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This Topical Review summarizes some of the work we have done mainly in the cat using
agonists and antagonists of various neurotransmitter systems injected intravenously or
intrathecally to initiate or modulate the expression of hindlimb locomotion after a spinal lesion
at T13. The effects of the same drugs are compared in various preparations: complete spinal,
partial spinal or intact cats. This has revealed that there can be major differences in these
effects. In turn, this suggests that although the locomotor rhythm might normally be triggered
and modulated by the activation of a variety of receptors (noradrenaline, serotonin,
glutamate), after spinalization there appears to be a predominance of glutamatergic
mechanisms. Recent work also suggests that, in the cat, the integrity of the midlumbar
segments is crucial for the expression of spinal locomotion. Taken together, this work raises
some hope that a targeted pharmacotherapy with better understood drugs and mode and locus
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of delivery could become a clinical reality.

That the spinal cord of numerous vertebrate species
contains the necessary circuitry to generate locomotor
patterns is well documented and has been reviewed
several times (Grillner, 1981; Rossignol, 1996; Rossignol et
al. 2000). For instance, after spinalization at T13, kittens
(Forssberg et al. 1980a,b) or adult cats (Barbeau & Rossignol,
1987; Bélanger et al. 1996) can, after a few weeks of
training (Rossignol et al. 2000), walk on a treadmill with a
plantar foot contact during the stance phase and
adequate weight support of the hindquarters.

The pioneering work of Lundberg and Jankowska on the
effect of DOPA on the spinal cord and initiation of
rhythmicity (Jankowska et al. 1967a,b) as well as that of
Grillner showing that complex locomotor patterns could
be generated in the absence of rhythmic peripheral
feedback (Grillner & Zangger, 1979) has prompted the use
of pharmacological tools to trigger or modulate the
expression of the locomotor pattern at different periods
after spinalization (Forssberg & Grillner, 1973; Barbeau et
al. 1987; Barbeau & Rossignol, 1990, 1991, 1994; Rossignol
& Barbeau, 1993; Rossignol et al. 1995).

This short review will concentrate on some of these
pharmacological effects in cats with a partial or complete
spinal lesion at T13 and, in some instances, in neurally
intact cats. A number of questions will be raised concerning
not only the various neurotransmitter systems implicated

in locomotion but also their preparation-dependent
effects and their possible site of action in the spinal cord.

Although some experiments described here were done in
acute decerebrate/spinal cats, a great deal of the work
presented was performed in chronic spinal cats because
this animal model is very close to the clinical situation in
humans. Indeed this is needed if one is to progress in the
use of pharmacological aids to improve the expression of
locomotor abilities in spinal cord-injured patients.

Overview of methods

This section describes the general methodology used in
chronic and acute animal studies.

Chronic animal studies. The adult cats were first
trained for 1-4 weeks to walk at constant speeds
(0.2—0.7 m s™") for periods of about 20 min in an enclosure
with transparent Plexiglass sides placed over a motor-
driven treadmill belt. After such training, which fully
habituates the cat to the environment and personnel,
EMG recording electrodes were implanted under general
anaesthesia and, in most cases, an intrathecal cannula
was also inserted at the same time, from the level of the
atlanto-occipital ligament to L3—L4 (Chau et al. 1998a). A
few days after the recovery from these implantations,
locomotor movements and associated EMGs were obtained
to establish baseline values before spinalization. Following
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spinalization, performed at T13 under general anaesthesia,
the same type of data were obtained starting 3 days after
the transection, at a time when the cat had recovered
from the surgery. Most cats were kept for about 3—6
months but some were kept for more than a year. At the
termination, the spinal cords were removed for histology
and, in some cases, for studies of laminar and segmental
distribution of receptors using autoradiographic techniques.

All surgery was performed in aseptic conditions and
under general anaesthesia (either halothane after
intubation or, in some cases, with pentobarbital,
35 mg kg™ intraperitoneal (1.r.)) with appropriate
preoperative medication (acepromazine maleate (Atravet),
0.1 mg kg™' subcutaneously (s.C.); atropine, 0.05 mg kg™
8.C.; and penicillin G, 40 000 i.u. kgfl, LM.).

Cats were kept in an incubator until they regained
consciousness and were then returned to their individual
cages with ample food and water. Buprenorphine
(0.005-0.01 mg kg™ s.c.) was also given for analgesia,
every 6 h, in the first few postoperative days. The cages
were specially lined with a foam mattress, in addition
to the usual absorbent tissues, to reduce the risk of
developing skin ulcers. They were attended to at least twice
daily for manual bladder expression, general inspection
and cleaning of the hindquarters. All procedures followed
a protocol approved by the local Ethics Committee, and
the well-being of the cats was always ensured.

To document spinal locomotion, the forelimbs were placed
on a platform while the hindlimbs walked on the moving
treadmill belt. Early after spinalization, the experimenter
supported the weight of the hindquarters of the cat and
provided equilibrium, but later on cats were capable of
walking with complete weight support of the hindquarters
and the tail was held only to secure lateral stability.

Reflective markers were placed on the skin overlying the
iliac crest, the femoral head, the knee joint, the lateral
malleolus, the metatarso-phalangeal joint (MTP) and the
tip of the 4th toe. Video images of the side view of the cat
were captured using a digital camera (Panasonic 5100,
shutter speed 1/1000 s) and recorded on a video tape
(Panasonic AG 7300 recorder). Calibration markers (10 cm
distance) were placed either on the treadmill frame, or on
the trunk of the cat, to reduce parallax errors. Kinematic
analysis of the hindlimbs was performed with a 2D PEAK
Performance system (Peak Performance Technologies
Inc., Englewood, CA, USA). Selected video images were
digitized, and the X and Y coordinates of different joint
markers were obtained at 60 fields per second.

The EMG signals were differentially amplified (bandwidth
of 100 Hz to 3 kHz) and recorded on a 14-channel tape
recorder with an appropriate frequency response. The
EMG recordings were synchronized to the recorded video
images by means of a digital SMPTE (Society for Motion
Picture and Television Engineers) time code recorded on
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the EMG tape and the audio channel of the VHS tape,
and inserted into the video images themselves.

More detailed protocols on care for animals with various
types of lesions as well as analytical methods can be found
in other publications (Bélanger et al. 1996; Brustein &
Rossignol, 1998, 1999; Chau et al. 1998a,b; Giroux et al.
2000; Rossignol et al. 2000).

Acute animal studies. For these studies, cats were
spinalized prior to the experiments using the same
protocol as above except that a patch of fentanyl (25 ug)
was sutured on the back of the cat for continuous and
stable delivery of analgesics over a 2 day period. On the
day of the acute experiment, the cats were decerebrated
either by ligation of both carotid arteries and the basilar
artery (Marcoux & Rossignol, 2000) or by removing the
brain rostral to a precollicular—premammilar section of
the mesencephalon. The blood pressure and CO, were
continuously measured. The cats were then placed over a
treadmill and held with vertebral pins. After a
laminectomy exposing L3 to S1, mircoinjections of drugs
could be accomplished using a Hamilton syringe held in a
stereotaxic holder over the spinal cord.

The effects of various drugs on spinal locomotion
in the cat

Initiation of locomotion and early training in chronic
spinal cats

Asreviewed before (Rossignol, 1996), several studies have
implicated the noradrenergic system in the generation of
the complex locomotor rhythms recorded in hindlimb
nerves of acutely spinalized and paralysed cats
(Jankowska et al. 1967a,b; Viala & Valin, 1972; Baev,
1977; Grillner & Zangger, 1979; Chandler et al. 1984;
Pearson & Rossignol, 1991). An 1.v. injection of clonidine,
an a, noradrenergic agonist, in acutely spinalized cats can
evoke hindlimb locomotion on a treadmill (Forssberg &
Grillner, 1973). This type of work was pursued in adult
spinal cats with either intraperitoneal (.r.) (Rossignol et
al. 1986, 1995; Barbeau & Rossignol, 1991) or intrathecal
(r.1.) (Chau et al. 1998a,b) injections of various noradrenergic
drugs acting on different noradrenergic receptors as
well as by direct application of the neurotransmitter
noradrenaline itself on the spinal cord (Kiehn et al. 1992).

After an L.T. injection of a single bolus (100 gl) of the o,
agonist clonidine (100—200 ug) a paraplegic cat can,
within minutes after the injection, step with the
hindlimbs on the treadmill belt (Chau et al. 1998q). This
walking capability is maintained for 4—6 h. Other «,
agonists were also found to induce locomotion in such early
spinal cats and have slightly different characteristics.
Tizanidine has fewer side effects than clonidine, which
tends to induce a short period of nausea after the
injection, and oxymetazoline can have effects lasting more
than 2 days. These effects were largely blocked by the o,
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antagonist yohimbine. The a; agonist methoxamine
could, in some cases, induce a few steps, but the effects
were never as long lasting as those obtained with o,
agonists.

Since noradrenergic receptor stimulation allows spinal
walking for a few hours, cats were trained intensively
after injections of clonidine given every day (I.P. or 1.T.)
for up to 11 days (Barbeau et al. 1993; Chau et al. 19985).
The four cats investigated achieved hindlimb locomotion
with weight support and plantar foot placement without
drugs after 611 days, the earliest period for the recovery
of spontaneous locomotion that we had obtained in
spinal cats. This suggests a real potential of combining
pharmacological treatments to maximize the outcome of
locomotor training.

Modulation of locomotion and reflexes by various
neurotransmitters

The noradrenergic system. When clonidine is given at a
time when the cat has recovered locomotion on a
treadmill without the necessity of pharmacological
stimulation, it has the ability to significantly lengthen
the step cycle and also to regularize it when unstable. The
duration of muscle bursts was generally increased while
the mean EMG amplitude tended to increase or remain
the same in flexors and decrease in extensors. However,
clonidine often exacerbated paw drag, an effect partly
attributable to the reduction in cutaneous reflex
excitability (see below). With higher doses, the cats also
tended to sag at the end of stance. The a; agonist
methoxamine had only minor effects on established
locomotion in late spinal cats (Chau et al. 1998a).

In the spinal cat, there is a decrease in excitability of
cutaneous reflexes with clonidine. This decrease of
excitability was observed by stimulating cutaneous
nerves directly with implanted cuffs or by recording the
responses to tapping of the dorsum of the paw during the
swing phase of locomotion as detailed before. The normal
brisk responses were replaced by sluggish late responses,
the paw often remaining in contact with the tapper. Paw-
shake responses induced by dipping the paws in water are
virtually abolished by clonidine (Barbeau & Rossignol,
1987; Chau et al. 1998a). The reduced cutaneous
excitability may partly explain the increased paw drag at
the onset of swing. Such paw drag is frequently seen in
spinal cats even without drugs. It is believed that
cutaneous stimulation of the tip of the toes during paw
drag at the onset of swing may facilitate the rest of the
swing. Reducing the cutaneous reflex excitability would
reduce this facilitation and prolong the paw drag
significantly.

The serotoninergic system. 5-HT agonists did not
initiate locomotion in the early days after spinalization in
cats (Barbeau & Rossignol, 1990) contrary to the in vitro
situation in neonatal rats (Cazalets et al. 1990; Cowley &
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Schmidt, 1994; Kiehn & Kjaerulff, 1996; Maclean et al.
1998), and mouse (Nishimaru et al. 2000; Whelan et al. 2000)
or fictive locomotion in rabbits (Viala & Buser, 1969).
However, if given in an already walking spinal cat, 5-HT
agonists such as quipazine and 5-methoxy-N,N-
dimethyltryptamine (5-MeODMT), acting broadly on
different subclasses of receptors, exerted a powerful
excitatory effect and induced a much more vigorous
locomotor pattern with a significant increase in the
amplitude of EMG activity, particularly in the extensor
muscles and even in paravertebral back muscles which are
normally silent at low speeds (Barbeau & Rossignol, 1990,
1991). A 5-HT agonist and an «, noradrenergic agonist
could add their effects, so that the cat could walk with
longer step cycles (a mainly noradrenergic effect ) and the
EMG bursts were increased (a serotoninergic effect).

The glutamatergic system. NMDA can induce locomotion
in several species such as the lamprey (Grillner et al. 1981;
Brodin et al. 1985; Sigvardt et al. 1985), the neonatal rat
(Kudo & Yamada, 1987; Smith & Feldman, 1987; Cazalets
et al. 1990; Cowley & Schmidt, 1994; Maclean et al. 1998)
and the decerebrate paralysed cat (Douglas et al. 1993),
but it did not initiate treadmill locomotion in the early
spinal cat (Chau et al. 1994). Instead, NMDA produced a
marked increase in general excitability of the spinal cat
consisting of high frequency tremor, fast paw shake and
fanning of the toes. Clonidine could, however, in the same
cats, a few hours after the administration of NMDA, induce
locomotion as usual. More recently we have observed
that, in early spinal cats (around 5-7 days), when some
rhythmic hindlimb movements have started, NMDA
can dramatically improve locomotion, an effect that
apparently can last for a few days. In some cases, it was
difficult to see the reduction of the effect of the drug
since the cats continued to walk as well every day
thereafter.

If injected in already walking late spinal cats, NMDA
evoked only a somewhat brisker locomotion. On the other
hand, the NMDA blocker AP5 could abolish locomotion
for more than 30—60 min. About 15 min after the onset of
the block, NMDA could reinstate locomotion suggesting
that the activation of NMDA receptors might be essential
in maintaining the spinal locomotor pattern (Chau et al.
1994).

Comparing noradrenergic and glutamatergic drugs in
intact and spinal cats. Are the effects of drugs
qualitatively and quantitatively different in various
states? Are the effects seen in a walking spinal cat
different from those seen in a normal cat?

Clonidine injected intrathecally has much smaller effects
in intact cats than in any other preparation, at least in
the same dose range (Giroux et al. 1998, 2001; Rossignol et
al. 1998). The short duration of the effects also suggests
that the intact cats have efficient means of compensating
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for the neurotransmitter imbalance with various other
systems. On the other hand, a noradrenergic blocker such
as yohimbine given alone (i.e. not after an agonist such as
clonidine as described earlier) can have important effects
in the normal cat (compare Fig. 1D-F with Fig. 14-C)
whereas it has little effect in the spinal cat (compare
Fig. 2D-F with Fig. 24-C) (Giroux et al. 1998, 2001). This
may suggest that although noradrenergic receptor
stimulation may lead to the induction of rhythmic
activity, these receptors are probably not those activated
normally during spontaneous locomotion in spinal cats.
Similarly, although the NMDA blocker AP5 has some
effects on the locomotion of the normal cat (reduced weight
support) (Fig. 1G—I), it recovers quickly, presumably
through a compensatory modulation by other neuro-
transmitters. However, the spinal cat can stop walking
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completely with AP5 (Fig. 2¢' and H)(C. Chau, N. Giroux,
T. A. Reader & S. Rossignol, unpublished observations)
suggesting that these receptors are essential for the
expression of locomotion in chronic spinal cats. This might
in turn suggest that remaining sources of excitatory
amino acids (such as provided by sensory afferent fibres)
are very important for locomotion in the spinal state.

It becomes evident that spinal locomotion does not
depend on the activation of noradrenergic receptors since
spinal cats, devoid of all descending noradrenergic
projections, can walk without this neurotransmitter and
blocking the receptor does not prevent spinal locomotion.
On the other hand, blocking NMDA receptors in spinal
cats totally abolishes locomotion. It is possible then that
the basic mechanisms underlying locomotor rhythmicity
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Figure 1. Effects of the noradrenergic antagonist yohimbine and the NMDA antagonist AP5 on

locomotion in the intact cat

A, D and G, outlines of cats drawn from video recordings; from left to right, the hindlimb positions are at
left foot contact, onset of right swing, right foot contact, and onset of left swing, respectively. B, £ and
H, EMGs of the hindlimb muscles during treadmill locomotion in the same sequence. RSt, right
semitendinosus; LSrt, left sartorius; RSrt, right sartorius; LVL, left vastus lateralis; LGL, left
gastrocnemius lateralis; RGL, right gastrocnemius lateralis; LGM, left gastrocnemius medialis; RGM,
right gastrocnemius medialis; C, F and I, duty cycles. A-C, cat in the control state walking at 0.4 m s™'
before drug injection. D—F, 10 min after yohimbine (1600 ug per 100 ul 1.1.), at 0.2 m s~". The cat had
major walking abnormalities characterized by difficulty in maintaining lateral stability of the
hindquarters and asymmetry of hindlimb stepping leading to the turning of the hindquarters to one side
or the other. The duty cycle is only indicated for the period where foot contacts could clearly be identified.
G-I, same cat, 50 min after AP5 (500 ug per 100 ul 1.1.), at 0.4 m s™". The cat shows a reduced weight
support leading to a crouched position of the hindquarters and a significant foot drag of both hindlimbs

at the beginning of the swing phase.
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in the spinal cat are NMDA dependent and that,
normally, the noradrenergic and serotoninergic systems
would modulate this fundamental mechanism. A number
of pieces of evidence, indeed, suggest such an interaction
of NMDA and 5-HT (Cazalets et al. 1990, 1992; Sillar &
Simmers, 1994; Wikstrom et al. 1995; Maclean et al. 1998;
Cazalets, 2000) as well as between noradrenaline and
5-HT/NMDA rhythm generation in neonatal rat
(McDearmid et al. 1997; Kiehn et al. 1999; Sqalli-Houssaini
& Cazalets, 2000). If these mechanisms are right, they
could suggest new combined pharmacological approaches
in spinal cord-injured patients.

Pharmacology of locomotion in cats with partial
spinal lesions. Are the effects in complete spinal cats
different from those in partial spinal cats? One can
presume indeed that the effects will vary since the drugs
will interact with receptors differing in number and/or
sensitivity and also, in the case of adrenergic receptors,
there will be a different balance of pre- and postsynaptic
receptors. Indeed, in spinal cats the drugs must act on
postsynaptic receptors whereas in intact and partial
spinal cats, the drugs must affect both pre- and
postsynaptic receptors.
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Following large ventral—ventrolateral lesions of the spinal
cord, cats gradually recovered voluntary quadrupedal
locomotion on the treadmill (Brustein & Rossignol, 1998;
Rossignol et al. 1996, 1999). The effects of noradrenergic
and serotoninergic drugs were studied in two cats with
the largest lesions (Giroux et al. 1998; Brustein &
Rossignol, 1999). In the first 10 days post-lesion, when
the hindlimbs could barely walk or stand, noradrenaline
was seemingly beneficial. The cat could sustain its weight
and perform several consecutive step cycles, even though
the forelimb—hindlimb coupling remained somewhat
labile. Clonidine at this stage proved to have a negative
effect and could abolish whatever locomotor capacities
the cat had attained. At a later stage, noradrenaline was
beneficial as was the a; agonist methoxamine so that the
pattern of locomotion was much more regular and
stronger. Quipazine and 5-MeODMT had a beneficial
effect but not the 5-HT 1A agonist (4)-8-hydroxy-2-di-n-
propylamino)tetralin (8-OH-DPAT), which induced a paw
drag not present before. The combination of methoxamine
and quipazine significantly improved the overall quality
of locomotion, including the regularity of walking as well
as endurance in maintaining locomotion for longer
periods of time.
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Figure 2. Effects of the antagonists yohimbine and AP5 on locomotion in the late spinal cat

Same display as Fig. 1, but all at 0.4 m s~ and for a different cat. A-C, 73 days after spinalization but
before any drug administration. The locomotor pattern was characterized by full weight support of the
hindquarters, plantar foot placement and coordinated rhythmic activation of flexor and extensor
muscles. D-F, 7 min post-yohimbine (1600 ug per 100 ul 1.T.), there were no major changes in the
locomotor pattern. ¢' and H, same cat but now 131 days after spinalization, 34 min after AP5 (500 ug per
100 pl 1.1.) administration. The same dose that produced minor deficits in an intact cat (see Fig. 1G-1),
now caused a total block of the locomotor pattern in this spinal cat. This effect lasted 1 h and the spinal
cat gradually recovered locomotion in about 3—4 h. LSt, left semitendinosus.
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Figure 3. Intraspinal microinjections of a noradrenergic blocker, yohimbine, at two spinal levels

EMG recordings of an adult decerebrated cat with a large lumbar laminectomy and mounted over a
treadmill. The cat was spinalized at T13, 6 days earlier. 4, 10 min after 1.v. clonidine (500 ug kg™").
B, 45 min after intraspinal injections of yohimbine (8 mg ml™). There were 8 injections of 2 ul each at
2 mm deep paramedially, all in the L6 segment. The clonidine injection was performed 65 min previously.
C, 3 min after 8 intraspinal injections of yohimbine (8 mg ml™" and 2 ul per injection) at 2 mm deep
paramedially in 1.4 segment. The 1.v. clonidine was given 126 min before and the injections of yohimbine
in the L6 segment, shown in B, were made 106 min before. RVL, right vastus lateralis; RTA, right tibialis

anterior; LTA, left tibialis anterior.

This work is important in the context of potential
pharmacotherapy in humans. Recent work (Dietz et al.
1995; Remy-Neris et al. 1999) suggests that in humans
clonidine may be marginally beneficial or even detrimental.
The cat work on partial lesions fully supports that notion
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and again suggests that more experiments on similar
models must be performed.

Where do drugs act in the spinal cord? The question of
localization of pattern generating networks has been

Figure 4. Laminar and segmental distribution of a,
noradrenergic receptors in control and spinal cats
The graphs show the average amount of specific
["Hlidazoxan binding in lamina IT (4) and lamina V (B) as
a function of the lumbosacral spinal segmental (L1-S3) in
2 intact and in 2 short-term (30 days) spinal cats. Note
that following spinalization, as indicated by the thick
continuous line, an a, receptor up-regulation was seen
from L2 to L5, while a down-regulation was seen from L7
to S3 segments.
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studied mainly in neonatal rats. It is generally considered
that upper segments are leading segments in a spinally
distributed network (Kjaerulff & Kiehn, 1996; Cowley
& Schmidt, 1997; Kremer & Lev-Tov, 1997; Kiehn &
Kjaerulft, 1998) and some authors even consider these
upper segments as the site of pattern generation
(Cazalets, 2000). There is, furthermore, evidence that
intraspinal grafts of embryonic cells in spinal rats are
efficient only if they can re-innervate these specific
upper lumbar segments (Gimenez y Ribotta et al. 2000). In
the case of cats, studies with chronically implanted
intrathecal cannulae (Giroux et al. 2000) suggest that the
extent of the drug diffusion might be quite restricted to a
fibrosed pocket at the tip of the cannula. We have
inquired whether localized injections of drugs in the
spinal cord of cats could be sufficient to initiate or block
spinal locomotion. We investigated the role of various
lumbar segments in the initiation of walking movements
on a treadmill of adult cats spinalized (T13) 5—6 days earlier
(Marcoux & Rossignol, 2000) (see also Fig. 3). The locomotor
activities were evaluated from electromyographic and
video recordings. The results show that localized topical
application of clonidine in restricted baths over either the
L3-L4 or the L5—L7 segments was sufficient to induce
walking movements. Yohimbine could block this
locomotion when applied at L3—L4 or L5-L7. Micro-
injections of clonidine in one or two lumbar segments
from L3 to L5 could also induce locomotion and, conversely,
micro-injection of yohimbine in those segments could
block it but not if the injection was only in L6. After an
L.V. injection of clonidine, locomotion was blocked in all
cases by additional spinal transections at L3 or L4. These
results show that it is possible to initiate walking in the
adult spinal cat with a pharmacological stimulation of a
restricted number of lumbar segments and also that the
integrity of the L3—L4 segments is necessary to sustain
the locomotor activity.

Autoradiography of receptors in spinal cord-injured
cats. To better understand the effects of different
agonists and antagonists on the spinal cat, we have
initiated a study of various receptors in the spinal cord at
different times post-lesion. The distribution of «; and «,
noradrenergic and serotonin 1A (5-HT,,) receptors was
examined in the spinal cord of intact cats as well as in
animals spinalized at Th13 some weeks or months
previously (Giroux et al. 1999). The highest levels of «,
noradrenergic receptors, labelled with ["H]prazosin, were
found in laminae II, IX and X in intact cats, whereas o,
noradrenergic receptors, labelled with ["Hlidazoxan, were
found mainly in laminae II, III and X with moderate
densities in lamina IX. Following the spinal transection,
both types of receptors remained unchanged above the
lesion. At 15 and 30 days post-lesion, binding significantly
increased in laminae II, III, IV and X for a,, and in
laminae I, II, IIT and IX for «, receptors in lumbar
segments. At longer survival times, binding densities
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returned to near control values. The 5-HT,, receptors,
labelled with *H-labelled 8-hydroxydipropylaminotetralin,
or *H-labelled 8-OH-DPAT, were found mainly in
laminae I-IV and X in intact cats. After transection,
binding significantly increased only in laminae IT, IIT and
X of lumbar segments at 15 and 30 days. At a later stage,
binding levels returned to control values.

This transient up-regulation of various receptors,
observed in the lumbar region in the first month after
spinal transection, suggests that important modifications
occur during the period when cats normally recover
functions such as locomotion of the hindlimbs. Obviously,
these changes are not necessarily all related to changes in
locomotor functions.

More recent work also suggests that the distribution of
receptors among various segments, both in the intact and
in the spinal cat, is not homogeneous. Interestingly
enough, the midlumbar levels seem to be particularly
well endowed with noradrenergic a, receptors (C. Chau,
T. A. Reader & S. Rossignol, unpublished observations
and Fig. 4) a fact that may have a great importance in the
localization of pharmacological effects in the spinal cord
as described above.

(General conclusions

This review suggests firstly that the effects of drugs on
locomotion largely depend on the type of drugs (which
receptors are stimulated or blocked) and also on the type
of preparation to which the drugs are applied.
Furthermore, the fact that a given neurotransmitter
system exerts a potent modulatory effect on locomotion
in some preparations does not signify that this
neurotransmitter system is equally effective in all
preparations. For instance, blocking a, adrenergic
receptors has important consequences for the locomotion
of intact cats but none for spinal cats. On the contrary,
NMDA blockers that may have only minor effects in
normal cats may have a profound blocking effect on
spinal locomotion. Clonidine may be effective in complete
spinal cats but deleterious in partial spinal cats. These
considerations are important clinically in relation to the
choice of eventual therapeutic drugs to improve locomotion
in spinal cord-injured patients. Finally, it is important to
realize that although the rhythmogenic capacity of the
spinal cord is probably distributed over several lumbosacral
segments, it seems probable that certain segments are
particularly important in controlling locomotion and that
their integrity is actually critical for locomotion. This could
help to focus various therapies (electrical stimulation
(Prochazka et al. 2001), pharmacological stimulation or
grafting (Jones et al. 2001)) to these important spinal
segments and therefore limit the extent of spinal
stimulation needed to evoke or control locomotion after
spinal injuries.
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