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Selective firing of rat pontine gigantocellular neurons during movement
and REM sleep
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Neurons in the gigantocellular field of the pontine reticular formation (PGF)
fire at very slow rates during waking (W) and slow wave sleep (SWS) and increase their
discharge as much as 100 times during selective segments of the rapid eye movement
(REM) sleep cycle®-12. Hobson has proposed that these neurons form a center for the
control of the various phasic and/or tonic events that are specific to REM sleep?.
This hypothesis is supported by the observations that lesions within the pontine reticular
formation eliminate elements of REM sleep?-% and that prolonged electrical stim-
ulation in this region increases the total amount of REM sleep?:15.

The data of Hobson and co-workers8:12 were taken from recordings in restrained
cats. In a preliminary report in the partially restrained cat, it was demonstrated that
PGF neurons that fire at high rates during REM show an equally increased rate of
discharge during waking with head movements!3. In the awake, freely moving rat
it was incidentally observed that a very large percentage of PGF neurons show marked-
ly increased activity during movement23. If these movement-correlated cells also show
the pattern of selective REM-associated activity described by Hobson et al.8, the
significance of increased PGF activity in REM would require reinterpretation.

Our data were taken from 15 unrestrained male Sprague-Dawley rats (350-450 g)
prepared with chronically implanted cervical electromyogram (EMG), bipolar dorsal
hippocampal and cortical (skull screw) recording electrodes. A skull-mounted micro-
drive advanced a metal microelectrode for recording from PGF neurons®2. After a
5-7-day recovery period, each rat was sleep-deprived overnight by the inverted flower
pot method!%; recording began on the following day.

The microelectrode was advanced in increments less than 30 gm through suc-
cessive cerebellar Purkinje cell layers which were identified by a high frequency, high
amplitude multiunit response. Entry into the dorsal pons was marked by a significant
reduction in spontaneous cell activity, and single, well isolated, large amplitude spikes
were encountered approximately | mm ventral to that point. From that location ven-
trally any neuron that had an extracellular action potential of 250 uV or greater was
considered a PGF cell and recorded from. The only criteria, then, used in the selection
of cells were that they be localized to the PGF region of the brain stem and that they
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have a large action potential, i.e. = 250 uV. The method for recording cellular activity
was similar to that previously described?3. Action potentials were displayed on an
oscilloscope and relayed to a counter, the output of which was displayed on a polygraph
along with the EEG, neck muscle EMG, hippocampal slow waves, and a motion
indicator.

Cell activity was counted and compared during the following four behavioral
states: (1) waking with movement (W-M); (2) waking without gross movement (W);
(3) slow wave sleep (SWS), and (4) cortical desynchronized or REM sleep. These four
distinct states were identified by physiological criteria specific for each state. These were:
W-M, low voltage, high frequency (LVHF) EEG, hippocampal theta activity, neck
muscle EMG; W, LVHF EEG, no hippocampal theta activity, but no large amplitude
hippocampal sleep waves, lower amplitude neck muscle EMG than during W-M;
SWS, HVLF EEG, large amplitude hippocampal waves, minimal neck EMG; REM,
LVHF EEG;, hippocampal theta activity, minimal neck EMG. (The slow rhythmic theta
activity in the hippocampus is present in the rat during active, voluntary movements and
REM sleep?l:24) Movements were detected using the ‘free wire’ techniquel4, Rats were
continually observed and notations regarding their behavior were made. For most cells,
the sequence of recording was from waking (W and W-M) to sleep (SWS and REM) to
waking again. When localizing cells during waking it is conceivable that some neurons
were overlooked that had absolutely no spontaneous rate of activity during W. Neurons
of this type, however, would appear to be quite distinct from those recorded by Hobson
et al.8, since the mean spontaneous rate of firing of their cells during W was approxim-
ately 6/sec (see Fig. 2B). In accord with previous methods8, the absolute minimum
recording time in any behavioral state for any cell was 60 sec. In the present study,
however, the cell response rates usually represent samples taken over a 3-5-min period.
The unit data was analyzed in 6-sec blocks yielding 10 samples/min. All cells included
in the data analysis were recorded during all four behavioral states and had action
potential amplitude fluctuations of less than 20 ¢/ during recording. The Prussian blue
technique was employed for histological localization of the microelectrode tip.

Eighteen cells in 15 rats were localized to the PGF of the brain stem. Fifteen of
those 18 neurons fired significantly more in REM than in either SWS or W as described
by Hobson et al.8 for cat PGF neurons. However, each neuron also showed a significant
increase in firing rate during waking with movement (W-M); in fact, the mean firing
rate for these 15 neurons was slightly greater in W-M than during REM.

Fig. 1 shows the response of one of these 15 neurons during W, W-M, SWS,
and REM. Note that during W there is little cell activity. This period is marked by a
relatively quiescent EMG, low amplitude hippocampal slow waves without theta
(6-12 Hz) activity, and a low voltage high frequency EEG. During W-M, however,
when the rat is moving around as indicated by the motion detector, the appearance of
the hippocampal theta rhythm and the increase in neck EMG, the cell fires at an ex-
tremely high rate. With the onset of SWS, characterized by higher amplitude slow waves
in both the hippocampal and EEG records, the cell is quiescent. In REM, denoted
by the low amplitude EMG, the desynchronized EEG and the appearance of the
prominent theta activity in the hippocampal record, the cell once more fires at a very
high rate.
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Fig. 1. Firing of a single PGF cell during W, W-M, SWS, and REM along with a motion indicator
(first trace), neck EMG, cortical EEG, and hippocampal slow waves, respectively. Note the minimal
firing during W and SWS and the greatly increased response during W-M and REM. Calibrations:
1 sec and 100 uV.

Fig. 2A illustrates the rate of response of each of the 18 cells recorded from
during W, W-M, SWS, and REM. The increased rate of response seen both during
W-M and REM was highly significant for each of the 15 cells (P < 0.001, two-tailed
t-test of mean differences). Most of these cells showed rates in W-M and REM 10-20
times that during W and SWS. For 7 of the 15 cells the response was higher in W-M
than in REM; for the other 8 cells the reverse was true.

Fig. 2B compares the 15 neurons in the present study with 74 neurons found in
the PGF region of the cat by Hobson et al.8. The differences in cell response between
REM and either W or SWS states are more pronounced in the present study than in that
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Fig. 2. A: response of 15 PGF neurons (solid lines) that fired significantly more in both W-M and REM
than either W and SWS, and 3 PGF cells (dashed lines) that did not. B: comparison of mean firing
rates and standard deviations of the 15 W-M-REM responsive neurons of the present study with 74
neurons localized to PGF by Hobson et al.8. They did not record during W-M.

of Hobson et al.2. A possible explanation could be that their sample of 74 neurons
included any cell that could be successfully recorded from the PGF, whereas our
analysis includes only those cells showing the characteristic pattern of increased firing
during REM (15 cells) and excludes those that did not (3 cells). This factor could also
account for the differences in standard deviations. A comparison of W-M states is not
possible since Hobson et al.® did not record during this period.

The schematic sagittal section presented in Fig. 3 shows the rostral-caudal
distribution of the neurons from which the present data are drawn. The region sampled
spans the nucleus pontis caudalis and pontis oralis2®. There appears to be no selective
grouping between the cells that did respond during W-M and REM and those that
did not.

Our results indicate that in the rat, at least, the high frequency discharge of PGF
cells is not uniquely associated with the onset or control of REM sleep. It is possible
that species and sampling differences have allowed us to record from PGF neurons with
properties markedly different from those in the cat. The location and sleep-associated
firing rates of our PGF neurons, however, are quite comparable to those of Hobson
and co-workers8-12. Tt therefore seems likely that PGF recordings from the unrestrained,
moving cat would reveal cells with properties similar to those reported here. Indeed,
the pattern of PGF neuron activity is not unlike that found in other regions of the brain.
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Fig. 3. Schematic sagittal section of the rostral brain stem showing the location of the 15 cells (open
circles) that responded during both W-M and REM and 3 cells (closed circles) that did not. All 18 cells
were located within the medial-lateral boundaries of the pontine gigantocellular nuclei, i.e. approxim-
ately 0.5-1.5 mm from the midline. Abbreviations: Gn VII, genu of the 7th nerve; n VI, abducens
nucleus; ntb, nucleus of the trapezoid body; pn, nucleus of the pons; pt, pontine tegmental nucleus
of Bechterev; PYR, pyramidal tract; rpc, nucleus reticularis pontis caudalis; rpo, nucleus reticularis
pontis oralis.

In the monkey, Evarts® has shown that cortical neurons projecting in the pyramidal
tract decrease their firing rate as the animal passes from W to SWS, and then increase
it again in the transition from SWS to REM. These same cells responded significantly
more during waking when the animal was moving. Visual cortical neurons also show
higher rates of activity during REM and waking with visual stimulation than in either
W or SWS4. Neurons in the cerebellum, vestibular nuclei, hippocampus, and the
midbrain and caudal brain stem reticular formation have all been shown to maintain
higher rates of activity during both W-M and REM as compared to W and SWS1.9.11,
17,19

The relative magnitude of the increased response of PGF cells during W-M and
REM is, however, much greater than that described for these other brain regions,
suggesting that PGF neurons are involved in some specific function common to both
states. High frequency PGF activity, for instance, could be involved in the generation
of theta activity in the hippocampus, since both are selectively present during move-
ment and REM sleep. The brain stem reticular formation has long been thought of as
the source for the generation of the hippocampal theta rhythm!8, and PGF electrical
stimulation has been shown to produce theta activity in the hippocampus!0. Alter-
natively, PGF firing could be related to somatic motor events common to both awake
movements and REM sleep. In this regard, as mentioned earlier, it has been de-
monstrated that cat PGF cells that fire with neck movements during waking also showa
significantly increased response during REM sleep!3. The activity of these neurons, as
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well as some of ours, could be related to the myoclonic twitches of REM sleep and to
associated movements during waking.

It is equally possible that identical patterns of neural activity have very different
functions in different physiological states of the brain. In any case, it is apparent that
the function of these PGF cells in the rat extends beyond the REM sleep state. Forth-
coming hypotheses about their function are more likely to be correct if their activity
is recorded during a wide variety of behavioral states.
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