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Locomotion Produced in Mesencephalic Cats by Injections of
Putative Transmitter Substances and Antagonists into the Medial
Reticular Formation and the Pontomedullary Locomotor Strip

B. R. Noga, J. Kettler, and L. M. Jordan

Department of Physiology, Faculty of Medicine, University of Manitoba, Winnipeg, Canada R3E OW3

The purpose of this study was to determine the distribution
of cells in the medial reticular formation (MRF) and the pon-
tomedullary locomotor strip (PLS), which can induce loco-
motion when activated. Controlled microinjections of neu-
roactive substances (Goodchild et al., 1982) into the MRF or
PLS were made in order to activate cell bodies inthose areas.
The ability of trigeminal receptive field stimulation to induce
locomotion before and after drug infusion into the PLS was
also assessed since the PLS and the spinal nucleus of the
trigeminal nerve are similar in their anatomical distribution.
Experiments were performed on precollicular-postmamillary
decerebrate cats walking on a treadmill.

Injections of glutamic acid (GA; 500 nmol) into the MRF
produced locomotion that was antagonized by infusion of
glutamic acid diethyl ester into the same spot. Decreases in
the current threshold for locomotion produced by electrical
stimulation of the MRF were observed when the MRF was
infused with either GA (40-80 nmol), pL.-homocysteic acid
(DL-HCA; 200 nmol), or picrotoxin (PIC; 15 nmol). injections
of GA (100 nmol), DL-HCA (700 nmol), PIC (10-50 nmol), and
substance P (2 nmol) into the PLS also produced locomotion.
Locomotion produced by injections of PIC into the PLS was
blocked by infusion of equal amounts of muscimol or GABA.
Effective PLS injection sites were all confined to the trigem-
inal spinal nucleus or immediately ventral and medial to this
in the adjacent lateral reticular formation. Trigeminal nerve
peripheral field stimulation evoked locomotion after microin-
jection of PIC into the PLS, although this same facial stimulus
was not effective prior to drug injection.

We conclude that the MRF and PLS regions of the cat brain
stem contain cells that produce locomotion when chemically
stimulated, and we suggest that the PLS is closely related
to or synonymous with the spinal nucleus of the trigeminal
nerve. Furthermore, we suggest that stimulation of trigeminal
afferents is analogous to stimulation of segmental afferent
pathways in the production of locomotion (Sherrington, 1910;
Jankowska et al., 1967; Afelt, 1970; Budakova, 1972; Grillner
and Zangger, 1979).
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Stimulation of the classical mesencephalic locomotor region
(cuneiform nucleus), or MLR (Shik et al., 1967), of the midbrain
(P2, L4, H-1) produces locomotion in decerebrate cats placed
on a treadmill. Descending fibers from this site terminate in the
gigantocellular (FTG) and magnocellular (FTM) tegmental fields
of the medial pontomedullary reticular formation (MRF) and
do not project directly to the spinal cord (Steeves and Jordan,
1984). As summarized by Jordan (1986), reticulospinal cells in
the MRF then produce locomotion by pathways traveling in the
ventral lateral funiculus (VLF) of the spinal cord. Electrical
stimulation of the MRF can produce locomotion (Mori et al.,
1978, 1980; Garcia-Rill and Skinner, 1987), and cells in this
region show increased metabolic activity during MLR-evoked
fictive locomotion (Kettler and Jordan, 1984). The direct evi-
dence implicating the involvement of cells in the MRF in the
mediation of locomotion includes the observation that cooling
restricted areas in the MRF to block synaptic transmission can
reversibly abolish both spontaneous and MLR-evoked loco-
motion (Shefchyk et al., 1984) and the finding that injections
of cholinergic agonists or substance P into the MRF can elicit
locomotion (Garcia-Rill and Skinner, 1987). However, the in-
volvement of other putative neurotransmitters in the locomo-
tion produced by activation of the MLR is indicated by a num-
ber of recent findings. Cholinergic activation is clearly not
required for initiation of locomotion because cholinergic an-
tagonists do not block the initiation of locomotion from the
classical MLR (Noga et al., 1987). Furthermore, very few ACh
(Lee et al., 1986) or substance P-containing cells (Léger et al.,
1983) are found within the region of the classical MLR.

A site medial (P2, L2.7, H-0.5) to the classical MLR that
includes the mesencephalic nucleus of the fifth cranial nerve and
the periaqueductal gray has also been shown to produce loco-
motion when electrically stimulated (Garcia-Rill et al., 1983;
Shefchyk et al., 1984). This site, referred to as the “medial
MLR,” may produce locomotion by a pathway that travels
through the area known as the pontomedullary locomotor strip
(PLS) (Garcia-Rill et al., 1983; Shefchyk et al., 1984). The PLS
extends throughout the lateral tegmentum of the brain-stem
medial and ventral to the spinal nucleus of the fifth nerve (Mori
et al., 1977, Shik and Yagodnitsyn, 1977, 1978) and continues
in the spinal cord in the dorsolateral funiculus (DLF) (Kazen-
nikov et al., 1980, 1983a, b). It has been suggested that this
lateral tegmental locomotor region is a polysynaptic pathway
(Mori et al., 1977; Shik and Yagodnitsyn, 1978) with the cells
of origin (the pontomedullary locomotor column) located me-
dial and ventral to its axonal tract, the PLS (Selionov and Shik,



1984). Others (Garcia-Rill et al., 1983) have claimed that the
PLS corresponds to Probst’s tract, a fiber pathway descending
from the mesencephalic nucleus of the trigeminal nerve (Corbin,
1942). The only direct evidence suggesting that cell bodies in
the PLS region are involved in the production of locomotion
comes from the observation that cooling of the PLS region to
temperatures that abolish synaptic transmission reversibly abol-
ishes locomotion elicited by stimulation of the medial MLR
(Shefchyk et al., 1984).

In order to confirm the presence of neuron somata in the
MREF and PLS which can produce locomotion when stimulated
and to map their distribution in the brain stem, we adapted a
technique for the selective activation of cell bodies by the lo-
calized injection of small quantities of putative neurotransmit-
ters (Goodchild et al., 1982). In this paper we demonstrate that
the selective activation of cell bodies in both the MRF and the
PLS by a variety of neuroactive substances is effective in the
initiation of locomotion in the precollicular, postmamillary de-
cerebrate cat.

Although the neural elements comprising the PLS have not
been defined, the effective stimulus sites are always in close
proximity to the trigeminal spinal nucleus (Shik and Yagodnit-
syn, 1977; Garcia-Rill et al., 1983). While there is evidence
available that shows that peripheral stimuli within the trigem-
inal receptive field can induce locomotion (Aoki and Mori, 1981),
no studies have been carried out to distinguish between PLS
structures and the brain-stem trigeminal nuclei. In this paper,
we demonstrate that the PLS is coextensive with the spinal
nucleus of the trigeminal nerve and suggest that the production
of locomotion by stimulation of the PLS or trigeminal afferents
may be analogous to the locomotion initiated by stimulation of
segmental afferents (Sherrington, 1910; Jankowska et al., 1967;
Afelt, 1970; Budakova, 1972; Grillner and Zangger, 1979). Pre-
liminary results of this paper have been reported elsewhere (Noga
et al., 1984).

Materials and Methods

The experiments were carried out on 32 adult cats weighing 2.0-4.0 kg.
Animals were initially anesthetized with a mixture of nitrous oxide and
halothane. The trachea was intubated, the left common carotid was
cannulated, and blood pressure was monitored with a pressure trans-
ducer. Each animal was given 4 mg of dexamethasone (Hexadrol phos-
phate, Organon) intravenously to reduce tissue swelling, The head of
each animal was fixed in a stereotaxic headframe with all 4 limbs free
to step on a treadmill belt. The hindquarters were suspended by a sling
under the abdomen or by pins attached to the iliac crests. The animals
were decerebrated with a precollicular-postmamillary transection of the
brain stem, and the anesthesia was subsequently terminated. All wound
margins were anesthetized with topically applied xylocaine ointment or
by small injections of xylocaine hydrochloride.

An assembly consisting of an insulated monopolar stimulating elec-
trode (tip diameter, 0.1 mm; 0.25 mm exposed tip length) glued along-
side a 30 gauge cannula was used for electrical stimulation and drug
injection. After removal of the cerebral cortices for decerebration, the
junction of the superior and inferior colliculi (APO), the obex (P14),
and the midline (LO) were visualized (coordinates from Berman, 1968).
The electrode-cannula assembly was lowered through the cerebellum
and stereotaxically positioned in the brain stem. A region extending
from P3-P14 and LO-6 was stimulated at all depths (square wave pulse,
0.5 msec duration, 20-30 Hz, 10-275 xA) to induce locomotion on the
treadmill. The treadmill belt was maintained at a constant speed of 0.4
m/sec. In this paper we consider a “locomotor movement™ to be any
limb movement that shows a rhythmical alternation between flexion
and extension resulting in a characteristic swing and stance phase of the
limb on the treadmill. Any limb that illustrates this type of movement
is considered to be in the process of locomotion regardless of the pres-
ence of locomotor activity in any other limb. Locomotion was scored
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as quadrupedal, bipedal, and so forth on the basis of visual observations
using this criterion. Locomotion was monitored in all 4 limbs by using
electromyographic (EMG) electrodes placed into the following muscles:
biceps brachii (BB), triceps brachii (TB), tibialis anterior (TA), and
lateral gastrocnemius (LG). The EMGs were amplified and recorded on
analog magnetic tape (bandpass, 10 Hz-2.25 kHz) for later analysis.

Drugs were infused in those sites where electrical stimulation could
produce locomotion consistently. The various drugs dissolved in 0.9%
saline and maintained at pH 7.2-7.5 included GABA (0.005-0.01 m),
muscimol (MUS; 0.005-0.01 m), picrotoxin (PIC; 0.005-0.01 m), DL-
homocysteic acid (DL-HCA; 0.1 M), L~glutamic acid (GA; 0.005-0.1
M), glutamic acid diethyl ester (GDEE; 0.005-0.1 m), and substance P
(SP; 0.74 mwm). Concentration ranges were chosen on the basis of pre-
vious successful experiments using drug injections for the initiation of
locomotion (Garcia-Rill et al., 1985). The excitatory compounds DL-
HCA and GA, were infused on the assumption that they would produce
effects similar to those seen with electrical stimulation, since iontopho-
resis of these compounds is known to excite cells in both the MRF and
PLS regions (T&becis, 1973; Henry et al., 1977; Greene and Carpenter,
1985). SP has been shown to excite cells within the region of the PLS
(Henry et al., 1977) and to induce locomotion after injection into either
the MRF or MLR (Garcia-Rill and Skinner, 1987). PIC was used be-
cause it has been shown to be effective in inducing locomotion after
infusion into the MLR (Garcia-Rill et al., 1985). GABA and MUS were
used to reverse the actions of PIC, while GDEE was used to antagonize
the action of GA. The electrode and cannula assembly was removed
and rinsed thoroughly with saline between applications of drugs. Drugs
were usually infused at a rate of 1 ul/min for 1-5 minutes. Flow was
controlled by a model 341 syringe pump (Sage Instruments) with a
Hamilton 10 or 50 gl syringe attached to the cannula by PE 60 poly-
ethylene tubing. Control injections of 0.9% NaCl at similar infusion
parameters were also given in some sites.

In some experiments, drugs were infused into sites 1.5 mm lateral or
medial to sites producing locomotion with electrical stimulation in order
to evaluate the extent of drug diffusion to surrounding tissue. An as-
sessment of drug spread could only be made if locomotion could be
produced by a subsequent injection of the same into the adjacent “lo-
comotor” region. In other experiments (n = 5), attempts were made to
induce treadmill locomotion before and after drug infusion by stimu-
lation of various parts of the face, neck, and chest regions by gentle or
brisk rubbing or pinching or with a calibrated mechanical stimulus
(Rowan aesthesiometer RA-100).

The locations of effective stimulus and/or infusion sites were deter-
mined at the end of each experiment. In most cases, sites were marked
electrolytically (2-5 mA, 3 sec) or with a dye injection of 1% Procion
rubine or 10% Fast green at volumes equal to the drug injection. The
locations of effective sites within the brain stem were also estimated
stereotaxically after removal of the cerebellum by repositioning the
electrodes and noting the depth of the electrode with respect to the floor
of the IVth ventricle. At the end of most experiments, the brain stem
was removed and placed in Lillies’ neutral buffered formalin overnight.
Frozen sections (30 um) were cut and stained according to the method
of Kliiver and Barrera (1953).

Ten second periods of full-wave rectified and low-pass filtered EMG
signals were analyzed with a Hewlett-Packard 9836 computer at the end
of each experiment. The EMG linear envelope signals from all muscles
were digitized at 100 Hz and the data stored on floppy disk. The signals
were then plotted for visual inspection.

Results

Electrically induced locomotion

Treadmill locomotion could be produced by electrical stimu-
lation (25-225 uA) of the medial pontomedullary reticular for-
mation and the pontomedullary locomotor strip (Figs. 1, 2). The
region of the MRF that was capable of electrically induced lo-
comotion extended from P4 to P14 and LO to L2 and included
the FTG, FTM, inferior central raphe nucleus (CI), and post-
pyramidal nucleus of the raphe (PPR) (Fig. 2). This region is
more extensive than the P3-P9 MRF regions previously shown
to be capable of producing locomotion when electrically stim-
ulated (Mori et al., 1978, 1980). The effective PLS sites included
the lateral tegmental field (FTL) medial and ventral to the spinal
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Figure 1. A, Schematic drawing of the
brain-stem surface (P3-P15, LO-L7, | 21
cerebellum excluded for illustrative
purposes) from the area indicated in the
inset to demonstrate the rostrocaudal | 3 -
and mediolateral distribution of sites
capable of producing locomotion when
electrically stimulated. All electrode | 44
tracts are from animals that could lo-
comote with PLS and MRF stimula-
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of locomotor (shaded) and nonlocomo-

tor (open) trials at different brain-stem \
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nucleus of the fifth nerve as previously described (Mori et al.,
1977; Shik and Yagodnitsyn, 1977) but also included the spinal
nucleus of the fifth nerve (5SM, 5SP). These effects were ob-
tained in trials throughout the longitudinal extent of the brain
stem from P3 to P13,

The brain-stem sites where treadmill locomotion was pro-
duced by electrical stimulation are illustrated in Figure 1B. The
MREF and PLS are separated by areas that were relatively inef-
fective for producing locomotion. Stimulation of the region
bounded by L3.5-5.5 (PLS) produced locomotion in 62% (n =
184) of the trials, while stimulation of the region bounded by
L0-1.5 (MRF) was effective in 49% of trials (» = 103). In con-
trast, stimulation of the area between these 2 regions (L2.0-3.0)
evoked locomotion in only 17% of trials (n = 41).

The locomotion produced by stimulation of the MRF and
PLS was often preceded by increased extensor tonus of the limbs,
whereas stimulation of areas 1-2 mm dorsal to the effective
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MREF sites often decreased extensor tonus as described by Mori
et al. (1982). Extensor tonus was not evaluated systematically
in the present study, however. A significantly higher (p < 0.001,
Student’s ¢ test) threshold for electrically induced locomotion
was observed for the MRF (mean = 145.0 + 3.7 pA) as com-
pared with the PLS (95.1 + 43.7 uA).

Stimulation of the MRF or PLS produced quadrupedal lo-
comotion in 13.5% of the trials. However, other stepping pat-
terns during locomotion were also observed (Fig. 14), including
bilateral forelimb (47.4%), ipsilateral (with reference to site of
stimulation) forelimb (14.6%), contralateral forelimb (5.9%), bi-
lateral hindlimb (7.0%), ipsilateral hindlimb (1.8%), contralat-
eral hindlimb (0.6%), ipsilateral fore- and hindlimb (4.7%), and
bilateral forelimb and ipsilateral hindlimb (2.3%). The remain-
ing 2.2% displayed various combinations of the above cate-
gories. A somatotopic organization was not apparent when data
from all animals were grouped together: Stimulation of a similar



site in different animals could produce different stepping pat-
terns during locomotion. However, within the same animal
slightly different stepping patterns could be seen with stimula-
tion of adjacent areas within the brain stem.

Drug-induced locomotion

Drug infusions were made in sites that could reproducibly elicit
locomotion with electrical stimulation. Control saline injections
in the MRF and PLS at all rates used for test drug infusions did
not produce any observable changes in EMG activity or influ-
ence the threshold for electrically induced locomotion.

Extent of drug diffusion

To estimate the extent of drug diffusion with injections into the
brain stem, Procion rubine (1%) and Fast green (10%) were
infused in volumes similar to the drug infusion trials. Infusions
of 3 and 5 ul of Procion rubine produced detectable spread (total
diameter) of 0.5-1 and 1-2 mm, respectively. Infusions of 1
and 3 ul of Fast green produced spread of 1 and 2 mm (total
diameter), respectively. With both dyes an additional 0.5 mm
vertical spread (along the cannula tract) was also observed. Ad-
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Figure 2. Distribution of sites within
the brain stem that produce locomotion
when electrically stimulated. Two gen-
eral areas are indicated. MRF sites are
found in the raphe nuclei or adjacent
magnocellular or gigantocellular teg-
mental fields (FTM or FTG). At more
rostral levels, the effective sites are lo-
cated more dorsally. Effective sites cor-
responding to the PLS are found within
the spinal nucleus of the fifth nerve (5SP)
or medial and/or ventral to it in the
lateral tegmental field (FTL). Symbols
indicating limb involvement during lo-
comotion are as illustrated in Figure 1
except that right and left quadrants in-
dicate right and left sides, respectively.

ditional experiments were conducted to determine whether the
diffusion pattern of PIC was comparable to that seen after in-
jections of similar quantities of Procion rubine or Fast green.
A site where electrical stimulation did not produce locomotion,
1.5 mm medial or lateral to a PLS site (see Fig. 6: P7.1 and
P12.1), was infused with 3 ul (15 nmol, 0.005M) PIC. No lo-
comotion was observed after 30 min of the PIC injection. In
addition, no change was observed in the threshold for electrically
induced locomotion produced by stimulation of the PLS site.
Subsequent infusion into the PLS site, however, lowered the
threshold for electrically induced locomotion in one case and
produced locomotion by itselfin the other (Fig. 7). This indicates
that for injections of 3 ul PIC, drug diffusion was on the order
of =1.5 mm (total diameter) and thus comparable to the dif-
fusion pattern observed with infusions of 3 ul Procion rubine
or 1 ul Fast green.

MREF drug infusions

Infusions of various drugs into the MRF could influence the
locomotor capability of the animal by either initiating stepping
or by decreasing the threshold for electrically induced loco-



2078 Noga et al. « Pontomeduliary “'lLocomotor’’ Regions

A CONTROL

L T8B

C FORELIMB SWING

R BB M tnansin A aorkitn, sy

1 SEC

INFUSION SITE
p12.1

Figure 3. Electrically induced and drug-induced locomotion in the
MRF. 4, EMG records during quadrupedal locomotion produced by
electrical stimulation of the site indicated in E. Injection of 500 nmol
glutamicacid (GA) (in 5 ul, 0.1 M) into the MRF also induces coordinated
quadrupedal locomotion (B). A change in phasic activity of some mus-
cles is seen during locomotion produced by GA infusion (see text). Bouts
of locomotion were induced by swinging the forelimbs (C) during pe-
riods of quiescence. D, Cessation of walking due to a 500 nmol (in §
pl, 0.1 M) injection of glutamic acid diethyl ester (GDEE) into the same
site. Only tonic muscle activity is evident after forelimb swing (arrow).
EMG traces in B-D are in same order as listed in A.

motion. Glutamic acid was the only compound tested that pro-
duced locomotion after infusion into the MRF. Figure 3, 4 and
B, illustrates the quadrupedal locomotion produced by electrical
stimulation or by injection of 500 nmol GA (5 ul, 0.1 M) into
a midline site (PPR and FTM) 2 mm rostral to the obex and
3.8 mm ventral to the floor of the fourth ventricle (Fig. 3E).
Within 17 min of drug infusion the threshold for electrically
induced locomotion decreased from 100 to 20 A and muscle
tonus increased in forelimb extensors (as determined by passive
resistance to limb flexion and EMG activity). Within 30 min of
drug infusion, spontaneous quadrupedal locomotion (Fig. 3B)
began in an episodic fashion (1-3 min duration) separated by
periods of quiescence (0.5-2 min). During quiescent periods
locomotion could be reestablished by swinging the forelimbs
backward and releasing them (Fig. 3C). Although the fore- and
hindlimb flexors (BB,TA) were phasically active during electri-
cal and drug-induced locomotion, the activity of fore- and hind-
limb extensors (TB,LG) was different following GA: The right
and left TB became phasically active, whereas the phasic activity
of the right and left LG ceased. Episodes of drug-induced lo-
comotion continued to occur for 100 min after the infusion. At
this time, infusion of the GA antagonist GDEE (500 nmol in 5
ul, 0.1 M) into this site decreased the vigor and duration of the
GA-induced locomotion within 3 min, and locomotion com-
pletely ceased after 12 min. Forelimb swinging was completely

ineffective for initiating locomotion during this period (Fig. 3D).
However, the effects of the antagonist were short-lasting, and
locomotion began again within 15 min of the infusion of GDEE.

In a different animal, infusion of 500 nmol GA (5 ul, 0.1 M)
into the MRF (P9, LO, H-8.3) produced episodic forelimb lo-
comotion after 8 min for a period lasting 20 min. Muscles dem-
onstrating phasic activity during the control remained phasic
following GA. During GA-induced locomotion, stimuli previ-
ously unable to evoke stepping (forelimb swinging and rubbing
of the maxillary region of the face) were found to induce loco-
motion.

Infusions of smaller amounts of GA (40-80 nmol in 8 ul,
0.005-0.01 m) into the MRF of other animals were ineffective
in producing locomotion in 6 trials, suggesting a dose-response
relationship for the initiation of locomotion by injection of GA
into the MRF. A 40-66% decrease in the threshold for electri-
cally induced locomotion in sites 0.5-1 mm lateral to the mid-
line (P7.7 and P10.0, Fig. 6) was observed in 2 of these trials.

Infusions of DL-HCA in 2 of 4 trials (200 nmol in 2 gl, 0.1
M) and PIC in 3 of 6 trials (15 nmol in 3 ul, 0.005 M) also
reduced the threshold for electrically induced locomotion by
20-27% and 53-61%, respectively. Extensor muscle tonus in-
creased following drug infusion, but no stepping movements
were produced. After 15-25 min, electrical thresholds began to
return to preinfusion values. No effect was observed in the re-
maining trials even when 300-800 nmol DL-HCA or 25-50
nmol PIC was infused.

Injection sites within the MRF are illustrated in Figures 5
and 6. Effective sites were found from P6 to P12 and LO to L1%
and within the CI, PPR, FTG, FTM in the ventral half of the
brain stem.

PLS drug infusions

Various compounds were capable of either producing loco-
motion or decreasing the threshold for electrically induced lo-
comotion after infusion into the PLS. Locomotion was produced
by infusions of GA, DL-HCA, PIC, and SP into the PLS. In-
creased extensor muscle tonus was seen (visual observations)
prior to the onset of drug-induced locomotion.

Figure 44 illustrates forelimb locomotion typically produced
by electrical stimulation (150 pA) of the PLS. Figure 4B illus-
trates the locomotion produced by infusion of 100 nmol GA
(in 1 g, 0.1 M) into the ventromedial aspect of 5SP at P7 (Fig.
4G) in a different animal. After infusion of 300 nmol into this
site, periodic episodes of spontaneous locomotion lasted for 15—
20 min. Infusions of 40-80 nmol GA (in 8 ul of 0.005-0.01 M)
produced 35-67% decreases in the threshold for electrically in-
duced walking (Fig. 6: P7.7). In one case, the infusion of 40
nmol was sufficient to maintain locomotion for up to 8 sec after
the termination of electrical stimulation. In contrast, locomo-
tion stopped upon termination of the electrical stimulus in the
control situation. The location of this latter infusion site was
within 5SM (Fig. 6: P6.0). In 6 other cases, GA (50-80 nmol)
was ineffective other than occasionally increasing the discharge
of motor units. In an additional case, infusion of 300 nmol GA
produced convulsive movements but did not induce locomo-
tion.

Infusion of 700 nmol DL-HCA (in 7 ul, 0.1 M) produced
locomotion within 4 min of injection into a site 4 mm lateral
to the midline (Fig. 4C), but no accurate depth measurement
was obtained for this trial. Injections of smaller quantities (300
nmol in 3 ul, 0.1 M) in 2 other trials were ineffective.
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Figure 4. Electrically induced and drug-induced locomotion in the
PLS. 4, Typical EMG records during forelimb locomotion produced
by electrical stimulation of the PLS. B—-D and F, Locomotion produced
by injection into the PLS of GA (100 nmol in 1 gl, 0.1 M), pL-homo-
cysteic acid (DL-HCA; 700 nmol in 7 gl, 0.1 M), PIC (25 nmol in 5 ul,
0.005 m), and substance P (SP; 2 nmol in 3 ul, 0.74 mm), respectively.
E, Loss of sustained PIC-induced locomotion produced with forelimb
swinging following infusion of an equivalent quantity (25 nmol in 5 g,
0.005 M) of GABA into the same site. G, Infusion sites as obtained from
electrolytic lesions in the different animals tested. Symbols as in Fig-
ure 5.

Injections of PIC (0.005-0.0.1 m) into the PLS produced
threshold decreases and eventually spontaneous locomotion in
11 trials (8 cats). Locomotion could be produced after injection
of 10-50 nmol (mean = 30.0 + 13.8 nmol). The mean infusion
volume was 5.5 = 2.6 ul. At high concentrations (0.01 M), a
smaller infusion volume was required to produce locomotion,
and in one case locomotion was induced before 1 ul (10 nmol)
had been infused. The threshold for electrically induced loco-
motion decreased by 24-40% of the original values in 3 other
trials after injection of 15-30 nmol {mean = 21.7 + 7.6 nmol)
PIC, but locomotion was not produced by the drug infusion.
PIC was without effect in 17 other trials at similar quantities
(31.7 = 11.0 nmol, range 25-60 nmol). Infusions of PIC pro-
duced locomotion within 8.4 + 7.1 min (range, 2-20 minutes).

Figure 4D illustrates the spontaneous forelimb locomotion
produced after infusion of 25 nmol PIC (in 5 i, 0.005 M) into
the PLS at P6 (Fig. 4G). During the infusion a decrease (from
150-50 1A) in the threshold for electrical activation of stepping
occurred prior to the drug-induced locomotion. The stepping
sequences lasted from 10 sec to 1.5 min and were separated by
quiescent periods lasting 1-2 min. This periodic drug-induced
locomotion occurred for about 20 min. A second infusion into
this site produced an even greater EMG output, but stepping
ceased when the animal began to display a tegmental response
(Ingram et al., 1932). In other PLS sites, PIC-induced loco-
motion lasted for periods of up to 60 min with injections of 15
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Figure 5. Schematic drawing of the surface of the brain stem from
area (P3-P15) indicated in the inset to demonstrate the rostrocaudal
and mediolateral distribution of sites capable of producing locomotion
after drug infusion. Sites producing decreases in the threshold for elec-
trically induced locomotion or no response (NR) are also indicated.
Sites capable of inducing locomotion are found close to the midline and
also in the classically defined PLS. Injection sites producing decreased
thresholds are found somewhat more lateral to the midline or within
the PLS.

nmol (in 3 ul, 0.005 M) PIC and up to 90 min with injections
of 30 nmol (in 6 ul, 0.005 m). Stepping episodes gradually ceased
or were replaced by convulsive movements.

PIC-induced locomotion and electrical stimulation control
trials showed the same stepping pattern in 8/11 trials. However,
in one experiment, electrically induced quadrupedal locomotion
was replaced by ipsilateral fore- and hindlimb locomotion, and
in 2 other experiments, bilateral forelimb and contralateral
hindlimb locomotion was replaced by forelimb locomotion when
PIC was infused. No consistent differences in step cycle rate and
the EMG amplitudes during stepping were observed between
electrical and PIC-induced locomotion.

The presence or absence of rhythmic EMG activity was as-
sessed from recordings of locomotion produced by electrical
stimulation or PIC injection into the PLS. In 65% of the EMG
records, rhythmic activity remained during PIC-induced loco-
motion. In contrast, loss of activity was observed in 16% of the
recorded muscles, and recruitment of phasic activity occurred
in 19% of the recorded muscles during PIC-induced locomotion.
There was no relationship between injection site and the pattern
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Figure 6. Distribution of drug injec-
tion sites at different levels of the brain
stem. Areas producing locomotion or
decreases in the threshold for electri-
cally induced locomotion following drug
infusion are found within the raphe nu-
clei, FTG, and FTM or within the tri-
geminal spinal nucleus or adjacent FTL.
Ineffective sites are located ventral and
medial to the clasically defined PLS. In-
Jjection sites producing locomotion with
stimulation of the trigeminal receptive
field (see text for explanation) are in-
dicated by asterisks. Symbols as in Fig-
ure 5.

of loss or gain of phasic muscle activity during drug-induced
locomotion.

PIC-induced locomotion was antagonized by infusions of either
GABA or MUS. Injections of MUS completely and irrever-
sibly blocked PIC-induced locomotion, whereas the effects of
GABA were transient. A decrease in the frequency and vigor of
PIC-induced locomotion was usually apparent within 5 min of
infusion of an equivalent (nmol) dose of GABA. As illustrated
in Figure 4E, locomotion induced by forelimb swinging was
reduced to a short stepping sequence (2-3 steps) after infusion
of GABA. Within 10-15 min, however, the frequency, length,
and intensity of the locomotor episodes gradually approached
their original levels.

Injection of 2 nmol SP (in 3 4, 0.74 mm) into the PLS (Fig.
6) produced locomotion (Fig. 4, F, G), similar to that produced
by electrical stimulation of the same site in the 2 animals tested.
Periodic episodes of walking were observed shortly after drug
infusion (within 1-2 min) and were maintained for periods of
up to 30 min. During periods with no spontaneous locomotion,
the threshold current for producing locomotion decreased from
60 pA (predrug value) to 20 pA. Unlike the predrug trials, lo-
comotion was also maintained for 5-10 sec after termination
of the electrical stimulus.

Injection sites into the PLS are shown in Figures 5 and 6.
Injections producing locomotion or decreases in the threshold
for electrically induced locomotion were found from P5 to P13
and L3 to L5 and within or just ventral and medial to 5SM,

5SP in the adjacent FTL. Most ineffective sites were located
ventrally in the FTL.

Trigeminal field-induced locomotion

Following PIC infusion into the area of the PLS, mechanical
stimuli applied to the receptive field of the trigeminal nerve
could induce locomotion. Stimulation of the trigeminal field
was attempted prior to drug administration. These stimuli never
produced locomotion by themselves. Figure 7 shows examples
of these effects found after a 15 nmol (in 3 ul, 0.005 M) injection
of PIC in the site illustrated in Figure 7N. Stimulation of the
trigeminal receptive field ipsilateral to the injection site was
more effective for initiating locomotion than stimulation of the
contralateral side. Stimuli of greater intensity also produced
more vigorous locomotion than did gentle stimuli. Ipsilateral
mandibular stimulation (Fig. 7D) immediately and invariably
induced locomotion, whereas a 2 and 5 sec latency period was
observed for ipsilateral maxillary and pinna stimulation, re-
spectively (Fig. 7, E and F). Ipsilateral corneal stimulation (Fig.
7G) produced locomotion within 2 sec in | out of 3 trials, but
locomotion was not maintained for the duration of the stimulus.
Similarly, jaw opening (Fig. 7H) produced 4-5 steps in 2 of 6
trials. A longer latency (7 sec) and weaker stepping response was
produced with stimulation of the contralateral maxillary region
(Fig. 7I). Stimulus sites that failed to produce any locomotion
included (as shown in Fig. 7): contralateral pinna (J), contra-
lateral cornea (K), nape of neck (L), chest (M), and perianal



regions. Infusion sites from 4 other experiments that showed
similar locomotion production by trigeminal field stimulation
are illustrated by an asterisk in Figure 6, including a GA infusion
site in the MRF. In one experiment (Fig. 6: P9.2, left side) a 14
gm stimulus applied to the ipsilateral pinna induced locomotion
but was ineffective when applied to the contralateral pinna.
Injection of 15 nmol PIC (in 3 ul, 0.005 M) into a site (which
could not produce locomotion when electrically stimulated) 1.5
mm lateral to the PLS was without effect.

Discussion

MLR-reticulospinal pathway

The results of this study demonstrate that cell bodies in the
pontine and medullary MRF are capable of producing treadmill
locomotion. The locations of the cell bodies in the lower brain
stem that are capable of initiating locomotion correspond to the
MLR fiber terminations reported previously (Steeves and Jor-
dan, 1984) and to the site where cooling to block synapse trans-
mission reversibly abolished locomotion produced by electrical
stimulation of the classical MLR (Shefchyk et al., 1984). The
present study extends the MRF region previously shown to be
capable of generating locomotion when electrically stimulated
(Mori et al., 1978, 1980; Garcia-Rill and Skinner, 1987) and
shows that an area from the midline to L2 can be stimulated
electrically to induce locomotion. This confirms the previous
finding by Mori et al. (1978) that midline stimulation is effective
for production of locomotion, but it is in contrast to the report
by Garcia-Rill and Skinner (1987) who claim that midline stim-
ulation does not produce locomotion. The fact that the electrical
threshold for the initiation of locomotion by stimulation of the
MREF is higher than that observed for the MLR (Mori et al.,
1980) or PLS (this study) suggests that a larger volume of tissue
must be stimulated to produce locomotion, possibly due to a
more diffuse distribution of neurons within the reticular for-
mation.

These findings support the idea proposed by Orlovsky (1970)
that the invariable mediating link for the initiation of loco-
motion is the reticulospinal system. Lesions in the MRF areas
in otherwise intact animals produce profound deficits in posture
and locomotion (Zelman et al., 1983). Furthermore, subtotal
spinal cord lesion studies have demonstrated that locomotion
produced by stimulation of the classical MLR requires the VLF
since complete destruction of the alternatively proposed MLR-
PLS-DLF pathway by simple transection (Steeves and Jordan,
1980) or extended dorsal hemisections (Noga et al., 1986) is
without effect on MLR-evoked locomotion. As it appears that
the excitatory pathway to lumbar motoneurons for the initiation
of locomotion may involve at least one synapse at the spinal
cord level (Shefchyk and Jordan, 1985), the locomotor effects
seen with MRF stimulation would have to be mediated by at
least a disynaptic linkage to limb motoneurons. This connec-
tivity has been reported between the MRF and limb motoneu-
rons (Peterson et al., 1979).

The variability in stepping patterns observed with MRF stim-
ulation suggests that there is a somatotopic organization for the
initiation of locomotion within the reticular formation. Al-
though no somatotopic organization was apparent when data
between animals were grouped together, electrical stimulation
of adjacent areas in individual animals could produce different
stepping patterns during locomotion. A somatotopic organiza-
tion for individual muscles may also be present. The fact that
some drug-induced locomotion trials showed the loss of phasic
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Figure 7. Picrotoxin infusion into the PLS facilitates locomotion pro-
duced by stimulation in the receptive field of the fifth nerve. 4, Loco-
motion produced by electrical stimulation of the right PLS (P 12.1) in
a site illustrated N (filled circle). B, Spontaneous locomotion produced
by injection of 15 nmol (in 3 ul, 0.005 M) PIC into this site, which could
be initiated (C) by passive forelimb movement (swing) during periods
of quiescence. D-I, Locomotion induced after PIC due to trigeminal
receptive field stimulation (as indicated in each panel). Onset of stimulus
indicated by the arrowheads. See text for details of onset latency for
locomotion following the receptive field stimulation. Areas ineffective
for the initiation of locomotion included the left pinna (J), left cornea
(K), nape of neck (L), and chest (M). N shows that electrical stimulation
or PIC injection failed to produce any observable effects in a site located
1.5 mm lateral (open circle) to the site producing locomotion with PIC
infusion (filled circle).

activity in specific muscle groups implies that the cell bodies
which activate those muscle groups are outside of the infusion
area and that their activity in the electrically induced locomotor
trials was the result of activation of passing fibers. Similarly,
recruitment of phasic EMG responses implies spread of the drug
to cell bodies outside of the electrical stimulation site. Similar
site-specific effects were observed by Ross and Sinnamon (1984)
for electrical stimulation of the medulla in rats and by Garcia-
Rill and Skinner (1987) in cats. A locomotor somatotopic or-
ganization within the MRF is supported by observations that
some reticulospinal neurons only project to cervical spinal cord
levels (Peterson et al., 1975) and that the firing patterns of re-
ticulospinal cells may be linked to the activity of individual
muscles from particular limbs during locomotion (Drew and
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Rossignol, 1984). Other factors such as the excitability levels of
the brain stem and spinal cord may affect the ability of the brain
stem to produce locomotion when stimulated (Mori et al., 1977,
1982). How this affects the recruitment of individual limbs or
muscles during controlied locomotion is unclear.

Stimulation of the MRF by either electrical or chemical means
produced postural changes prior to the onset of locomotion. Our
data indicate that the postural changes occur in those monitored
extensor muscles that are rhythmically active during electrically
or drug-induced locomotion. For example, after infusion of GA
into the MRF, an increase in EMG activity prior to stepping
was found in the forelimb extensors which were rhythmically
active during locomotion. In contrast, the hindlimb extensors
were neither tonically nor phasically active after infusion of GA.
Electrical stimulation of this area produced postural and loco-
motor activity in the hindlimb extensors, possibly by activation
of the fibers of cells located more rostrally in the brain stem.
This has been suggested to explain the effects of ventral teg-
mental field stimulation described by Mori and coworkers (1978,
1980), which produces increased hindlimb extensor activity and
locomotion when electrically stimulated. Postural adjustments
prior to the onset of locomotion have previously been reported
during stimulation of the MLR (Mori et al., 1980; Garcia-Rill
et al., 1985) and its reticular formation projection sites (Mori
et al., 1978, 1980, 1982). Thus, while the MLR relays its de-
scending command signal for locomotion, it may also influence
parallel postural systems also located in the MRF. The degree
of functional dependence or independence of these systems re-
mains to be determined.

Although the present study was not intended to be an ex-
haustive neuropharmacological examination of the transmitters
involved in the descending locomotor pathways, it does con-
tribute to our understanding of them. It demonstrates that in-
jection of GA into the MRF was effective in the production of
locomotion. Infusion of either DL-HCA or PIC only produced
decreases in the electrical threshold for the initiation of loco-
motion from these same sites. From these results we suggest
that reticulospinal cells related to the production of locomotion
possess receptors for excitatory amino acids and may be only
partially under the control of a GABAergic inhibitory input.
This is in agreement with iontophoretic studies on medial re-
ticulospinal neurons (Tebecis, 1973; Greene and Carpenter,
1985). These results are somewhat different from those obtained
with drug infusions into the MLR of cats, where PIC is effective
in producing locomotion but GA is not (Garcia-Rill et al., 1985).
However, infusions of GA into the MLR of intact rats have
recently been reported to substantially increase the locomotor
activity in the freely moving animal (Brudzynski et al., 1986).

The identity of the neurotransmitter released by the MLR at
the MRF relay is still unknown. Garcia-Rill and Skinner (1987)
suggest that a cholinergic and/or SP input from the MLR to the
reticular formation may act to trigger locomotor events. How-
ever, recent studies using both the fictive (Noga et al., 1987)
and treadmill locomotor preparations (B. R. Noga, S. J. Shef-
chyk, D. A. McCrea, and L. M. Jordan, unpublished observa-
tions) demonstrate that no significant alteration of the electrical
threshold for MLR-evoked locomotion is seen following the
intravenous administration of the ACh antagonists mecamy-
lamine and atropine. The fact that few cells within the classical
MLR contain SP (Léger et al., 1983) is also in contrast to this
proposal. Thus, fibers from the MLR locomotor region contain
other neurotransmitters that are involved in the transmission

of the signal for initiation of locomotion through relays with
the brain stem. The release of an excitatory amino acid at the
MREF relay site may be inferred from the present results, but
more evidence is needed confirm this.

Pontomedullary locomotor strip

The results from the present experiments support the idea that
the area classically defined as the PLS (Mori et al., 1977; Shik
and Yagodnitsyn, 1977) contains cell bodies that can produce
locomotion with the appropriate chemical stimulus. The effec-
tive drug-induced locomotor sites are also located within the
spinal nucleus of the trigeminal nerve. This is in disagreement
with the proposal that the PLS contains only axons and that its
cells of origin, the “pontomedullary locomotor column,” are
located even more ventral and medial to the PLS (Selionov and
Shik, 1984). While we were able to produce locomotion by
electrical stimulation within the “pontomedullary locomotor
column,” the lack of drug-induced locomotion in this region
suggests that we were activating fibers of passage and not cell
bodies involved in the generation of locomotion. With regard
to the cells of origin of the PLS, we propose that they are a
collection of cells located in the spinal nucleus of the trigeminal
nerve and in the immediately adjacent lateral reticular forma-
tion (LRF). Both anatomical and physiological evidence is avail-
able to support the idea that the LRF contains cells that are
related to the trigeminal system. The LRF is contiguous dor-
solaterally with the trigeminal spinal nucleus, and no obvious
borders between them exist (Torvik, 1956). In addition, cells
within and adjacent to the trigeminal nuclear complex (within
the LRF) are activated by noxious and/or non-noxious stimu-
lation of the trigeminal receptive field (Segundo et al., 1967;
Nord and Kyler, 1968; Nord and Ross, 1973; Azerad et al.,
1982) in a manner dependent upon stimulus intensity (Burton,
1968; Biedenbach, 1977). This activation is both mono- and
polysynaptic (Nord and Kyler, 1968; Nord and Ross, 1973).
This has led to the suggestion that the LRF cells are a ventro-
medial extension of (at least) the trigeminal subnucleus caudalis
and that this system has an integral role in the mediation of
facial pain at the bulbar level (Nord and Kyler, 1968; Nord and
Ross, 1973).

The fact that PIC injection into the PLS region could make
previously ineffective trigeminal field stimulation initiate tread-
mill locomotion indicates that the PLS region is closely related
to the physiology of the spinal nucleus of the trigeminal nerve.
Thus, it may be hypothesized that the PLS region contains a
brain-stem system that provides a substrate for sensorimotor
reflex initiation of locomotion. Stimulation of the pinna, which
is innervated in part by the trigeminal nerve, sometimes elicits
quadrupedal treadmill locomotion in the acute precollicular-
postmamillary decerebrate cat (Aoki and Mori, 1981) and a
characteristic “reflex posture” (Sherrington, 1906) resembling a
part of locomotor movements. Since the area of the LRF may
be involved in the integration of facial pain (see above), activity
in this system may thus result in locomotor behavior as part of
a generalized response to the appropriate stimulus applied in
the facial or trigeminal peripheral field. In this context, it is
suggested that this facial afferent initiation of locomotion is
similar to initiation of locomotion by segmental afferents. For
example, stepping movements may be elicited in cats by no-
ciceptive stimuli applied to localized areas of the skin (Sher-
rington, 1910), including the perineal region (Afelt, 1970). Fur-
thermore, stepping movements may also be initiated by dorsal



root stimulation in mesencephalic (Budakova, 1972), chronic
spinal, and in acute spinal cats pretreated with nialamide and
DOPA (Grillner and Zangger, 1979). After injection of DOPA
into acute spinal cats, stimulation of flexion reflex afferents
(FRAs) also induces locomotorlike activity in spinal animals
(Jankowska et al., 1967). Thus, facial and segmental afferent
systems can produce locomotion when appropriately stimulat-
ed, and, in this context, the trigeminal and FRA system for the
limbs may be considered analogous.

In decerebrate cats the adequate stimulus for eliciting loco-
motion applied to the pinn | is pressure rather than touch (Aoki
and Mori, 1981). However, in cats that have received a PIC
injection into the PLS, gentle stroking of the trigeminal field
may also evoke locomotion. This implies that the PLS region
is normally under GABAergic inhibitory control. Removal of
the GABAergic inhibition with an injection of PIC would pro-
duce a situation in which the afferent input would have a greater
influence on the output activity of the cells in this region. This
supposition is supported by the observation that pre- and post-
synaptic inhibition in the trigeminal sensory nuclei is depressed
by PIC (Nakamura and Wu, 1970; Ishimine et al., 1980). One
may expect, therefore, that the production of locomotion by
stimulation of various trigeminal receptive fields may be related
to the somatotopic organization of the injected area in the brain-
stem. Although the somatotopic organization of the trigeminal
area of the brain stem is complex (Nord and Kyler, 1968; Yokota
and Nishikawa, 1980; Azerad et al., 1982), a differential effec-
tiveness in producing locomotion by stimulation of the trigem-
inal receptive field was observed after injection of PIC into the
PLS. The response characteristics described for the experiment
illustrated in Figure 7 would correspond with an injection site
predominantly located in the ipsilateral mandibular projection
area of the LRF with diffusion spread partially including the
maxillary and ophthalmic zones. Locomotion produced by con-
tralateral trigeminal field stimuli may be due to a contralateral
trigeminal nuclear projection (Nord and Kyler, 1968; Lovick
and Wolstencroft, 1983).

The concept that the PLS and the trigeminal system are syn-
onymous or closely related is strengthened by a number of other
observations, Both the PLS (Shik and Yagodnitsyn, 1977) and
the trigeminal sensory nuclei (Olszewski, 1950) have similar
rostrocaudal distributions. In addition, the PLS originates from
the medial MLR (Garcia-Rill et al., 1983), which includes the
mesencephalic nucleus of the fifth nerve. Thus, locomotion pro-
duced by opening of the jaw after the injection of PIC into the
PLS observed in this study may be the result of increased activity
in the medullary projection of the mesencephalic nucleus (Cor-
bin, 1942; Walberg et al., 1984). The fact that SP injection into
the PLS produces locomotion also supports the idea of a close
relationship between the PLS and trigeminal system. SP-con-
taining trigeminal afferents have been shown to project to the
spinal nucleus of the trigeminal nerve and the adjacent LRF
(Cuello et al., 1978), where they may mediate the transmission
of nociceptive and non-nociceptive information (Henry et al.,
1977; Saltet al., 1983). In addition, a calcium-dependent release
of SP in the trigeminal nuclei has been described (Jessell and
Iversen, 1977).

Although activation of trigeminal cells in the lateral tegmen-
tum may initiate locomotion after injection of PIC into the PLS
region, the pathway by which it activates the spinal locomotor
centers is unclear. The activity within the PLS is thought to
propagate through the brain stem (Shik and Yagodnitsyn, 1978;
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Figure 8. Organization of locomotor pathways descending from the
midbrain to the spinal cord and their possible interrelationships (see
text for details).

Selionov and Shik, 1984) to propriospinal neurons located in
the dorsal horn of the cervical spinal cord (Kazennikov et al.,
1983b). The axons of these propriospinal neurons descend
through the spinal cord via the dorsolateral funiculus (Kazen-
nikov et al., 1980, 1983a; Shik, 1983). It is possible that this
brain stem-spinal cord pathway may be equivalent to the in-
tranuclear trigeminospinal pathways described previously (Ma-
tsushita et al., 1981, 1982). Alternatively, the output of the PLS
may relay, at least in part, through the MLR -reticulospinal path-
way. This is supported by the observation that trigeminal field
stimulation produced locomotion when GA was injected into
the MRF. In addition, only electrical stimulation could produce
locomotion in areas medial and ventral to PLS sites capable of
producing locomotion when chemically activated. We suggest
that electrical stimulation in this intermediate area was acti-
vating fibers projecting from the PLS to the MRF. This is sup-
ported by the observation that blocking synaptic transmission
by reversible cooling of the MRF can abolish locomotion pro-
duced by electrical stimulation of this intermediate area (B. R.
Noga, D. J. Kriellaars, and L. M. Jordan, unpublished obser-
vations). In addition, complete interruption of the PLS-DLF
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pathway with an extensive dorsal hemisection of the cervical
spinal cord (C2-C3) does not abolish the ability to generate short
bouts of locomotion with electrical stimulation of the PLS (B.
R. Noga, D. J. Kriellaars, and L. M. Jordan, unpublished ob-
servations). MRF cells have been shown to receive trigeminal
input (Lamarche et al., 1960). Furthermore, connections be-
tween the PLS and the MRF have been demonstrated electro-
physiologically (Selionov and Shik, 1984). PLS stimulation has
also been shown to facilitate locomotion produced by stimu-
lation of the classical MLR (Mori et al., 1978).

The pathways in the mammalian brain stem involved in the
production of locomotion in the decerebrate animal may be
summarized in Figure 8. Briefly, the “classical MLR” relays its
signal for the production of locomotion in the medial ponto-
medullary reticular formation (FTG, FTM). Reticulospinal cells
(which may be somatotopically organized) then activate spinal
centers for the generation of locomotion (at cervical and lumbar
levels) via a pathway descending bilaterally in the VLF. This
pathway is essential for the initiation of locomotion in intact
animals since locomotion may still occur after transection of all
areas of the spinal cord except the VLF (Eidelberg, 1981). The
controlling elements activating this locomotor system and the
transmitters released at the reticulospinal or spinal interneu-
ronal levels are not fully understood. However, this study sug-
gests that these reticulospinal cells may be partially under GA-
BAergic control and that amino acid receptors may participate
in the initiation of locomotion. Furthermore, the MRF may be
activated by peripheral trigeminal stimuli. The PLS consists of
trigeminal cells located in the lateral tegmentum and extends
the length of the brain-stem trigeminal spinal nucleus, receiving
inputs from the peripheral field of the trigeminal nerve (5),
contralateral trigeminal sensory nuclei, and from the area of the
mesencephalic nucleus or “medial MLR” (mMLR) (Garcia-Rill
et al., 1983). The mMLR has also been shown to have a small
projection to the MRF, but its contribution to the initiation of
locomotion during stimulation of the mMLR remains to be
elucidated. Results from this study suggest that the PLS system
1s under GABAergic control and may be activated by amino
acids and SP to produce locomotion. The pathway(s) through
which the PLS activates the spinal centers for locomotion re-
main unclear, but a relay via the MRF is suggested in the present
paper. Alternatively, the PLS has been suggested to project in
the spinal cord via the DLF as a polysynaptic propriospinal
chain with the cells of origin located in the dorsal horns (Ka-
zennikov et al., 1983a, b). The importance of this pathway to
the production of locomotion by stimulation of the PLS remains
to be determined.

Appendix
Abbreviations used in figures and text

5 trigeminal nerve

5M motor trigeminal nucleus

SP principal sensory trigeminal nucleus

5 SM spinal trigeminal nucleus, magnocellular division
5 SP spinal trigeminal nucleus, parvocellular division
58T spinal trigeminal tract

7 facial nerve

7L facial nucleus, lateral division

™ facial nucleus, medial division

Cl inferior central nucleus

CP cerebellar peduncle

FTG gigantocellular tegmental field

FTL lateral tegmental field

FTM magnocellular tegmental field

IC inferior colliculus

IFT infratrigeminal nucleus

1OM medial accessory nucleus of the inferior olive
KF Koélliker-Fuse nucleus

LRI lateral reticular nucleus, internal division

P pyramidal tract

PPR postpyramidal nucleus of the pyramidal tract
PR paramedian reticular nucleus

SOL lateral nucleus of the superior olive

SOM medial nucleus of the superior olive

TB trapezoid body
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