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Abstract

Neurons of the rostral ventromedial medulla (RVM) have been implicated in the modulation of
nociceptive transmission. In order to further analyze their role in pain behavior, we studied their
activity while eliciting the tail flick reflex with noxious heat.

Recording sites were regions in the RVM from which microstimulation (< 10 uA, 400 usec, 50 Hz
continuous pulse trains) inhibited the tail flick reflex. Extracellular unit activity and tail temperature
were recorded, stored, and plotted with reference to either the time of tail flick or the time when
the stimulating temperature reached 45°C. Neuronal discharges were found to be either increased
(on-cells), decreased (off-cells), or unchanged around the time of the tail flick. The decreases in
discharge were more closely correlated with the tail flick behavior than with the temperature of the
stimulus. These off-cells were located at sites of lowest threshold for tail flick inhibition and tended
to be ventral to on-cells.

We propose that off-cells must pause if the tail flick is to occur, and that this pausing allows the

transmission of nociceptive input through spinal reflex loops.

There is evidence that neurons in the rostral ventro-
medial medulla (RVM) modulate nociceptor-induced re-
flexes and the transmission of nociceptive messages
(Mayer and Price, 1976; Basbaum and Fields, 1978;
Fields and Basbaum, 1978; Gebhart, 1982). RVM neu-
rons receive a major input from the periaqueductal gray
(PAG) (Gallager and Pert, 1978; Abols and Basbaum,
1981; Beitz, 1982b), a region implicated in pain modula-
tion and lesions of RVM block analgesia elicited by
stimulation of the PAG (Behbehani and Fields, 1979;
Cannon et al., 1980). A large number of RVM neurons
project to the spinal cord via the dorsolateral funiculus
(DLF), terminating primarily in dorsal horn laminae
which contain both the terminals of small diameter pri-
mary afferents and nociceptive projection neurons (Bas-
baum et al., 1976, 1977). Electrical stimulation (Oliveras
et al., 1975; Zorman et al., 1981) or opiate microinjection
(Takagi et al., 1978; Dickenson et al., 1979; Azami et al.,
1982) in the RVM produces analgesia. Electrical stimu-
lation in the RVM powerfully inhibits nociceptive dorsal
horn neurons (Fields et al., 1977b) including identified
spinothalamic tract cells (Willis et al., 1977).
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Despite general agreement about the significance of
the RVM for pain modulation, there is evidence that the
region is anatomically heterogeneous. In the rat, the
RVM consists of the nucleus raphe magnus (NRM),
the adjacent nucleus reticularis gigantocellularis pars
« (Rgca), nucleus reticularis paragigantocellularis
(NRPG), and the more lateral nucleus reticularis para-
gigantocellularis lateralis (Pgl). The efferent outflow of
the different subregions of the RVM differ in that NRM
neurons project to the spinal cord only via the DLF,
whereas Rgca/NRPG neurons project to the cord in both
the DLF and the ventral funiculi (Basbaum et al., 1976;
Basbaum and Fields, 1979). Furthermore, there are re-
ports that the analgesic effects of NRM and Pgl stimu-
lation are differentially blocked by 5-hydroxytryptamine
and norepinephrine antagonists, respectively (Satoh et
al., 1980; Azami et al., 1982). Initial mapping studies
suggested that there are differences in potency of elec-
trical stimulation or opiate microinjection of different
subregions of the RVM. Some reported the NRM to be
more sensitive (Dickenson et al., 1979), others reported
the lateral sites to be more sensitive (Takagi et al., 1978;
Azami et al., 1982). In contrast, our own microstimula-
tion studies demonstrated that tail flick inhibition is
produced by low intensity electrical stimulation through-
out the RVM (Zorman et al., 1981).

Another approach to the functional analysis of RVM
neurons has been to record their electrical activity. Early
physiological studies in the cat demonstrated that RVM
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neurons respond with either excitation or inhibition, or
both, to a variety of somatic stimuli (Moolenaar et al.,
1976; Anderson et al., 1977; Fields and Anderson, 1978).
In the rat, RVM neurons respond most consistently to
stimuli of noxious intensity (Guilbaud et al., 1980; Geb-
hart, 1982). The response of RVM neurons to noxious
stimuli and their well established inhibitory effect upon
dorsal horn nociceptors suggest that they are part of a
negative feedback circuit for nociceptive control. On the
other hand, if such a feedback circuit were reliably ex-
cited by nociceptors, it might be expected to inhibit
nociceptive transmission and reduce nociceptor-driven
reflexes. In fact, such reflexes are present and have
identical latency in spinalized (Proudfit and Levy, 1978)
and intact rats. Thus, the efferent connections of RVM
neurons and their responses to noxious stimuli are not
sufficient to establish their physiological role in control
of nociceptive transmission.

In order to pursue this question, we have recorded the
activity of neurons in regions of the RVM from which
low intensity microstimulation induces inhibition of the
tail flick reflex. Specifically, we have related cell dis-
charge to the occurrence of the tail flick. Cells either
abruptly increased or decreased in discharge frequency
just prior to the tail flick (Fields et al., 1982). There was
no obvious mediolateral differentiation of cell types;
however, the decelerating cells were more ventrally lo-
cated within the RVM. The hypothesis that decelerating
neurons modulate nociceptor-induced neural activity is
supported by these results.

Materials and Methods

Male Sprague-Dawley rats (300 to 350 gm) were used
in all experiments. They were initially anesthetized with
60 mg/kg of sodium pentobarbital and placed in a ster-
eotaxic apparatus. A burr hole was made and a platinum
and gold plated stainless steel electrode was placed about
1 mm dorsal to the region of the NRPG or the NRM
(posterior 2.5 mm from the interaural line, approximately
zero vertical). Body temperature was maintained be-
tween 37 and 39°C using a constant temperature water
blanket.

The ventral surface of the tail was blackened and
placed above a projection lamp used as a radiant heat
source (opening 6 X 3 mm). A small thermistor probe
was placed over the opening so that the tail rested in
contact with it. The voltage supplied to the projection
lamp was controlled by feedback from the thermistor
and by a signal which could be adjusted to vary the
stimulus rise time and plateau temperature. A transducer
was attached to the tail which provided a voltage pulse
when the slightest movement of the tail was made, thus
registering the tail flick.

As the initial deep anesthesia lightened, heat elicited
a tail flick response at latencies determined both by the
rate of temperature rise and the plateau temperature.
Pinch with toothed forceps produced withdrawal but no
sustained response, no spread of the reflex, and no vo-
calization or other signs of discomfort. On those occa-
sions when the anesthetic was allowed to lighten even
further, rats in ear bars would begin to chew, flex, and
show signs of agitation, although, when removed from
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the ear bars at this anesthetic level, they immediately
became immobile. We believe that if additional anes-
thetic 1s given at the first sign of spontaneous movement,
there is little or no discomfort to the rat during the
experiment. Rats could thus be maintained in a state of
comfortable light anesthesia with stable base line tail
flick latencies, either by constant infusion or by appro-
priate supplements of sodium pentobarbital.

Once a stable base line tail flick latency was estab-
lished (4.0 + 1 sec), electrical stimuli were delivered to
the RVM via a stainless steel gold-platinum plated mi-
croelectrode (monopolar, cathodal, 50 Hz continuous
trains of 400-usec pulses). The stimulus intensity was
adjusted to the minimum level needed to just suppress
the tail flick reflex. We have previously mapped this
region of the medulla with respect to the minimum
threshold required for inhibiting the tail flick (Zorman
et al., 1981). At the level of the facial nucleus and up to
2 mm rostral, the lowest threshold points fall within the
boundaries of the RVM (roughly the area lying between
the facial nuclei, dorsal to the pyramids and ventral to a
line connecting the dorsal border of the facial nuclei). In
the present studies minimum threshold points were al-
ways found within these boundaries. Cell recording was
begun at electrode positions from which tail flick inhi-
bition could be obtained at currents of = 10 uA. Extra-
cellular unit potentials were led through a preamplifier,
filters, and window discriminator to a pulse generator.
The pulses were led to the computer and audio monitor.
Units were recorded both above and below the locus of
low threshold tail flick inhibition.

The electrode was advanced with a hydraulic micro-
drive. When a unit was isolated, its receptive field was
quickly mapped using light touch with a blunt probe,
puffs of air, and pinching a fold of skin with toothed
forceps.

After receptive field mapping, the activity of the unit
was correlated with the occurrence of a tail flick using a
computer program. Briefly, tail temperature and unit
firing (in pulses) were continuously stored for a 20-sec
period bracketing the tail flick. The flick-induced voltage
pulse generated by the transducer was stored and served
as the reference time. After several repetitions of the tail
flick, spike probability and mean tail temperature were
plotted for 10 sec before and after the flick.

At the end of a penetration the electrode was moved
vertically to a point of interest and a small lesion was
made. At the end of an experiment, the rat was perfused
intracardially with saline and then with 10% formalin.
Frozen sections were cut and stained with neutral red,
and penetrations were reconstructed with reference to
the lesion depth.

Results

Only data from units in or near the RVM will be
reported. This includes 69 neurons in 13 separate exper-
iments for which complete data on receptive field, brain-
stem location, and relationship of activity to tail flick
are available. Data are included only from penetrations
in which a site for low threshold tail flick suppression
was found.
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Relationship of firing to tail flick

In relationship to the occurrence of the tail flick, firing
increased in 21 cells either before or roughly concomitant
with the onset of the flick (“on-cells”) (Fig. 1), decreased
in 17 cells prior to the flick (“off-cells”) (Fig. 3), and
showed no obvious change related to tail flick in the
remaining 31 cells (Fig. 5).

On-cells. All on-cells studied were excited by noxious
pinch. Noxious stimulation of all skin regions tested was
effective. Although some regions appeared more effective
than others, the differences in sensitivity were not great.
The receptive fields in most cells included all tested areas
of the body surface. Innocuous tapping of the skin and
hair movement also excited 3 of 20 units tested. These
stimuli were effective over all skin regions tested.

There was a spectrum of relationships between cell
excitation and occurrence of the tail flick. Usually, the
acceleration of discharge was abrupt (Fig. 1), but in three
cases it was gradual, suggesting a more direct relationship
of the firing to heating the tail.

Seven on-cells were recorded outside the RVM, six
were dorsal to NRPG in Rge (Fig. 6). The remainder
(14) were widely distributed within the RVM, at sites
generally dorsal to the off-cells (see below and Fig. 6).

Off-cells. Seventeen off-cells were identified. In most
cases the slowing of discharge prior to tail movement
was abrupt and dramatic (Fig. 2). During a single tail
flick trial the cessation of discharge could be detected on
the audio monitor. The recovery to base line firing was
generally slower than the preceding cessation; frequently,
firing remained depressed for several seconds after the
flick.

We attempted to discover whether the change in dis-
charge of an off-cell was related more directly to the flick
than to heating the tail. The rate of heating and the
plateau temperature were adjusted so that the tail flick
reflex occurred at a variable latency, although the time
course of heating was fairly reproducible. Under these
circumstances, the reduction of cell discharge was more
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Figure 1. Peri-event histograms of spike probability of an
RVM “on-cell” during a heat-elicited tail flick. Spike data are
plotted using the occurrence of the tail flick (vertical line) as
the reference time. Left, The top trace (T) shows temperature
(degrees centigrade) applied to the ventral surface of the tail.
The bottom trace (P) shows spike probability per sweep (250
msec binwidth). Right, The time scale expanded 200 msec
binwidth. To obtain mean discharge frequency at any time,
multiply the number of sweeps by the probability and divide
by binwidth. There is an abrupt rise preceding the occurrence
of a tail flick.
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abrupt when plotted using the occurrence of the flick as
the reference time than when the data were aligned using
the temperature increase as the reference time (Fig. 3).
This strongly supports the concept that neuronal re-
sponses are time-locked to the behavior rather than to
the stimulus. Figure 2B is also illustrative. The temper-
ature curve is essentially flat for at least 2 sec before tail
flick. The cells’ discharge increased slightly or was un-
changed until about 400 msec before the tail flick when
it abruptly paused. The abruptness of the drop, when

averaged over several trials (Figs. 2 and 3), indicates that

the latency from the cessation of discharge to the occur-
rence of tail flick has little variability.

Most off-cells were inhibited by pinching a fold of skin
with toothed forceps. These inhibitory responses could
be elicited from all areas of the body including head, all
paws, trunk, and tail. In two cases noxious cutaneous
stimuli were clearly excitatory.

All off-cells were located within the boundaries of the
RVM including the NRM, Rgca, NRPG, and Pgl (Fig.
6). In all cases, off-cells were recorded at sites where low
intensity (< 10 pA) stimulation resulted in stimulation-
produced analgesia (SPA). In six of seven penetrations
in which both an on-cell and an off-cell were studied, the
off-cell maximum amplitude was recorded ventral to that
of the on-cell.

Latency to flick. For six off-cells it was possible to make
measurements of the latency between the cessation of
discharge and the tail flick. The latency to flick was
measured from the time at which the cell’s average
discharge had fallen to 50% of its base line level. In the
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Figure 2. Representative “off-” or “pause-neuron.” A, Single
sweep illustrating unit action potentials in the upper trace and
transducer output on the lower trace. Widening of the base line
on the spike trace is an artifact from the heat lamp. Pause
before the flick is obvious. B, Left: Entire period for which valid
data were available. The pause in discharge is abrupt and the
recovery is biphasic with a rapid initial phase (binwidth 200
msec). Data are the average of six heat trials. Right: Same data
with expanded time scale (binwidth 100 msec).
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Figure 3. Comparison of off-cell discharge using either tem-
perature or tail flick as reference time. Data were averaged over
eight trials. Top (Flick), Representative off-cell with data plot-
ted as in Figures 1 and 2 using the flick as the reference signal
(250 msec binwidth). Because the flick occurs at a variable time
following the temperature rise, the mean temperature curve is
broader than in the lower trace. Bottom (Temp), Same spike
data replotted using the time when the tail temperature reaches
45°C as the reference time. In this case the fall in cell discharge
is much more gradual and is incomplete, presumably because
the flicks occur at variable latency with respect to temperature.

six cases the cessation of discharge was sufficiently ab-
rupt so that the latencies to flick were easily measured.
The mean latency was 450 + 87 msec (* SD) with a
range of 310 to 520.

Tail flick correlates with cessation of RVM stimulation

Although the data presented above show that the
cessation of discharge in off-cells reliably precedes the
tail flick, the data are correlative and do not establish a
causal relationship. To provide further evidence on the
question of whether cessation of RVM neuronal firing
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permits tail flick, we did the following experiment using
one RVM site in each of five rats. The tail heat stimulator
was set to produce a tail flick at our standard latency
(3.5 to 4.5 sec), and was turned on. Simultaneously, a
continuous train of stimuli was delivered to the RVM at
intensities just above threshold for tail flick inhibition
(6 to 10 pA). The stimulus pulse artifacts were fed into
the spike channel of the computer. After 10 sec, RVM
stimulation was shut off. In all cases, the tail flick
occurred within 520 msec after cessation of RVM stim-
ulation (Fig. 4). The mean latency to flick was 385 + 54
msec (x SD; n = 5). The range of latencies (304 to 512)
to flick following cessation of RVM stimulation overlaps
the range for latency from off-cell cessation to tail flick
onset. Although the mean latencies of the two measure-
ments differ, for this sample size and variance the differ-
ence in latencies is not significant.

If a noxious stimulus was not applied to the tail, a tail
flick did not follow cessation of RVM stimulation. Con-
versely, in the presence of noxious heat, tail flick never
occurred when suprathreshold RVM stimulus was main-
tained (up to 30 sec). Thus, under these experimental
conditions, cessation of RVM stimulation is necessary
but not sufficient to allow the tail flick to occur.

Cells with discharge not correlated with tail flick

Of the 31 cells whose discharge did not change signif-
icantly prior to tail flick, most (19) had no detectable
somatic receptive fields. The remaining 12 all responded
maximally to noxious cutaneous stimuli (7 excited, 5
inhibited), and 3 also responded to innocuous stimuli.
For some, acceleration of discharge occurred shortly after
tail flick. There was no clear anatomical segregation of
these cells except that the majority (11 of 12) of this
category of cells encountered ventral to the off-cells had
no somatic inputs and no change in firing with tail flick
(Fig. 5).

Discussion

The present studies have shown that, within the region
of the RVM where microstimulation suppresses tail flick,
there is a population of neurons whose discharge changes
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Figure 4. Relationship of tail flick occurrence to cessation of
electrical stimulation in the RVM. Upper trace, Temperature
applied to tail. Lower trace, Stimulus artifact converted to
pulses and entered in the computer as spikes. Left, Usual full
time scale (250 msec binwidth). Right, Expanded time scale,
100 msec bins. Heat was applied to the tail during electrical
stimulation of the RVM (seven trials). RVM stimulation was
shut off and the tail flick occurred (vertical line) approximately
400 msec later.
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Figure 5. Example of a cell whose discharge is not correlated
with tail flick occurrence.

abruptly immediately preceding the occurrence of a tail
flick in response to noxious heat. Some of these RVM
neurons accelerate (on-cells), others pause (off-cells).
The on-cells are excited by noxious stimuli over the rat’s
entire body surface, whereas the off-cells are generally
inhibited by similar stimuli. No obvious segregation of
units across the mediolateral axis was observed in these
studies (Fig. 6).

Because the noxious stimuli that inhibit the off-cells
might produce escape or withdrawal in awake, unanes-
thetized rats, it is not clear whether the topography of
sites from which noxious stimuli produce the on and off
responses actually corresponds to a “receptive field” in
the same sense as would a similar map for a sensory
projection neuron. To answer this question, it would be
necessary to record from these cells in awake behaving
rats, to see whether the responses occur in the absence
of any escape or withdrawal behavior.

As pointed out by previous investigators (see Gebhart,
1982, for review), the RVM, which has classically been
considered to be part of the reticular formation (Brodal,
1981), may be multifunctional, with different subpopu-
lations of neurons in the same region subserving different
functions. For example, in addition to the descending
projections discussed above, RVM neurons project to
areas associated with autonomic function as well as
rostrally to the diencephalon (Fields and Basbaum,
1979). Chemical identification of neurons within the
RVM has also revealed a great deal of heterogeneity.
Serotonin, enkephalin, substance P, thyrotropin-releas-
ing hormone, or any combination of these putative trans-
mitters are present in RVM neurons that project to the
spinal cord (Hokfelt et al., 1979; Bowker et al., 1981a,
b). However, despite this heterogeneity in neuronal pop-
ulations, there is little spatial segregation of chemically
different RVM neurons. It is tempting to speculate that
the functionally distinct classes of neurons described in
the present report are chemically distinct as well.

Previous reports have focused on the receptive fields
of RVM neurons (Gebhart, 1982), without an attempt to
relate cell discharge to behavior. Early studies in the cat,
specifically designed to survey the NRM, revealed that
cells in the region have spatially extensive input from
cutaneous receptors, both low-threshold mechanorecep-
tors and nociceptors (Moolenaar et al., 1976; Anderson
et al.,, 1977; Fields and Anderson, 1979). Among more
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recent studies in the rat there is agreement that a major-
ity of RVM cells are excited by noxious input but that,
in addition, a significant percentage are inhibited by
noxious stimuli (Behbehani and Pomeroy, 1978; Satoh
et al.,, 1979; Guilbaud et al., 1980). Previous workers
found no anatomical segregation between RVM cells that
were excited and those that were inhibited by noxious
stimuli.

It is not clear how somatosensory input is transmitted
to the RVM. Although there is a large spinoreticular
projection to the rostral medulla (Mehler, 1969) and
spinoreticular cells have large receptive fields with both
excitatory and inhibitory nociceptive inputs (Fields et
al., 1977a), the NRM and Rgca receive little direct input
from the spinal cord (Gallager and Pert, 1978; Abols and
Basbaum, 1981). The more dorsal Rge, in contrast, does
receive a large spinal projection, and it, in turn, projects
to the RVM (Beitz, 1982a). The PAG, which is the major
input to the RVM, also receives a significant projection
from the spinal cord (Beitz, 1982a). Thus, RVM re-
sponses to noxious stimuli must involve indirect path-
ways through the reticular formation, perhaps via Rgc.

The function of the RVM is quite different from that
of Rgc. In awake animals, electrical stimulation of Rgc
elicits escape behavior (Casey, 1971a, b), whereas RVM
stimulation produces analgesia in both awake and lightly
anesthetized animals (Oliveras et al., 1975; Zorman et
al., 1981). In the rat, Akaike et al. (1978) demonstrated
that, within NRPG and Rgca but not Rge, very small
doses of microinjected opiates produce analgesia. At a
superficial level of analysis, these observations are con-
sistent with the concept that the Rgc functions in part
as a sensory nucleus relaying nociceptive input to the
thalamus, whereas the RVM is part of a descending
system that modulates pain transmission at the level of
the spinal cord. The correlation of unit discharge with
nociceptor-induced behavior, however, reveals that these
designations are inadequate to describe the role of these
reticular regions in pain transmission and modulation.
For example, Casey (1971a, b) has shown in awake cats
that, although the discharge frequency of cells in Rgc
increases as a function of peripheral stimulus intensity,
in some cases Rgc cell discharge shows a better correla-
tion with escape behavior than with stimulus intensity.
Casey concluded that Rgc cells are part of a motivational
or decision-making circuit activated by noxious stimuli.
More recently, Morrow and Casey (1976) have shown a
similar class of cells in rat Rgc whose discharge was
correlated with tail flick.

In the present studies of RVM neurons, it is also clear
that the changes in discharge frequency consequent to
noxious stimuli are not a simple function of stimulus
intensity but, in fact, herald a behavioral change. How-
ever, as discussed above, the evidence indicates that, in
contrast to Rgc which elicits escape behavior, RVM
neurons inhibit nociceptor-induced behavior.

Although it is not possible at this point to say what
the on-cells and off-cells each contribute to modulation
of nociception, several observations are pertinent to the
interpretation of their location and discharge pattern.
Off-cells are more restricted in their distribution; none
were found in Rgc and all were near sites of minimum
SPA threshold. In contrast, on-cells have a more dorsal
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Figure 6. Schematic reconstruction of the locations of peak amplitudes of recorded cells. Locations are plotted on two
representative sections of the rostral medulla. @, on-cell with excitatory receptive field; ®, off-cell with inhibitory receptive field;
M, off-cell with excitatory receptive field; A, cell with no receptive field, discharge unrelated to tail flick; <, cell with receptive
field, discharge unrelated to tail flick. P, pyramidal tract; VII, facial nerve and nucleus; V, spinal trigeminal nucleus.

distribution and some are located in Rge, away from the
most sensitive SPA sites. These observations suggest
that the off-cells may be the effectors of tail flick inhi-
bition. Assuming that the off-cells must pause for the
tail flick to occur, electrical stimulation of the RVM
might prevent the tail flick by artificially preventing the
pause. This conclusion is supported by the observation
that, during noxious stimulation of the tail, cessation of
low intensity electrical stimulation of the RVM is rapidly
followed by the tail flick at a latency similar to the
latency from cessation of off-cell discharge to tail flick.
We have recently shown, using antidromic activation,

that all classes of RVM cells project to the spinal cord
(Vanegas et al., 1983). Thus there is a direct pathway by
which off-cells can inhibit spinal nociceptive transmis-
sion, although this does not exclude a role for other
classes of RVM cells. Further evidence implicating the
off-cells in analgesia is that morphine concomitantly
blocks the tail flick and the off-cell pause (Zorman et al.,
1983).

A class of neuron with properties similar to those of
the off-cell has been described in studies of the oculo-
motor system (Keller, 1974; Evinger et al., 1982). These
cells, the omnipause neurons, are clustered just rostral
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to the abducens nucleus on or near the midline. The
firing of omnipause neurons ceases abruptly just prior to
a saccadic eye movement. Electrical microstimulation in
the omnipause region will either prevent or interrupt a
saccade. Thus, both oculomotor omnipause cells and the
off-cells described in the present study provide a mech-
anism for inhibiting phasic movements. The circuitry
that generates the pause in either cell is not known,
although it is clearly related to the signal that generates
the movement.

The role of the on-cell is not clear, but some possibil-
ities are very unlikely. First, since the tail flick is a reflex
that occurs at a similar latency in intact and spinal rat,
it is unlikely that the on-cell directly drives the reflex
(although there are direct connections from this region
of the medulla to the ventral horn of the spinal cord).
The fact that stimulation in the RVM or Rgc does not
produce tail movements also supports this conclusion.
However, it is possible that, in the awake rat, on-cell
activation is correlated with more complex escape behav-
ior. On cells seem unlikely to inhibit the tail flick since
an increase in their discharge precedes the occurrence of
the flick, although, conceivably, by inhibiting an inhibi-
tory neuron in the cord, they could “permit” the reflex
in the same way as the cessation of the off-cell. On-cells
could act to enhance spinal withdrawal reflexes or could
be part of an ascending pathway and thus functionally
related to the cells in Rgc that Casey (1971a, b) studied.
Another possibility is that on-cells act locally to inhibit
off-cells.

Handwerker and Sack (1982) have described cells in
the PAG that are similar to the on-cells described here.
Although these authors also proposed that, in some cases,
the cell responses they observed were more closely related
to tail flick than to the noxious heat stimulus, the accel-
eration in discharge they demonstrated was gradual and
began several seconds before the flick.

In summary, the present data, which combine the
study of sensory input to a neuron with its activity during
the behavior elicited by that input, are consistent with
the concept of a modulatory as opposed to either a strictly
motor or sensory relay function for neurons in the RVM.
There are two types of cells with opposite firing patterns.
The off-cell appears to be the output modulator. The
function of the on-cell remains obscure.
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