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In vitro intracellular recordings from gustatory neurons in the rat solitary
nucleus
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The passive membrane properties of neurons in the gustatory zone of the nucleus tractus solitarius (NTS) of rats were studied using an in
vitro brain slice preparation. Examination of responses evoked by a 0.5 nA, 100 ms depolarizing pulse suggests that at least two different types
of neurons exist in the gustatory NTS: one responding with a low and the other with a high frequency of action potentials. These two neuron
groups based on membrane properties might relate to various gustatory cell types recently categorized by morphological characteristics.

Gustatory and visceral afferent fibers of the chorda
tympani, glossopharyngeal and vagus nerves terminate
on second order neurons in the nucleus tractus solitarius
(NTS). Gustatory fibers project to the rostral NTS and
visceral afferent fibers terminate more caudally'®**.
While there have been numerous in vivo and in vitro
intracellular recordings from caudal NTS neurons™®
8.10.1920 comparable data are not available for neurons in
the rostral, gustatory NTS. We now report intracellular
recordings from neurons in the gustatory zone of the NTS
using an in vitro slice preparation of the rat medulla.
These intracellular recordings represent the first infor-
mation concerning the intrinsic membrane properties of
neurons in the gustatory zone of the NTS.

Brainstem slices incorporating the rostral gustatory
NTS were obtained from rats weighing 90-130 g. Rats
were decapitated and the brain was quickly removed and
cooled. A block of tissue extending from 8 mm rostral
and 2 mm caudal to obex was prepared and cemented to
a precooled sectioning stage. Coronal slices 400 gm thick
were then cut on a Vibratome. Slices containing the
gustatory portion of the NTS (1.6-3.0 mm rostral to
obex) were selected for recording. These slices included
the principal termination zones of gustatory afferent
fibers from the entire oral cavity. After incubation in
oxygenated, artificial cerebrospinal fluid'® for one hour,
individual slices were transferred to the recording cham-
ber'*. Slices were maintained at 33 °C and continuously
superfused with artificial cerebrospinal fluid at a constant
rate of 2 ml/min.

The NTS was easily identified through a dissecting
microscope in sections in the slice chamber translumina-
ted from below (Fig. 1A). Intracellular recordings were
made using microelectrodes filled with 3 M K-acetate
(DC resistance of 70-120 MQ) connected to bridge
amplifier which allowed current injection through the
recording electrode. Cells included in this study exhibited
stable resting membrane potentials more negative than
-40 mV, a spike overshoot, and input resistances greater
than 20 MQ.

We recorded intracellularly from 29 neurons located
throughout the gustatory NTS. The majority of cells were
situated medial to the descending vestibular fibers which
course through the rostral portion of the NTS (Fig. 1).
Rostral NTS neurons had resting membrane potentials
between —40 and -70 mV (X = =52 + 1.4 mV, S.EM.).
Input resistances, determined from responses to short
hyperpolarizing current injections (Figs. 2B, 3B), varied
between 21 and 101 M2 (X = 55.9 + 4.6 M£2). The mean
membrane time constant was 4.6 * 0.4 ms. Action
potential amplitude ranged from 50 to 90 mV (X = 67 +
2 mV) with a mean duration of 2 + (.1 ms.

Only 17% of rostral NTS neurons produced sponta-
neously occurring action potentials (x = 0.6 £ 0.3
impulses/s). In spontaneously active cells the discharges
occurred singly, were non-rhythmic, and in some cases
appeared to arise from spontaneously occurring excit-
atory postsynaptic potentials. The majority of neurons
(23/29) exhibited a prominent afterhyperpolarization (x
= 8.8 + 0.7 mV) following spontancous or evoked action
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potentials (Figs. 2A and 3A). The mean duration of the
afterhyperpolarization was 37.2 ms * 8.9 ms.

Based on the response to injection of a 0.5 nA, 100 ms
depolarizing pulse, we were able to separate the neurons
into two groups. The majority of neurons tested in this
way (17/25) responded with a small burst of 1-4 action
potentials (X = 2.6 + 0.3) (Fig. 2). These group I neurons
generally exhibited increasing interspike intervals be-
tween successive action potentials (Fig. 2A), a small
increase in the number of action potentials to increasing
intensities of short depolarizing pulses (Fig. 2B), and
only occasionally had an anodic break spike following
injections of hyperpolarizing pulses. Twelve of the group
I neurons responded with more than one action potential
and these had a mean instantaneous frequency of 70.8 =+
8.9 impulses/s, calculated from the interspike interval
between the first and second action potentials.

The responses of the remaining, group II, NTS
neurons to a 0.5 nA, 100 ms depolarizing pulse varied
between 6 and 13 impulses (X = 9.1 = 0.7) (Fig. 3). These
neurons generally exhibited only a small increase in the
interspike interval between successive spikes. Accommo-
dation in spike amplitude over the course of the burst was
frequently observed (Fig. 3A). In addition they had
instantaneous frequencies as high as 213 impulses/s (X =
128 *+ 13.8), and differed from group I neurons in that
anodic break spikes were frequently observed following
injections of hyperpolarizing current (Fig. 3B). Like
group I neurons, group 1l neurons responded with an
increased number of spikes to increments in depolarizing
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current. Both group 1 and 1l neurons exhibited long-
lasting membrane hyperpolarizations following the elic-
itation of a burst of action potentials. This postburst
afterhyperpolarization varied from 1.6-12 mV (x = 7 £
0.7 mV) and had a mean duration of 770 + 187 ms.

To our knowledge, these results represent the first
intracellular recordings from second order neurons in the
gustatory zone of the NTS. These neurons had passive
membrane properties similar to those reported for celis in
the caudal NTS and in other brain regions®®7::'%-17:20,
Examination of responses evoked by a 0.5 nA, 100 ms
depolarizing pulse suggests that at least two different
types of neurons exist in the gustatory NTS: one
responding with a low and the other with a high
frequency of action potentials.

In slice preparations of the more caudal non-gustatory
NTS 3 different neuron types have been described using
combined electrophysiological and morphological cri-
teria®. The passive membrane properties of neurons in
the gustatory NTS described in the present study were
most similar to neurons classified as Type [II neurons in
the non-gustatory NTS.

Another similar characteristic between neurons in the
gustatory and non-gustatory NTS, as well as other brain
areas, was the afterhyperpolarization which followed
individual action potentials and the burst of action
potentials produced by a depolarizing current. The
hyperpolarizing afterpotentials were especially pro-
nounced after a burst of action potentials and probably
result from calcium-activated potassium conductances, an

Fig. 1. A: photomicrograph showing one half of a coronal, 400-um-thick, rat brainstem slice containing the gustatory NTS. This slice was located
about 2.2 mm rostral to obex. Because of its translucence, the rostral NTS (outlined by the arrowheads) is easily visualized when the slice
is illuminated from below. B: schematic drawing of the rat brainstem at approx. the same level as in A. Locations of intracellularly characterized
neurons are indicated by the filled circles. Although neurons were recorded throughout the facial and glossopharyngeal nerve termination zones
in the NTS (from 1.6 to 3.0 mm rostral to obex), all recording sites have been represented on this one schematic drawing.



170

20mv

1nA

20 ms

Fig. 2. Responses of a Type I neuron to depolarizing and
hyperpolarizing current pulses. A: response to a 0.5 nA, 100 ms
depolarizing current pulse. Type I neurons responded with 1-4
action potentials to the depolarizing pulse. Note that each action
potential is followed by a prominent afterhyperpolarization. B:
response of the same neuron to S0 ms hyperpolarizing and
depolarizing pulses. Injections of increasing intensities of depola-
rizing current resulted in an increasing number of action potentials.
The location of this neuron is shown in the schematic drawing at the
upper right of the figure, denoted by a star on the left side of the
NTS. The calibration bar at the lower right applies to both A and B.

important mechanism for intrinsic control of cell firing"
13,27

One difference between gustatory NTS neurons and
neurons located more caudally in the NTS is reflected in
the amount and nature of spontaneous activity. Neurons
in the gustatory NTS had little or no spontaneous activity
and repetitive patterns of spontaneous activity were
never observed. In contrast, neurons in the non-gustatory
NTS are often spontaneously active and a number of
neurons have repetitive activity?3¢82,

The separation of neuron types based on biophysical
measurements complements other studies demonstrating
different neuronal populations in the gustatory NTS.
Recent morphological studies of the rostral NTS in the
hamster have described several neuron types*>2°. Fur-
thermore, two distinct projection patterns have been
described from second order NTS neurons?'?22°, One set
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Fig. 3. Responses of a Type Il neuron to depolarizing and
hyperpolarizing current pulses. A: response to a 0.5 nA, 100 ms
depolarizing current pulse. Type II neurons responded with a larger
number of action potentials to the depolarizing pulse than Type I
neurons (Fig. 2A). Note also that some reduction occurs in the
action potential amplitude during the burst. B: response of the same
neuron to different levels of current injection. Note that each
hyperpolarizing pulse initiated an anodic break spike. Anodic-break
spikes occurred more often in Type II than Type I neurons. The
location of this neuron in the NTS is shown in the schematic drawing
in the upper right corner, denoted by a star on the left side of the
NTS.

of efferent fibers projects rostrally through the medulla
to the pons, and terminates in the pontine taste area
(PTA). On the basis of differences in response latencies
to antidromic activation of these rostrally projecting NTS
neurons, two subsets of projection neurons can be
defined®. The other set of rostral NTS efferents consists
of fibers projecting caudally within the medulla and into
the spinal cord, terminating primarily in caudal NTS, the
reticular formation subjacent to the NTS, the hypoglossal
nucleus, and the reticular formation lateral to the
hypoglossal nucleus®. Recent studies using retrograde
transport of HRP have shown that the two efferent
projection systems are anatomically segregated within the
NTS. The cell bodies of the rostrally-projecting neurons
are located dorsolaterally in the nucleus and the caudally-
projecting neurons are located ventrally®.

At present there is no direct information on the
gustatory function of these neuron types and associated
ascending systems. Experiments with decerebrate rats, in



which only the brainstem projections from rostral NTS
remain intact, have shown that rather complex behavioral
responses to taste stimuli can be coordinated with
brainstem circuitry'!. Disruption of the ascending taste
pathway, on the other hand, at the level of the PTA or
beyond, interferes with taste aversion learning behav-
jor!?.

In conclusion, despite progress in understanding the
morphology and projections of the NTS, little is known
regarding the possible functional significance of the
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different neuronal types. In addition there is little
understanding of the synaptic properties of the neurons.
The development of an in vitro brain slice preparation to
study the gustatory NTS should contribute to acquisition
of this missing information and enhance understanding of
the role of the NTS in processing gustatory information.
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