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Abstract
In the lamprey, spinal locomotor activity can be initiated by pharmacological microstimulation in
several brain areas: rostrolateral rhombencephalon (RLR); dorsolateral mesencephalon (DLM);
ventromedial diencephalon (VMD); and reticular nuclei. During DLM- or VMD-initiated
locomotor activity in in vitro brain/spinal cord preparations, application of a solution that focally
depressed neuronal activity in reticular nuclei often attenuated or abolished the locomotor rhythm.
Electrical microstimulation in the DLM or VMD elicited synaptic responses in reticulospinal (RS)
neurons, and close temporal stimulation in both areas evoked responses that summated and could
elicit action potentials when neither input alone was sufficient. During RLR-initiated locomotor
activity, focal application of a solution that depressed neuronal activity in the DLM or VMD
abolished or attenuated the rhythm. These new results suggest that neurons in the RLR project
rostrally to locomotor areas in the DLM and VMD. These latter areas then appear to project
caudally to RS neurons, which probably integrate the synaptic inputs from both areas and activate
the spinal locomotor networks. These pathways are likely to be important components of the brain
neural networks for the initiation of locomotion and have parallels to locomotor command systems
in higher vertebrates.
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Locomotor “command” systems in the brain activate central pattern generators (CPGs) in
the spinal cord to initiate locomotor behavior (reviewed in Grillner, 1981). In a wide variety
of vertebrates, locomotor activity can be initiated by “pharmacological microstimulation”
(e.g. focal ejection of neurotransmitters or their agonists) or electrical microstimulation in at
least four brain “locomotor areas”: (a) specific reticular nuclei that contain reticulospinal
(RS) neurons which activate spinal CPGs (Noga et al., 1988; Bernau et al., 1991); (b)
“mesencephalic locomotor region” (MLR; Shik et al., 1966; Kashin et al., 1974; Parker and
Sinnamon, 1983; Garcia-Rill and Skinner, 1987a,b; Bernau et al., 1991; Uematsu and Todo,
1997); (c) “subthalamic locomotor region” (SLR; Orlovsky, 1969; Parker and Sinnamon,
1983); and (d) “pontomedullary locomotor strip” (PLS; Kazennikov et al., 1981; Selionov
and Shik, 1984; Beresovskii and Bayev, 1988; Noga et al., 1988). Lesions or blocking
neuronal activity in medullary reticular nuclei abolishes MLR- or PLS-initiated locomotor
activity (Shefchyk et al., 1984; Garcia-Rill and Skinner, 1987a; Bernau et al., 1991), and
stimulation in the MLR or SLR elicits synaptic responses in RS neurons (Orlovsky, 1970;
Garcia-Rill and Skinner, 1987b).
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In the lamprey, a lower vertebrate, spinal locomotor activity also can be initiated by
pharmacological or electrical microstimulation in specific brain areas (Fig. 1A, B): reticular
nuclei, such as the anterior (ARRN), middle (MRRN), and posterior (PRRN)
rhombencephalic reticular nuclei; ventral thalamus in the ventromedial diencephalon
(VMD); dorsolateral mesencephalon (DLM); caudomedial mesencephalon, thought to be the
lamprey MLR (not shown in Fig. 1B); and rostrolateral rhombencephalon (RLR; McClellan
and Grillner, 1984; Hagevik et al., 1996; El Manira et al., 1997; Paggett et al., 2000; Sirota
et al., 2000). Although electrical microstimulation can activate dendrites, cell bodies, and
axons of passage, pharmacological microstimulation with neurotransmitters or their agonists
is thought to activate, as a rule, cell bodies and dendrites, where postsynaptic receptors are
primarily located (Goodchild et al., 1982).

In the lamprey, RS neurons are thought to activate the spinal locomotor CPGs (McClellan,
1988), but it is not known which reticular nuclei contribute to the initiation of locomotion, or
how the different higher brain locomotor areas are interconnected. This information is
critical for understanding how brain locomotor command systems function and activate the
spinal CPGs to initiate locomotor behavior. In the present study, two aspects of locomotor
command function were examined. First, does DLM- or VMD-initiated locomotor activity
require all or only specific reticular nuclei. Second, are the VMD and/or DLM required for
locomotor activity initiated from the RLR. Preliminary accounts of this study have appeared
in abstract form (McClellan, 1989; Paggett et al., 2000).

EXPERIMENTAL PROCEDURES
Experimental preparation

In vitro brain/spinal cord preparations (n=41 animals; range: 73–125 mm) from larval sea
lamprey (Petromyzon marinus) were dissected (McClellan and Hagevik, 1997; Fig. 1A) and
transferred to a recording chamber containing lamprey Ringer’s solution (6–9°C; McClellan,
1990) and 15 mg/l D-tubocurarine (22 mM). Curare probably did not significantly altered
the in vitro rhythms by blocking GABA receptors (Caputi et al., 2003), since in vitro
locomotor activity initiated from the brain is virtually identical in the absence of curare and
with as much as 150 mg/l (220 mM) curare applied to the spinal cord (i.e. 10× the
concentration used in the present study; n=3; Hinton and McClellan, unpublished
observations). In contrast, 40 μM bicuculline applied to the spinal cord severely disrupts
brain-initiated locomotor activity (Hagevik and McClellan, 1994). In the present study,
suction electrodes were placed on spinal ventral roots usually at approximately 20% body
length (BL; relative distance from the head) and approximately 40% BL to record locomotor
activity, which was integrated to better reveal the burst activity (τ=50 ms; 1–3, Fig. 1C). The
procedures in this study have been approved by the Animal Use and Care Committee at the
University of Missouri. All efforts were made to minimize the number of animals used and
their suffering.

Initiation of locomotor activity
Two micropipettes were filled with both 5 mM D-glutamate and 5 mM D-aspartate in
Ringer’s solution (pH=7.4; Fast Green added to visualize ejection bolus), and the
micropipette tips were broken off and positioned approximately 25–50 μm below the dorsal
surface of the brain (i.e. brain is approximately 300–400 μm thick) where many neuronal
cell bodies are located (Niewenhuys, 1977). Subsequently, pharmacological agents were
focally pressure ejected bilaterally in brain locomotor areas (DLM, VMD, or RLR) to
initiate locomotor activity (approximately 5–15 ms pulses at 1 Hz; 20 psi; Fig. 1; McClellan
and Hagevik, 1997). The above concentrations of glutamate/aspartate, as well as those for
the blocking agents discussed below, are about five times those used for bath application in
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lamprey experiments. However, if the micropipette tips in the present study are assumed to
be continuous point sources, it can be shown that the concentrations of the above agents will
decrease very rapidly with distance from the micropipette tips (Curtis, 1964). Thus, brain
neurons in the vicinity of the micropipette tips were exposed to average concentrations of
the agents that were much lower than in the micropipettes and likely were within
physiological ranges.

Blocking in reticular nuclei during DLM- or VMD-evoked locomotion
After VMD- or DLM-initiated locomotor activity reached a steady state and burst
amplitudes were relatively constant, a solution that depresses neuronal activity (i.e.
“blocking solution”; the terms “blocking” and “blockade” will be used, although activity
may be partially blocked) was applied bilaterally in reticular nuclei to test if these nuclei are
necessary for VMD- or DLM-initiated locomotor activity (n=18 animals). In most
experiments, stimulation in brain locomotor areas initiated well-coordinated locomotor
activity in the spinal cord. However, because relatively long duration episodes of locomotor
activity that could be repeated many times were required for blocking experiments, in a
given animal, not all combinations of stimulation and blocking were always performed
(Table 1). The “blocking micropipettes” (see Fig. 2A) contained the following solution
(pH=7.4): 1.0 mM GABA and 1.0 mM glycine; 2.5 mM kynurenic acid; zero-calcium
Ringer’s solution; and Fast Green. The micropipettes tips were positioned in reticular nuclei
approximately 25–50 μm below the dorsal surface of the brain (see Fig. 2A, B), and
“blocking solution” was pressure ejected with approximately 5–15 ms pulses delivered
simultaneously with pulses for pharmacological microstimulation. Several control
experiments were performed to determine the distance over which the blocking solution
depressed neuronal activity (see Results).

Several criteria were used to categorize complete or partial blockade of spinal locomotor
activity: (a) clear attenuation of locomotor activity during blockade compared with control
locomotor patterns in the same preparations (see Fig. 1C vs. Fig. 2C, D); (b) attenuation or
abolishment of bursting during blockade for at least 5 s (usually much longer; see Fig. 2C,
D); (c) blockade repeatable in at least two consecutive episodes; and (d) following blockade,
burst activity recovered and increased in amplitude. Pharmacological microstimulation as
well as blocking sites were marked for later analysis by focal pressure ejection (PE) of 1–2%
Alcian Blue in Ringer’s solution (Harnischfeger, 1979; see Fig. 1B).

DLM- and VMD-evoked synaptic responses in RS neurons
Electrical microstimulation in the VMD and/or DLM (1 ms, cathodal constant current
pulses, 5–100 μA, at 1–10 Hz) was used to evoke synaptic responses in RS neurons that
were recorded with micropipettes filled with 5 M KAc (approximately 60–100 MΩ). In
some experiments, two double-barrel micropipettes were employed, with one pair of barrels
used for pharmacological microstimulation to locate the VMD or DLM (n=3 animals, six RS
neurons). When the micropipettes were positioned in these locomotor areas, electrical
microstimulation was applied to the DLM and/or VMD via the second pair of barrels, which
contained Ringer’s solution. In other experiments, single-barrel pharmacological stimulation
micropipettes were used to locate the VMD and DLM, and then the tips of separate single-
barrel electrical microstimulation micropipettes that contained Ringer’s solution were
positioned in these locomotor areas (n=7 animals, 44 RS neurons). For electrical stimulation
in three of these experiments (21 neurons), Ringer’s solution in the bath contained high
calcium and high magnesium (3× or 5× the normal concentrations) to attenuate polysynaptic
pathways (Berry and Penthreath, 1976). Orthodromic responses recorded from the spinal
cord were used to confirm the presence of descending axons (Fig. 3A, 3D3).

PAGGETT et al. Page 3

Neuroscience. Author manuscript; available in PMC 2010 August 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Blocking in the DLM or VMD during RLR-initiated locomotor activity
The RLR, DLM, and VMD were located with pharmacological microstimulation and
marked with Alcian Blue. Subsequently, during pharmacological stimulation in the RLR,
“blocking solution” (see above) was focally pressure ejected bilaterally in the DLM or VMD
to test whether these areas are necessary for RLR-initiated spinal locomotor activity (n=5
animals). The criteria for complete or partial blockade of spinal locomotor activity were the
same as those described above.

Histological processing
In nine of the 20 experiments in which blocking solution was ejected in reticular nuclei (see
Figs. 1, 2C, 2D), approximately 14 days before setting up in vitro preparations, animals were
anesthetized, and horseradish peroxidase (HRP) was applied to the transected spinal cord at
60% BL (relative distance from the head), as previously described (Davis and McClellan,
1994). This procedure pre-labeled RS neurons that were later used to confirm the locations
of Alcian Blue marked blocking sites within reticular nuclei (see below). Locomotor activity
in these HRP-labeled preparations was indistinguishable from that in preparations without
the retrograde tracer.

Following in vitro experiments in which RS neurons were prelabeled with HRP and
stimulation/blocking sites were marked with Alcian Blue (Fig. 1B, top), whole-mount brains
were histologically processed for HRP (Fig. 1B, lower left), placed on slides, and
coverslipped with Permount, as previously described (Davis and McClellan, 1994). For all
other experiments, the brains were processed without the HRP reaction step. With a
computer-microscope marking/tracing system, the outlines of the brains were traced,
stimulation and blocking sites were marked, and, if applicable, the outlines of reticular
nuclei were traced around groups of HRP-labeled RS neurons (e.g. diagrams such as Fig.
1B, lower right were used to generate summary diagrams, such as Fig. 2B).

RESULTS
Stimulation in higher order locomotor areas in the brain

In in vitro brain/spinal cord preparations (Fig. 1A), pharmacological microstimulation in the
DLM, VMD, or RLR (Fig. 1B) initiated spinal locomotor activity (Fig. 1C; PE) that often
could be sustained for 60–120 s and that consisted of left-right alternation (1↔2) and a
rostrocaudal phase lag (2→3), similar to those in previous studies (e.g. see McClellan and
Hagevik, 1997). In semi-intact preparations, in which the brain and rostral spinal cord are
exposed and the caudal body is relatively intact, we have shown that stimulation in these
brain areas initiates well-coordinated swimming movements (Jackson and McClellan, 2001).
Pharmacological microstimulation in the caudomedial mesencephalon, which is thought to
represent the lamprey MLR (e.g. Fig. 8A in Sirota et al., 2000), did not reliably elicit spinal
locomotor activity, at least with the agents used in the present study (however, see
Discussion).

Typically, within approximately 4–40 s after the onset of pharmacological microstimulation,
locomotor activity reached a “steady state,” at which time the burst amplitudes remained
relatively constant (Fig. 1C2). However, there often was a small, very gradual decline in
burst amplitudes during episodes, and in a few cases, there was a relatively slow modulation
of burst amplitudes superimposed on the overall locomotor rhythm (Fig. 1C1, 1C3). These
patterns were easily distinguished from partial or complete blockade of locomotor activity
during ejection of “blocking solution” (see below).
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“Blocking” in reticular nuclei during DLM- or VMD-initiated locomotor activity
During pharmacological microstimulation in the VMD or DLM (Fig. 1A, B), ejection of
“blocking solution” (see Experimental Procedures) in the ARRN (not shown), MRRN (Fig.
2C), or PRRN (Fig. 2D) often abolished or partially blocked (25%–60% decrease in burst
amplitudes) spinal locomotor activity (Table 1). Approximately 4–60 s after the onset of
blocking, spinal locomotor activity was maximally attenuated. During maximal blockade of
the rhythm, Fast Green in the blocking solution stained a relatively small region of the brain
that was less than or equal to the width of the reticular nucleus in which blockade was
applied. Within approximately 2–20 s after termination of blocking, locomotor burst activity
recovered, although burst activity did not always fully return to pre-blockade levels.

In some experiments, blocking in reticular nuclei did not noticeably affect spinal locomotor
activity (Table 1). In these preparations, VMD- or DLM-initiated locomotor activity was
very robust, and reduction of activity in only a fraction of the total RS neuron population
probably was insufficient to attenuate spinal locomotor patterns.

Several control experiments also were performed. First, in experiments in which blocking in
reticular nuclei abolished or attenuated DLM- (n=7) or VMD- (n=6) initiated spinal
locomotor activity, ejection of blocking solution approximately 200 μm lateral to reticular
nuclei did not noticeably affect the rhythm (not shown). In addition, trigeminal-evoked
synaptic responses in RS neurons were not noticeably affected when blocking solution was
pressure ejected at a distance greater than approximately 200 μm (eight neurons, n=3
preparations; not shown). Thus, long distance effects of the blocking solution appeared to be
minimal, suggesting that application of blocking solution in reticular nuclei is largely
confined to these neural structures. Second, in partitioned in vitro brain/spinal cord
preparations, application of blocking solution to the rostral spinal cord did not abolish DLM-
or VMD-initiated spinal locomotor activity in the caudal spinal cord (n=2; not shown). Thus,
the blocking solution probably had little or no effect on axonal conduction.

DLM- and VMD-evoked synaptic responses in RS neurons
In in vitro preparations (Fig. 3A), pharmacological microstimulation in the DLM or VMD
initiated locomotor activity (Fig. 3B), and brief electrical microstimulation in these same
areas elicited depolarizing synaptic responses in RS neurons (50 neurons, n=10 animals; Fig.
3C). Furthermore, for 33 RS neurons in five of the above animals, close temporal
stimulation in the DLM and VMD elicited summated (*) synaptic responses in RS neurons
that could produce action potentials (arrowhead) when neither input alone was sufficient
(Fig. 3D1, 3D2). Stimulation in the DLM and/or VMD elicited depolarizing synaptic
responses in both unidentified RS neurons and Müller cells.

“Blocking” in the DLM or VMD during RLR-initiated locomotor activity
During RLR-initiated locomotor activity in in vitro preparations (Fig. 2A, B), ejection of
blocking solution in the DLM (Fig. 2E) or VMD (Fig. 2F) abolished or attenuated
(approximately 75% decrease in burst amplitudes) the spinal locomotor rhythm (Table 1).
Approximately 20–65 s after the onset of blocking, spinal locomotor activity was maximally
attenuated, and approximately 10–60 s after the termination of blocking, locomotor burst
activity recovered.

In control experiments, (n=3 preparations; not shown), blocking in the DLM during
stimulation in the VMD, or vice versa, did not appear to attenuate spinal locomotor activity.
Furthermore, during stimulation in the VMD or DLM, blocking in the RLR did not produce
obvious effects on in vitro locomotor activity.
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DISCUSSION
Organization of locomotor areas in the lamprey brain

Projections from the RLR to the VMD and DLM—Results from blocking experiments
in the present study suggest that neurons in the RLR project rostrally to the DLM and VMD
(Fig. 2E, F). In support of this finding, complete transverse lesions at the mesencephalic–
rhombencephalic border abolish RLR-initiated locomotor activity (Paggett et al., 2000 and
unpublished observations). In addition, ejection of retrograde tracer in the DLM or VMD
labels neurons in the vicinity of the RLR (Paggett et al., 2000 and unpublished
observations). These are new and important results because, in general, synaptic inputs to
locomotor areas in the diencephalon and mesencephalon from other brain locomotor areas
have not been well studied, particularly rostrally projecting inputs. Furthermore, the DLM
locomotor area has not been studied in other vertebrates.

In larval lamprey, locomotor activity can be initiated by pharmacological microstimulation
in a “locomotor strip” along the lateral rhombencephalon (LR), close to the trigeminal
sensory nuclei (Hagevik et al., 1996). Ejection of retrograde tracers in the RLR labels
neurons in the LR (Paggett et al., unpublished observations). Thus, trigeminal sensory
inputs, which can initiate escape locomotor behavior (McClellan, 1990), might result in
activation of neurons in the RLR, which then project rostrally to diencephalic and
mesencephalic locomotor areas.

Projections from the DLM and VMD to reticular nuclei—The blocking experiments
(Fig. 2; Table 1) and intracellular recordings (Fig. 3C) suggest that neurons in the DLM and
VMD project to RS neurons to initiate spinal locomotor activity. However, no one group of
RS neurons appears to be primarily responsible for activation of spinal CPGs (Paggett et al.,
2000). Results from dual stimulation in both the DLM and VMD suggest that RS neurons
summate the inputs from these locomotor areas (Fig. 3D), similar to that proposed for MLR
and hypothalamic inputs to RS neurons in the rat (Sinnamon et al., 1987). In general,
synaptic integration of multiple locomotor inputs to RS neurons has not been well studied.
In support of these data, blocking synaptic transmission in the entire brain of a partitioned in
vitro preparation always abolishes VMD- and DLM-initiated spinal locomotor activity
(Paggett et al., 2000). In addition, application of anatomical tracers to reticular nuclei
retrogradely labels neurons in the vicinity of the VMD and DLM, but not the RLR (Paggett
et al., 2000 and unpublished observations; also see El Manira et al., 1997).

Results from the present study support a working model for part of the locomotor command
system in the lamprey brain:

Although this model undoubtedly contains additional components, it can serve as a
framework to gain new and important insights into the operation of locomotor command
systems in a vertebrate nervous system.

Results from other lamprey studies
In adult lamprey, electrical microstimulation in the ventral thalamus, in the vicinity of the
VMD, elicits rhythmic ventral root activity (El Manira et al., 1997), but the functional
identity of this activity has not been tested. Brief electrical stimulation in the ventral
thalamus elicits synaptic responses in RS neurons, and manual application of a retrograde
tracer to reticular nuclei with an “insect pin” labels neurons in the ventral thalamus (El
Manira et al., 1997).
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In the lamprey, electrical microstimulation in the caudomedial mesencephalon, which is
thought to represent the lamprey MLR, initiates spinal locomotor activity (McClellan and
Grillner, 1984) and elicits synaptic responses in RS neurons (McClellan, 1989; Sirota et al.,
2000). In the present study, pharmacological microstimulation in the caudomedial
mesencephalon did not reliably elicit spinal locomotor activity, at least with the agents used.
This discrepancy may be due to the “very small size” of the MLR (Sirota et al., 2000) or the
fact that different agents were used to stimulate in the brain than those used in the present
study.

Brain locomotor areas in other vertebrates
Locomotor activity can be initiated by stimulation in specific brain areas: reticular nuclei;
MLR; SLR; and PLS (see introduction). Lesions or blocking activity in medullary reticular
nuclei abolishes MLR- or PLS-initiated locomotor activity (Shefchyk et al., 1984; Garcia-
Rill and Skinner, 1987a; Bernau et al., 1991), stimulation in the MLR or SLR elicits
synaptic responses in RS neurons (Orlovsky, 1970; Garcia-Rill and Skinner, 1987b), and
anatomical experiments reveal projections from the MLR and SLR to reticular nuclei
(Steeves and Jordan, 1984; Bernau et al., 1991). The PLS is in the vicinity of the trigeminal
sensory nucleus (Bayev et al., 1988; Beresovskii and Bayev, 1988), and sensory neurons in
the medulla, including those in trigeminal sensory nuclei, project to the MLR (Bayev et al.,
1988). Thus, several features of locomotor command systems are conserved in widely
divergent vertebrates, including the lamprey.

Summary
In larval lamprey, during locomotor activity initiated from the RLR, depression of neuronal
activity in the DLM or VMD abolished or attenuated spinal locomotor activity. Depression
of neuronal activity in reticular nuclei often attenuated or abolished DLM- or VMD-initiated
locomotor activity, and electrical microstimulation in the DLM and VMD elicited synaptic
responses in RS neurons that summated. These new results suggest that higher order
locomotor areas in the DLM and VMD receive rostrally projecting inputs from the RLR.
The DLM and VMD then project caudally to RS neurons, which appear to summate the
inputs from these areas and activate the spinal CPGs for locomotion. These pathways are
likely to be important components of the brain command systems for the initiation of
locomotion.
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Abbreviations

ARRN anterior rhombencephalic reticular nucleus

BL body length

CPG central pattern generator

DLM dorsolateral mesencephalon

HRP horseradish peroxidase

LR lateral rhombencephalon

MLR mesencephalic locomotor region

MRRN middle rhombencephalic reticular nucleus
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PE pressure ejection

PLS pontomedullary locomotor strip

PRRN posterior rhombencephalic reticular nucleus

RLR rostrolateral rhombencephalon

RS reticulospinal

SLR subthalamic locomotor region

VMD ventromedial diencephalon
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Fig. 1.
(A) In vitro brain/spinal cord preparation showing ventral root recording electrodes (1–3)
and micropipettes (PEL and PER) for pharmacological microstimulation. (B) Dorsal view of
the brain (left is rostral, right is caudal) at different steps in the experiment. (Upper) Live
brain from an in vitro experiment showing Alcian-marked pharmacological
microstimulation sites in the VMD, DLM, and RLR used to initiate locomotor activity in C.
(Lower left) Enlargement of the right side of the brain immediately after reaction for HRP
showing the above marked locomotor areas as well as HRP labeled RS neurons. (Lower
right) Computer-generated diagram of the right side of the brain after histological processing
showing the VMD, DLM, and RLR as well as labeled RS neurons (small dots are
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unidentified neurons; larger dots are Müller cells) in the mesencephalic reticular nucleus
(dotted outline) and ARRN (dotted outline) (this type of diagram was used to generate
summary diagrams, such as in Fig. 2B; see text for other abbreviations). Scale bar=1.6 mm
(upper), 1.0 mm (lower). (C) Integrated spinal locomotor burst activity (1–3; τ=50 ms),
consisting of left-right alternation (1↔2) and a rostrocaudal phase lag (2→3), initiated by
pharmacological microstimulation using PE (see text) in (C1) DLM, (C2) VMD, and (C3)
RLR. Pharmacological microstimulation began prior to the left side of the recordings, and
these recordings began after a stable locomotor rhythm had developed (see text). Locomotor
patterns on the right are expanded regions during the solid bars from the records on the left.
Scale bar=10 s (left recordings), 2.5 s (right recordings).
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Fig. 2.
(A) In vitro preparation showing pharmacological microstimulation pipettes (PEL and PER),
blocking micropipettes (BL and BR), and ventral root recording electrodes (1–3). (B)
Diagram of brain (left) and rostral spinal cord showing locomotor areas in the VMD, DLM,
and RLR as well as sites in the ARRN, MRRN, and middle PRRN where blocking solution
was applied (open circles; see Experimental Procedures). (C, D) Spinal locomotor activity
(1–3) initiated by pharmacological microstimulation using PE in the (C) DLM or (D) VMD
prior to, during, and after bilateral focal PE of blocking solution (block ON=up arrowhead,
block OFF=down arrowhead) in the (C) MRRN and (D) PRRN. (E, F) Spinal locomotor
activity initiated by pharmacological microstimulation in the RLR prior to, during, and after
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bilateral focal PE of blocking solution in the (E) DLM and (F) VMD. Note in “C” and “E”
that the onset of ejection of blocking solution began approximately 20 s before the
beginning of the record, but after a steady state locomotor rhythm had been established (see
text, Fig. 1C).
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Fig. 3.
(A) In vitro preparation showing bilateral double-barrel micropipettes with pharmacological
microstimulation barrels (PEL and PER) and electrical microstimulation barrels (SL and SR),
intracellular microelectrode (IC), ventral root recording electrodes (1–3), and spinal cord
recording electrode (SC). (B) Spinal locomotor activity (1–3) elicited by pharmacological
microstimulation using PE in the (B1) DLM and (B2) VMD. (C) Averaged synaptic
responses in RS neurons elicited by electrical microstimulation in the (C1) DLM (25 μA)
and (C2) VMD (“ipsi”=40 μA, “contra”=10 μA; same preparation as in B). C1 (both panels)
and C2 (stim “ipsi”) are from an unidentified left MRRN neuron and C2 (stim “contra”) is
from an identified B1 neuron (Müller cell) in the left MRRN. (D1, D2) Different
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preparation, in which synaptic responses were recorded from an identified B4 neuron
(Müller cell) in the right MRRN during electrical microstimulation in the right DLM (12.5
μA) and right VMD (12.5 μA) with (D1) a delay (averaged response) or (D2) simultaneous
stimulation (superimposed responses; *=summated responses; arrowhead=action potentials).
(D3) Intracellular action potentials (top) evoked orthodromic spikes in the SC (bottom).
Scale bars=(C1) 1 mV/50 ms (left) and 1 mV/100 ms (right); (C2) 1 mV/100 (left) and 2
mV/50 ms (right), (D1, D2) 5 mV/50 ms; (D3) 80 mV/25 ms (amplitude scale applies to top
intracellular trace only).
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Table 1

Summary of neural activity blocking experiments

Stim. areaa Block areab Type of block of locomotor activity

Completec Partiald No blocke

VMDf,g ARRN 3 7 0

MRRN 0 2 4

PRRN 2 6 3

DLMf,g ARRN 2 4 2

MRRN 2 5 2

PRRN 4 6 3

RLRf,h VMD 3 2 0

RLRf,h DLM 3 1 0

a
Brain areas in which pharmacological microstimulation was applied to initiate spinal locomotor activity (see Experimental Procedures).

b
Brain areas in which a solution that depresses neuronal activity (i.e., “blocking solution,”; see Experimental Procedures) was ejected.

c
Numbers of animals in which ejection of blocking solution completely abolished burst activity for at least 5 s (usually much longer; see

Experimental Procedures for criteria for complete and partial blockade of locomotor activity).

d
Numbers of animals in which the amplitudes of locomotor burst activity were clearly decreased for at least 5 s (usually much longer) during

ejection of blocking solution.

e
Numbers of animals in which there was no obvious decrease in burst amplitudes during the ejection of blocking solution.

f
Because repeatable, long duration episodes of locomotor activity were required for blocking experiments, in a given animal, not all combinations

of stimulation and blocking were always performed.

g
Total number of animals=18.

h
Total number of animals=5.
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