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activated from the labyrinth at latencies ( < 4 ms, suggest- 
ing that their vestibular inputs came directly from the 
vestibular nuclei. Because stimulation of the abdominal 
vagus nerve can serve as a powerful trigger for emesis 
(14, 19) that is mediated by the NTS (14), some of the 
neurons with convergent vestibular and vagal inputs 
might have been involved in producing vomiting. This 
observation leaves open the possibility that motion 
sickness-related nausea and vomiting are elicited in part 
through activation of neurons in the NTS that also 
mediate emesis induced by gastrointestinal inputs. 

The dorsal and dorsolateral aspects of the NTS receive 
cardiovascular afferents in a variety of mammalian 
species (4, 13). There was a relatively heavy bilateral 
projection from the inferior and medial vestibular nuclei 
to the lateral subnucleus of the NTS; however, this 
projection was concentrated ventral to the area (the 
dorsal margin of NTS) containing the majority of neu- 
rons receiving baroreceptor inputs. A population of 
barosensitive neurons was identified in the dorsolateral 
aspect of the NTS, a fraction (18%) of which was driven 
by stimulation of the vestibular nerve. Because we 
stimulated the vestibular nerve on only one side during 
these studies (so that the glossopharyngeal nerve on the 
opposite side would remain intact), we likely underesti- 
mated the magnitude of vestibular effects on barosensi- 
tive NTS neurons. NTS neurons with convergent baro- 
receptor and vestibular inputs had response latencies to 
vestibular nerve stimulation > 10 ms, and usually > 25 
ms from the first of five shocks. A major synaptic target 
of neurons in the NTS with baroreceptor inputs is the 
subretrofacial rostra1 ventrolateral medulla (7), which 
contains cells with projections to the sympathetic inter- 
mediolateral cell column in the thoracic spinal cord (3, 
7). The subretrofacial-spinal projection has been postu- 
lated as being a major route through which vestibular 
signals reach sympathetic preganglionic neurons (3 1). 
Subretrofacial cells respond to vestibular nerve stimula- 
tion at latencies ranging from 3.4 to 50 ms, the mean 
onset latency being 14 t 2 ms (31). Thus neurons in the 
NTS with baroreceptor inputs could be responsible for 
the longer-latency vestibular effects on subretrofacial 
neurons, although other pathways must also be involved 
in relaying the shortest-latency vestibular inputs to 
subretrofacial-spinal neurons. 

The ventrolateral aspect of the NTS, which contains 
inspiratory-related neurons (8), received only a modest 
vestibular input. Most of these inspiratory neurons, 
which form the so-called dorsal respiratory group, project 
to the cervical and thoracic spinal cord and convey 
central respiratory drive to phrenic and external inter- 
costal motoneurons (8). Vestibular inputs to the dorsal 
respiratory group were minimal, despite the fact that 
strong vestibulorespiratory responses (30) were simulta- 
neously recorded from the phrenic nerve. Thus other 
pathways must relay vestibular signals to inspiratory 
motoneurons. One possibility is the ventral respiratory 
group, which is located in the caudal ventrolateral 
medulla near the nucleus ambiguus; this is the other 
major medullary collection of inspiratory premotor neu- 
rons (8). Additional pathways, including the vestibulospi- 

nal and/or reticulospinal tracts [which are known to 
make synapses on motoneurons in the vicinity of inspira- 
tory motoneurons (27)], could also play a role, although 
this possibility is yet to be explored experimentally. 

Vestibulosolitarius connections are organized differ- 
ently in the cat than in the rabbit. In the rabbit, the bulk 
of the projection is directed to the ventrolateral part of 
the NTS (Z), the region where inspiratory and expira- 
tory neurons are located (12), suggesting that the 
pathway is likely to influence respiration in this animal. 
These differences suggest that vestibular inputs to the 
NTS could play disparate roles in different species. 

We also demonstrated a projection from the medial 
and inferior vestibular nuclei to the nucleus intercala- 
tus. Such a connection has previously been indicated 
using the retrograde transport of horseradish peroxi- 
dase (17). This region receives inputs from neck muscles 
(23) and has projections to the superior colliculus (24) 
and the fastigial nucleus and other regions of the 
cerebellum (26). Thus vestibular inputs to the nucleus 
intercalatus are likely to be involved in the control of 
head movement. 

Perspectives 

Anatomic and physiological data from the cat suggest 
that through connections with the NTS, the vestibular 
system could influence cardiovascular control to main- 
tain stable blood pressure during changes in posture and 
trigger two of the hallmark manifestations of motion 
sickness: nausea and vomiting. However, it seems un- 
likely that respiratory control would be prominently 
influenced by the vestibulosolitarius projection, because 
only a few labeled axons could be traced to the ventrolat- 
era1 part of the NTS, and only a small proportion of 
neurons with inspiratory-related discharges responded 
to vestibular nerve stimulation. 
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