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Description of Research
Little is known about how vertebrates are able to sense gravity and how they process
this information to generate appropriate motor responses. This investigation was designed to
determine how a primitive vertebrate, the bullfrog tadpole, is able to sense and process
gravitational stimuli. Because of the phylogenetic similarities of the vestibular systems in all
vertebrates, the understanding of the gravitational reflexes in this relatively simple vertebrate
should elucidate a skeletal framework on a elementary level, upon which the more elaborate
reflexes of higher vertebrates may be constructed.
The tadpole manifests a powerful counter-rolling response of the eyes to static tilt of
the head. In addition, the fact that amphibians are cold blooded means that their cellular

metabolism is much lower than that of mammals. Consequently, the entire head can be
maintained in vitro with the brain, sensory structures, and eye muscles exposed. The strong
gravitational reflexes are still evident under these conditions and persist for several days.
Such conditions permit detailed and reproducible electrophysiological and anatomical
investigations of this reflexive behavior.
The purpose of this study was to understand how the nervous system of the larval
amphibian processes gravitational information. This study involved predominantly
electrophysiological investigations of the isolated, alert (forebrain removed) bullfrog tadpole
head. The focus of these experiments is threefold: 1) to understand from whole extraocular
nerve recordings the signals sent to the eye following static gravitational tilt of the head; 2) to
localize neuronal centers responsible for generating these signals through reversible
pharmacological ablation of these centers; 3) to record intracellularly from neurons within
these centers in order to determine the single neuron's role in the overall processing of the
center. This study has provided information on the mechanisms by which a primitive
vertebrate processes gravitational reflexes.

Accomplishments

Quantification of the behavior. A software event detection technique, which has been
developed over the last fifteen years, has been finalized and published. This technique

allows for analysis of spontaneously-occurring voltage deflections over time.
Electrophysiological recordings digitized (at 50 KHz) over many minutes can be rapidly and
automatically analyzed. The publication illustrates this technique for spontaneously occurring
synaptic potentials recorded intracellularly from VIIIth nerve afferents that are consequent
from convergent hair cell innervation of the afferents. This technique allows for tens of
thousands of EPSPs to be analyzed during this period. With respect to the experiments in
this study that involve whole nerve recordings from the trochlear and medial rectus nerves,
this same technique can be applied to detect and quantify the extracellularly recorded nerve
action potentials. Since these whole nerve recordings are more stable than the intracellular
recordings of EPSPs, digitized periods are often over an hour in duration, allowing for
continuous quantitation of hundreds of thousands of spike potentials that occur during the
recording period. Since the amplitude (as well as other parameters) of each spike potential is
quantified, whole nerve recorded spike potentials can be parceled according to size, and their
size can then be related to the time of occurrence during a tilt stimulus.
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survive in vitro. Turtles, however, have both types of hair cells as is found in mammals and
birds and also are poikilothermic, so portions of the inner ear and nervous system (and
possibly the whole head) can be maintained viably in vitro. It is thus of interest to compare
the tilt sensitivity of vestibular and extraocular motoneurons in the turtle to that in the tadpole
to attempt to discover the additional role(s) type I hair cells have in producing compensatory
behavior to static tilt. Preliminary investigations at the end of this grant period have focused
upon investigations of the inner ear of the turtle and have attempted to compare the basic
aspects of inner ear organization in the turtle with that known in the frog and tadpole. These
investigations indicate that the turtle inner ear can be maintained in vitro with a similar viability
as is found in the frog, and that the hair cell transmitter is likely to be the same in both these
animals. In addition, ultrastructural investigation of the types of synaptic contact found
between hair cells, afferents, and efferents is quite similar to that found in the other amniotes
(i.e. birds and mammals). This research has promising directions with respect to
understanding the comparative aspects of the static vestibular reflexes.
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