results indicate that paracellular electrodiffu-
sional processes can exert a direct influence
on the sensory receptor potential of taste-
bud cells. This is further evidence that the
fundamental functional unit in taste recep-
tion is not the single taste-bud cell (17), but
at least includes the receptor cell and its
paracellular microenvironment (Fig. 3).
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Pre-Botzinger Complex: A Brainstem Region That
May Generate Respiratory Rhythm in Mammals

JErFFREY C. SMITH,* HOWARD H. ELLENBERGER, KLAUS BALLANYI,
DietHELM W. RICHTER, JAcK L. FELDMAN

The location of neurons generating the rhythm of breathing in mammals is unknown.
By microsection of the neonatal rat brainstem in vitro, a limited region of the ventral
medulla (the pre-Botzinger Complex) that contains neurons €ssential for rhythmogen-
esis was identified. Rhythm generation was eliminated by removal of only this region.
Medullary slices containing the pre-Botzinger Complex generated respiratory-related
oscillations similar to those generated by the whole brainstem in vitro, and neurons
with voltage-dependent pacemaker-like properties were identified in this region. Thus,
the respiratory rhythm in the mammalian neonatal nervous system may result from a
population of conditional bursting pacemaker neurons in the pre-Bétzinger Complex.

HE RHYTHM OF BREATHING ANI-
mates mammalian life, and the
source of this rhythm, the noeud vital
(1), is unknown. The basic oscillator lies
within the brainstem, but technical limita-
tions of experiments in the mammalian ner-
vous system in vivo have hindered localiza-
tion of the neurons generating the rhythm
(2). An in vitro preparation of neonatal
mammadlian brainstem and spinal cord that
spontaneously generates respiratory rhythm
(3, 4) allows application of a broader range
of techniques and has provided insights into
neural mechanisms controlling breathing
(5). Analysis of synaptic mechanisms in this
preparation has led to the hypothesis that
conditional pacemaker neurons in the me-
dulla are the kernel for rhythm generation
(6). Further tests of this hypothesis and
network-based models (2, 7) of rhythmo-
genesis require identification of the sites and
specific cells producing the rhythm. In our
experiments we have systematically micro-
sectioned the in vitro neonatal rat brainstem
and precisely localized regions with neurons
critical for rhythmogcncsm (8-
Serial transverse microsections (50 to 75
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pm thick) were made with a Vibratome,
cither caudally along the brainstem, starting
from the pontomedullary junction, or ros-
trally from the spinomedullary junction, and
perturbations of rhythmogcnt:31s were ana-
lyzed (9). Rostral to caudal sectioning (n =

20 experiments) did not perturb the fre-
quency of inspiratory phase motor discharge
(of phrenic and other respiratory motoneu-

-rons) until the level of caudal retrofacial

nucleus; further sectioning induced instabil-
ities in the rhythm and then eliminated
rhythmic motor output (10) (Fig. 1). Per-
turbations of rhythmogenesis occurred only
with the removal of sections at this level of
the medulla. More caudal medullary regions
were not essential for rhythm' generation,
because sectioning rostrally from the
spinomedullary junction (» = 11) did not
disrupt respiratory motor output on cranial
nefves (11) until a level rostral to the obex,
within 200 pm of the level causing cessation
of rcsplratory output in the rostral to caudal
sectioning experiments. Transections in hor-
izontal planes (n = 11), which removed
regions dorsal to nucleus ambiguus (Fig. 1)
but left intact motor circuits of the ventral
medulla (2), did not alter the rhythmic
discharge of medullary motoneurons (12).
Neurons essential for respiratory rhyth-
mogenesis thus appear localized in the ven-
tral medulla just caudal to the level of retro-
facial nucleus. Rhythmically active neurons
are localized within this critical area (2, 4,
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