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INTRODUCTION

This present study concerns itself primarily with the onto-
genetic development of the nuclear centers of bulbar eranial
nerves in the rabbit and with the embryonic and adult distri-
butions of their branches. Its purpose is to show that the
central development proceeds stage for stage with the pro-

* A dissertation submitted in partial fulfillment of the requirements for
degree of doctor of philosophy in the University of Michigan.
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gressive peripheral differentiation, and that the one is a re-
flection of the other.

It is a pleasure at this time to express my appreciation of
the numerous privileges granted me by the Department of
Anatomy of the University of Michigan, among which was the
opportunity of studying the microscopic preparations of rab-
bit material from the Huber Neurological Collection. T espe-
cially wish to extend my most sincere thanks to Dr. Elizabeth
C. Crosby for her kindly criticism, encouragement, and un-
tiring efforts in my behalf.

MATERIAL AND METHODS

Series of embryo brains (in many instances whole heads)
and of young and adult brains of the rabbit (Lepus cuniculus)
from the Huber Neurological Collection were used for this
study. Thirty-five of the young and embryo brains had been
prepared by the modified pyridine silver technique (Huber
and Guild, ’13) and sectioned in various planes, and an adult
brain had been cross sectioned and stained by the toluidin
blue method.

The ontogenetic development of the nuclear centers and the
associated differentiation of their peripheral branches were
studied by the usual microscopic methods, the sections of the
embryonic material being outlined to scale for all levels and
each stage and the peripheral branches and the nuclei plotted
in position. In this way the exact course and specific relations
of each branch were obtained and used as a basis for the de-
seription. From the adult material graphic reconstructions of
the cranial nerve nuclei (see figs. 18-20) were made by means
of camera lucida drawings and plotted to scale (X 40). Since,
for future experimental work, an exact three-dimensional pic-
ture of these nuclei in position was considered valuable, a
wooden base was built, in accordance with measurements ob-
tained from one of the series, to represent the hollowed-out
brain stem and then several of the cranial nerve nuclei were
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reconstructed in blotting paper to the same scale (X 20) and
mounted in position.

GENERAL SURVEY OF THE LITERATURE

Numerous excellent contributions have already been pre-
sented by various investigators on the ontogenetic and phylo-
genetic development and the adult structure of mammalian
cranial nerve nuclei and the peripheral distribution of the
cranial nerves. The specific results of these studies will be
considered in connection with the detailed description of the
present material but certain of them should receive special
mention here. Among such are the studies of Streeter (’05,
’08, ’12) in the field of human embryology and of Ariéns Kap-
pers (’12) on the development of various cranial nerve nuclei
in phylogeny, as well as his work (’10, ’11, ’13 and elsewhere),
and that of Black (’17), on neurobiotaxis. The manner of
differentiation of the various nuclear columns of the brain
stem is better understood from a consideration of the work of
Mesdag (°09), Bok (’15), Tello (’22), and Windle (’33). Con-
tributions on the visceral afferent component have been pre-
sented by Hunt (’08), Allen (’23), Dubois (’29), Barnard
(’36), and many others. The morphology of the trigeminal
nerve complex has been a matter of interest to numerous ob-
servers, among whom are Dixon (1896), Wallenberg (1897),
Bochenek (°01), Johnston (’09), Allen (’19), Castaldi (’23),
Weinberg (’28), Sheinin (’32), and Woodburne (’36). The
reconstructions by Weed (’14) of the nuclear masses of the
human brain stem and those of Kooy (’17) of the inferior
olive of vertebrates, the observations of Stuurman (’16, ’16 a)
on the hypoglossal gray, the work of Kosaka and Yagita (’05)
on the origin of the vagus nerve and its central endings, the
studies of Papez (’27) on the subdivisions of the facial nucleus,
Addens’ (’33) paper dealing with the possibility of crossing
root fibers of the facial, acoustic, glossopharyngeal and vagus
nerves, and the work of Ariéns Kappers (’14) on the gusta-
tory components of the facial, glossopharyngeal, and vagus
nerves have also been consulted freely in preparing the pres-
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ent paper. Among the reference texts used in this study are
those by Dejerine (1895), van Gehuchten (1897), Sabin (’01),
Ramoén y Cajal (709-"11; see also 1895), Arey (’31), and par-
ticularly Winkler and Potter (’11), Keibel and Mall (’12), and
Ariéns Kappers, Huber and Crosby (’36).

DESCRIPTION OF MATERIAL STUDIED

Somatic Efferent Component. Its Central and Peripheral
Development

The hypoglossal

In the 11-day embryo. All of the efferent cranial nerves, at this age,
have their origin in a common cell ecolumn extending throughout the
brain stem. This column, previously described by Mesdag (’09), Bok
(’15), and Tello (’22) for birds, and by Windle (’33) for mammals,
is located in the basal plate of the mantle layer. Caudally it is con-
tinuous with a similarly located (but slightly more differentiated) cell
column in the spinal cord (fig. 1a). Rostrally it is less well developed
and, slightly in front of the level of the emergent oculomotor root,
processes from the less differentiated neurons of this layer are no
longer evident in silver preparations. The cells of this column are
bipolar, with a larger, better developed process extending toward the
periphery and a shorter one (merely an apical tip of the cell body)
usnally directed medialward. They possess a fairly distinet nuecleus
and a small amount of neurofibrillar material near their surface, par-
ticularly in that part of the cell body giving origin to a process.

The hypoglossal portion of this cell column lies in the caudalmost
neuromere 2 of the medulla oblongata (fiz. 1a), and its most rostral
and most caudal eells ean be determined only by tracing their neur-
axes, since there is no differentiation of any type in the cell column.
Such neuraxes pass slightly lateralward and ventralward from the
cell body and, as they lie among the arcuate fibers, combine into
numerous small fascicles which emerge from the ventral surface of
the brain stem. The emergent fascicles converge to form a stronger
caudal and a weaker cephalic root. These two roots, which course
caudally and slightly ventrally along the dorsal wall of the anterior
cardinal vein, unite into a common trunk opposite the level of emer-
genee of the third cervical nerve from the eord. At this place of union
these roots are joined by branches from the first and second cervieal
nerves (fig. 2), and then the combined trunk extends caudally along

? Sixth rhombic groove or neuromere of Streeter (’12, in Keibel and Mall, vol. 2,
fig. 95, p. 135).
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ABBREVIATIONS

a, area in figure 1 illustrated in detail
in figure 1a

A, rostral neuromere giving origin to
trigeminal nerve

abd.n,, abducens nucleus

abd.N., abducens nerve

aber.br.of VIN,, aberrant branch of
abducens nerve

ace.n. VI, accessory nucleus of abducens

a-f, gang., acoustico-facial ganglionic
complex :

amb.n., nucleus ambiguus

ant.div.mand.r., anterior division of
mandibular ramus of the trigeminal
nerve

aorta, dorsal aorta

asc.br. VII, branches of VII ascending
toward genu

b, area in figure 1 illustrated in detail
in figure 1b

B, caudal neuromere giving rise to tri-
geminal nerve

b.a.l, first branchial arch

b.a.2, second branchial arch

b.a.3, third branchial arch

br. to tr. and s, branch to the trapezius
and sternocleidomastoid muscles

bue.br.V, buceinator branch of the tri-
geminal

C, the neuromere associated with the
abducens

cl, first cervical nerve

c2, second cervical nerve

c7, seventh cervical nerve

e.e., central canal

c.mig.cells VII, caudal group of migrat-
ing cells of the facial nucleus

e.p.amot.n.V, caudal part of the motor
trigeminal nucleus

c.t., chorda tympani

cer., cerebellum

ch.sens.n.V, chief sensory nueleus of the
trigeminal

cil.br., ciliary branches

coel.plx., coeliac plexus

com.ef,col.,, common efferent column

com.v.ef.col.,, common visceral efferent

cell column

d, area in figure 5 illustrated in detail
in figure 5d

D, neuromere associated with the cen-
tral origin of the facial nerve

dif.gen.gang., differentiating geniculate
ganglion

dor.ef.n., dorsal efferent nucleus

dor.rt.gang., dorsal root ganglion

dor.sec.ase.tr. of V, dorsal secondary as-
cending tract of V

E, neuromere associated with the cen-
tral origin of the glossopharyngeal
nerve

Ed.West.n., Edinger-Westphal nucleus

epend.l., ependymal layer

ex.are.f., external arcuate fibers

F, neuromere associated with the cen-
tral origin of the vagus and hypo-
glossal nerves

F.gang., Froriep’s ganglion

fae.n., facial nucleus

fac.N., facial nerve

fasc.sol. + n., faseiculus solitarius and
nucleus

fr.N., frontal nerve

g.s.p.N., greater superficial petrosal
nerve

gang.cr., ganglionie ecrest

gen.vige.ef.col.,, general visceral efferent
column

genu VII, genu of the facial mnerve

glossoph.N., glossopharyngeal mnerve

hip., hippocampus

hyp.n., hypoglossal nucleus

hyp.N., hypoglossal nerve

ind.mot.rt.V, indirect motor root of the
trigeminal

inf.alv.N,, inferior alveolar nerve

inf.col., inferior colliculus

inf.L.N., inferior laryngeal nerve

inf.0.N., infraorbital nerve

inf.sal.n., inferior salivatory nucleus

int.are.f., internal arcnate fibers

int.ear.a., internal carotid artery
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int.jug.v., internal jugular vein

j.gang., jugular ganglion

lab.br., labial branch

lat.ret.n., lateral reticular nucleus

ling.br.V, lingual branch of the tri-
geminal

ling.br.IX, lingual branch of the glosso-
pharyngeal

ling.N., lingual nerve

m.h.br., mylohyoid branch

m.l., medial lemniscus

m.lf., medial longitudinal fasciculus

mand.p., mandibular process

mand.r., mandibular ramus

mass.br., masseteric branch of the tri-
geminal

max.p., maxillary process

max.r., maxillary ramus

med.r.n., medial retieular nucleus

men.br., mental branch of the inferior
alveolar nerve

mes., mesencephalon

mig.cells of V, migrating cells of the
trigeminal motor nueleus

mig.g.v.ef.cells of VII, migrating special
visceral efferent cells of the facial
nucleus

mot.n.V, motor nucleus of the trigemi-
nal nerve

motn. VII, motor nucleus of the facial
nerve .

mot.rt.V, motor root of the trigeminal

mot.rt. of V <4 n., motor root of the iri-
geminal nerve and nucleus

n.br., nasal branch

n.gang., nodose ganglion

n.inter., nucleus intercalatus

n, of fase.sol.,, nueleus of the fasciculus

solitarius

.of m.rt. of V, nucleus of the mesen-

cephalic root of the trigeminal

of mrt.of V 4- Le,, mnuclens of the

mesencephalic root of the trigeminal

and locus coeruleus

n. of Rol,, nuecleus of Roller

n.(of)sp.rt. of V, nucleus of spinal root
of the trigeminal

N.int., nervus intermedius

n,
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neopal., neopallium

o.c., optie cup

o.r., ophthalmic ramus

ocul.n., oculomotor nucleus

ocul.N., oculomotor nerve

oesop.plx., oesophageal plexus

opt.N., optic nerve

ot.v., otic vesicle

p.semic., semicireular portion
veloping ear

p.vest.n., primordial vestibular nueleus

pal.br.,, palatine branch

periv.g., perventricular gray

pet.gang., petrosal ganglion

phar.br.IX, pharyngeal branch of the
glossopharyngeal nerve

phar.br.X, pharyngeal branch of the
vagus merve

post.div.mand.r., posterior division of
the mandibular ramus of the trigemi-
nal nerve

pul.plx., pulmonary plexus

pyr., pyramid

r, synapse of fibers from the nuecleus of
the mesencephalic root of the trigemi-
nal nerve about motor facial cells

r.mig.cells VII, rostral group of migrat-
ing cells of the facial nucleus

rt. of N.int., root of nervus intermedius

s, synapse of fibers originating in the
geniculate about motor facial cells

8.0., superior olive

sec.ase.tr,of V, secondary ascending tract
of trigeminal

semil.gang., semilunar ganglion

sens.ared, SeNsory area

sens.rt.V, sensory root of the trigeminal

sens.rt.V to cer., sensory root of the tri-
geminal to the cerebellum

sens.rt.JX, sensory root of the glosso-
pharyngeal

som.ef.col.,, somatic efferent column

gp.ace.n., spinal accessory nucleus

sp.ace.N., spinal accessory merve

sp.acc.rt., spinal accessory root

sp.c., spinal cord

sp.rt. of V, spinal root of the trigemi-
nal nerve

of de-



BULBAR MOTOR NUCLEI IN THE RABBIT &9

sp.rt. of V 4 n., spinal root of the tri-
geminal nerve and nucleus

sp.visc.ef.cells, special visceral efferent
cells

sp.visc.ef.col, special visceral efferent
column

sph.pal.br., sphenopalatine branch of
the maxillary ramus of the trigemi-
nal nerve

stom., stomach

sup.alv.n,, superior alveolar nuecleus

sup.alv.N., superior alveolar nerve

sup.col., superior colliculus

sup.gang., superior ganglion of the
glossopharyngeal nerve

sup.L.N., superior laryngeal nerve

sup.sal.n., superior salivatory nucleus

sym.tr., sympathetic trunk

t.br., tympanic branch

t.sp.t., teetospinal tract

tel., telencephalon

trig.N., trigeminal nerve

troeh.n., trochlear nucleus

troch.N., trochlear nerve

v, vestibular fibers to medial longitudi-
nal fasciculus

v.c.n., ventral cochlear nucleus

v.fae.n., ventral facial nuecleus

v.fun., ventral funiculus of spinal cord

v.sec.asc.tr. of V, ventral secondary as-
cending tract of the trigeminal nerve

v.sp.cer.tr., ventral spino-cerebellar tract

vagus N., vagus nerve

vagus rts., vagus roots

vest.N., vestibular nerve

w, small cells of superior salivatory
nucleus

x, large cells of superior salivatory
nucleus

¥, small cells of dorsal efferent nucleus
z, large cells of dorsal cfferent nucleus
IVv, fourth ventricle

VIIIN., eighth nerve

Fig.1 Drawing of a sagittal section of an 11-day rabbit embryo, stained with
pyridine silver to indicate general relations and to serve as a key drawing for

figure la. X 4.

Fig.la Enlargement of area indicated at ‘a’ on figure 1. This section shows
especially the neuromeres (A to F') and the common efferent eolumn. Note the

rootlets of the hypoglossal nerve.

X 50.

Fig.1b Enlargement of adjoining portions of ncuromeres B and C to show

the neurons of the region. X 150.
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Fig.2 A graphic reeonstruction in the sagittal plane of an 1l-day rabbit
embryo, showing the brain and upper cord, the associated nerves, and stressing
particularly the peripheral distribution of the branching of such cranial and spinal
nerves. Based on a sagittal series prepared by pyridine silver technique. X 40.

glossoph.N. gsp.N,
. spetgang.  afgang,
J- gang, \\“Qf}%\%\\vsup.gan.
SO \‘\\ 1%\\{,‘;}‘//9/-/ g
G

i
hf

= stom.,
oesop.plx. lung bud

Fig.3 A similarly prepared graphic reconstruction in the sagittal plane of a
12-day rabbit embryo. The material is stained in pyridine silver and shows the
brain and upper spinal cord and illustrates particularly the distribution of the
peripheral fibers of the cranial nerves. X 30.



BULBAR MOTOR NUCLEI IN THE RABBIT 91

the dorsolateral wall of the anterior cardinal vein for a short distance
to terminate within the mesenchyme by dividing into numerous, fine,
slightly knobbed endings.

In the 12-day embryo. The hypoglossal cells have beecome lemon-
shaped rather than spherical, as earlier, and have increased in number
and in bipolarity. Although not segregated from the common column
of origin of the efferent bulbar nerves, those cells giving rise to the
hypoglossal nerve are concentrated in the area ventrolateral to the
fourth ventricle, in the medial and particularly in the caudomedial
portion of this common bulbar cell column. The most rostral and most
caudal cells contributing to this nerve can again be determined only
by tracing the neuraxes centrally.

In accordance with the greater number of cells contributing to the
nerve there are more and stronger fasciculi coursing ventrolaterally
through the arcuate fibers to emerge from the ventral surface of the
medulla oblongata. These emerging faseiculi, as in the 11-day embryo,
have combined into two roots, of which, at this age, the cephalic is
the stronger (fig. 3). As these two roots course ecaudad in the mesen-
chyme, they combine into a single bundle which has essentially the
same relations as does the comparable trunk of the 11-day stage but
which extends somewhat farther candad and courses lateral to the
anterior cardinal vein as the root turns ventrally to approach the
region of the tongue anlagen. Its fibers terminate at the level of the
laryngeal groove.

In the 13-day, 2-hour embryo. By this stage, the cells of origin of
the hypoglossal nerve are gathered into a definite somatic efferent
nuclear column located close to the ventrolateral wall of the ventricle
and ventromedial to the now differentiated visceral efferent cell eol-
umn (fig. 8). Along the rostral two-thirds of the nuclear column,
about its dorsal, medial, and lateral aspects, there are small-celled
nuclear masses (fig. 8) which will be discussed later (see p, 95).
The highest fibers of the first cervical nerve and the lowest fibers of
the hypoglossal nerve again must be traced centrally to allocate to
each its appropriate central gray, but the cephalic limit of the hypo-
glossal eell eolumn can be determined by the narrowing of the gray
and by a final disappearance of hypoglossal constituent neurons at a
level just caudal to the emergent glossopharyngeal nerve.

As the fasciculi of the hypoglossal nerve are followed toward the
periphery of the medulla oblongata and then caudad through the
mesenchyme, they econverge into the usual two roots (fig. 4). How-
ever, these roots now lie dorsomedial instead of dorsal to the anterior
cardinal vein and, farther caudad, as they join to form a single trunk,
are quite proximate to the dorsal wall of the nodose ganglion (fig. 4).

THE JOURNAL OF COMPARATIVE NEUROLOGY, VOL. 72, NO. 1
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This new relation to the anterior cardinal venous system can be ex-
plained by changes of the developing venous system of this area rather
than by a shifting of the nerve medially (Keibel and Mall, '12, vol. 2,
p. 677). At the inferior border of the nodose ganglion the hypoglossal
nerve is joined by the branches from the first and second cervical
nerves (fig. 4). Then the combined trunk swings ventrolaterally be-
tween the vagal trunk and the anterior cardinal vein and, after pass-
ing lateral to the second aortic arch at the level of the tracheal groove,

ngang.  jgang. supgang

Fig.4 A graphic reconstruction of the brain and upper spinal cord regions of
a 13-day, 2-hour rabbit embryo showing the peripheral eourse and distribution of
many of the cranial nerves. This figure should be compared with figures 2 and 3.
X 19.5.

curves rostromedially to enter the developing lower jaw, where it
terminates just dorsal to the primitive tongue bud.

In the 14-day, 6-hour embryo. Due to a greater contrast between
the darker staining neurons and the light staining neurogliar cells,
the hypoglossal nucleus is more highly emphasized in this than in the
previous stage. A few of its neurons are now multipolar. Caudally
the column is still continuous with the cervical cord gray.
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Peripherally the relations of the hypoglossal branches are much
the same as in the previous stage. However, a fine fascicle from the
third cervical nerve now combines with the bundles of the first and
second cervical nerves which are distributed with the hypoglossal
and hypoglossal branches extend into the tongue anlagen before break-
ing up into their fine terminal endings (fig. 4, and compare with
fig. 5 of Pearson, '39).

In the 14-day, 21-hour embryo. At this stage there is an increase
in the number of multipolar cells of the nuclear column and a greater
distribution of the terminal branches within the tongue. The two
hypoglossal roots pass out of the developing cranial cavity through
separate canals in the base of the developing skull. Due to an increase
in growth of the nerve and of the surrounding structures, the hypo-
glossal trunk does not extend quite to the ventral limit of the nodose
ganglion before turning rostromedially but swings forward along its
lateral surface. The combined cervical branches retain their earlier
relations with the ganglion, however, passing beneath it and then
curving slightly rostralward to meet the hypoglossal nerve anterior to
the ganglion (fig. 3).

In the 15-day, 6-hour embryo. The cellular characteristics of the
central gray column are practically the same in embryos of this age
as in the previous series. The caudal limit of the cell column can now
be defined through a change in cell type at the transition from the
medulla oblongata to the spinal cord, the cells of the somatic efferent
column of the medulla oblongata being large and surrounded by a
licht neuroglia, and the cells immediately caudad to them being
slightly smaller and the neuroglia less evident. Except for an in-
creased distribution within the tongue, the peripheral relations are the
same as for the previous stage (fig. 4).

In the 16-day, 6-hour embryo. At this age there is an indication
that the hypoglossal nuclear column is divided into cell groups. The
differentiation is not complete enough, however, to locate any specifie
group throughout its extent within the column.

Peripherally the terminal branches can be traced to the muscle
fibers. No special end-organs were found in this or subsequent stages
in the available material but only the branching ends of the nerves
contiguous to the muscle cells.

In the 17-day embryo. The nuelear grouping is more pronounced
in this embryo but still not complete. The ventrolateral and ventro-
medial groups are clearly distinguishable in the cephalic portion of
the nuecleus, and in its caudal portion there is an accumulation of cells
lateral to the main mass of the column, indicating the formation of
the dorsolateral cell group. However, there are many scattered cells,
between the two portions of the nucleus, which appear to be shifting
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laterally into the dorsolateral group. The eolumn i1s no longer con-
tinnous caudally with the spinal cord gray.

In the 20-day embryo. Definite subdivision of the hypoglossal nu-
clear group into three portions has occurred. The dorsolateral group
is present only in the caudal portion and the ventrolateral only in the
cephalic half, but the ventromedial group of cells is continuous
throughout the rostrocaudal extent of the nucleus.

In the 25-day embryo. The majority of the hypoglossal neurons are
now multipolar. All those studied either presented three (or more)
processes or by their shape were indicative of multipolarity.

In the 1-day-old rabbit. Most of the cells of the hypoglossal nucleus
have greatly increased in size and in number of processes and closely
resemble ventral horn motor neurons. Some few neurons, particularly
within the ventrolateral cell group, still show the irregularly oval
shape characteristic of the embryo.

Peripherally the general relations are practically the same as those
deseribed for the 16-day, 6-hour embryo. Growth and general de-
velopment have caused some modification of the peripheral course,
such as the crossing of the hypoglossal nerve lateral to the vagus
above the nodose ganglion.

In the 6-day-old rabbit. By this time the neuroglia does not stain
so deeply in this region as does that of the embryo. Fibers from the
ventromedial and dorsolateral nuclear groups contribute to both hypo-
glossal roots, but fibers arising in the ventrolateral group pass only
to the cephalic root. Very few of the most rostral cells of the dorso-
lateral ecell group distribute to the cephalic root, the majority of its
neurons joining the caudal root.

The hypoglossal nucleus in the adult rabbit. The hypoglossal nuecleus
in the adult rabbit has the same relations and position as in the older
embryos. It lies in the medulla oblongata, ventrolateral to the fourth
ventricle and close to the raphé, and is the caudalmost nuclear group
of the somatic efferent cell column (fig. 15). In reconstructions (fig.
20) the nuclear mass appears fairly irregular in outline and has its
greatest diameter slightly in front of the middle of its long axis. Its
rostral termination is rather more abrupt than its caudal limit. From
a level 1.3 mm. in front of the caudalmost fibers of the pyramidal
decussation, the hypoglossal nucleus extends forward for 5.05 mm.,
its cephalie tip being some 0.3 mm. caudad to that of the dorsal effer-
ent nucleus.

The hypoglossal nucleus of the rabbit is readily divided into the
three cell groups, discussed for the carnivores by Ariéns Kappers,
Huber and Crosby (’36, p. 581). As in carnivores, the ventromedial
gray extends throughout the length of the nucleus, the ventrolateral
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group is found only in the cephalie half, and the dorsolateral group
is confined to the caudal fifth and becomes lateral to the ventro-
medial cell group as it is followed forward. Further grouping was
not studied in detail, but at certain levels it was clearly evident that
the hypoglossal nucleus of the rabbit is divisible into groups similar
to those of the anteater or the rat as presented by Stuurman (’16).

In its caudal part the hypoglossal nucleus is almost in contact with
the dorsal efferent nucleus, which lies dorsal to it at this level, but this
relationship changes farther forward, with the appearance of the
nucleus intercalatus (Staderini, 1894) between the hypoglossal and
dorsal efferent nueclei (fig. 10). As the nucleus intercalatus increases
in size, the dorsal efferent nuecleus shifts farther dorsolaterally. The
nueleus intercalatus retains a dorsolateral relation to the hypoglossal
nucleus (fig. 15) from the caudal appearance of the former to the
rostral limit of the hypoglossal gray.

Ventrolateral to the hypoglossal nucleus throughout its length, but
more evident at some levels than at others, is the nucleus of Roller
(Roller, 1881, and fig. 10)}. An irregular column of small, reticular
neurons (medial reticular nucleus of fig. 9) lies medial to the rostral
part of the hypoglossal nucleus. In the periventricular gray just ros-
tral to the hypoglossal nucleus are the nucleus praepositus and nucleus
funiculi teretis, the former apparently a direct continuation of the
medial reticular gray discussed above.

In all the rabbit material used none of these nuclear groups, dis-
cussed as contiguous to the hypoglossal nucleus, appeared to contribute
root fibers to the hypoglossal nerve. Berkelbach van der Sprenkel
(’24) believed he could trace neuraxes from the cells of the nucleus
of Roller into this root, as did Roller (1881), and that these were
distributed to the ganglion cells on the walls of blood vessels. Von
Bechterew (1899) and Edinger (’08) also regarded the nucleus of
Roller as a general visceral efferent center, but Vineenzi (1884) and
von Kolliker (1896), as well as various other observers, could not find
this contribution to the hypoglossal root. It is generally agreed that
the nuecleus funiculi teretis and the nucleus praepositus do not con-
tribute to the hypoglossal root.

Internuclear connections between the hypoglossal nucleus and the
nuclear groups surrounding it are rather abundant. These appear to
be processes of the cells of the nucleus praepositus, the nuecleus of
Roller, the nueleus funieuli teretis, and the other reticular nuclear
groups in this area, which end in relation with the cells of the hypo-
glossal nucleus.

The ecells of the hypoglossal nuecleus are large, multipolar elements
with flaky Nissl substance and a rather dense neurofibrillar reticulum.
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Their neuraxes course ventrally through the medulla oblongata, medial
to the inferior olive, and emerge on the ventral surface of the brain
stem. The dendrites for the most part are quite short, although some
processes from more medially located neurons of the ventromedial cell
group extend into the region of the raphé. Whether they enter the
homolateral or contralateral medial longitudinal fasciculus or eross to
other centers on the opposite side of the medulla oblongata is un-
certain.

The abducens

In the 11-day embryo. At this stage the abducens nerve has its
origin from bipolar neurons located in the common efferent cell column
desceribed previously (see p. 86). They are confined to a single
neuromere (D of fig. 1a) situated rostral to that giving origin to the
glossopharyngeal nerve and caudal to that from which originates the
facial nerve.

Neuraxes of these cells course ventrally and combine into numerous
small fascicles which emerge on the ventral surface of the brain stem
at all levels between the emergent facial and glossopharyngeal nerves,
but medial to them. After emergence, they immediately turn forward
and show slight evidence of combining into a single trunk. The loosely
arranged nerve continues rostrally for a short distance toward the
region of the primitive cavernous sinus, giving off, all along its course,
fine filaments which enter the surrounding mesenchyme.

In the 12-day embryo. The central cells of origin of the abducens
are still undifferentiated in the common efferent cell column, but are
more numerous and slightly larger than the corresponding neurons
of the 11-day material. Peripherally the nerve is larger and extends
into the mesenchyme which will eventually differentiate into the ex-
trinsic eye-muscles (fig. 3). Fine filaments leave the nerve along its
course to enter the surrounding mesenchyme.

In the 13-day, 2-hour embryo. The cells of origin are differentiating
into a distinet nuclear group (fig. 22a), which is not so well defined
as the hypoglossal eolumn at this age. The forming abducens nucleus
lies lateral and ventrolateral to the developing internal genu of the
facial nerve throughout the longitudinal course of these fibers. Caud-
ally the nueleus is not distinguishable from the cells of origin of the
facial nerve, which are undergoing their neurobiotactic migration and,
at this age, surround the dorsal and dorsolateral cells of the abducens
nucleus in its caudal portion (fig. 22a). In the caudal part of the
gray giving rise to the facial rootlets are a few cells which apparently
give rise to aberrant abducens fibers, which do not join the abducens
root but end in the mesenchyme ventral to the brain stem (fig. 26).
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Bremer (’08) found that the abducens nerve frequently has a number
of such small rootlets and a caudal continuance of its nucleus in em-
bryos. Bremer (’21) stated that in cases in which they are sufficiently
developed they pass into muscles of the head region or anterior spinal
musculature. As pointed out by Streeter (’12) and by Ariéns Kap-
pers, Huber and Crosby (’36), these roots are mostly aberrant. The
neurons of the differentiating abducens nucleus are still of the bipolar
type but show an increase in size and neurofibrillar content as com-
pared with those of the 12-day-old embryo.

Peripherally the abducens nerve fibers are more compactly arranged
and come into very close relationship with the terminal branches of
the oculomotor nerve, which has invaded the mesenchyme about the
developing eye. The fine branches from the abducens nerve, which
enter the mesenchyme along its ecourse, are still present but are con-
fined more or less to the region of the primitive eavernous sinus.

In the 14-day, 6-hour embryo. The abducens nucleus is well differ-
entiated from the surrounding structures excepting caudally, where
the migrating special visceral efferent neurons of the facial nerve are
scattered along its dorsal and lateral borders. Its position remains
the same as in the 13-day, 2-hour stage, and its neurons are still scat-
tered rostrocaudally throughout the length of the horizontal limb of
the genu of the facial nerve. A few cells are found among the emerg-
ent fascicles of the facial root in the most rostral region of the abducens
nuclear group. Caudally there are cells of this nucleus among the
ventrolaterally migrating facial neurons and ventral to them.

Some few of the abducens neurons are multipolar by this stage,
although the majority still appear round or oval in outline. The proc-
esses of the cells are well developed and can be followed for quite a
distanee. The root fibers leave the nuclear mass on its ventromedial
aspect, course toward the midline for a short distance, and then turn
ventrally to emerge from the ventral surface of the brain stem. The
dendrites of the cells are distributed dorsolaterally toward the ves-
tibular areas, and laterally and ventrally there are interconnections
(largely through the peduncle of the superior olive) between this
nucleus and the superior olive. Strong bundles of fibers arising from
the medial and lateral vestibular nuclei pass dorsal to, and in some
cases directly through, the abducens nucleus, as they course toward
the medial longitudinal fasciculus (fig. 26). Accompanying the medi-
ally directed fibers from the lateral vestibular nucleus are fine fas-
cicles which originate in the nucleus of the spinal root of the trigeminal
nerve and appear to end among the cells of the abducens nucleus.

From the caudally located cells of the abducens nucleus fine root-
lets course directly ventrally and emerge caudal to the main group
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of the abducens fascicles. In one series studied, two such roots are
present on the same side, the more rostral of which becomes a part of
the abducens nerve while the more caudal courses lateralward and
caudalward to join the glossopharyngeal nerve at the medial aspect
of the petrous ganglion. Whether this root is distributed with the
pharyngeal branches of the glossopharyngeal nerve to branchiomeric
muscle as, according to Bremer (’21, see p. 100), is sometimes the
case, or whether it ends among the glossopharyngeal fibers as an aber-
rant branch, it is impossible to determine in this instance since the
fibers are not distinguishable from those of the glossopharyngeal nerve.

In the region of the termination of the abducens nerve, in the mesen-
chyme of the developing eye-muscles, anastomotic branches are found
between this nerve and the oculomotor terminal fibers, as well as fine
branches from the inferior portion of the ophthalmic division of the
trigeminal nerve. Fine branches still leave the root as it courses
through the mesenchyme around the cavernous sinus.

In the 14-day, 21-hour embryo. The abducens nucleus has shifted
into a more dorsolateral position and lies more lateral than ventro-
lateral to the horizontal portion of the internal genu. Caudally the
nucleus is now distinguishable from the migrating special visceral
efferent neurons of the facial nerve inasmuch as the caudally located
eells of the younger stages are collecting rostrally into a main nuclear
mass. The abducens nucleus, throughout its extent, is characterized
by a light neurogliar background. The neuraxes from the caudally
located neurons course ventrally through the brain stem in four to
five fine fascicles and, upon emerging, join into a single root (fig. 26)
which, instead of turning rostralward, continues ventrolaterally toward
the petrous ganglion of the glossopharyngeal nerve. This root ends,
however, aberrantly in loose mesenchyme, before reaching the glosso-
pharyngeal nerve. Anastomoses of the abducens nerve with the oculo-
motor and ophthalmic divisions of the trigeminal are again observed
about the developing eye. One fine branch from the abducens is also
traceable into the developing ciliary ganglion. A few aberrant
branches still leave the root as it courses through the mesenchyme
about the cavernous sinus.

In the 15-day, 6-hour embryo. The eaudalmost neurons of the ab-
ducens nucleus still lie ventral and ventromedial to the cells of origin
of the facial nerve, with their fine rootlets extending into the loosely
arranged mesenchyme ventral to the brain stem. A few of these root-
lets turn rostralward to join the main bundle of the abducens nerve
but the majority of them end aberrantly. Except for an increased
number of multipolar neurons the abducens nucleus appears much
the same as that of the 14-day, 21-hour embryo.
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In the region of the cavernous sinus fine aberrant branches are
again evident. The abducens root is in close association with the sym-
pathetie (thoracico-lumbar) plexus about the internal carotid artery,
and a few of the branches of this system appear to accompany it for
a short distanece, and then to turn ventrolaterally toward the spheno-
palatine ganglion. Anastomotic fascicles persist between the terminal
branches of the abducens and oculomotor nerves in the mesenchyme
about the eye.

In the 16-day, 6-hour embryo. The abducens nucleus is becoming
more compactly arranged due to a rostral migration of the caudally
located cells of the younger series. Very few neurons remain in the
area about the caudal end of the horizontal limb of the internal genu
(see p. 97). Aberrant abducens rootlets still course ventrally through
the medial cells of the ventral faecial nucleus, then emerge from the
ventral surface of the brain stem and end in the mesenchyme beneath
it. These rootlets can be traced centrally to the dorsal boundary of
the ventral facial nucleus, but are lost among the dorsomedially di-
rected processes from the neurons of this nucleus. Their location
caudal to the emerging abducens nerve indicates that some of the
primitively caudally located cells of the abducens have not shifted
rostrally, but whether those rootlets arise from cells located as far
dorsal as the position of the abducens nucleus or from ventrally shift-
ing cells from this nuclear mass it is not possible to determine in the
available material.

Peripherally terminal abducens fasecicles can be traced into the
differentiated lateral and medial heads of the lateral rectus musecle.
An anastomotic branch is found between the terminal branches of the
abducens and the oculomotor nerves.

In the 17-day embryo. The nuclear mass has become more compact
at this stage. Some of the more caudally located roots swing slightly
backward as they leave the nuecleus, indicating the rostral migration
of certain cells of this nuecleus during development. No aberrant
branches are found. Peripherally the distribution of the abducens is
the same as in the 16-day, 6-hour embryo excepting that a fine ter-
minal branch again is traceable into the ciliary ganglion as was the
case in the 14-day, 21-hour embryo. However, this union with the
ciliary ganglion is probably not formed by neuraxes originating in
the abducens nucleus but by sympathetic (thoracico-lumbar) fibers
which have accompanied the abducens nerve from the plexus about
the internal carotid artery, with which it is in close relation in the
region of the cavernous sinus.

In the 20-day embryo. All of the neurons of the abducens nucleus
appear multipolar by this stage. The cells have collected into a com-
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pact nuclear group toward the rostral end of the primitive gray col-
umn of the younger embryos and the entire group of cells has shifted
farther dorsolaterally so that its present position is approximately
that found in the adult rabbit (fig. 20; see also Ariéns Kappers, Huber
and Crosby, 36, figz. 305, p. 609). The neuraxes of these cells leave the
nucleus on its ventromedial aspect to continue around the ventral
border of the horizontal limb of the genu of the facial nerve toward
the raphé and then to turn ventrally, and at the same time somewhat
laterally and rostrally, as they course toward their superficial origin
from the brain stem. As a result of the accumulation of the abducens
cells toward the rostral pole of the nucleus and the slight rostral course
of the abducens root, the superficial origin of the nerve is approxi-
mately at the same level as that of the facial merve. Several fine

Fig.5 A drawing of a sagittal section through the brain stem of a 20-day
rabbit embryo, intended to serve for general orientation and as a key drawing for
figure 5d. Pyridine silver. X 7.

Fig.5d A longitudinal (but slightly oblique) section through the general vis-
ceral efferent column of the 20-day rabbit embryo. The location of the area drawn
is indicated in figure 5. Note particularly the region of separation between the
dorsal efferent nucleus and the inferior salivatory nuecleus. X 52.

aberrant rootlets are found again at this age. Some of these emerge
medial to the main root and are lost in the mesenchyme shortly after
their emergence. Others leave the brain farther caudad, then turn
rostrally toward the main root but end in the mesenchyme before
reaching it. One fairly strong rootlet which emerges through the
medial cells of the rostral pole of the facial nuclens makes several
turns in the mesenchyme, at first swinging rostrally, then caudally,
and finally coursing along the developing base of the skull. It pene-
trates the cartilage, continues toward the developing middle ear, and,
just as it reaches the perichondrium lining this structure, turns latero-
caudally to emerge from the cartilage in the jugular foramen. It then
becomes incorporated with the glossopharyngeal nerve. Some of these
aberrant branches can be traced to their cells of origin in the caudal
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part of the abducens nucleus; others are lost (fig. 29a), as they are
followed centrally, at a horizontal level corresponding to that of the
developing accessory abducens nucleus but medial to this nucleus. In
the material available it is impossible to determine whether these
fibers originate from the cells of the abducens nucleus or from the
more laterally located cells of the developing accessory abducens
nucleus.

The aceessory abdueens nucleus (fig. 29a) at this age consists of a
relatively few, scattered cells extending rostrocaudally from the middle
of the facial nucleus (but dorsomedial to it) to become continuous
with the ventromedial cells of the motor trigeminal nueleus. Further
consideration of this nucleus and of its relations is to be found under
the discussion of the 1-day-old rabbit.

In the 22-day embryo. The abducens nucleus has the same charac-
teristics as that of the 20-day embryo. A greater number of cells are
found in the region of the accessory nuecleus, but again it has not been
possible to trace the processes of these cells into either the facial or
the abduecens root in the material available. Concentration of the cells
of the main abducens nucleus toward the rostral part of the horizontal
portion of the internal genu of the facial nerve and the slightly rostral
course of the root fibers are again evident. The abducens nerve emerges
at the same level as does the facial nerve but medial to the latter.

In the 1-day-old rabbit. The abducens nucleus has now become quite
compactly arranged and its constituent cells have the appearance of
adult neurons. Medial to the nuecleus, and mediocaudally among the
most medial fibers of the facial nerve as they enter the caudal portion
of the genu, are small, scattered neurons comparable to those deseribed
about the hypoglossal nucleus. These small-celled reticular masses
were more closely associated in position with the special viseeral effer-
ent cells of the facial before their ventrolateral migration, but appear
to have shifted somewhat ventrally by this stage and are continuous
caudally with the nucleus praepositus. The number of such small
reticular cells varies greatly from level to level.

The accessory abducens nucleus (fig. 29a), as recognized and located
by Terni (’22), is present and is well developed and compactly
arranged. Van Gehuchten (1899), Winkler and Potter (’11), Preziuso
(24), Addens (’33) and others have termed this nuclear group the
accessory nucleus of the abducens nerve. Van Valkenburg (’10),
Ariéns Kappers (’20) and others refer to this group of cells as the
dorsal facial nucleus. In the material used for this study is has been
impossible to trace neuraxes from these cells definitely into either the
abducens or the facial roots. Fibers in the region of the nucleus, but
not directly from the cells composing it, course dorsomedially toward
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the genu of the facial root and some turn more medially as if they
were about to arch into the emerging abducens root (fig. 16) similarly
to those figured by Terni (22, fig. 15) for Mus rattus. However, they
do not appear to become incorporated with any of the emergent fas-
cicles of this nerve as it courses toward the periphery. In fact, some
of the fibers in question continue medially toward the raphé. Thus,
whether these dorsomedially directed fibers are neuraxes from these
cells and their connections with the cell body are not impregnated in
our material, or whether they are part of the peduncle of the superior
olive, which they closely resemble in size and staining characteristies,
cannot be determined at this time. As mentioned in the discussion of
the 20-day embryo (p. 101), the so-called accessory abducens nucleus
extends into the region of the motor nucleus of the trigeminal nerve.
At this age the rostral end of this nuclear column actually becomes a
part of the motor trigeminal nucleus, and neuraxes from some of the
cells of the so-called accessory abducens nucleus, which are caudal to
the trigeminal nucleus, as well as those ventromedial to its caudal
portion (fig. 29a), contribute to the motor root of the trigeminal nerve
(see p. 141). Possibly still other more caudally located neurons of the
column so contribute. It is probable that some of the cells of this
group constitute a part of the trigeminal nucleus of the adult and the
remainder compose the adult accessory abducens nucleus. Certainly
further study, based on additional material, is essential to determine
the complete distribution of this cell mass.

An inereased number of abducens fibers enter the two heads of the
lateral rectus muscle. Otherwise the abducens nerve terminates here
as it did in the 17-day embryo.

In the 6-day-old rabbit. The only change observed for this age is
the loss of the embryonic character of the neuroglia.

The abducens nucleus in the adult rabbit. The abducens nucleus is
the most laterally located of the cell groups composing the somatie
efferent cell column (fig. 20). Its position (the same as that described
for the older embryos, see p. 101) is lateral to the horizontal limit of
the internal genu of the facial nerve. It is located ventrolateral to the
fourth ventricle, dorsolateral to the medial longitudinal faseiculus, and
dorsomedial to the spinal root of the trigeminal nerve and its nucleus.
Dorsal to it, and quite closely related, is the medial (or principal)
vestibular nucleus and laterally and dorsolaterally is the lateral ves-
tibular nucleus. The caudal portion of the abducens nucleus is in the
same horizontal plane as are the rostralmost cells of the more ventro-
laterally placed efferent facial gray.

The abducens nucleus is nearly uniform in its mediolateral and
ventrodorsal diameters and its rostrocaudal extent is 1.15 mm. In
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cross section the nucleus appears nearly circular—thus the three
dimensional aspect is somewhat cylindrical. In reconstruction (fig. 20)
it is found to be most irregular on its medial aspect.

The characteristic neurons composing the abducens nucleus are of
the large, somatic efferent type similar to those of the hypoglossal
nucleus (p. 95). Among such neurons are two other cell types—
medium-sized cells and small granule cells. The medium-sized cells,
which are relatively few in number and of uniform distribution
throughout the nucleus, resemble the small reticular elements scattered
ventrally and, to some extent, the medium-sized cells of the medial
vestibular nuecleus located dorsally. The small cells are not so uni-
formly distributed throughout the nucleus but appear in various sized
clusters among the most medial cells and along the medial aspect of
the nuecleus close to, and slightly ventral to, the longitudinally coursing
fibers of the facial genu. These groups become more numerous as the
caudal limit of the nuecleus is approached and can be followed caud-
ally into the nucleus praepositus. Such small cells are similar to those
discussed in conjunction with the special visceral efferent cells of the
facial nerve for the younger embryos (see pp. 130 and 134). In the
silver preparations the root of the abducens appears to come only
from the large cells of this nucleus, as has been proved experimentally
by Fuse (’12). Fuse also stated that the ventricular portion, which
is probably homologous with the small-celled groups ventromedial to
the main nuclear mass, is present in the mole, in which a true abducens
nucleus is lacking.

Visceral Efferent Component. Its Central and Peripheral Development

The vago-accessory

In the 11-day embryo. At this stage the vago-accessory fibers have
their origin from three sources—the primitive efferent cell eolumn,
the developing accessory cell column in the eervical cord, and the
primitive ganglia of the root. As stated earlier (see p. 86), the primi-
tive efferent cell column is continuous rostrally with the cells of origin
of the glossopharyngeal nerve (fig. 1a) and caudally with a similarly
located cell column of the spinal cord. The oval, bipolar cells con-
tributing to the vago-accessory nerve are confined to the most caudal
neuromere (F' of fig. 1a) of the brain stem, in the most lateral part
of this column. Those cells giving rise to the hypoglossal nerve are
located medially within the column. There is no differentiation be-
tween vagal and hypoglossal neurons at this age except that the lateral
cells send their neuraxes laterally to emerge from the lateral surface
of the brain stem, and the medially placed cells send their processes
ventrally. Thus this material, as well as that of several other observers



104 DONALD L. KIMMEL

(Mesdag, ’09; Bok, '15; Tello, ’22; Windle, ’33; and others), indicates
that the somatic efferent cells are the more medially located and the
visceral efferent cells are the more laterally located neurons within the
common efferent eolumn. The processes of the ecells of origin of the
vago-accessory nerve course dorsolaterally through and ventral to the
undifferentiated, longitudinally coursing fasciculus solitarius and to
the spinal root of the trigeminal nerve (fig. 8) to emerge from the
lateral surface of the brain stem.

The second group of cells contributing to the vagus nerve, the primi-
tive accessory cell column, is located in the upper seven segments of
the cervical cord. It has not been possible to determine the exact cells
contributing to the roots of the spinal accessory nerve in the material
available, but, by tracing the roots centrally toward their eells of origin,
the approximate location of such cells, lateral to the central canal and
just ventral to the plane of the sulcus limitans (fig. 6), can be deter-
mined. The neurons in this area, a part of the efferent column of the
spinal eord (see Pearson, ’38), are all of the rounded, bipolar type with
small amounts of neurofibrillar material at their peripheries. Their
axons accumulate into fine fascicles and course dorsally into the affer-
ent area of the spinal eord (fig. 6). Just ventral to the entering sensory
roots of the spinal nerves, these fascicles turn lateralward to emerge
from the dorsolateral surface of the spinal cord under cover of the
dorsal root ganglia. From their superficial origin these rootlets course
slightly ventralward and then turn rostralward to combine into a single
nerve with their fellow components of higher or lower levels. The nerve

Fig.6 A transverse section through the upper portion of the spinal cord of an
11-day rabbit embryo. Note particularly the position of the cells of origin and
the course of the spinal accessory merve. Pyridine silver preparation. X 85.

Fig.7 An oblique section through the medulla oblongata of a 14-day, 6-hour
rabbit embryo. At this stage the visceral efferent column, as represented by the
nucleus of the spinal accessory nerve, is separated from the somatic efferent
column. Pyridine silver preparation. X 56.

Fig.8 A transverse section through the medulla oblongata of a 13-day, 2-hour
rabbit embryo. Note the relations of the fasciculus solitarius and its nucleus,
which at this stage are separated from the general afferent gray, and the positions
of the somatic and visceral afferent nuclear columns. Pyridine silver preparation.
X 36.

Fig.9 A transverse section through the caudal region of the medulla oblongata
of a 14-day, 6-hour rabbit embryo. The figure illustrates particularly the initiation
of differentiation of the special visceral efferent column. Pyridine silver. X 33.

Fig.10 A transverse level similar to that of figure 9 but from a 14-day, 21-hour
rabbit embryo. This illustration shows espeeially the further differemtiation of
the special visceral efferent column to form a primordial nucleus ambiguus. Pyri-
dine silver preparation. X 33.
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runs forward along the dorsolateral surface of the spinal eord, medial
to the dorsal root ganglia. In the caudal region of the brain stem it
begins to eurve ventrally and gradually arches into the vago-aceessory
trunk. The roots of the bulbar portion of the accessory nerve, after
emerging from the lateral surface of the brain stem, turn ventrally
and, joining the spinal accessory portion on its dorsomedial aspeet,
accompany it ventrorostralward to join with the centrally directed
roots of the vagus nerve in forming the vago-accessory nerve.

Figures 6 to 10
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The third group of cells contributing to the vago-accessory complex,
the primitive root ganglia, is composed of bipolar elements scattered
along the nerve root. The more primitive of these cells are as yet a
part of the ganglionic crest at the stage in which the more mature cells
are migrating caudad along the trunk. A grouping of the more caud-
ally located neurons indicates the beginning of the formation of the
nodose ganglion (fig. 2).

From the region of the primitive nodose ganglion the combined
trunk, including the peripherally directed processes of the ganglion
cells, courses along the dorsal wall of the anterior eardinal vein and
then runs ventral to it, having passed around its medial wall. Farther
caudad fine, bifurcating, knobbed endings appear on some of its fibers
as the bundle lies lateral to the developing pharynx. It terminates
slightly behind this plane in the region lateral to the primitive larynx
(fig. 2).

In the 12-day embryo. In the 12-day as compared to the 1l-day
embryo there is very little change in the differentiation of the common
efferent cell column. However, there are more and larger cells in this
column and their centrally directed processes are better developed.
There is no indication of further differentiation between the medial
(somatie) and lateral (viseeral) eells of the common ecolumn. The
spinal accessory nerve is again traceable to the seventh cervieal seg-
ment (fig. 3) with its undifferentiated cells of origin located just
medioventral to the cells of reception for the dorsal roots of the spinal
nerves.

The faseiculi of the bulbar portion of the accessory mnerve course
rostrally together with its spinal root to the level of the now differ-
entiating jugular ganglion, and then the vago-aceessory complex turns
ventrocaudally to pass through and around the differentiated nodose
ganglion. The spinal portion is quite distingunishable throughout its
extent and lies slightly removed, dorsocaundally, from the jugular
ganglion and close to the dorsolateral aspeet of the nodose ganglion
(fig. 3). The relations of the nerve trunk to the anterior cardinal vein
are the same as those given for the 11-day embryo. The first branch
from the vago-accessory trunk is from the spinal aecessory portion.
This branch distributes to the mesenchyme lateral to the anterior
cardinal vein and to the hypoglossal nerve (fig. 3) but ventromedial
to the somites. From the nodose ganglion the vago-accessory nerve
courses caudad in close relationship with the alimentary canal, the
bulbar accessory portion retaining a ventrolateral position within the
trunk. In the upper pharyngeal region, the combined trunk lies dorso-
lateral to the pharynx and then swings slightly ventromedialward
(fig. 3) into a position ventrolateral to the oesophagus. In the region
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of the developing stomach, the right vagus courses dorsalward and
terminates in the mesenchyme about the dorsolateral wall of this
structure. The left vagus retains a ventrolateral relationship to the
oesophagus and to the rostral portion of the stomach and ends along
the ventrolateral stomach wall after having given off numerous, fine
branches into the mesenchyme between this organ and the heart
(fig. 3). Other branches from the vago-accessory trunk (in order of
their origin) are: (1) the pharyngeal branch from the dorsomedial
portion of the trunk, thus of vagal origin; (2) the superior laryngeal
branch, also from the dorsomedial portion of the trunk and of vagal
origin; (3) the inferior laryngeal branch from the ventrolateral aspect
of the trunk, and so from the bulbar accessory nerve; and (4) anasto-
mosing branches from the right and left vagi along the ventral wall of
the oesophagus. Within the mesenchyme among the fine terminal
branches of the developing plexuses (fig. 3) are many sympathetic
ganglion cells. These cells are particularly abundant in the mesen-
chyme along the dorsal and lateral walls of the oesophagus, but they
are also found about the trachea and in the mesenchyme between the
oesophagus and the developing heart.

In the 13-day, 2-hour embryo. The common visceral efferent cell
column is differentiated in this embryo, being located ventrolateral to
the fourth ventricle and dorsolateral to the hypoglossal nuecleus
(fig. 8). This nuclear column is continuous rostrally with the cells of
origin of the glossopharyngeal nerve and caudally with a laterally
located group of cells in the spinal cord.

The cells of the column are still of the bipolar type. In comparison
with those contributing to the vago-accessory complex of the 12-day
embryo, the neurons at this age show more processes and an inerease
in neurofibrils, which are still very evident at the periphery and lack-
ing within the central region of the cells. The cells of origin of the
spinal accessory nerve show some indieation of column formation but
the differentiation is not nearly so distinet for these as for the neurons
contributing to the vagus and to the bulbar portion of the accessory
nerve. The neurons of the spinal accessory column, some of which
appear to be multipolar, also have an increased number of neurofibrils
at their periphery.

The origin and the early part of the course of the spinal accessory
root are similar to those described for the younger embryos but as the
level of the medulla oblongata is reached this root swings somewhat
more ventrally than in the younger series (compare figs. 2 and 4), so
that it lies ventrolateral to the brain stem. Neuraxes from the caudal
portion of the common visceral efferent column of the brain stem, the
bulbar portion of the accessory nerve, run dorsolaterally through the
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medulla oblongata and through the caudal portion of the primitive
nucleus of the fascieulus solitarius to emerge from the lateral surface
of the brain stem. After emerging, these fibers pass rostrally in com-
pany with (but slightly dorsal to) the spinal accessory nerve to the
region of the jugular ganglion. Neuraxes from the more rostral por-
tion of the common visceral efferent column, contributing to the vagal
portion of the vago-accessory complex, course dorsolaterally through
the primitive nucleus of the fasciculus solitarius and then emerge from

Figs. 11 to 14 'These figures illustrate various sagittal levels drawn from a
whole-head series of a 1-day rabbit. Figure 11 is the most lateral of the group,
with the succeeding levels medialward arranged in order. This series of figures is
designed to show certain phases of the peripheral distribution of the trigeminal
nerve. Pyridine silver. X 6.

the lateral wall of the brain stem in close association with the centrally
directed processes of the ganglion cells, After emerging they turn
ventrocaudad and combine into two or three bundles just rostral to
the bulbo-accessory root (fig. 4). Continuing this caudal course, the
vagal roots filter through the jugular ganglion and, at a level through
the caudal portion of this ganglion, the three components of the vago-
accessory complex are distinguishable; the spinal accessory nerve is
dorsal, the ganglion with the vagal fibers in its midst is ventral, and
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the bulbar aceessory nerve is placed between the two and elose to the
dorsal wall of the ganglion.

The first fascicles given off from this vago-accessory complex, as it
is followed caudad from the inferior portion of the jugular ganglion,
form the auricular branch which runs ventrolaterally to distribute
lateral and posterior to the developing ear (fig. 4). Arising in common
with the aurieular branch, and in part from the anterior portion of
the vagal root, is the meningeal branch which extends dorsomedialward
toward the brain. Between the jugular and nodose ganglia, the bulbar
accessory nerve swings to the lateral side of the vagal trunk, but the
spinal accessory nerve retains its dorsal relation to the bulbar root so
that, at the level of the nodose ganglion, the bulbar root of the acces-
sory nerve is lateral and the spinal aeccessory nerve is dorsolateral to
the ganglion. A short distance caudad to the nodose ganglion the
spinal accessory nerve leaves the main trunk and swings dorsolaterally
into the mesenchyme, lateral to the anterior cardinal vein, to terminate
in quite close association with the end branches of the second cervieal
nerve. The pharyngeal branch arises from the medioventral portion
of the vagal root at the level of the seecond cervical nerve, and the
laryngeal branches originate slightly farther caudad. The inferior
laryngeal nerve is relatively small in comparison to the superior
laryngeal (fig. 4), but there are clear indications that the superior is
from the vagus and the inferior from the bulbo-accessory nerve. The
superior laryngeal comes off of the main trunk as a comparatively
strong, single branch, but the inferior arises as three relatively fine
branches. Immediately below the origin of the superior laryngeal
nerve there is a plexus formed by branches from the same part of the
trunk that gives rise to this nerve. Whether this plexus, which is the
rostral part of the oesophageal plexus, is of vagal or of bulbo-accessory
origin cannot be determined in the available material.

As the two vagi descend along the anterolateral walls of the oesopha-
gus, numerous anastomoses between them are evident and fine terminal
branches are distributed into the developing musculature of the
oesophagus. Fine branches from both vagi terminate ventrally about
the trachea and, farther caudad, between the bronechi of the lungs.
Some of these ventrally directed fibers (particularly those from the
left vagus) continue beyond the region of the trachea toward the
developing heart. The right vagus nerve lies dorsolateral to the de-
veloping stomach and the left, which is the larger of the two nerves
at this age, swings over the anterolateral surface of this organ. As the
left vagus approaches the stomach, a strong branch turns dorsally,
and, after being joined by a bundle from the right vagus, passes for a
short distance along the body wall toward the developing coeliac gang-
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lion (fig. 4). Numerous sympathetic ganglion cells are again present
at this age in the mesenchyme among the plexuses, and the branches
from the sympathetic trunk have invaded the mesenchyme lateral and
dorsolateral to the region of distribution of the vagus (fig. 4). Near
the nodose ganglion numerous fine filaments from the superior cervical
ganglion extend toward the ganglia of the vagus but no actual con-
nections have been found between the two systems.

In the 14-day, 6-hour embryo. Some of the cells of the common
visceral efferent nuclear column, which is here better delimited than
in the 13-day embryo, appear to be multipolar. This nuclear column
is characterized by a light neurogliar background and is still continu-
ous rostrally and caudally with the cells of origin of the glossopharyn-
geal nerve and with the laterally placed cell column of the spinal cord
respectively. In the caudal region of this cell column, the larger, better
developed neurons are gathering ventrolaterally within it, indicating
a beginning of the formation of the special and general visceral effer-
ent columns (fig. 9). The cells of origin of the spinal accessory nerve,
which have become in part multipolar and have increased in relative
size (fig. 7), are differentiated into a definite nuclear column, which is
also characterized by the light staining, embryonic neuroglia.

There is a fairly large cluster of ganglion cells along the spinal
aecessory nerve as it passes near the ventrolateral surface of the
medulla oblongata. Dendrites of these cells enter the spinal accessory
root and apparently are distributed peripherally with it. The caud-
ally directed neuraxes also become incorporated within the nerve but
could not be traced to their termination. However, the rootlets com-
posing this nerve, on being traced centrally into the cervical cord, do
not all turn ventromedially toward the accessory cell column ; some of
them continue dorsomedially to end about the cells of the afferent area
of the spinal cord along with the sensory root fibers. In addition to
the ganglion on the spinal accessory nerve, which is probably Froriep’s
ganglion, there are many fibers which appear to be entering this root
from the first dorsal root ganglion (fig. 4). Other small groups of
ganglion cells are found among the emergent roots of the bulbar por-
tion of the accessory nerve and their centrally directed processes are
lost among the emergent efferent roots. Weigner (’01) reported many
anastomoses between the spinal accessory nerve and the dorsal roots
of the upper spinal nerves in man. He particularly emphasized those
cases in whieh the dorsal root ganglion is incorporated within the
accessory root. Streeter (’08) believed that the accessory as well as
the vagus of the vago-accessory complex has sensory roots in the human
embryo, and indicated a very close relation in position between the
spinal accessory nerve and the dorsal root ganglion of the first cerviecal
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Fig.15 A transverse section through the medulla oblongata of the 1-day rabbit,
taken at the level in which the central canal is beginning to widen out into the
fourth ventricle. The figure is designed to show particularly the nuclear groups
associated with the hypoglossal and vagus nerves. Pyridine silver preparation.
X 12.5.

16

Fig.16 A transverse section through the pons of the 1-day rabbit, taken at the
level of emergence of the facial nerve. It illustrates particularly the ventral motor
nucleus of the facial nerve. Pyridine silver. X 12.5.
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nerve. Fahmy (’27) showed that ganglion cells are situated both
intracranially and extracranially on the aceessory mnerve. Windle
(’81), studying the cat embryo, found that sensory ganglion cells of
the accessory nerve are partly along its root fibers and partly within
the first dorsal root ganglion. He believed that they enter the caudal
portion of the fasciculus solitarius and are mostly proprioceptive.
Hinsey and Corbin (’34) found no proprioceptive fibers originating
in the first four cervical ganglia in the cat.

In the peripheral distribution of the vago-accessory complex the
meningeal and auricular branches are again given off at this age as a
common root from the inferior aspect of the jugular ganglion. The
pharyngeal branch originates at the level of the nodose ganglion and,
from its medial aspect, courses medially toward the pharynx to inoscu-
late with the pharyngeal branch of the glossopharyngeal nerve. Thora-
cico-lumbar fibers have not as yet invaded this plexus but are scattered
quite close to it in the surrounding mesenchyme. The spinal aceessory
nerve leaves the main trunk slightly caudad to the nodose ganglion
and divides into two branches: the branch to the trapezius which
courses dorsocaudally and somewhat laterally to be distributed in close
relationship with branches from the third and fourth cervical nerves
and the branch to the sternocleidomastoid which courses ventroeaud-
ally and laterally and is distributed with branches from the second
and the third cervical nerves.

The superior laryngeal branch, arising from the medial aspect of
the root just below the nodose ganglion, is distributed dorsomedial to
the developing larynx, and the inferior laryngeal branch is now re-
current. Originating from the lateral aspect of the nerve trunk, this
branch courses ventromedially to cross in front of the vagus nerve, and
then turns rostralward to be distributed in the ventroinferior region
of the developing larynx. Along the lateral aspect of the oesophagus
there is an inerease in the complexity of the plexus. There are more
branches directed ventrally ahout the trachea and bronchi and some
of them pass well into the developing lungs. The more ventrally ex-
tending branches are coming into closer relationship with the heart
but none have actually penetrated its walls. As the left vagus courses
anterolateral to the stomach wall, it sends a strong branch dorsally
around the cardiac end of the stomach which is joined by an equally
strong branch from the right vagus nerve. This combined trunk ex-
tends ventrocaudally behind the stomach and breaks into numerous
fine endings just ventral to the coeliac plexus. The terminal branches
about the stomach wall are distributed well toward its pyloric end but
no branches extend to the primitive duodenum.
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In the 14-day, 21-hour embryo. The special visceral efferent nuclear
column is in process of formation. The larger, multipolar cells from
the common visceral efferent column are migrating ventrolaterally,
approaching the region of the nueleus ambiguus of the adult rabbit.
In the caudal region of the brain stem many of the special visceral
afferent cells are in position and others are found between this area
and the common viseeral efferent column (fig. 10), Farther rostrally
there are fewer cells in their final position but those in the migratory

Fig.17 A transverse section through the pons of the 1-day rabbit, taken slightly
rostral to that illustrated in figure 16. Attention is called especially to the motor
nucleus of the trigeminal nerve. Pyridine silver. X 12.5.

stage appear in approximately the same number throughout the extent
of the forming nucleus ambiguus. According to Ariéns Kappers ('12
and elsewhere), the ventrolateral migration of these cells is due to the
neurobiotactic influences of cutaneous impulses distributed to the
nucleus of the spinal root of the trigeminal nerve, near which the
nucleus ambiguus takes its position. Not only are the migrating cells
and those already in the position of the developing nucleus ambiguus
of the multipolar type but there is an increase in the number of multi-
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polar cells within the common * visceral efferent column. Neuraxes of
these migrating special visceral efferent cell bodies, and of those
already in position within the developing nuecleus ambiguus, extend
dorsomedially, along the path taken by the cell body in its course
from its primitive position toward the ecommon visceral efferent cell
column, then they turn laterally and, joining with the neuraxes from
cells within this column, continue laterally, ventral to the nucleus of
the fasciculus solitarius and through the nucleus of the spinal root
of the trigeminal nerve, to emerge from the lateral surface of the
brain stem. At the same period that the special visceral efferent cell
column is differentiating within the central nervous system, at the
periphery individual masses of mesoderm appear as forerunners of
various muscles supplied by this column.

The cells of the accessory cell eolumn in the cervieal cord all appear
to be multipolar. Fibers turning into the afferent area of the spinal
cord from among the emerging spinal aceessory roots are found again
at this age, although they are not so prominent as in the previous
stage (see p. 110). Likewise scattered ganglia are found among the
fibers of the spinal accessory nerve as it courses ventrolateral to the
medulla oblongata, and the relationship between this nerve and the
first dorsal root ganglion is the same as that discussed for the pre-
ceding stage.

The peripheral branches of the vago-accessory complex all show an
increased development. Particularly those branches to the heart and
lungs, originating from the nerve trunk as it courses caudad, lateral
to the oesophagus, are better developed than in the earlier stages.
The eombined branch from the right and left vagi that swings dorsally
at the cardiac end of the stomach (see p. 112) extends well caudad at
this age and is joined by several fine branches from the coeliac gang-
lion. Fascicles from the sympathetic trunk are approaching the area
of distribution of the vagus nerve about the oesophagus and the
trachea. From the superior cervical ganglion one branch can be traced
into close association with the superior laryngeal nerve, rostral to the
nodose ganglion.

In the 15-day, 6-hour embryo. At this age there is the beginning of
a longitudinal differentiation of the common visceral efferent cell col-
umn. A constriction is found between the cells of origin of the vagus
nerve and those of the glossopharyngeal nerve, thus indicating the
beginning of a separation of the column into a dorsal efferent nucleus

3 The term ‘common’ is still used for this cell column during this and the follow-
ing stage inasmuch as there probably are some of the special visceral efferent cells
that have not as yet migrated from it. In the 16-day, 6-hour embryo, and the
stages following, it is referred to as the ‘general’ visceral efferent column.
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Figs. 18 to 20 Reconstructions of the somatic efferent, general visceral efferent
and special visceral efferent columns of the adult rabbit brain. The legends are
self explanatory. X 10.
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of the vagus and bulbar aceessory nerves and an inferior salivatory
nucleus of the glossopharyngeal nerve. The special visceral efferent
column is more nearly developed than in the previous stage, although
migrating cells are still found dorsomedial to it. This cell eolumn is
now characterized by a light staining, embryonic neuroglia.

Peripherally there is an inereased distribution from the region of
the oesophageal plexus toward the region of the heart and lungs, and
the terminal branches from the cardiac end of the stomach extend
through the coeliac plexus. In this plexus they join the thoracico-
lumbar sympatheties, to distribute with them to the pancreas and pass
also to the region of the superior mesenteric plexus. In the distribu-
tion on the stomach wall the left vagus sends a branch dorsorostrally,
which is distributed to the fundus while the caudally directed branches
course past the pylorie end on to the walls of the primitive duodenum.
Branches from the superior cervical ganglion are again traceable to
the nodose ganglion and several branches from the former ganglion
have invaded the pharyngeal plexus.
Fig.21 A frontal section through the brain stem of a 13-day, 2-hour rabbit
embryo dorsal to the internal genu of the facial nerve. It shows the relations of
the motor trigeminal nueleus and the migrating speeial visceral efferent cells of
the facial nerve. Note the most rostral part of the fasciculus solitarius and its
nucleus; also the fiber connections between this nucleus and the migrating facial
cells. Pyridine silver. X 28.8.

Fig.22 A sagittal seetion of a 13-day, 2-hour rabbit embryo indicating the
area from which figure 22a is taken. Pyridine silver. X 4.25.

Fig.22a A sagittal section through the rabbit brain from the area indicated
in figure 22. Note particularly the migrating special visceral efferent cells of the
facial nerve, both rostral and caudal to the cells of origin of the abducens nerve;
also the abducens nucleus, and the most lateral of the trigeminal efferent cells.
Attention is called to the rostrocandal eontinuity of the various nuclear groups.
Pyridine silver. X 38.5.

Fig.23 These cells are drawn with a camera lucida to show the relations of
proprioceptive fibers to them. They are from the rostral group of the migrating
special visceral efferent cells of the facial nucleus. ‘r’ illustrates fibers which
appear to originate in the nucleus of the mesencephalic root of V, synapsing about
these cells; ‘s’ shows a similar synapse of fibers having their origin in the genicu-
late ganglion. Pyridine silver. X 725.

Fig. 24 A sagittal section through the brain stem of a 14-day, 6-hour rabbit
embryo showing the continuity of the caudal cells of the motor nucleus of the
trigeminal nerve with the rostral group of special visceral efferent cells of the
facial nerve. Particular attention is called to the rostrally turning fibers of the sen-
sory root of the glossopharyngeal nerve, and to the mesencephalic root of the
trigeminal nerve continuing caudad to the level of the emerging facial root, Pyri-
dine silver. X 26.5.
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In the 16-day, 6-hour embryo. The majority of the neurons of the
general visceral efferent ecolumn are multipolar and two types of cells
are distinguishable within it: a small type, which is uniformly scat-
tered throughout the column; and a medium-sized eell, which is eon-
fined to the caudal two-thirds of the differentiating dorsal efferent
portion of the column. Malone (’13) stated that the intermediate-type
cells within the dorsal efferent nucleus of man (found between the
main mass of the dorsal efferent nucleus and the hypoglossal nucleus)
are cells of origin for preganglionic fibers carrying inhibitory impulses
to the heart and so constitute a cardiac center. In the rabbit, at this
age, the intermediate-type cells are scattered among the smaller cells
of the nucleus and are found to the caudalmost extent of the column.
Other observers who have located a cardiac center within the dorsal
efferent nuecleus are Molhant (’10), Wainstein (’21), and von Husten
(’24). Ariéns Kappers, Huber and Crosby (’36) believe that prob-
ably preganglionic fibers to the heart originate in this nucleus sinee
it gives rise to other preganglionic components of the vagus nerve.
Kosaka (’09) placed the cardiac center of the dog medulla within the
ventralmost neurons of the caudal portion of the nucleus ambiguus.

The separation between the salivatory nuclei and the dorsal efferent
nucleus is not complete by this stage although a constriction is again
found between these two portions of the general visceral efferent
column. The nucleus ambiguus is completely differentiated caudally
although some few migratory cells are still observed dorsomedial
to the nucleus in its rostral portion. The cells of its rostral end
are compactly grouped but those of the more caudal regions are some-
what scattered. This nucleus extends from a level slightly caudad to
the calamus scriptorius caudally, to the caudalmost cells of the facial
nucleus rostrally. The nucleus ambiguus and the facial nucleus over-
lap each other, to some extent, in all the material studied.

In their peripheral distribution, the vagal branches show an in-
creased differentiation over those of the previous age. The auricular
branch, which now originates from the vago-accessory trunk instead
of from the region of the jugular ganglion (see p. 112), combines with
the auricular branch of the glossopharyngeal nerve with which it is
distributed peripherally in close relationship with the posterior auricu-
lar branch of the facial. There is an increased relationship between
the superior cervical and the nodose ganglia, and more branches from
the superior cervical ganglion have invaded the region of the pharyn-
geal plexus. Superior and inferior cardiac branches are now differ-
entiated, the superior originating from the oesophageal plexus just
caudal to the origin of the inferior laryngeal, and the inferior arising
from the oesophageal plexus farther caudad. Both the superior and
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the inferior cardiac branches are accompanied by thoracico-lumbar
sympathetics which have invaded the oesophageal plexus. Sympa-
thetic branches can also be traced into the plexuses about the trachea
and the bronchi and into the lungs. Fine branches from the plexus
formation on ‘the anterior wall of the stomach are traceable toward
the hilus of the liver, and numerous scattered ganglion cells are found
in this plexus at the origin of these branches. Terminal branches from
both vagi are traceable caudad along the branches of the coeliac artery,
toward the coeliac ganglion. They are joined by thoracico-lumbar
sympathetic fascicles from this ganglion as they continue into the pan-
creas and, farther caudad, through the superior mesenteric plexus,
into the mesentery of the gut. However, no branches enter the de-
veloping muscular walls of the gut at this time.

In the 17-day embryo. The constriction between the dorsal efferent
and the inferior salivatory nuclei is more marked here than in the
previous stage but there is not a complete separation between the two
cell groups. The caudal pole of the dorsal efferent nucleus is now
completely separated from the more caudally located cell eolumns of
the spinal cord, and the special viseeral efferent column is formed at
all levels although the scattered arrangement of its cells is still evi-
dent in the more caudal portion.

In this and the following stages the peripheral distribution is the
same as that deseribed for the 16-day, 6-hour embryo, with greater.
growth and greater distribution of the terminal branches within the
walls of the struectures which they have already invaded.

In the 20-day embryo. The inferior salivatory and the dorsal efferent
nuclei are still not completely separated (fig. 5d). The rostral portion
of the dorsal efferent nucleus and the more rostral cell groups of the
general visceral efferent nueclear column, i.e., the inferior and superior
salivatory nuclei, are located farther ventrolaterally in the brain stem
than is the caudal portion of this column. The ventral turn of this
nuelear column is due partially to the increase in the size of the nucleus
intercalatus (or nucleus of Staderini) located just dorsomedial to this
column, :

In the 25-day embryo. The separation of the inferior salivatory and
the dorsal efferent nueclei has now become complete. The cells of the
accessory column of the cervical eord have adult characteristics and
the neuroglia of this cell column has lost its embryonic appearance.

In the 1-day-old rabbit. Part of the available material of this age
shows a distinet separation between the inferior salivatory nucleus and’
the dorsal efferent nucleus. In other series of the same age these two
cell groups are still continuous although nearly separated. The cell
bodies of the special visceral efferent neurons have an adult appear-
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Fig. 25 A cross section through the brain stem of a 14-day, 6-hour rabbit
embryo at the level of the emerging trigeminal nerve. Attention is called to the
migration of the neurons of the motor nucleus of this nerve and to its indirect
root fibers. Pyridine silver. X 26.

Fig. 26 This figure is taken from the same embryo but at a more rostral level
than that of figure 25. Note particularly the relation of the abducens nucleus, the
direct root fibers of the nervus intermedius and the differentiating acoustico-facial
ganglionic complex. Pyridine silver. X 22.5.
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ance and the neuroglia both of this cell column and of the general
visceral efferent column has lost its embryonie character.

In the 6-day-old rabbit. By this stage the cells of the general vis-
ceral efferent column have assumed an adult character.

The dorsal efferent nucleus in the adult rabbit. The dorsal efferent
nucleus of the adult rabbit brain is composed of two distinct types of
cells. The first (fig. 31y) is a small, distinetly outlined neuron quite
darkly stained in the toluidin blue preparation and having a very
large nucleus with usually two or three nucleoli. Such cells are found
throughout the length of the dorsal efferent nucleus although varying
somewhat in position within this nucleus. The second type (fig. 31 z)
is a larger cell (although smaller than those in the nucleus ambiguus),
less deeply stained in the cell material and showing a massing of its
granules. The nuclei of these latter cells do not appear so large in
comparison to those of the smaller-type cell. This larger cell is con-
fined to the caudal portion of the dorsal efferent nucleus. Slightly
farther rostrally, at levels in which the hypoglossal and dorsal efferent
nuclei are separated by the nucleus intercalatus, the larger cells of
the dorsal efferent nucleus are more abundant in the ventrolateral
area. Very few of these larger cells are found behind the caudal limit
of the hypoglossal nucleus. These neurons, grouped thus in the ven-
tral area of the dorsal efferent nucleus, are possibly homologous to the
cells designated by Malone (’13) as the cardiae center in the dog.
Other groupings of the cells within the dorsal efferent nuecleus of the
adult rabbit are noticeable although the divisions are not so distinet
as those of the hypoglossal nucleus. At some levels groups similar to
those designated as ventromedial, ventrolateral, and dorsolateral by
Sanders (’29) for the sparrow are faintly evident. In reconstruction
(fig. 18) the dorsal efferent nueclens presents a fairly irregular outline
and shows an inerease in the mediolateral diameter in its rostral half.
The reconstruction also indicates the lateral turn of the rostral portion
of the column. The dorsal efferent nucleus is in elose relationship with
the nucleus of the fascieulus solitarius, which is located lateral to it
throughout the length of this efferent gray column. In the caudal
region of the medulla oblongata it is bordered dorsally by the nucleus
of the commissura infima, ventrally by the hypoglossal nucleus, and
medially by the closed portion of the fourth ventricle. Farther ros-
trally the dorsal efferent nucleus lies under the floor of the open fourth
ventricle and is bordered dorsomedially by the nucleus intercalatus.
Its rostrocaudal extent is 6.75 mm.

The nucleus ambiguus in the adult rabbit. The nucleus ambiguus
is located ventrolaterally (fig. 15) in the medulla oblongata, just
medial to the nucleus of the spinal root of the trigeminal nerve and
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dorsolateral to the inferior olive. Its cells, which are large, multipolar
elements with a fairly uniformly distributed granular substance and
large, light staining nueclei, show a relatively compact arrangement
except in the caudal end of the nucleus (see p. 118). On reconstrue-
tion (fig. 19), the nuclear column is seen to be quite saw-toothed in
outline, particularly caudally, due to the scattered arrangement of
the constituent neurons. Rostrally this column is somewhat inereased
in diameter and overlaps the facial nucleus. The length of this nucleus
is 6.3 mm.

The accessory cell column in the adult rabbit. The cells forming this
column, as studied in the upper segments of the cervical cord, resemble
in every respect those of the nucleus ambiguus. The column is located
lateral to the central canal and is confined to the upper seven seg-
ments of the cervical cord. The similarity between the cells of this
column and those of the nucleus ambiguus and the lateral position of
these cells suggest that they are of the special visceral efferent type.
At no stage in development, after the various efferent columns begin
to be differentiated, does the spinal accessory nuclear column appear
to be continuous with any of the efferent columns of the brain stem.

Fig. 27 A cross section illustrating, in a 14-day, 21-hour rabbit embryo, the
relationship of the caudal cells of the trigeminal motor nucleus and the emerging
facial nerve. Note also the indirect root fibers from these caudal cells of the motor
trigeminal nucleus coursing medially. Pyridine silver. X 22.5.

Fig.28 A cross section of the brain stem of a 13-day, 21-hour rabbit embryo
showing the relationship between the most rostral cells of the general viseeral
efferent column and the ventrolaterally migrating cells of the facial nerve. The
emerging abducens nerve and the relationship between the nucleus of the fasciculus
solitarius and the migrating cells of the facial are also illustrated. Pyridine silver.
X 26.

Fig. 29 Key drawing through the brain stem of a 20-day rabbit embryo to
show the area from which figure 29a is taken. Pyridine silver. X 2.5.

Fig. 29a A sagittal section through the area designated in figure 29, to show
the continuity between the gray of the accessory abducens nucleus and of the
motor nucleus of the trigeminal. Note also the relations of the emerging faecial
nerve and the ventral facial nucleus. Pyridine silver. X 29.

Fig. 30 Key drawing to show the area from which figure 30a is taken. This
figure is a sagittal plane through a 20-day rabbit embryo. Pyridine silver. X 4.5.

Fig. 30a This figure illustrates the area designated in figure 30 and is drawn
to emphasize the course of the indireet root fibers of the trigeminal nerve. Note
the positions of the mesencephalie root of the trigeminal nerve, the facial nerve,
and the primordial vestibular nucleus. Pyridine silver. X 26.

Fig.31 Camera lucida drawing of cells from the general visceral efferent
column. ‘w’ and ‘x’ are cells from the superior salivatory nucleus and ‘y’ and ‘z’
are from the eaudal portion of the dorsal efferent nucleus. Pyridine silver. X 515,
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That it is sometimes continuous with the dorsal efferent group of cells
in mammals has been shown by Ariéns Kappers (Ariéns Kappers,
Huber and Crosby, ’36) in his work with the sheep embryo. The fusion
of the spinal accessory cell column rostrally with the nucleus ambiguus
(as occurs at times) is regarded by Vermeulen (’18) as a secondary
condition due to the caudal lengthening of the nucleus ambiguus.
Addens (’33) regarded the spinal accessory nerve of mammals as
somatic efferent and Beceari (’13, ’22) identified a distinet spinal
accessory nucleus in the sparrow, in line with the somatic efferent
column of the spinal cord as represented in the dorsal hypoglossal
nucleus.

The glossopharyngeal

In the 11-day embryo. The glossopharyngeal nerve originates from
both the common efferent ecell column of the brain stem and the primi-
tive ganglia of the nerve root. The cells of the common efferent column
contributing to the glossopharyngeal nerve are confined to a single
neuromere (E of fig. 1a), just rostral to that giving rise to the vagus
nerve. This common efferent cell column, which is econtinuous through-
out the brain stem and into the spinal cord (fig. la), is discussed in
detail in conjunction with the hypoglossal nerve (see p. 86). Neur-
axes from the bipolar, oval cells of origin located laterally within this
cell column run dorsolaterally in several strong fascicles to emerge
from the lateral surface of the brain stem in close relationship with
the entering, centrally directed processes of the primitive ganglion
cells located on the glossopharyngeal root. Immediately upon emerg-
ence, the bundles form a rather loosely arranged trunk and turn ven-
trally through the undifferentiated mesenchyme (fig. 2) to distribute
as far caudally as the pharynx. Lateral to the developing pharynx,
the root branches into numerous, fine, and slightly knobbed endings.
Scattered along the root, almost to its termination, are the primitive
ganglion cells (fig. 2).

In the 12-day embryo. The common visceral efferent cell column is
composed of more, and slightly larger cells than earlier, with increased
neurofibrillar material near their peripheries. The superior and
petrous ganglia are differentiated, as is the branch to the tympanic
plexus, which arises from the nerve at the level of the petrous ganglion
to distribute ventrally for a short distance within the immediately
surrounding mesenchyme. The nerve terminates in a ventral branch
which is the precursor of the lingual nerve and a more dorsal branch
which is a direct continuance of the glossopharyngeal nerve and is
the forerunner of the pharyngeal nerve (fig. 3).

In the 13-day, 2-hour embryo. The common viscersal efferent cell
column is differentiated (fig. 8) and extends caudally from a level
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slightly behind the developing abducens nucleus to become continuous
with a similarly located column in the spinal eord (see pp. 107 and
130). Due to the continuity of this gray, that portion of the column
contributing to the glossopharyngeal nerve can be determined only
by tracing the roots of this nerve centrally. Accompanying these roots
as they course dorsolaterally through the brain stem ventral to the
nucleus of the faseiculus solitarius are fine fascicles which continue
medially to be distributed to the nucleus praepositus and the nuecleus
intercalatus.

The cells of the common visceral efferent column are still of the
bipolar type, but show greater development of processes than do those
of the 12-day embryo. This cell column is now characterized by the
light staining, embryonic neuroglia.

Peripherally (fig. 4), the tympanic branch is distributed ventrally
through the mesenchyme ventromedial to the petrous ganglion. The
lingunal branch extends well into the dorsal part of the second branchial
arch and has ganglion cells scattered along its course. A fine filament
from the sympathetic (thoracico-lumbar) plexus on the lingual artery
joins this branch near its termination. The pharyngeal branch ex-
tends slightly farther caudad and breaks up into several fine termina-
tions just rostral to the ending of the pharyngeal branches of the
vagus nerve lateral to the developing pharynx.

In the 14-day, 6-hour embryo. A few of the cells of the common
visceral efferent column are multipolar at this stage. This column is
somewhat ventrolateral in the medulia oblongata at the level at which
it gives rise to the glossopharyngeal nerve. The column is still con-
tinuous rostrally with the cells of origin of the facial nerve and caud-
ally with those giving rise to the vagus nerve.

Peripherally two auricular branches of the glossopharyngeal nerve,
which arise from the nerve root at the level of the superior ganglion
and distribute laterally into the mesenchyme, join the auricular branch
of the vagus nerve just beyond the ganglion. The tympanic branch,
as it courses toward the region of the tympanic plexus, is closely
paralleled by branches of the carotid plexus from the superior cervieal
ganglion. The lingual branch is distributed within the dorsal part of
the developing tongue and has the same relations with the plexus about
the lingual artery as were observed for the previous series. The
pharyngeal branches of the glossopharyngeal and vagus nerves are
now in plexus formation about the walls of the pharynx and sympa-
thetic fibers from the superior cervical ganglion are approaching this
region.

In the 14-day, 21-hour embryo. The special visceral efferent column
has begun to develop (fig. 10). In the caudalmost portion of the brain
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stem many cells of this column are already in position, with scattered
neurouns in all stages of migration between this ultimate position and
the common visceral efferent eolumn. At the level of origin of the
glossopharyngeal nerve very few cells have reached their final position
but many are found in the migratory stages. The migrating cells are
all of a slightly larger type than those remaining in the common vis-
ceral efferent column and are multipolar. The neurobiotactic influ-
ences resulting in this migration are discussed in detail in conjunetion
with the vagus nerve (see p. 113). More of the cells in the common
visceral efferent column show multipolarity at this stage than did those
in the 13-day, 2-hour embryo. The migrating special visceral efferent
cell bodies of the facial nerve are quite proximate to the medial aspect
of the rostral portion of the common visceral efferent column. Some
of these cells are quite eclosely associated with the cells of origin for
the glossopharyngeal and facial nerves which are located in the com-
mon visceral efferent column at this time. The two types of cells can
be readily distinguished, however, since the migrating cells are larger
and present a greater number of processes than do the others. Within
the rostral portion of the common visceral efferent column the cells of
origin of the preganglionic components of the glossopharyngeal and
facial nerves lie in intimate relationship with each other, with the cells
of the faeial component lying dorsomedial to—or sometimes inter-
mingled with—those contributing to the glossopharyngeal nerve.

Peripherally, the branches of the glossopharyngeal nerve show an
inereased differentiation over those of the 14-day, 6-hour embryo. The
auricular branch, with a similar branch from the vagus, has joined
the posterior auricular branch of the facial nerve and is distributed
with it toward the region of the external ear. A second auricular
branch from the superior ganglion is distributed independently toward
this area. The pharyngeal plexus shows an increased complexity and
the sympathetic (thoracico-lumbar) fibers have extended nearer to it
but do not as yet enter into its formation. Some of these fine branches
from the superior cerviecal ganglion, however, are now connected with
the petrous ganglion, and there is an increased relationship between
this system and the lingual branch 6f the glossopharyngeal nerve on
the dorsum of the developing tongue. The tympanie branch from the
lateroinferior aspect of the petrous ganglion extends well toward the
region of the otic ganglion and is approaching plexus formation with
branches from the plexus about the internal carotid artery and a
branch from the geniculate ganglion. An anastomotic branch, arising
from the glossopharyngeal nerve just below the petrous ganglion,
joins a branch of the facial nerve as it is distributed into the differ-
entiating mesenchyme of the posterior belly of the digastric muscle.
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In the 15-day, 6-hour embryo. The special visceral efferent column
is better developed than in the preceding stage (see p. 126). Also the
beginning of a differentiation of the ecommon visceral efferent cell
column into the dorsal efferent and the inferior and superior saliva-
tory nuclei is indicated by a slight constrietion of the column between
the cells giving rise to preganglionies of the vagus and those giving
origin to the comparable fibers of the glossopharyngeal nerve.

The meningeal branch is found for the first time. It originates from
the medial aspect of the nerve trunk just above the petrous ganglion
and courses dorsomedially to be distributed to the meninges of the
brain stem just rostral to the area of distribution of the meningeal
branch of the vagus. Other branches are essentially the same as in the
previous stage except that they show further development and in-
creased relations with the sympathetic system, which has now invaded
the pharyngeal plexus.

In the 16-day, 6-hour embryo. The differentiation of the dorsal
efferent nucleus from the remainder of the general visceral efferent
column is still incomplete. The preganglionic neurons of the facial
and glossopharyngeal nerves intermingle as yet to some extent but are
more segregated than in the previous stage. A few scattered migrating
special visceral efferent cells are still found at the level of the glosso-
pharyngeal nerve, just dorsomedial to the now fairly well developed
nuecleus ambiguus. The concomitant differentiation of the mesenchyme
into muscle groups peripherally and the development of the speeial
visceral efferent cell column centrally are worthy of reemphasis.

Peripherally, the tympanic branch has invaded the area of the
tympanic plexus and is in plexus formation with the sympathetie
branches from the internal carotid plexus and with a branch from the
geniculate ganglion of the facial nerve. The tonsillar branch is dis-
tinguishable from the lingual portion of the nerve and is distributed
laterally into the region about the root of the tongue. The pharyvngeal
plexus has increased in complexity and is invaded by several fine
branches from the superior cervical ganglion; a few fine interconnect-
ing branches are observed between this ganglion and the petrous
ganglion,

In the 17-day embryo. At this stage the differentiation of the gen-
eral visceral efferent cell column is more noticeable than in the 16-day,
6-hour embryo, the separation between the dorsal efferent and the
inferior salivatory nueclei being practically complete. The cells of the
superior salivatory nucleus no longer intermingle with the inferior
salivatory neurons as has been the condition in the previous two stages
but are now continuous rostrally in the column. The special visceral
efferent cell column is ecompletely formed throughout the extent of the
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nucleus ambiguus and is compactly arranged at the level of the glosso-
pharyngeal nerve.

The branches of the glossopharyngeal which have invaded the vari-
ous areas of distribution in the 16-day, 6-hour embryo show practically
no further differentiation in this and the following stages. For this
distribution the reader is referred to the previous two stages (p. 126).

In the 20-day embryo. The separation between the inferior saliva-
tory and the dorsal efferent nuclei is not as yet complete (fig. 5d).
The inferior salivatory nucleus is continuous rostrally with the supe-
rior salivatory nuecleus of the facial nerve.

Peripherally the anastomotic branch between the glossopharyngeal
nerve and the digastric branch of the facial nerve is persistent, and
another anastomotic bundle from the petrous ganglion accompanies
the chorda tympani as it courses ventromedially to join the lingual
branch of the trigeminal nerve.

In the 25-day embryo. The dorsal efferent and inferior salivatory
nuelei are completely separated and the differentiation between the
inferior salivatory and superior salivatory nueclei is more apparent.

In the 1-day-old rabbit. As mentioned in the discussion of the vago-
aceessory complex (p. 119), some of the older material used in this
study does not show a complete separation between the dorsal etferent
and the inferior salivatory nuclei. At this stage the neuroglia of both
the general and the special visceral efferent cell columns has lost its
embryonic characteristics and the cells of the nucleus ambiguus re-
semble adult neurons,

In the 6-day-old rabbit. The cells of the general visceral efferent
column have assumed adult charaeteristics and the separation between
the inferior and superior salivatory nueclei is practically complete. The
cells of the rostral portion of this column appear quite scattered, par-
tiecularly in the region of the superior salivatory nuecleus, where they
are located quite far ventral to the main group of cells.

The inferior selivatory nucleus in the adult rabbit. The cells of the
inferior salivatory nucleus are of the same type as those of the dorsal
efferent nucleus (p. 121 and fig. 31). They are compactly arranged
and are quite closely related caudally with the dorsal efferent nuecleus
and rostrally with the superior salivatory nucleus although they are
slightly separated from these structures (figs. 5d and 18). The in-
ferior salivatory nucleus lies ventral to the medial vestibular nucleus
and ventromedial to the lateral vestibular (Deiters’) nuelens. On its
lateral surface it is closely associated with the small-celled portion of
the nuecleus of the fasciculus solitarins. Dorsomedial to it, between it
and the floor of the fourth ventricle, is the nucleus intercalatus. Wink-
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ler and Potter (’11, pl. XXXII) give the position of the inferior
salivatory nucleus but they label the cell group dorsomedial to it
‘‘@ of the nucleus dorsalis Nervi VIII’’ and do not indieate any group
of cells at this level as the nucleus intercalatus. In the toluidin blue
material used for this study the more medial of the cells dorsomedial
to the inferior salivatory nucleus are part of the nuecleus interealatus
and a fairly distinet break is found between this group and the medial
vestibular nucleus. The inferior salivatory nucleus has a rostrocaudal
extent of 0.45 mm. and presents a fairly regular outline in recon-

struction (fig. 18). For discussion of the nucleus ambiguus see page
121.

The facial

In the 11-day embryo. At this stage the facial nerve appears to arise
from a single neuromere (see below and C of fig. 1la), the second
rostral to that giving origin to the glossopharyngeal nerve and the one
adjacent rostrally to that giving origin to the abducens nerve. The
cells of origin are located in the undifferentiated common efferent
column (see discussion under the hypoglossal nerve, p. 86 and fig. 1a).
Neuraxes from these cells gather into fine fascicles as they course
ventrolaterally through the brain stem to emerge from the lateral sur-
face of this structure. Such emerging fibers are accompanied by in-
coming afferent fibers, some of which turn down into the longitudinal
bundle (which represents the undifferentiated spinal root of the tri-
geminal nerve and the fasciculus solitarius). From their superficial
origin the roots turn ventrally and course through the rostral portion
of the acoustico-facial ganglionic complex (fig. 2) to distribute within
the mesenchyme of the second branchial arch. The nerve roots show
indications of gathering into a single trunk as they pass through the
ganglionic ecomplex but begin to break up into fine terminal branches
upon reaching the inferior aspeet of this strueture and are rather
loosely arranged throughout the remainder of their course. The termi-
nations are the finely divided, slightly knobbed endings characteristic
of motor endings at such early developmental stages.

In the 12-day embryo. At this age the roots of the facial nerve have
their superficial origin from the same neuromere (C of fig. 1a) as in
the 11-day embryo but the cells of origin are found within two neuro-
meres: a rostral neuromere (which gives superficial origin to the
nerve) and a second, immediately adjacent caudal neuromere (D of
fig. 1a). The neurons are bipolar and are still undifferentiated from
the common efferent cell column. The neuraxes of the cells of the
more caudal neuromere at first course somewhat medially ; then, gather-
ing into a fairly large band, they turn rostrally and extend forward,
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within the brain stem, as the earliest indication of the internal genu
of this nerve.

From their superficial origin on the lateral surface of the brain
stem, the nerve roots turn ventrally and colleet into a fairly compact
nerve trunk which runs caudally and somewhat dorsally through the
rostral portion of the acoustic-facial ganglionic complex. From the
inferior boundary of this structure the nerve continues caudalward
and, at the same time, somewhat dorsolaterally into the second
branchial arch, to terminate in the primordial temporo-facial and
cervico-facial divisions. The rostroventral portion of the acoustico-
facial ganglionic complex shows the beginning of a differentiation of
the geniculate ganglion. The greater superficial petrosal nerve arises
from this differentiating ganglion and courses ventrolaterally toward
the region of the as yet undeveloped sphenopalatine ganglion. The
chorda tympani branch, arising from the nerve trunk eaudal to the
ganglion but before the fibers enter the second branchial arch, extends
medioventrally, and then rostromedially through the dorsal part of
the second arch into the mandibular portion of the first arch, in which
region it ends just dorsal to the mandibular ramus of the trigeminal
nerve. An anastomotic branch from the geniculate cells enters the
petrous ganglion of the glossopharyngeal nerve.

In the 13-day, 2-hour embryo. The visceral efferent column is dif-
ferentiated from the somatic efferent column, but the cells of origin
of the facial nerve are still continuous caudally with the cells of origin
of the glossopharyngeal nerve and rostrally with the cells giving rise
to the motor root of the trigeminal nerve. Just caudal to the differ-
entiating abducens nucleus, the efferent neurons of the facial nerve
have a dorsoventral extent several times that of the area oceupied by
the neurons contributing to the glossopharyngeal nerve. Slightly
farther rostralward, medial to the abducens group, the facial column
becomes constricted. It spreads out again, although to a lesser extent,
just rostral to the abducens nucleus. The continuity of the efferent
column at this level is due to the migration of the more rostral cells
contributing to the facial nerve through the region of the developing
genu. Cells supplying the facial nerve are found in all stages of migra-
tion. Among them, particularly in the ventrolateral portion of the
forming genu, are small, bipolar, receptive neurons which intermingle
with the medial cells of the abducens nucleus and are continuous caud-
ally with the central cells of reception of the glossopharyngeal and
vagus nerves located about the hypoglossal nucleus (see p. 125). At
this stage, as well as in the following one, buton-like synapses are
found about the more rostral efferent cells of the facial nerve (fig. 23).
The fibers forming these synapses originate more rostrally in the brain
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stem. Longitudinal bundles (identical in appearance with those of the
mesencephalic root which emerge with the trigeminal motor nerve)
continue caudad to the level of the emergent facial nerve and then
apparently bifurcate. They either terminate as fine branches around
the cells of origin of the facial nerve or continue out of the brain stem
with its motor root. Other fibers appear to enter with the emerging
motor root and to end about the efferent cells of this nerve in a similar
manner.

Neuraxes from the more caudally located cells of the facial merve
course rostrally among the cells in the migratory phase and medial to
the abducens nucleus. At the level of the rostral limit of the abducens
nucleus they turn ventrolaterally and join the neuraxes from the
rostrally located facial neurons, with which they emerge from the
lateral surface of the brain stem in five or six fairly strong roots. From
their superficial origin they turn ventrocaudally and then collect into
a single trunk as they pass through the rostroventral portion of the
now fairly well differentiated acoustic-facial ganglionic complex. As ~
the nerve trunk courses through the differentiating geniculate gang-
lion, it gives origin to the greater superficial petrosal nerve which ends—- -
in close relationship with the sphenopalatine branches of the maxillary
ramus of the trigeminal nerve in the region of the still undifferen-
tiated sphenopalatine ganglion. The main trunk continues caudally
and dorsolaterally from the lower boundary of the geniculate ganglion
and enters the second branchial arch. Just below the ganglion it gives
rise to a fine branch which is distributed dorsally into the region of
the future stapedius musele. The chorda tympani fibers distribute
ventromedially into the first branchial arch, in which region they join
the now differentiated lingual branch of the mandibular ramus of the
trigeminal nerve. The temporo-facial division is distributed ventrally
and quite superficially about the posterior portion of the lower jaw
and the cervico-facial division extends into the region of the undiffer-
entiated platysma muscle.

In the 14-day, 6-hour embryo. The efferent cells of the facial nerve
are differentiated into two distinct groups. Those of the rostral end of
the common visceral efferent column contributing to this nerve,
although still continuous in the column, are separated from, and lie
lateral to, the more caudal of the ventrolaterally migrating special
viseeral efferent cells. More of the primitively more rostrally located
neurons of the medial cell group have migrated caudally through the
genu region, and the larger, multipolar neurons of this group, located
about the caudal part of the forming genu, are shifting ventrolaterally
toward the position of the facial nucleus in the adult rabbit. The
small-celled component of this medial cell group is still found among



132 DONALD L. KIMMEL

the fibers of the genu and along the medial boundary of the abducens
nucleus (see pp. 103 and 135).

Numerous cells rostral to the genu contribute to the facial root.
These are mostly multipolar and have apparently shifted ventrolater-
ally, without traversing the region of the genu (fig. 222a). A few fine
fibers turn out of the emergent root and synapse in pericellular fashion
about these cells (fig. 23 s). This suggests that cell bodies of the pro-
prioceptive neurons may lie in the geniculate ganglion, their neuraxes
entering the brain stem among the fibers of the emergent motor root
as Wakeley and Edgeworth (’33, see p. 130) believed. The fibers
which appear to arise from the mesencephalie nucleus of the trigeminal
and synapse about these cells, or emerge with the motor root (see
p. 131), are again quite evident.

The acoustic-facial ganglionic complex shows further differentiation
but the more dorsally located cells of the geniculate ganglion are still
closely related to the differentiating vestibular ganglion. The greater
superficial petrosal nerve receives some contributions from the genien-
late ganglion. In the region of the sphenopalatine ganglion, as this
nerve is distributed with palatine branches from the maxillary division
of the trigeminal, a few scattered sympathetic ganglion cells are pres-
ent, indicating the beginning of the ganglion. The chorda tympani
nerve, in conjunction with the lingual branch of the trigeminal, ex-
tends into the developing tongue bud, and an anastomotiec branch from
the petrous ganglion now joins the differentiated branch of the facial
nerve to the digastric muscle (see p. 126). Auricular branches of the
vagus and glossopharyngeal are in close association with the posterior
auricular nerve as it courses toward the oceipital region.

The two terminal divisions of the facial nerve show a greater dis-
tribution within the superficial mesenchyme of the face at this age
than in the 13-day, 2-hour embryo. They end in close relationship
with terminal branches of the trigeminal nerve, but as yet no anasto-
moses are evident.

In the 14-day, 21-hour embryo. The rostral portion of the common
efferent cell column, which is located somewhat farther ventro-
lateral than the caudal portion of the column, is better differ-
entiated than in the previous stage. It is still elosely associated on its
lateral aspect with the nucleus of the faseiculus solitarius and con-
tains some multipolar neurons. The rostralmost cells contributing to
the preganglionic component of the facial nerve are found at a level
just caudad to the entering nervus intermedius; caudally this cell
group is continuous with the cells of origin of the glossopharyngeal
nerve, the neurons of the two groups intermingling to some extent.
The larger cells (the primitive special visceral efferent cells) of the
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medial eell group have, for the most part, shifted caudally along the
developing genu and the ventrolateral migration of the older, multi-
polar cells has progressed so that many are now in the adult position
of the facial nucleus. Ventrolateral migration of facial neurons ros-
tral to the abducens nucleus is still evident, many eells being found
among the emergent root fibers, again suggesting that the motor facial
nucleus is ultimately composed of neurons which have migrated di-
rectly ventrolaterally, anterior to the abducens nucleus, and others
(greatly in the majority) which have migrated caudally, thus pro-
ducing the genu, before beginning to shift ventrolaterally. Sinece the
ventrolateral migration of the special visceral efferent cells of the
facial nerve is due mostly to the influence of the sensory nuclei of the
trigeminal nerve, the difference in path of migration may be explained
as follows. Those cells which give rise to neuraxes supplying muscles
underlying areas innervated by the maxillo-mandibular portion of the
trigeminal nerve are influenced mostly by the sensory cells of recep-
tion for this portion of the trigeminal nerve. This is the most rostral
portion of the nucleus of the spinal root and the chief sensory nucleus
of the trigeminal. Thus, the migration, following the path of least
resistance, proceeds frontal to the cells composing the abducens
nucleus. Likewise, cells of the facial nuecleus supplying neuraxes to
muscles underlying areas innervated by the ophthalmie division of
the trigeminal nerve are influenced by the nucleus of the spinal root
of this nerve since the cells of reception for the ophthalmie division
are located therein. The caudal migration must precede the ventro-
lateral migration sinee, due to their position, the cells of origin of the
abducens nerve block off a direct ventrolateral shift. Yagita (’10)
has shown that the temporal branches of the facial nerve arise from
the entire dorsal part of the facial nucleus in the rabbit.

Secondary fibers originating from the cells of the fasciculus soli-
tarius are accompanied medially by direct root fibers of the nervus
intermedius. Some of these end in the general visceral efferent
column at this level and others continue eentrally to terminate about
the small-celled clusters of the primitive medial cell group or to
lose themselves within the fibers of the genu (fig. 26). These latter
are probably coursing caudad in this structure and then turn ventro-
laterally to end about the cells already in the adult position of the
facial nucleus.

The peripheral distribution of branches of the facial nerve is the
same at this age as for the 14-day, 6-hour embryo except that they
show greater development. Medial to the greater superficial petrosal
nerve (which arises at the level of the now completely differentiated
geniculate ganglion), as it courses toward the sphenopalatine gang-
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lion, is a large branch from the superior cervical ganglion. This
branch extends into the region of the sphenopalatine ganglion (which
also shows further development) independently of the greater super-
ficial petrosal nerve. A second branch from the superior eervical gang-
lion joins the main trunk of the facial nerve just rostral to the origin
of the chorda tympani. The terminal branches of the facial nerve
show several anastomoses with the terminal fibers of the trigeminal
nerve in the region of the mandible and posterior to the eye. The
posterior auricular branch, which has now incorporated the auricular
branches of the vagus and glossopharyngeal nerves, is distributed in
close positional relation with the cervical nerves in the occipital region
and cervical branches are in close association with the spinal nerves
in the region of the platysma muscle.

In the 15-day, 6-hour embryo. The cells of the common efferent
column contributing to the facial nerve gather slightly rostralward
to lie along, and somewhat among, the dorsomedial cells contributing
to the glossopharyngeal root. A greater number of the special visceral
efferent cells have now migrated from their primitive medial position
to form a facial nucleus continuous with the developing nucleus
ambiguus, The cells of the latter nuclear group slightly overlap the
ventral facial nucleus. Both of these nuclear groups are character-
ized by light staining, embryonic neuroglia at this stage. Numerous
special visceral efferent cells are still in the migratory stage between
the genu and the developing ventral facial nucleus and others are
gathered about the posterior aspect of the developing genu. The small,
receptive cells of the primitive medial cell group are gathering into
scattered groups about the mediocaudal aspect of the abducens nucleus
and are continuous caudally with the nucleus praepositus (see p. 103).

The greater superficial petrosal nerve now joins with the branch
from the superior cervical ganglion to enter the sphenopalatine gang-
lion as the nerve of the pterygoid eanal (vidian nerve). The terminal
branches of the facial are distributed more widely about the region
of the eye and of the lower jaw. More anastomoses between these
branches and the terminal branches of the trigeminal are found.

In the 16-day, 6-hour embryo. The cells of the general visceral effer-
ent column contributing to the facial nerve all appear multipolar.
The majority of the special visceral efferent cells have reached the
position of the ventral facial nucleus and only a few scattered, mi-
grating cells are found about the caudal portion of the internal genu.
All of these cells appear to be multipolar. The only difference in
peripheral distribution is an increased relation between the terminal
branches of the facial and of the trigeminal nerves in the temporal
region.
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In the 17-day embryo. The ventral facial nucleus is completely
formed and the beginning of its differentiation into subgroups is evi-
dent. This differentiation has not yet progressed sufficiently to permit
the distinguishing of the various groups described by van Gehuchten
(1899 and ’03), Yagita (’10), Papez (’27) and others in their studies of
the localization pattern within the nucleus for specific muscles supplied
by this nerve. The peripheral distribution of the facial nerve is the
same at this age as in the 15- and 16-day embryos.

In the 20-day embryo. A constriction now indicates the differentia-
tion of the rostral end of the general visceral efferent column into the
superior and the inferior salivatory nueclei. The facial nucleus shows
further indieations of cell grouping. The small receptive neurons of
the more primitive central gray mass no longer lie among the fibers
of the genu but are ventrolateral to this structure along the ventro-
medial border of the abducens nucleus. These neurons form an inter-
rupted column which is continuous with the cells contiguous to the
hypoglossal nueleus (see p. 101). The accessory abducens nucleus,
which is in formation at this age, is located dorsomedial to the rostral
portion of the ventral facial nueleus, and, in the available material,
neuraxes from this gray cannot be traced into the emergent facial
root (see p. 101).

In peripheral distribution the facial nerve has spread farther toward
the temporal region and further anastomoses between its terminal
branches and those of the cutaneous portion of the lachrymal and
zygomatico-temporal divisions of the trigeminal nerve are found.

In the 22-day embryo. There is an increased differentiation, but not
a complete separation, between the superior and inferior salivatory
nuelei, and the division of the ventral facial nucleus into cell groups
is apparently completed. The divisions of this nucleus are discussed
in detail on page 137.

In the 25-day embryo. The only noticeable difference at this age is
the increase in size of the cells of the ventral facial nucleus. These
neurons also show more processes than do the comparable cells of the
22-day embryo.

In the 1-day-old rabbit. The cells of the ventral facial nucleus have
assumed all of the characteristies of adult neurons. They possess more
processes and are larger than in any of the previous stages. The
neuroglia of this nucleus, as well as that of the nucleus ambiguus, has
lost its embryonie charaecter.

In the 6-day-old rabbit. The inferior and superior salivatory nueclei
are not yet entirely separated. Their cells, which are smaller than
those of the special viseceral efferent column, have assumed adult
characteristics. In these older stages, and in the adult rabbit, the
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emerging facial root courses ventrolateralward through the brain stem
at such a level that its most caudal fascicles pass just dorsal to the
rostral part of the ventral facial nucleus. In the younger embryos
this root emerges at a level anterior to the rostral limit of the nucleus.
This change in relations is probably due to the increased size of the
nucleus and also to a caudal shift of the emerging root due to the de-
velopment of the pons. This, and the rostral direction taken by the
abducens fibers (see p. 100), results in the emergence of the facial
and abdueens roots at practically the same level in the adult (see
Ariéns Kappers, Huber and Crosby, 36, fig. 294H, p. 595).

Crossing root fibers of the facial efferent component are not found
in any of the available material. Addens (’34) was of the opinion
that there are crossed fibers of the efferent facial root and believed,
with others, that they are secretory for salivary glands. Kohnstamm
(’02) located this crossed component experimentally in the dog, as
did Kaida (’29) in the rabbit. These investigators placed the cells of
origin for the crossed component dorsal to the ventral facial nucleus.

The superior salivatory nucleus in the adult rabbif. This nucleus
is composed of two types of cells, both of which are small, pregang-
lionie neurons. For comparison and description these two kinds of
neurons are spoken of as type @ and type b. The type a cells of this
nucleus are identical in size, in shape, and in staining characteristics
with the cells deseribed for the inferior salivatory nucleus (see p. 128
and fig. 31x). They are more abundant in the ecaudal portion of the
nueleus, in which region they intermingle with the type b cells. Ros-
trally they are more or less confined to the dorsomedial area of the
nucleus. The type b cells (fig. 31w) are of the same character as the
type @ neurons except that they are only about one-half as large and
usually do not stain so deeply. In the rostral part of the nucleus they
appear to be gathered toward the ventral and ventrolateral areas of
the gray mass. The superior salivatory nuecleus is located in the brain
stem ventrolateral to the fourth ventricle and medial to the nucleus
of the faseiculus solitarius. It is ventromedial to the nuecleus inter-
calatus and ventral to the medial vestibular nuecleus. It is fairly com-
pactly arranged, except along its ventral aspect where some of its
constituent cells are somewhat scattered in the reticular gray. The
reconstruction (fig. 18) emphasizes the lateral turn of the nueclear
column but does not show its ventral bend. The relation of the inferior
salivatory to the superior salivatory nuecleus is seen in this reconstrue-
tion. The rostrocaudal extent of the superior salivatory nucleus is
0.6 mm,

The ventral facial nucleus in the adult rabbit. The ventral facial
nucleus is located in the caudal regions of the pons near its ventro-
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lateral surface. It is ventromedial to the nucleus of the spinal root of
the trigeminal nerve and lateral to the trapezoid gray. Dorsal to its
rostral half is the accessory abducens nucleus. Caudally it is in close
relation with the nucleus ambiguus, the cells of this latter gray column
extending somewhat rostral to the caudal limit of the ventral facial
nucleus. Rostrally it is closely associated with the superior olive. The
nucleus is readily divided into a dorsal, a lateral, a medial, and an
intermedioventral group (fig. 16). Papez (’27) further divided this
last group of cells into an intermediate, a ventrolateral, and a ventro-
medial group in the cat. The cells of this nucleus are multipolar
neurons which stain rather deeply in toluidin blue preparations. They
are larger than the neurons of the general visceral efferent cell column
but not quite so large as those of the hypoglossal nucleus. The nuclei
of these nerve cells stain somewhat lighter than does the surrounding
cytoplasm, which appears quite granular. In reconstruction the nu-
clear mass has an irregularly rectangular appearance with a rostro-
caudal extent of 2.95 mm., which is slightly greater than its medio-
lateral dimension (fig. 19).

The trigeminal

In the 11-day embryo. The trigeminal nerve has its central origin
from the common efferent cell column (fig. 1a and see also p. 86).
The eells giving rise to the motor root of the trigeminal nerve appear
to be confined to a single neuromere, which is located at the pontine
flexure (A of fig. 1a) and is the second rostral to that giving super-
ficial origin to the facial nerve.

Neuraxes of the trigeminal efferent neurons course ventrolaterally
through the brain stem and emerge from the surface as several small
fascicles, ventromedial to the caudally directed processes of the sen-
sory root. Just before their emergence the more rostral fascicles are
joined by a small contribution from the primitive nucleus of the
mesencephalic root (fig. 12). From their superficial origin the rootlets
turn slightly caudad (and at the same time ventrolateralward) to
gather into a fairly compact root which passes among the loosely
arranged cells of the posterior portion of the semilunar ganglion and,
just ventrolateral to it, is joined by the dendrites of cells located in
this part of the ganglion, thus composing the mandibular ramus of
the trigeminal mnerve. This ramus continues ventrolaterally and
slightly eaudalward into the mandibular portion of the first branchial
arch, within which it is distributed (fig. 2). The only signs of branch-
ing are fine filaments indiscriminately scattered along its path. The
maxillary ramus, which is entirely sensory and originates from inter-
mediate cells of the semilunar ganglion, is loosely distributed within
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the maxillary portion of the first branchial arch. The ophthaimie
ramus, also entirely sensory and arising from the rostralmost cells of
the ganglion, is represented by a very few fine fibers rostrolateral to
the ganglion (fig. 2).

In the 12-day embryo. Other than an increase in the number and
the size of its neurons the common efferent cell column shows very
little differentiation beyond that of the 11-day embryo. The efferent
root of the trigeminal is now definitely composed of neuraxes of cells
located within two neuromeres: the segment which gives superficial
origin to the nerve (A of fig. 1a) and that just caudal (B of fig. 1a).
The neuraxes of the caudally located neurons ecourse ventrolateral to
the lateral surface of the efferent cell column and, collecting into a
single bundle, turn rostrally within the brain stem to the level of
emergence of fascicles from neurons of the more rostral neuromere.
Then they turn ventrolateralward to combine with the remainder of
the nerve as it emerges from the brain stem.

Peripherally the three rami show an increased development (fig, 3).
The mandibular portion reaches farther toward the periphery and
indications of branching are evident. The maxillary division, still
quite loosely scattered in the developing upper jaw region, extends
nearer the lip area. The ophthalmiec ramus is decidedly more promi-
nent, but, instead of a single trunk, it is distributed from the rostral
end of the ganglion as three separate nerves. The most dorsal of these
is the combined frontal and mnasal branch, which divides into these
respective parts in its peripheral termination in the temporal area.
The other two branches are ciliary branches which leave the ganglion
ventrocaudal to the fronto-nasal branch and are distributed inde-
pendently toward the eye region (fig. 3).

In the 13-day, 2-hour embryo. The central nuclear masses of the
trigeminal nerve (figs. 21 and 22a) are beginning to differentiate and
the common visceral efferent cell column has appeared and is continu-
ous throughout the rostrocaudal extent of the brain stem, the portion
giving rise to the motor trigeminal root being continuous caudally
with the cells of origin of the facial merve (fig. 22a) and rostrally
with a similarly located, but not so well differentiated, column in the
mesencephalon. The dorsalmost portion of this column in the mesen-
cephalon is giving rise to the neurons of the primitive mesencephalie
nucleus of the trigeminal nerve. At the level of the emergent trigemi-
nal nerve the columnar arrangement is not so definite as in the more
caudal region since the cells follow the contour of the brain segments
(fig. 1a), which are still prominent. Laterally the column is bordered
by the developing chief sensory nucleus, and internuclear connections
between the two cell groups are prominent (fig. 17). The efferent and
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afferent columns are not distinetly separated but they can readily be
distinguished by their differences in staining and in cellular charac-
teristics (fig. 21). The neuraxes of the efferent cells pass toward the
periphery of the brain stem directly among the medioventral neurons
of the primitive chief sensory nucleus. The contribution from the
mesencephalie nueleus to the emergent trigeminal root is larger than
in the earlier stages and some of the mesencephalie root fibers appear
to continue caudally in the brain stem.

The peripheral branches show a decided development over those of
the 12-day embryo (figs. 4 and 12). The two divisions of the mandibu-
lar ramus are distinguishable. The anterior division shows some
branching in the region of the pterygoid musecles, and definite lingual,
mylohyoid, and inferior alveolar branches arise from the posterior
division (fig. 4). The lingual branch is joined by the chorda tympani
nerve as it is distributed ventromedially toward the tongue (fig. 4).
The maxillary ramus is still quite seattered as it passes ventrolaterally
to the developing eye. The superior alveolar and palatal branches are
present as undifferentiated bundles ventromedial to the main trunk
of the nerve and the more medial filaments (the primitive spheno-
palatal branches) are in close relationship with the terminal twigs of
the greater superficial petrosal nerve from the facial (fig. 4). The
ophthalmie ramus is still uneollected as it leaves the semilunar gang-
lion, the frontal, nasal, and ciliary branches arising independently
(fig. 4).

In the 14-day, 6-hour embryo. The nuclear grouping is more defi-
nite than previously. The efferent cells, some of which are multipolar,
are gathering in the ventrolateral area of the pons medial to the fairly
well differentiated chief sensory nucleus (fig. 25). Secattered neurons
are still found in the region dorsomedial to the developing motor
nucleus and as far caudad as the emergent facial root (fig. 27).

Neuraxes from the trigeminal efferent neurons are distributed in
three directions. In the first place, the major portion converges toward
the lateral aspect of the trigeminal motor nucleus, there turning
candad between the motor and sensory nuclei to emerge from the
ventrolateral surface of the brain stem medioventral to the sensory
root (fig. 25) ; secondly, neuraxes from the scattered, medially located
cells cross the midline and emerge as the lateralmost fibers of the
contralateral efferent root; and, lastly, a very fine group from the
more dorsally located of the scattered medial neurons courses toward
the midline for a short distance and then turns caudad (figs. 25
and 27) toward the emergent facial root. This last group is lost in
sections just rostral to the emergent facial root (see p. 140). The
crossing root fibers are accompanied by processes from the eells of
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the chief sensory nucleus, some of which end about the more medially
located, contralateral efferent meurons (fig. 27), and others of which
enter the homolateral and contralateral dorsal secondary ascending
tracts of this nerve,

Peripherally (figs. 11-14, 25 and 26), the rami of the trigeminal
nerve show considerable development over those of the 13-day, 2-hour
embryo. The mandibular ramus is clearly divided into its anterior
and posterior divisions and all but the tensor tympani and tensor veli
palatini branches are discernible. Ventromedially directed branches
from the maxillary ramus are still profusely intermingled, and supe-
rior alveolar and spheno-palatine branches are not distinguishable as
such. However, the medial branches are associated with the greater
superficial petrosal nerve. A few sympathetic ganglion cells scattered
among them indicate the beginning of the sphenopalatine ganglion.
The zygomatic branch, arising from the maxillary ramus near its
origin from the semilunar ganglion, is distributed dorsolaterally
toward the developing eye. The terminal portion of the maxillary
ramus, the infraorbital nerve, ends superficially by dividing into three
distinet parts, thus indicating the superior labial, the nasal, and the
inferior palpebral branches. The ophthalamic ramus still originates
from the semilunar ganglion in several independent branches. The
frontal branch is closely related to the trochlear nerve as the former
courses toward its area of termination, dorsal and rostrodorsal to the
developing eye. The nasal branch extends anterolaterally toward the
periphery and an anastomotic branch is found between it and the
frontal nerve just rostrodorsal to the optic nerve. The two ciliary
branches still leave the ganglion independently; the more dorsal,
coursing forward dorsal to the optic nerve and bending ventrally just
as it terminates, points toward the primitive ciliary ganglion; the
other runs directly forward toward this area from its origin. The
lachrymal branch is indicated by a few fibers arising from the gang-
lion between the origin of the ciliary nerves and the maxillary ramus.

In the 14-day, 21-hour embryo. The trigeminal motor nuecleuns is
fairly well formed in the ventrolateral area of the pons. A few cells
are scattered medial to the nucleus but the majority have either mi-
grated into the main group, as in the rostral levels of this nucleus, or
into its primitive caudal limb (fig. 28). This nuclear complex is
characterized by embryonic neuroglia and more of its neurons are
multipolar than in the 14-day, 6-hour embryo. Neuraxes from the
medially loeated cells within the rostral portion of the column arch
dorsally and laterally (fiz. 25) over the nucleus to gain its lateral
aspect. Here they turn ventrolaterally toward the surface of the brain
stem and emerge with neuraxes of the laterally placed cells. Neuraxes
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from the cells of the caudal limb of this nucleus course dorsally and
tend to converge into a single fasciecle, which swings dorsolaterally
across the superior aspect of the emergent facial root (Woodburne,
’36) and enters the emergent root as its most caudal eomponent.

The trigeminal nucleus extends eaudally to the cephalic tip of the
ventral facial nucleus. Ounly the rostralmost cells of this gray column
connecting the trigeminal and facial nuclei definitely contribute to
the trigeminal motor root. The remainder of the column ultimately
forms the accessory abducens nucleus and further experimental in-
vestigation is necessary to determine the distribution of this accessory
abducens group (see pp. 101 and 135).

The branch of the trigeminal nerve to the tensor tympani muscle
arises from the nerve to the internal pterygoid muscle. The lachrymal
branch is more highly developed than previously and receives about
equal contributions from the maxillary and ophthalmie rami. The
ophthalmie ramus is more compaet than in the previous stage and
sympathetic ganglion cells are present about the terminations of the
ciliary branches. The superior alveolar branches are distinguishable
and the palatal branches have increased relations with the terminal
filaments of the greater superficial petrosal and the deep petrosal
nerves (these two latter branches entering this region as independent
structures). The number of cells has increased in the developing
sphenopalatine ganglion and the terminal branches of the trigeminal
and facial nerves have a few anastomoses in the region of the mandible.

In the 15-day, 6-hour embryo. A few cells are still found medial to
the efferent nucleus which contribute, for the most part, to the contra-
lateral root. Some of the more adjacent eells send their processes into
the homolateral root along with those of the dorsomedial portion of
the main nueclear mass.

The terminal trigeminal branches extend farther toward the periph-
ery and the bundle to the tensor veli palatini is distinguishable. There
are more anastomoses between the terminal branches of this nerve and
those of the facial in the lower regions of the face and about the mouth
than in the previous stage.

In the 16-day, 6-hour embryo. All of the cells have not completely
migrated into the main nucleus. The caudal limb of the nuecleus
apparently has shifted ventrolaterally in its rostral portion and is
now directly continuous with the main group of cells along its ventro-
medial aspeet. Caudally this group of cells (including the undifferen-
tiated accessory abducens nucleus) extends, uninterruptedly, to the
level of the facial nucleus and overlies the more rostral cells of this
structure.



142 DONALD L. KIMMEL

Peripherally, the zygomatico-facial branch shows further anasto-
moses with the terminal branches of the facial nerve. The spheno-
palatine ganglion has greatly increased in cell content and the invad-
ing fibers from the greater superficial petrosal and deep petrosal
nerves enter it as a common trunk, the vidian nerve, to anastomose
with the terminal filaments of the palatal branches of the trigeminal
nerve.

In the 17-day embryo. All of the cells contributing to the motor
root of the trigeminal nerve have gathered into its efferent nuclear
complex and they all appear to be multipolar. Except for general
development and further distribution within the areas previously
invaded the nerve shows no further differentiation peripherally.

In the 20-day embryo. The motor nucleus is more compactly
arranged than at earlier stages. A constriction in the gray column
which in earlier stages connected the facial and trigeminal nuclet
indicates the beginning of differentiation of the boundary between
the motor trigeminal nucleus and the accessory abducens nucleus
(fig. 29a). Peripherally the lachrymal and the zygomatico-temporal
branches show anastomoses with the temporal portion of the facial
nerve. These anastomoses are due not only to the increased distribu-
tion of these branches but primarily to the invasion of the facial nerve
into the region.

In the 25-day embryo. The only apparent change at this age is an
inerease in size of the neurons of the motor nucleus. These cells do
not have adult characteristics but show more processes and a more
uniform distribution of neurofibrils than in any previous stage.

In the 1-day-old rabbit. The neuroglia of the efferent nuecleus of
the trigeminal nerve has lost its embryonic characteristics and the
nucleus appears encapsulated by fibrous elements (fig. 17). The
neurons have an adult appearance due to an inecrease in their size and
in the number of their processes.

In the 6-day-old rabbit. No further changes are found in the central
complex of the trigeminal nerve. Peripherally, the terminal branches
show a greater development and, in the temporal regions, there are
increased relations with the terminal branches of the facial nerve,
otherwise there are no changes from the conditions deseribed pre-
viously.

The trigeminal motor nucleus in the adult rabbit. This gray mass
(figs. 14, 17 and 25) is medial to the chief sensory nucleus, ventro-
medial to the caudal limit of the nucleus of the mesencephalic root,
directly dorsal to the superior olive, and ventrolateral to the fourth
ventricle. It is the most rostral representative of the special visceral
efferent column (fig. 19). The caudal limb of the nucleus extends
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caudally, from its medioventral aspect, and is in direct line with,
although separated from, the aceessory abducens nuecleuns.

The cells of the trigeminal motor nucleus are large, multipolar ele-
ments with marked chromophile staining and resemble those of the
ventral facial nucleus. They show a large, lighter staining nucleus
with one or two nucleoli.

In cross sections the nucleus has a somewhat folded appearance and
can be divided into four rather indistinet eell groups—a lateral group
composed of the greater number of cells, a medial group, which in its
rostral region is subdivided into a ventral and a dorsal division; and
the group of the caudal limb. The first three groups are more evident
in the rostral levels of the nucleus. In reconstruction the nuecleus is
quite irregular (fig. 19) and shows a greater mediolateral diameter
in its rostral one-half. Its length, exclusive of its caudal limb, is
2.6 mm,

GENERAL DISCUSSION

In the preceding pages a detailed account of the differentia-
tion of the bulbar efferent cranial nerve nuclei and of the
development of their peripheral branches (including also those
of the sensory roots) has been given. This discussion concerns
itself only with the outstanding, general changes which occur
during the differentiation of the efferent nuclear groups of the
bulbar cranial nerves.

The brain stem gray of young embryos shows a definite seg-
mentation and each of the neuromeres thus formed contributes
fascicles to one or more cranial nerves. The trigeminal nerve
originates from the first and second bulbar neuromeres, the
facial from the third and fourth bulbar segments, the abducens
from the fourth, the glossopharyngeal from the fifth, and both
the vago-accessory and the hypoglossal nerves from the sixth,
which is the most caudal of the bulbar segments.

The efferent roots of the cranial nerves have their origin
from a common efferent cell column in the young embryos.
This column is continuous throughout the brain stem and ex-
tends caundally into the spinal cord. It is located ventrolater-
ally, below the ventricle, and presents no differentiation (such
as nuclear grouping) at the levels of origin of the various
nerves. In its progressive development this common efferent
cell column first differentiates into a somatic efferent and a
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common visceral efferent column, with the somatic efferent
cells located medial to those which are visceral gray. Multi-
polarity of the neurons of these columns gradually appears
during development and then some of the larger multipolar
cells of the common visceral efferent column begin to migrate
ventrolaterally from their primitive positions to form the
special visceral efferent column.

Simultaneously with the differentiation of the special vis-
ceral efferent cell column the peripheral mesenchyme makes
rapid progress in development into primordial muscle groups.
Thus the peripheral development proceeds step by step with
the differentiation of the central nervous system.

As the migration into the special visceral efferent gray col-
umn is nearly completed, indications of the separation of the
columns into nuclear groups becomes evident, and thus are
formed the hypoglossal and abducens nuclei of the somatic
efferent column, the dorsal efferent, the inferior salivatory,
and the superior salivatory nuclei of the general visceral
efferent column, and the nucleus ambiguus, the facial motor
nucleus, and the trigeminal motor nucleus of the special vis-
ceral efferent column are formed. A sub-grouping of the cells
within the various nuclei rapidly follows the beginning of
differentiation of the columns into nuclear groups.

The above study shows the great degree of interrelation be-
tween the nuclear and fiber differentiation of the medulla ob-
longata and the stage of development of the peripheral motor
mechanisms. It also shows how beautifully the ontogenetic
development in the nervous system, as in other parts of the
body, repeats the phylogenetic history.
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