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Central projections of the eighth cranial nerve in lampreys 
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The octavolateralis area in anamniotic vertebrates constitutes the bulk of the 
hindbrain alar plate and is the primary target of three cranial nerves : anterior lateral 
line, octavius, and posterior lateral line 2,3,6-s. There is no agreement in the literature 
regarding the exact rostrocaudal extent of the octavolateralis area or the nomenclature 
applied to this area, but most workers have recognized 3 longitudinally arranged cell 
groups in lampreys, cartilaginous fishes, and chondrostean fishes 1,3,5,7,9-11,13. The 

nomenclature adopted in this study is that of Pearson 11. 
The octavolateralis area of lampreys consists of dorsal, medial and ventral nuclei 

(Figs. l B, 2C). Rostrally, the dorsal nucleus begins immediately caudal to the cere- 
bellar plate and continues caudally in the medulla where it ends slightly beyond the 
entry of the anterior lateral line nerve (Fig. 1D-E). Rostrally, the medial nucleus is 
continuous with the cerebeIlar plate, and caudally it can be traced into the medulla 
where it ends just rostral to the obex (Fig. 1E). 

The dorsal and medial nuclei possess similar patterns of organization: both are 
capped laterally by the cerebellar crest - -  a layer of fine fibers; both consist of centrally 
situated neuropils supplied by the lateral line nerves (Fig. 2B); and both possess 
prominent periventricular cell plates (Fig. 2B, C). 

Rostrally, the ventral nucleus forms the lateral edge of the cerebellar plate, and 
caudally it continues to obex levels (Fig. 1). The ventral nucleus is bordered laterally 
by the octavius nerve (Figs. 1D, 2C, D), and the cells of the ventral nucleus are more 
scattered than those of the dorsal and medial nuclei. The ventral nucleus contains 
three distinct aggregations of large neurons, termed the anterior, intermediate and 
posterior octavomotor nuclei (Figs. 1, 2A, C). Thus the ventral nucleus is a long 
column of scattered small and medium-sized cells, within which three collections of 
much larger neurons (the octavomotor nuclei) can be identified. 

Octavius fibers have been claimed to project to only the ventral nucleus 1, to both 
the medial and ventral nuclei 3, and primarily to the medial nucleus ~3. In addition, 
most reports claim that primary octavius fibers project to the ipsilateral cerebellum, as 
well as to the contralateral cerebellum by decussating in the cerebellar commissure 
immediately dorsal to the trochlear nucleusl,3, ~ (Figs. IA, 2A). 

In an attempt to resolve these discrepancies, the central projections of the 
octavius nerve were determined experimentally. The membranous labyrinth in six 
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t ransformed (12-20 cm long) specimens of  lchthyomyzon unicuspis was unilaterally 

destroyed by aspiration or mechanical removal. Each animal was anesthetized with 

MS222, and a longitudinal slit was made in the roof  o f  the otic capsule. The lips of  the 

slit were retracted, and the membranous  labyrinth was aspirated or grasped with 

watch maker ' s  forceps and gently removed. The animals survived 3, 5, 7, and 12 days 

at 23 °C before being reanesthetized; the brains were dissected f rom the neurocranium, 

emersed in 1 0 ~  formalin, and later embedded in 2 5 ~  gelatin for processing by the 

Wiitanen procedure 14 for demonstra t ing degenerating axons and their terminals. All 

survival times were adequate to reveal degenerating octavius fibers, with 5 and 7 days 

being optimal. The distribution o f  these fibers is charted in Fig. 1. 
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Fig. 1. Charting of the degenerating octavius afferents following removal of the membranous 
labyrinth. A-F: transverse sections through the hindbrain at levels indicated in the lateral view of  the 
brain. Fine stippling indicates degenerating fibers and tern-finals, large solid black circles indicate 
individual large neurons. Bar scale equals 500/~m. Abbreviations: ag, alar gray; alln, anterior lateral 
line nerve ; aon, anterior octavomotor nucleus; c, cerebellum ; cc, cerebellar crest; rig, dorsal gray; tin, 
dorsal octavolateralis nucleus; dV, descending trigeminat tract and nucleus; ion,intermediate octavo- 
motor nucleus: mn, medial octavolateralis nucleus; ot, optic tectum; port, posterior octavomotor 
nucleus; t. telencephalon; re, tegmenturn; vn, ventral octavolateralis nucleus; IV, troehlear motor 
nucleus; V, trigeminal motor nucleus; Vm, trigeminal motor root; Vs, trigeminal sensory root; VIIm, 
facial motor nucleus; VII. facial root; VIH, octavius root; IX, glossopharyngeal motor nucleus; XII, 
hypoglossal motor nucleus. 
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Analysis of the central projections of the octavius nerve in lampreys is compli- 
cated by the passage of two other cranial nerves medial to, or through, the otic cap- 
sule4,12. The ganglion of the anterior lateral line nerve is located immediately ventral 
to the otic capsule; its entering roots pass through a foramen in the floor of the otic 
capsule, then course medially to the octavius ganglion through a connective tissue 
membrane separating the otic capsule from the lateral wall of the medulla (Fig. 2B). 
Thus damage to the medial wall of the otic capsule not only destroys the octavius 
ganglion, but also interrupts the roots of the anterior lateral line nerve. Such damage 
occurred in two of my cases, and degenerating fibers were traced into the dorsal and 
medial nuclei of the octavolateralis area via the anterior lateral line nerve. 

The ganglionic mass located within the otic capsule (Fig. 2B, C) consists of 
octavius sensory neurons and sensory neurons of the facial nerve4,12. Thus damage to 
the otic ganglionic mass reveals both octavius and facial afferents. In one of my cases, 
degenerating fibers were seen in the more ventrally located facial sensory root, as well 
as in the more dorsally situated octavius root. These facial fibers enter the descending 
trigeminal tract and course caudally in the ventrolateral sector of the descending 
trigeminal tract. 

In 3 experimental cases, degenerating fibers were observed only in the octavius 
root with no involvement of the anterior lateral line or facial roots. All the degenera- 
ting octavius projections were confined to the ipsilateral hindbrain. In these cases 
degenerating fibers were traced into the ventral nucleus (Fig. 2D) where they form 
ascending and descending limbs (Fig. 1). The descending limb courses caudally 
through the entire extent of the ventral nucleus (Fig. 1 D-F),  terminating on the large 
neurons of the intermediate and posterior octavomotor nuclei (Fig. 1D, E). Degene- 
rating octavius fibers continue caudally to obex levels (Fig. 1F), where the ventral 
nucleus ends in a dorsomedial position in the medullar wall. 

The degenerating fibers of the ascending octavius limb course rostrally through 
the ventral nucleus (Fig. 1A-C), where most of the fibers are confined to the lateral 
two-thirds of the nucleus. Octavius fibers continue rostrally, terminating on the cell 
bodies of the anterior octavomotor nucleus (Fig. 1A). At this level fibers turn medially 
to terminate in the cerebellum, coursing in both the molecular and cellular layers (Fig. 
1A). Degenerating fibers continue to the midline but were not observed crossing to the 
contralateral cerebellum. 

Thus the ventral and octavomotor nuclei of the octavolateralis area are the 
primary, if not sole, medullar targets of the primary octavius fibers. It is possible that 
ventrally located cells of the medial nucleus may also receive octavius afferents, as cells 
of the medial nucleus have dendrites that pass obliquely through the ventral 
nucleus1, 5. However, there is no evidence that octavius fibers are a major source of 
afference to the medial nucleus. 

Octavius fibers have been reported in larval lampreys 13 projecting to the medial 
nucleus. However, this projection is likely due to damage to the roots of the anterior 
lateral line nerve which pass through the otic capsule. Such a pattern was seen in the 
present study in two cases which involved the lateralis system. 

Degenerating octavius fibers were not traced medially to the vicinity of the 
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Fig. 2. Photomicrographs of lamprey hindbrain. A : transverse section through the cerebellum and 
isthmus at the level of the anterior octavomotor nucleus. B: transverse section through the medulla at 
the level of the entry of the anterior lateral line nerve. C: transverse section of the octavotateralis area 
at the level of the entry of the octavius nerve. D: transverse section at the level of  the entry of the 
octavius nerve showing the degenerating octavius fibers. Bar scales equal 100/zm. Magnifications of A 
through C are identical. Abbreviations: alln. anterior lateral line nerve; aon, anterior octavomotor 
nucleus; c, cerebellum : dn, dorsal octavolateralis nucleus; g, octavo-facial ganglion; ion, intermediate 
octavomotor nucleus; ml, membranous labyrinth; vs, trigeminal sensory root: VIII, octavius root 
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Mau thne r  neuron  cell body, but  it is likely that  connect ions  exist, as long, laterally 

directed dendrites of the Mau thne r  neuron  invade the ventral  nucleus. 

At present, comparable  data on the pr imary octavius afferents exists for only one 

other piscine species, Amia  7. In this species also the pr imary octavius fibers terminate  

in a longi tudinal  co lumn of cells located ventral  to the medial nucleus of the octavo- 

lateralis area, and in the medial one-third of the eminent ia  granularis  of the cere- 

bellum. These data suggest that  the pat tern  seen in both lampreys and Amia  may by 

typical of  most  anamniotes .  
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