick set adhesive (Alon .A1fa;
a]pha?cyaﬁoacny1ate).

In 3vmonkeys, the HRP solution was_app]ied to the trunk of
the facial nerve at the site c1o$e to the stylomastoid foramen.

In additional 3 monkeys, 5 p1 of 30% HRP dissolved in 0.9%
saline was injected into the orbicularis oculi muscle ‘after
severing and ligating nerve branches supplying the superficial
facial muscles in the anterior auricu]ér and the superior labial

regions.

2) Rabbit
The rabbits were aneSthetized with ~an intraperitoneal
injection of urethane (1 g/kg body weight), followed with an

intravenous injection of sodium pentobarbital (25 - 30 mg/kg body



weight). Supplementary doses of sodium pentobarbital were‘given
when necessary throughout the duration of the experiments.
| In 17 rabbits, the main peripheral branches of the facial
nerve were exposed qni]atera]]y under an operation microscope
(Fig. 2a). They were cut, and both proximal and distal cut-ends
were ligated. Subsequently, at the siteé close to the proximal
cut-end, a single main branch of the facial nefve was injected
with 0.1 - 0.5 p1 of 30% HRP dissolved in sterile 0.9% saline
manually by pressure through a glass micropfpette (tip diameter:
40 - 60 pm) coupled to a 10-pul Hamilton microsyringe. The
proximal cut-end of the target nerve branch injected with HRP was
further inserted into a piece of polyethylene tube filled with
30% HRP dissolved in sterile 0.9% saline. The open end of.the
tube was then sealed with vase1ine, and the tube was fixed to
the neighboring region by Alon Alfa. |
| In 2 rabbits, the application of the HRP solution was
performed to the trunk of the facial nerve at the sites close to
the stylomastoid foramen (Fig. 2a).
In each of- 12 rabbits, the application of the HRP solution
‘was done to one of the 4 perioral branchlets arising from the
superior labial branch, and/or the inferior labial branch (Fig.
v3a).
In 4 rabbits, the HRP solution was injected unilaterally

into the superficial facial muscles in the periorbital region



after cutting and Tigating the superior labial and the inferior

labial branches of the facial nerve.

2. Perfusion

After the application of HRP to the facial nerve or muscles,
the animals were allowed to survive for 36;48 hours, and fhen
re-anesthetized deeply with an overdose of the anesthesia, and
were perfused through the ascending aorta with 9% formalin in 0.1
M phosphate buffer (pH 7.3) (1‘1/kg body weight), followed by the

same buffer containing 10% sucrose (0.5 1/kg body weight).

3. Histological procedures

Afferv the "transcardial perfusion, the brainstems were
removed and placed into 30% sucrose in 0.1 M phosphate buffer (pH
7.3) at 4°C. When the brainstems were saturated with the
solution, they were cut into fransverse seriaT sections of 60 um
thickness on a freezing' microtome.  For the histochemical

demonstration of HRP, the sections were treated with
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tetramethylbenzidine (TMB) according to Mesulam (1978). Then the
sections were mounted on g1ass slides coated with a chrome
alum-gelatine (Pappas, 1971), and counterstained with 1% neutral

red.

&, Observation of the facial nerve

After the perfusionb and removal of the brainstem, the
pattern ~of branching of the = facial nerve supplying the
- superficial facial muscles were examined‘macroscopically with an

aid of an operation microscope.

5. Observation of HRP-1abeled neurons

~~ The serial sections were examined microscopically in
bright-field and dark-field illumination. The distribution of
neuronal cell bodies labeled retrogradely with HRP was charted
onto en]arged outline drawings of»representétive sections that

were enlarged by using a projection apparatus.

11 -



II1. Results

1. Monkey

In -all monkeys examined in the ‘present .study, 5 mafn
peripheral branches of the facial nerve weke identified, although
the pattérn of branching bf the facialbnérve was variant from
animal to animal (Fig. la). The 5 main perfphera] branches were
the cervical (Ce), the posterior auricular (PA), the
auriculo-zygomatico-orbital (AZO),’the superior labial (SL), and
the inferjor labial (IL) branches. The auriculo-zygomatic-orbital |
(AZO) branch was composed of sévéra1 nerve branchlets supplying
the anterior auricular (AA) and zygomatico-orbital (Z0) regions.

In 3 monkeys, HRP was épplied to the trunk of the facial
nerve, In these monkeys, the facial nucleus ipsilateral to the
HRP app]ication was filled with neuronal cell bodiés which were
labeled retrogradely with HRP (Fig. 4a). No HRP-labeled neuronal
cell bodies were found on the side contralateral to the HRP
application. Thev facial nucleus filled with HRP-Tabeled
motoneurons was dividéd into 5 diviéions; into the ventral (V),
medial (M), intermediate (I), dorsal (D), and lateral (L)
divisions (Figs. 1b-d and 4a). Facial motoneurons in the ventré]

division were clustered into 2 subgroups at the level of the
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caudal two thirds of the facial nucleus (Figs. lc, d and 4b).

Ih 2 monkeys whiéh were app]ied with HRP to the cervical
(Ce) branch of the facial nerve, HRP-labeled neuronal cell bodies
were seen 1psilatera11y in the ventral (V) division of the facial
nucleus ipsilateral to the HRP application. Both of the 2
subgroups of facial motoneurons in the. vehtral division were
Tabeled With HRP (Figs. 1b-d and 4b). |

In 2 monkeys which were applied with HRP to the posterior
auricular (PA) bfanch of the facial nerve, heurona] cell bodies
labeled with HRP were observed ipsilaterally in the medial (M)
division of the facial nucleus (Figs. 1b-d énd 4c).

In 3 monkeys which were applied with HRP to the
auriculo-zygomatico-orbital (AZO) branch of the facial nerve,
HRP-1abeled neuronal cell bodies were seen ipsilaterally in the
intermediate (1) and dorsal (D) divisions of the facial nucleus.,
In one of the 3 monkeys, a few HRP-labeled neurons were
distributed 1in the dorsolateral aspects of the medial (M)
division of the facial nucleus (Fig. 1b-d).

In 3 monkeys which werefapplied with HRP to the superior
‘1ab1a] (SL) branch of the facial nerve, HRP-labeled neuronal cell
bodies were seen ipsilaterally in the dorsal (D) and lateral (L)
divisions of the facial nucleus (Figs. 1b-d and 4d).

In 2 monkeys which were applied with HRP to the inferior

labial (IL) branch of the facial nekve, HRP-Tabeled neuronal cell

- 13 -



bodies were seen ipsilaterally in the lateral (L) division of the
facial nucleus. (Fig. 1b-d).

In 3 monkeys which were injected with HRP into the
orbicularis oculi muscles, HRP-labeled neuronal cell bodies were
distributed in the dorsal (D) division of the facial nucleus
ipsi]étera] to the HRP injection. \

The results which were obtained from the 18 monkeys

described above are summarized in Fig. 1, which shows the
representation of the 5 main peripheral brénches of the facial

nerve within the facial nucleus of the Japanese monkey.

- 14 -



2. Rabbit

~In all vrabbits examiﬁed in the present study, 6 main
peripheral branches of the facial nérve were identified. These
were the cervical (Ce), posterior auricular (PA), anterior
auricular (AA), zygomatico-orbital (ZO); superior labial (SL),
infekfor labial (IL) branches of the facial nerve (Fig. 2a). The
zygomatico-orbital brénches (20) were cdmposed of several
branchlets distributing the periora]kregion..The perioral region
was usually supplied with 4 branchlets of 'the facial nefve
arising from the superior labial (SL) and/or the inferior labial
(IL) branch of the facial nerve (Figs. 2a and 3a).

In 2 vrabbits in which HRP was applied to the trunk of the
facial nerve, the facial nucleus was filled with neuronal cell
bodies labeled retrogradely with HRP oﬁ the side ipsilateral to
the HRP application (Fig. 5a-c). No HRP-labeled neurons were
found in the facial nucleus on the side contfa]atera] to the HRP
application. The facial nucleus filled with HRP-labeled
mdtoneurons was divided into 5 divisions; into the ventromedial
(V), medial (M), dorsal (D), lateral (L), and intermediate (I)
divisions (Figs. 2, 3, and 5). o

The HRP'app1icétion was made to the‘cervica1 (Ce) branch of
the facial nerve in 4 rabbits. HRP-Tabe]ed .faéia1 motoneurons

were localized in the ventromedial (V) division of the facial

15 -



nucleus ipsilateral to the HRP application (Figs. 2b and 6a).

In other 4 rabbits which were injected wfth HRP into the
superficial facial muscles around the,periorbita] region after
cutting and ligating the superior labial (SL) and the 1nferi6r
labial (IL) bréncheﬁ, HRP-Tabeled neuronal cell bodies in the
facial nucleus ipsilateral to the HRP 1ﬁjection were located in
the dorsal (D) diVision}of the facial nucleus (Figs. 2b and 6b).

In 4 rabbits which were applied with HRP to the anterior
auricular (AA) branch of the facial nerve,-HRP-1abe1ed neuronal
cell bodies were seen in the dorsal (D) division of the facia]
nucleus, and in the dorsal pakt of média] (M) division of the
facial nucleus ipsilateral to the HRP application (Figs. 2b and
6c). | |
| ~In 3 rabbits which were applied with HRP to the poéterior
auricular (PA) branch of the facial nerve, HRP-]abe]ed neuronal
cell bodies were observed in the medial (M) division of the
facial nuc]eﬁs ipsilateral to the HRP application (Fig. 2b and
6d). | | |
| In other 3 rabbits which. were appliéd with. HRP to _the
superior labial (SL) branch of the facial nerve aftef cutting and
ligating the zygomatico-orbital (Z0) and the inferior labial (IL)
branches of the facial nerve; HRP-1abeled neuronal ceT] bodies
 ,were distributed in the lateral (L) division, and in the dorsal

aspect of the intermediate (I) division of the facial nuc]eUs
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ipsilateral to the HRP application (Figs. 2b and 6e).

In 3 vrabbits which were applied with HRP to the inferior
labial (IL) branch of the facial nerve after cutting and ligating
“the superior labial (SL) and the cervical (Ce) branches of the
~facial nerve, HRP-labeled neuronal cell bodies were seen in the
lateral (L) and the intermediate (I) divisions of the facial
huc]eué»ipsi]atera] to the HRP app]iéation (Figs.'Zb and 6f).

The results described abovélindicated that the aréa of the

nuclear representation of the superior 1abia1-(SL) branch of.the
facial nerve highly overlapped with that of the inferior 1abia1
(IL) branch of the facial nerve (Fig. 2b. compare Fig. 6e with
Fig. 6f). In faét, the perioral regions were usually supplied
with 4 nerve branchlets arising from the supefior labial (SL)
and/or the. inferior labial (IL) branches of the facial nerve
(Figs. 2a and 3a). The 4 perioral nerve branchlets mainly
supplied to the superior labial, oral ahgu]ar, inferior labial
and submandibular regions, respectively (Figs. 2a and 3a).

In additional 12 rabbits, the HRP app]icatibn was further
attempted to each of the 4 perfora] nerve branchlets of the
facial nerve. The 12 rabbits were divided into 4 groups and the
rabbits of each group was applied with HRP to one of the perioral
nerve branchlets 1, 2, 3, and 4 after,cutting'ahdv1igatfngvthev
other 3 peridra] branchlets of the facia]_hefve (Fig.‘3a).vFacia1

motoneurons which were retkograde1y 1abeled with HRP applied to
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the perioral nerve branchlet 1; 2, 3 or 4 of the facial nerve
were distributed mainly in the lateral (L)v division, in the
dorsal part of the intermediate (I) division, intermediate part
of the intermediate (I) division,.or in the ventral part of the
intermediate (I) division of the facial nucleus, respective]y_
(Figs. 3 and 7). | |

The results obtained from the 35 rabbits_destribed above are
summarized in Figs. 2 and 3, which show the representation of
peripheral nerve branches of the facial nefve within the facial

nucleus.
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IV. DISCUSSION

1. Methodological consideration

The myotopical arrangement of faéia] motoneukons in the
facial nucleus has been studied by the retrograde HRP method
after injecting HRP into the superficial facial szc]es in the
opossum (Dom and Zielinsky, 1977; Provis, 1977), bat (Friauf ahd
Herbert, 1985), mouse‘(Aschwell, 1982, Kohiyamé ét a].; 1984),
rat (Watson et al., 1982; Hinrichsen and Watson, 1984; Friauf and
Herbert, 1985), kitten (Radpour et al., 1977), cat (Kume et al.,
1978; Parnes et al., 1982), and rhesus and cynomolgus monkeys
(Parnes et al., 1982). HRPyinjection into the muscle, however,
has the inherent problem of leaking out of injected HRP into the
surroundings. In order to aVoid this 1nherent problem, HRP‘has
been applied td the proximal cut-end of the pefiphera] branches
of the facial nerve, . and the representation of ‘the main
’ péripheral.branches of the facial nerve within the facial nucleus
hés beén investigated in the opossum (Dom, 1982), rat (Semba,
1 1984), quinea pig (Uemura—Sumi et al., 1986); and rabbit (Baisden
et é]., 1987). In the presént.study; the representatioh of the
main peripheral branches of the faciaT_nerve within the facial

nucleus of the Japanese monkey and the rabbit was examined after
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application of HRP to the proximal cut-end of the target branch
of thebfacial nerve; wheh HRP was injected into the superficial
facial muscles, HRP was injected in the target muscle only after
cutt1ng and ligating the nerve branches supp1y1ng the superf1c1a1
facial musc]es adJacent to the target muscle,

The f1xat1on of tissue in the HRP method is usually
performed with a mixture of 1% paraforma]dehydé and 1.25%
glutaraldehyde (cf. Mesulam, 1982). In the present study,
howevér, the fixation of tissue was. done wifh 9% formalin in 0.1
M phosphate buffer (pH 7.3). The tissue sections fixed with 9%
formalin could be counterstained more satisfactofiYy than those
fixed with a mixture of 1% -paraformaldehyde and 1.25%
g1utara1dehyde (cf; Itoh and Mizuno, 1977);v9% formalin fn 0.1 M
phosphate buffer (ﬁH 7.3) did not seem to depress the HRP
reaction, if the perfusioh with 9% formalin in 0.1 M phosphate 
buffer (pH 7.3) 1s‘f0110wed the perfusion with 10% sucrose in the

same huffer.
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2. Somatotopic organization of the facial nucleus

A correlation of the main peripheral’branches of the facial
nerve with cytoarchitectonic divisions of the facial nucleus was
clearly shown by the retrogradevHRP method first1y in the cat
(Kume et al., 1978). Kume et al. (1978> correlated the 6 main
peripheral branches of the facial nerVe with the 6
‘cytoarchitectonic divisions of the facial nucleus. In the present
study, a correlation of the 5 main periphera1 branches of the
vfacial nerve with the 5 cytoarchitectohic divisions of the facial
nucleus was revealed in the Japanese monkey (Fig. 1), although it
was not so clear-cut as reborted in the cat by Kume 'et al.
(1978): The inferior ]abial, the cervical, or the posterior
auricular branch of the facial nerve was repfesented in the
lateral, the ventral, or the medial division of the facia]v
nucleus, reepectively. The auricu]o-zygohatico-orbita] brench of
the facial nerve was represented in the intermediate and the
dorsal divisions of the facial nucleus. The superior labial
branch of the facié] nerve was represented in the dorsal and
lateral division of the facial nucleus. »

Thus, it was indicated {n. the Japanese monkey that“the
ventral,}the mediaT, or the intermediate division of the facia1
nucleus supplied. the cervical, the posterior auricular, or the

auriculo-zygomatico-orbital  branch of . the facial - nerve,
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‘respectively; the dorsal division of the facial nucleus supplied
the auriculo-zygomatico-~orbital and the superior labial branches
of the facial nerve; the lateral division of the facial nucleus
supplied the superior 1abia1 énd the inferior labial branches of
the facial nerve. |

_The present results obtained from tHe rabbits confirmed and
extended those reported by Baisden et al. (1987). In the rabbit,
6 main peripheral branches of the facial nerve, and 5
tytoarchitectonic ' divisfons - of  the fabia] ‘ nucieus were
identified (Figs. 2 and 3). The cervfca], the posterior
auficulér; or the zygomatico-orbital branch of the facial nerve
was represented in the ventromedial, tﬁe medial, or the dorsal
division of the facial nucleus, respectively. The ‘anterior
auricular branch of the facial nerve was represented in the
medial and the dorsal divisfons of the facial huc]eus.‘Both the
superior labial and the inferior 1abiél branches of thevfacial
nerve were represented in the Tlateral and the 1intermediate

divisions of the facial nucleus. |

Thus, it was  indicated in the rabbit‘that the ventromedial
~division of the facial nucleus supplied the cervical brahch of
Ithe facial nerve; the medial divisfon of the facial nUCIeus
supplied the anterior auricular and the posterior auricular
branches of the facial nerve; both the intermediate and thé

lateral divisions of the facial nucleus supplied -the superior
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labial and the inferior labial brahches of the facial nefve; the
dorsal division of the facial nucleus supplied the anterior
auricular and the zygomatico-orbital branches of the facial
“nerve. |

The correlation of cytoarchitectonic q1visions of the facial
nucleusAwith theAmain‘peripheral branches of the facial nerve was
not so clear-cut in the rabbit as reported in the cat by Kume
et al. (1978). Overlapping of the origins of ihe maih peripheral
branches of the facial nerve within a cytoarchitectonic division
of the facial nucleus as seen in the present Study has also been
reporfed in the rat (Semba 1984), guinea pig’(Uemura-Suhi et al.,
1986), and rabbit (Baisden et al., 1987).

The érea of distribution of facial motoneurons supplying the
- perioral region appeared to occupy a larger prdportion of the
nuclear fegion in the rabbit than in the monkey. On the other
hand, the area of distribution of facial motoneurons supplying
the periorbital region appeared to occupy a smai]er proportioh of
the nuclear region in the rabbit than in the monkey.

The present vresults, 1in combination with those of the
previous studies in a variéty of mammals (for references, cf.
INTRODUCTION), suggest that species-differences are more or less
present in both branching péttern of the facial nerve and»
cytoarchitecture of the facial nucleus. On the other hand, it is

also indicated that there exists a common principle in the
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somatotopic organization of the mammalian facial nucleus; the
Cervica], auricular, periorbital, or perioral region of the face
is represented in the ventral, medial, dorsal, or lateral aspect

of the facial nucleus, respectively.
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V. SUMMARY

In an attempt to throw.more light on the general plan of
somatotopic ‘organization of the facié] nucleus in -mammélian
species, correlation of the main peripheral branches of the
facial nerve with fhe cytoarchitectonic divisions of the facial

nucleus was examined in the Japanese monkey (Macaca fuscata) and

the rabbit by the tracing technique of retrograde axonal
transport of hofseradish peroxidase (HRP); The results afe
summarized diagrammatically in Figs. 1,v2, and 3. |

In the monkey, 5 main peripheral branches of the facial
nerve were 1dent1f1ed;_they were the cervical (Ce), posterior
auricular (PA), auriculo-zygomatico-orbital (AZO), superior
labial (SL), and inferior labial (IL) branches. The facial
~ nucleus was divided cytoarchitectonically into 5.divisions; they
were the ventral (V), medial (M), intermediate (I), dor§a1 (D),
and lateral (L) divisions. When HRP was.app1ied to the cervical
(Ce), posterior auricular (PA), Orvinferior labial (IL) branch of
the facia} nerve, neurona] cell bodies which wererrétrogradeTy
labeled with HRP were séen respéctive]y ‘in the ventral (V),
medial (M), or lateral (L) division df the facial nucleus
ipsilateral to the HRP app11cétion. When HRP was applied to the
auriculo-zygomatico-orbita1 (AZ0) ’bfanch of the facial nerve,

HRPélabe]éd neuronal cell bodies were observed mainly in the
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intermediate (I)'and dorsal (D) divisions of the facial nucleus
ipsilateral to the HRP application. When HRP was applied to the
superior ]abfa]I (SL) branch of the facial nerve, HRP-labeled
neufona1 cell bodies were seen in the dorsal (D) and lateral (L)
'dfvisions of the. facial nucleus ipsilateral to 'fhe HRP
application. “

Thus, it was indicated'thét the ventral (V), medial (M), or
intermediate (I) 'division of thé facial nucleus contained
motoneurdns supp]ying the cervical (Ce), 'posterior auricular
- (PA), or auriculo-zygomatico-orbital (AZO) branch of the facial
nerve, respectively; the dorsal (D) division of the facial
nucleus were distfibuted with MOtonéurons supplying the
| auriculo-zygomatico-orbital (AZO) and superior labfal ~(SL)
branches of the facial nerve; the 1ateré] (Lj diVisiqn of the
facial nucleus contained motoneurons supplying the superior
labial (SL) and inferior labial (IL) branches of the facial
nerve.

In the rabbit, 6 main peripheral branches of the facial
‘nerve were identified; they were the cérvica] (Ce), posterior -

auricular (PA), énterior auricular (AA), zygomatico-orbital (ZO),
superior labial (SL), and inferior labial (IL) branches of the
facial . nerve. The facial nucleus was divided -into 5
cytoarchitectonic divisions; they‘ were the ventromedial (V),

medial (M), intermediate (I), dorsal (D), and lateral (L)‘
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divisions. The results obtained by the retrograde HRP method
indicated that the ventromedial division of the facial nucleus
contained motoneurons supplying the cervical branch of the facial
nerve; the medial division of the facial nucleus supp]ied the
anterior auricular and the posterior auricu]af branch of the
facial nerve; the dorsal division of fhe facial nué]eus was
relatively small and contained motoneurons innerVating‘ the
superficial faCié] muscles in the périorbita] region through the
anterior auricular and the' zygomatico—orbifa] branches of the
facial nerve; the intermediate and the lateral divisions of the
facial nucleus were distributed with many mofonéurqns_innervating
the Superficia] facial muscles in the perioral regioh through the
superior labial and the inferior labial branches of the facial
nerve,

The presént; results, in combination with those of the
previous -studies, suggest that in spite of the presence of
species-differencesyin the branching pattern of the facial nerve
and the cytoaréhitectonic organization of the facial nucleus, a-
common principle exists in the somatotopic organization of the
mamma1ian facial nucleus; the cervical, auricular, periorbita],
or perioral region of the face is represented in the ventral,
medial, - dorsal, or lateral aspect of thek facial nucleus,

respectively.
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Fig. 1.  The pattern of branchingvof the fatia] nerve (a), éndA
- the representation of the 5 main peripheral branches of. the
facial nerve within the facial nucleus (b-d) in the Japanese
monkey. |
a: The sites of HRP app]ication are indicated with doub1e 
lines crossing the cervical (Ce), posterior auricular (PA),
.auricuio-zygomatico-ofbital (AZ0O), superior v]abia] (SL), and
inferior labial (IL) branches of the facial herVe. AA, nerve
Jbranchlets ‘supplying the anterior auricular region; ZO,} nerve
vbrahch]ets_ihnervating the zygomatico-orbita1vregion.' o
b-d: Within 3 cross-sections through a rostral (b), a middle
(¢c), and é caudal (C) 1eve1 of the facial nucleus, the pattern of
distribution of facial motoneurons whfch were labeled with HRP”‘
~applied to the main peripheral branches of the facial nerve is'
shown d1agrammat1ca11y Facial motoneurons supp1y1ng the Ce, PA,
AZ0, SL, or IL branch of the fac1a1 nerve are 1nd1cated with
filled sduares, asterisks, filled triangles, crosses, or filled
circ]es,' respectivé]j. The facial nucTéus is divided ihto the
ventral (V), medial (M), intermediate (I), dorsal (D), and
lateral (L) divisions. The vehtré1 (V) division is further
| divided into 2 subdivisions at the middle (c) and ' caudal (d)

levels of the facia] nucleus.
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Fig. 2.  The pattern of branching of thé 6 main peripheral
branches of the facial nerve (a), and the representation of them
within the facial nucleus (b) in the rabbit. |
'.a: The sites of HRP application are indicated wifh double
" 1ines crossing the cérvica] (Ce), anterior auricular (AA),
pdsterior auricular (PA), superior labial .(SL), and inferior
labial (ILj branches of the facial nerve. 20, zygomatico-orbita]
:branch of the faciél nerve, | _
b: Within 3 cross-sections through a rostral, a middle, ahd a
caudal Tevel of the faciai nucleus, the pattern.of distrfbutidn'
. of facial motoneurons which were Tabeled with HRP applied to the
main peripheral branches of the ‘facia1>' nerve s shoWn
diagrammaticaijy. Facial motoneuronS.Supp]ying the Ce, Z0, AA,
PA;‘ SL, or IL branch of the facial nerve are indicated with'
filled squékeé, fi11ed:triang]es, open triangles, fi]]ed_stars,
crosses, br filled -circles, respectfve]y.,The facial nucleus ié
divided into the ventromedial (V), medial (M), dorsal (D),
1atera1 (L), and intermediate (1) diVisions; Dor, dorsal; Lat,

lateral.
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Fig.' 3. The pattern. Qf: representation of the 4 periora] :
brahchlefs of the facial nerve witﬁin the facial nucleus»of:the‘
rabbit. o

a: The sites of HRP application are fndicaféd with the double
Tines croésing the 4 perioral branchletsb (1-4) of the fac1a1 :
nerve. |

b: Wifhin a.crOSS-section through a middle level of the facial
nucleus, thé pattern of distribdtion of facial motoneurons which
were labeled with HRP app]ied'tovthé 4 perioral brénch]ets of the .
faéia]llnerve s shown ‘diagrammatically. .Fécia1 motoneurons
supplying the brénchlét_l,'Z, 3, or 4 are ihdicated with crosses,
openxfriang1es, filled circles, orbfijled stars;‘reSpectively.

Abbreviétions are as 1n'Fig.v2.
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ng; 4; Photomicrographs of 4 cross-sections through the middle.
Tlevels of the fécfal nﬁc]eus ofb the Japaneée vmonkey, showing
distribufion of facia1 motoneurons which were labeled with HQP
‘applied to the trUhk‘of'the facial nerve (a), cervical branch
| (b); posterior auricular branch (c), or sﬁperior labial brahch
(d) of . the facial,nerve. HRP¥1abe1éd neurons afé seen in the all
divisidns (a), ventral division(b), medial division (é), or
dorsal and lateral divisioﬁs (d) of. thé facfa] nucleus.
 HRP—1abe1ed neurons in the ventral division are‘c]ustéred info 2

'subgfoups'(b), Scale = 200 pm. Abbreviations are as.in Fig. 1.






Fig."S. ’a-C:} Phbtomicrographs of v3' croSs-éeCfiohé through a
rostral (a),va middje (b), and a caudal (c) 1eve1,0f the facial
nucleus of the rabbit, showing‘ retrograde labeling  of fdcia]
motoneurons after HRP application to the trunk of the facial
nerve. Sca]e}é 200 pm, | | |

‘ d::The cytoarchitéctonié divisions at é mfdd]eb1e9e1 of the
 faciaI’ nucteus of the rabbit 'aré shown diagrammaticé11y.

Abbreviations are as in Fig. 2.
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Fig. 6; Photomi_crdgraphs .of }6 cross-sections v'th_rough the middle -
levels of the fac_ia] nucleus}of the rabbit, showihg dis:tributionr
of facial motoneurons which were labeled with HRP apph'ed to the
cérvicall (a):b, zygomatico-drbitél (b), _antem’of auricular (c),
poster;ior auricu]ar ‘(d), superior labial (e), or 1"nfe1.r1"(r)r‘ 1a_b1'a.1
(f) bi"an(‘:h—‘owc fhe faciavl her‘ve. Sca]vé = 200 pm o

‘Abbreviations are as in Fig. 2.
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'Fig. 7; - Photomicrographs of 4 cross-seétions through tﬁe midd]e .

'1éVe1s_ of th'e f.écia] nuc]eljs of . the rabbit; showi’ng the
.'distributionlof facial motoneurons which were 1abe1edeitﬁbHRP
a_pbh'e_d to the perioral branchlet 1 (a), 2 (b), 3 (), or & (d)

'of the féciaT herVév(cf. Fig. 3). Scale % ZOObpm. _Abbfeviations '

are as in Fig. 2.
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